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ABSTRACT 

 

 

The concept of biosecurity is not yet part of the mainstream government policy 

in Indonesia. Instead, the government has adopted sectoral policies within 

which Integrated Pest Management (IPM) has been designated as the system 

of crop protection. This approach had been praised for its contribution to 

Indonesia achieving self-sufficient in rice consumption although briefly. 

However, as decentralization makes local governments more autonomous, 

such policies may not remain a high priority for the local governments. An 

example is the refusal of district governments in West Timor to acknowledge the 

contribution of huanglongbing (HLB) disease to the decline of the local 

mandarin, despite reports that the disease has been observed in the region. 

This research was designed to understand how local governments address, and 

local communities respond to, emerging biosecurity threats to citrus biosecurity. 

 

This research employed a mixed methods approach to integrate different 

methods for data collection and analysis, and synthesis of the findings. 

Qualitative and quantitative data were collected in separate sessions in a 

transformative design: the results of a data collection session serving as the 

basis for designing the later sessions and, as the basis for conducting 

community engagement. Qualitative data were collected using in-depth and 

focus-group discussions and subjected to thematic analysis to identify key 

themes. Quantitative data were collected using surveys, field observation, and 

field and laboratory tests. These data were subjected first to descriptive 

statistical analysis and later to inferential statistical analysis using exploratory 

factors analysis and regression analysis techniques. In addition, mixed data 

collection was carried out by including open-ended questions in survey 

questionnaires and descriptive assessment during field observation.  

 

The results showed that a mismatch between the local government policy and 

local community aspirations has contributed to the decline of the local 

mandarin. The mandarin was predisposed to destructive pests and diseases 
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due to climatic and edaphic factors, as well as cultivation and harvest practices. 

The spread of thesepests and diseases was accelerated by local government 

policy, especially the policy ofpromoting planting of grafted seedlings rather 

than planting seeds and, most importantly, the refusal to acknowledge the 

occurrence of HLB despite results of a PCR (Polymerase Chain Reaction) test 

confirming presence of the disease in the local mandarin. Regardless of this 

biosecurity governance, the majority of growers continued to use their own 

biosecurity approaches, with no trust that the government would listen to them. 

Citrus biosecurity is comprised of community efforts maintained through 

informal networks of networks involving bonding, bridging and linking ties for 

accessing the necessary resources, involving direct and closely related forms of 

social capital. Such community efforts could be conceptualized as a 

tetrahedron, which is part of a more generic structure of the social-ecological 

system that is dynamic over time and space through processes of exploitation, 

conservation, release, and reorganisation in maintaining its capacity, 

connectedness, and resilience. This research demonstrated that to improve 

community biosecurity of citrus in the region, there is a need to change 

biosecurity governance and engagement from being top-down policy driven to a 

more transformative-emancipatory engagement. 
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corrected by Garnier et al. (2000). 

Phyllobacteriaceae 

Jackfruit Artocarpus heterophyllus Lam. Moraceae 
Kaffir lime Citrus hystrix DC Rutaceae 
Kidney bean Phaseolus vulgaris L. Fabaceae 
Lac tree Schleichera oleosa (Lour.) Oken  Sapindaceae 
Leaf miner Phyllocnistis citrella Stainton Gracillariidae 
Leprous lime Citrus amblycarpa Ochse Rutaceae 
Mahogany Swietenia mahagoni (L.) Jacq. Meliaceae 
Maize Zea mays L. Poaceae 
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Mandarin Citrus reticulata Blanco Rutaceae 
Mango Mangifera indica L. Anacardiaceae 
Mealybug Planococcus citri (Risso)  Pseudococcidae 
Mock orange Murraya paniculata (L.) Jack Rutaceae 
Parlatoria scale Parlatoria ziziphi (Lucas Diaspididae 
Phytophthora 
gummosis and root rot 

Phytophthora citrophthora (R.E. 
Sm. & E.H. Sm.) Leonian 

Peronosporaceae 

Phytophthora 
gummosis and root rot 

Phytophthora nicotianae Breda de 
Haan 

Peronosporaceae 

Pink disease Phanerochaete salmonicolor 
(Berk. & Broome) Jülich 

Phanerochaetaceae 

Pomelo Citrus maxima (Burm. f.) Merr. Rutaceae 
Pongame oiltree Millettia pinnata (L.) Panigrahi Fabaceae 
Powdery mildew Oidium tingitaninum J.C. Carter Erysiphaceae 
Red imported fire ant Solenopsis invicta Buren Formicidae 
Rice bean Vigna umbellata (Thunb.) Ohwi & 

H. Ohashi 
Fabaceae 

Rough lemon Citrus jambhiri Lush. Rutaceae 
Scab Elsinoë fawcettii Bitanc. & Jenkins 

[as 'fawcetti'] 
Elsinoaceae 

Soft brown scale Coccus hesperidum Linnaeus Coccidae 
Sooty mould Capnodium citri Berk. & Desm. Capnodiaceae 
Sweet oranges Citrus x sinensis (L.) Osbeck (pro. 

sp.)  
Rutaceae 

Sweet potato Ipomoea batatas (L.) Lam Convolvulaceae 
Taro Colocasia esculenta (L.) Schott Araceae 
Teak Tectona grandis L. f. Lamiaceae 
Tobacco Nicotiana tabacum L. Solanaceae 
Tropical fire ant Solenopsis geminata (Fabricius) Formicidae 
White-bark acacia Acacia leucophloea (Roxb.) Willd. Fabaceae 
Yam Dioscorea alata L. Dioscoreaceae 
Yam Dioscorea bulbifera L. Dioscoreaceae 
Yellow fever mosquito Aedes aegypti (Linnaeus) Culicidae 

http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=319725
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=319725
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=120451
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=120451
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=164508
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=30764
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=30648
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42549
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42521


1 

 

I. INTRODUCTION 

 

 

1.1. Background 

Increasing globalization has reduced the efficacy of geographical borders in 

terms of defence against pests and diseases. In the past, according to Lovett 

(2008), distance was in itself an element of defence. This explains why pest and 

disease management strategies such as Integrated Pest Management (IPM) 

focused mainly on existing pests and diseases. Because distance is no longer 

an effective instrument of defence, such emphasis on existing pests and 

diseases can no longer be justified. Hence, biosecurity approaches adopt risk 

analysis in dealing with organisms threatening plants, animals, humans, and the 

environment along a pre-border, border, and post-border continuum (Beale, 

Fairbrother, Inglis, & Trebeck, 2008; Radcliffe, Hutchinson, & Cancelado, 2009). 

With biosecurity approaches, organisms that are harmful to plants, animals, 

humans, and the environment are dealt with when they are still outside, on 

arrival at the border, and after passing the border (New Zealand Biosecurity 

Council, 2009; Thompson, Stenekes, Kruger, & Carr, 2009). 

 

As an integrated approach, biosecurity involves a wide range of sectoral 

interests (FAO, 2007). A national government is required to set the umbrella 

policy, but local governments and communities have a vital role to play in 

making the policy work (Delane, 2001; Royce, 2008; Sobels, Curtis, & Lockie, 

2001). This notion is particularly relevant to an archipelagic country such as 

Indonesia. The country consists of a large number of big and small islands and 

now, in the era of regional autonomy, it also consists of hierarchical levels of 

autonomous governments (Usman, 2001, 2002). For an archipelagic country, 

remoteness exists more as a rule than an exception. Remoteness also 

becomes an issue in other large, sparsely populated countries such as 

Australia, where local communities are responsible for dealing with pest and 

disease incursion (Christie, 2008; Royce, 2008). The success of such 

community efforts could be greatly improved, however, with support provided by 

local governments. For Indonesia, such support is not always available 
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because, even under regional autonomy, local governments may not, set up 

policies that promote local communities to take active roles in biosecurity 

management. 

 

The political reforms taking place since 1998 have brought a radical change to 

government structures in Indonesia. Since the first law of regional government 

(Act No. 22, 1999), Indonesian government structures consist of a long chain of 

hierarchy consisting of national, provincial, district/city, and village/municipality 

levels so that conflicting policies among levels of government are prevalent. 

Moreover, local government autonomy does not automatically improve 

governance. According to Falk et al. (2008a), good governance interlinks 

closely with leadership. Decentralization and regional autonomy may have 

changed governance structure, but not leadership. Lane (2003) and Larson & 

Soto (2008), for example, argue that without concerted efforts to challenge 

existing power relations, directly elected local leaders will not be able to stop 

powerless groups, such as women, the poor, and indigenous people, from 

being marginalized, whether decision making is decentralized to local 

authorities or to stakeholder committees. These directly elected local leaders 

may have a greater degree of commitment to serving the community and to 

promoting participation for achieving shared goals, but they also need to secure 

their position. In addition, poor leadership in a long hierarchy of autonomous 

governance will be very likely to result in fragmented accountability, inconsistent 

approaches, and poor inter-agency co-ordination that, according to New 

Zealand Biosecurity Council (2009), may impede effective biosecurity 

management. 

 

The willingness of members of a community to participate in biosecurity 

management is determined by many factors. According to Christie (2008), these 

are all about negotiating between local and scientific knowledge because much 

of the knowledge work which local people do is invisible to local government 

agencies and much of the knowledge work which government agencies do is 

hidden from the members of local communities. Participation of local people in 

biosecurity management is therefore bound up in the work of negotiating access 
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and permission. In such a case, emerging shared interests between the 

government and the community determine the degree of success of the 

negotiation. For biosecurity management, threats posed by pests and diseases 

should serve as such shared interests. However, many factors influence 

community awareness to biosecurity threats (Falk et al., 2008a). Hence, 

identifying such factors becomes crucial in developing an effective biosecurity 

management strategy. 

 

Despite the fact that decentralization and autonomy are now in place in 

Indonesia, a mismatch between local government policy and local community 

aspiration could be problematic. Such a mismatch has potential to contribute to 

the current citrus decline in the highlands of West Timor. Interests in improving 

citrus cultivation, especially the cultivation of the local mandarin, have from the 

beginning, been shared between both local communities and local 

governments. However, while local people believed that citrus in the region had 

become a unique product, due to local cultivation techniques, the local 

governments wanted to improve production by introducing modern cultivation 

technology (Muga, 2003; Nope, 2003a, 2003b). However, the problem here is 

not the modern cultivation technology in itself, but the approach taken by the 

local governments in introducing the technology without paying attention to local 

knowledge that has contributed to making citrus in the region a sustainable and 

emblematic product.  

 

 

1.2. Research Significance and Problem Statement 

1.2.1. Significance of the Research 

Indonesia adopted Integrated Pests Management (IPM) as the national crop 

protection system since the 1980s. By law, however, IPM has very limited 

application to other sectors outside agriculture. Different laws exist to deal with 

threats posed by destructive organisms that are damaging domestic animals, 

humans, and the environment. The IPM system focuses on resident pests, 

diseases, and weeds because its decision-making process is based solely on 

agro-ecosystem monitoring. This approach to pest management decision-
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making is appropriate only if distance remains an important defence against 

pest and disease incursion and if decentralization has not partitioned 

ecosystems into fragmented units delineated by administrative borders. 

Because globalization has meant distance is no longer a means of defence, and 

regional autonomy and administrative borders are more important than physical 

borders, an alternative approach to pest management decision-making is 

needed. Biosecurity approaches have recently been adopted in neighbouring 

countries such as Australia and New Zealand. Such biosecurity approaches 

deal with destructive organisms even before the organisms arrive at a particular 

agro-ecosystem, mainly at the policy level across various sectors (FAO, 2007). 

In contrast, IPM focuses on the implementation of control measures after the 

organisms reaching an economic threshold in a particular agro-ecosystem 

(Dent, 1995; Pedigo, Hutchins, & Higley, 1986; Radcliffe et al., 2009). This 

research proposes to demonstrate to decision makers at both the central and 

the regional autonomous governments in Indonesia the importance of adopting 

an integrated biosecurity approach for the benefit of Indonesia’s economy. The 

research examines whether fragmented policy-making process into artificial 

administrative units can be dangerous to the integrity of ecosystem biosecurity 

as for a crop multiplied through vegetative propagation, such as banana, 

production of pathogen-free propagative material plays a critical role in 

preventing disease introduction and spread. Citrus is traditionally propagated 

from seed however recent government programs have promoted the use of 

grafted seedlings which have an upper section (scion) grafted onto a root stock. 

The vascular tissue of the grafted section fuses and may become a pathway for 

infection from one section to the other. For citrus, huanglongbing (HLB) is one 

disease that can spread through propagative material. It is a disease associated 

with a phloem-inhabiting bacterium and is highly destructive worldwide (Bové, 

2006; T.R. Gottwald, J.V. da Graça, & R.B. Bassanezi, 2007c). This disease is 

known to be transmitted by the asian citrus psyllid Diaphorina citri that has a 

wide host range (Halbert & Anjunath, 2004). With vegetative planting material, 

this disease could spread through movement of planting material infested by the 

asian citrus psyllid, movement of infected citrus plants, or movement of infected 

citrus relatives used as ornamentals in the urban landscape (Bassanezi & 
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Gottwald, 2009). For these reasons, international and Indonesian directives 

have been in place to guarantee safe movement of citrus vegetative planting 

material (Decree of the Minister of Agriculture No. 610/Kpts/TP.630/6/97, 1997; 

Frison & Taher, 1991). However, refusal of local governments in West Timor to 

acknowledge the presence of this disease has rendered such international and 

national directives ineffective. This research aimed to find out if this refusal has 

a sound biosecurity consideration with regard to the urgency of implementing 

regional biosecurity strategies along the pre-border, border, and post-border 

continuum. 

 

Although biosecurity has been adopted as an alternative approach to IPM in 

dealing with destructive organisms, its approach is largely on biosecurity as a 

science. For HLB, this science-oriented approach to pest management has 

been successful in identifying the bacteria associated with the disease 

(Lallemand, Fos, & Bové, 1986), in understanding the transmission of the 

bacteria by its vector and though vegetative propagation of the host plants 

(Lallemand et al., 1986; Roistacher, 1991), and in developing scientifically-

sound control strategies (Gottwald, da Graça, et al., 2007c; National Research 

Council, 2010). Management strategies and contingency plans based on 

advanced technology have been currently in use or are being developed 

against this disease in developed countries (Barkley & Beattie, 2008; National 

Research Council, 2010; Technical Working Group, 2010). Nevertheless, the 

disease continues to spread and to cause significant economic losses, 

particularly in developing countries where citrus is cultivated as a small-scale 

household business and where application of such advanced technology is 

limited (Beattie, Holford, & Haigh, 2010; Beattie et al., 2006). This research, 

therefore, focuses on roles of local governments and local communities in 

managing the disease. This research provides an alternative perspective to 

examining biosecurity issues by incorporating social science into biosecurity 

research. 
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1.2.2. Statement of the Problem 

Citrus has been cultivated in the highlands of West Timor for generations 

without having any significant pest and disease problems. However, after the 

local government efforts to intensify and expand citrus cultivation in the early 

1990s, Suek, Naraheda, &Nugraheni (1998) first reported diplodia rot (caused 

by the fungus Lasiodiplodia theobromae previously known as Diplodia 

natalensis) and phytophthora gummosis and root rot (caused by the fungi 

Phytophthora spp.) as two most destructive diseases of citrus in West Timor. 

Two years later, Murdolelono, Yusuf, Bora, et al. (2000) confirmed the 

occurrence of these diseases and gave the first report of other diseases 

including powdery mildew (by fungus Oidium sp.), greasy spot (by fungus 

Mycosphaerella citri), and citrus tristeza (consisting of citrus decline, vein 

clearing, and stem pitting, caused by Citrus Tristeza Virus, CTV). They also 

reported for the first time the occurrence of insect pests including Toxoptera 

citridus, Toxoptera aurantii, Aphis gossypii, and Myzus persicae, the vector of 

citrus tristeza, and asian citrus psyllid Diaphorina citri, the vector of HLB. In 

2003, Murdolelono, Bora, & Dwiastuti (2003), using ELISA (enzyme-linked 

immunosorbent assay) technique, confirmed the presence of citrus tristeza and 

for the first time reported HLB and citrus psorosis (caused by Citrus Psorosis 

Virus) (Murdolelono et al., 2003). 

 

When phytophthora gummosis and root rot were first found in 1998, the head of 

the Ministry of Agriculture Regional Office in East Nusa Tenggara Province 

ordered the head of TTS District Agricultural Services to take the necessary 

control measures for preventing the diseases from spreading beyond Tobu, the 

village where the diseases were found (Dr. A.W. Ruscoe, 2912, personal 

communication). However, at the same year, a monetary and political crisis took 

place in Indonesia, and in the following year, the Act No. 22 (1999) on regional 

administration, known widely as the act on regional autonomy, was enacted. 

Albeit the result of several amendments at different times, the current law (Act 

No. 12, 2008) retains the provincial governments’ partial autonomy and 

district/city governments full autonomy with regard to policy making in all 

government sectors, except defence and security, foreign affairs, monetary and 
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fiscal policies, judiciary affairs, religious affairs, and some other sub-sector such 

as higher education, research and development, and quarantine. All agricultural 

institutions previously part of the Ministry of Agriculture, such as agricultural 

extension and seed inspection and supervision, except research and 

development, were transferred to the provincial government under the 

Provincial Agricultural Services. With this transfer, all policies regarding 

agricultural development at the provincial and district/city levels became fully 

the responsibility of the local governments on the basis of either provincial or 

district laws (peraturan daerah or perda).  

 

In 1998, the provincial government succeeded in proposing to the Ministry of 

Agriculture that a local mandarin cultivar from the region be designated as a 

national prime cultivar named Keprok Soe mandarin (Citrus reticulata ‘Keprok 

Soe’) (Decree of the Minister of Agriculture No. 863/Kpts/TP.240/11/1998, 

1998). Since then, the provincial and the district governments of the mandarin 

production centres made this mandarin cultivar the priority in their agricultural 

development policy. As part of this policy, the district governments are expected 

to make every effort to expand and intensify mandarin cultivation through 

launching of various programmes including, the distribution of free grafted 

seedlings of this cultivar (Nope, 2003a, 2003b). Because the mandarin has 

become a national prime cultivar, the provincial and the TTS District 

governments have also a shared responsibility to provide other districts within 

the province as well as other provinces with grafted seedlings (Muga, 2003). 

Meanwhile, in the early 2000s, the NTT Provincial Parliament passed a 

provincial act that banned imports of citrus seedlings. This act has become a 

legal basis for the provincial and TTS District governments refusing to 

acknowledge HLB and other graft-transmissible diseases with an argument that 

banning of imports of grafted seedlings has prevented such diseases from 

being introduced. 

 

Despite government efforts to expand and intensify mandarin cultivation, 

mandarin tree population continued to decrease (KCM, 2008). According to the 

provincial and district governments, these population decreases took place not 
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because of HLB and other graft-transmissible diseases but because of 

inappropriate cultivation practices in combination with drought that provide 

suitable conditions for diplodia rot to destroy the mandarins (Muga, 2003; Nope, 

2003a). To deal with this problem, the government recommended application of 

a mixture of lime and sulphur in water, known as California mixture, for curing 

diseased trees and preventing healthy trees from becoming infected. 

Murdolelono et al. (2003) reported that when applied routinely at least once a 

year, this treatment was able to slow down the decline of infected trees. 

However, routine applications of this mixture are unlikely because the 

distribution of this mixture was made on a project basis and the material was 

not locally available for purchase. In addition, after the harvest season, during 

which mandarin trees are most susceptible to diseases, growers are busy with 

land preparation for swidden cultivation commencing on the onset of the 

following rainy season. As a result, mandarin trees are left untended during the 

drought, predisposing the trees to infection in the following rainy season. This 

situation has become worse because of poor access to information and lack of 

monitoring programmes by farmers. 

 

To summarize, the problem being addressed in this research encompasses 

biophysical, governance, and community engagement aspects of biosecurity. 

The role of other pests and diseases, local climate, and soil also needs further 

clarification. Meanwhile, the reasons for the local governments for not 

acknowledging HLB need to be carefully explored in connection with 

governance of the autonomous district governments. This exploration is 

necessary to assess the extent to which autonomous district governments are 

able to balance their accountability to the central government and to the local 

communities. On the other hand, while not receiving the full support from the 

local governments, the local communities have developed their own 

mechanisms for managing the mandarin decline. The problem for the 

community is how to implement good management practices to minimize the 

decline despite contradicting local government policy. 
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1.3. Research Aims, Questions, and Design 

1.3.1. Research Aims 

The primary aim of this research was to better understand the means by which 

the local governments address, and local communities respond to, the 

emerging biosecurity issues regarding citrus. While decentralization is primarily 

aimed at providing more power to district governments to become more 

accountable to local communities, this research seeks to explore to what extent 

this shift in power relation between the central and the local governments’ 

benefits local communities. Regardless of the group or institution over which 

this relationship exercises power, this research aims to explore the means by 

which local communities respond both to this shift in power relations and to the 

increasing decline of mandarin in the region. More specifically, with regard to 

the struggle of the local communities in coping with the decline, this research 

seeks to discover the means by which local communities are able to manage 

their resources, both biophysical and social. By understanding the means by 

which the local governments address the emerging mandarin decline and by 

which the local communities struggle in coping with the decline, this research 

aims thereby to generate new ideas out of complex phenomena of community 

biosecurity as part of a larger theory of social-ecological system based on which 

community engagement is an important part of system processes. At the same 

time, this research aims to expand the theory of a disease triangle consisting of 

pathogens, hosts, and biophysical environment to include a fourth dimension of 

social environment. 

 

 

1.3.2. Research Questions 

The climate and soil in the highlands of West Timor have provided a suitable 

environment for cultivation of the local mandarin cultivar. Traditionally, people 

planted the mandarin using seeds, with or without transplantation. The local 

government introduced grafting using the locally available rough lemon (RL, 

Citrus jambhiri) as the rootstock as part of the policy to intensify and expand the 

cultivation of the local mandarin. While striving to promote the local mandarin, 

for reasons that are unclear, the government also introduced other citrus 
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species, including other mandarin cultivars. Following this development, Suek et 

al. (1998) reported for the first time diplodia rot and phytophthora gummosis and 

root rot as the diseases responsible for citrus decline in the region. Murdolelono 

et al. (2000) first reported HLB and its vector Diaphorina citri and later 

confirmed the finding by indexing (Murdolelono et al., 2003). Surprisingly, 

Murdolelono, Yusuf, & Bora (2004) later negated their own findings, and instead 

supported the policy of the local government that the only important diseases of 

citrus in the region were diplodia rot and phytophthora gummosis. Regardless of 

this policy and efforts to promote the local mandarin through distribution of 

grafted seedlings and the California mixture to control the officially recognized 

diseases, the mandarin in the region continued to decline in terms of its 

population and production. 

 

Within the framework of mixed methods research described in Tashakkori and 

Creswell (2007), the initial research questions were formulated as follows: 

1) What is the status of citrus biosecurity and the extent of local 

government policy to promote intensified and expanded planting? 

2) How do local communities actually understand such biosecurity status 

and government policy and their implications? 

3) In terms of what factors could such understanding by the community be 

explained quantitatively to convince the local government? 

4) What implication does such understanding and influence have on citrus 

biosecurity both at local and regional levels? 

As the research progressed and the preliminary data analysis was completed, 

one research question was added: 

5) How could local communities become aware of the problems they are 

facing and be capable of taking the necessary action for improving citrus 

biosecurity? 

 

 

1.3.3. Research Design 

This research was initially designed to consist of two stages of data collection. 

The first stage consisted of two data collection sessions. The first session of this 
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stage was collection of qualitative data to answer part of research question 1 

and research question 2. The second session of the first stage was collection of 

data for cross-checking seedling issues. The second stage consisted of 

quantitative survey sessions focused on cross-checking the finding from the 

earlier interviews and a community-wide survey session to explain factors 

influencing biosecurity conditions arising from the previous survey. These two 

sessions in the second stage of data collection were intended to answer 

research question 3 and research question 4. These first and second stages of 

data collection sessions were carried out separately in a somewhat sequential 

fashion, thereby allowing findings from the first stage to inform the design of the 

second stage. Considering the research questions being addressed, the way 

qualitative and quantitative data collection methods combined, and use of 

findings from the earlier session to inform the later session of data collection, 

this design is using a sequential mixed model design (Tashakkori & Teddlie, 

2003b). 

 

The preliminary results from the first session of data collection indicated that 

citrus biosecurity in West Timor had become more complicated because of the 

policy that created opportunities for those at both the community and the 

government sides to engage in rent seeking practices. As a result, citrus 

growers suffered as corrupt practices stopped their ability to access healthy 

seedlings and to receive information regarding graft-transmissible diseases and 

the necessary control measures against these diseases. This situation caused 

this research to focus more attention on those citrus growers who suffered most 

from the existing practices brought about by the current policy regarding citrus 

development in particular and agricultural development in general. Considering 

this preliminary finding, two data collection sessions were added. The first of 

these additional sessions was field and laboratory tests added to the first stage 

of data collection to confirm the presence of HLB and its vector, and the second 

was field assessment and community engagement to seek evidence of disease 

as an important factor of citrus decline and seek support from the community. 

The addition of these two data collection sessions changed the initial design to 
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become transformative in responding to the existing phenomena, as described 

by Mertens (2003, 2007). 

 

Data collection procedures consisted of qualitative, quantitative, and mixed 

qualitative and quantitative data. As previously described in the research design 

section, in-depth interviews were carried out in the first data collection session. 

Before carrying out these interviews, an introductory visit was conducted in 

each sample village. After gaining entry into each sample village, in-depth 

interviews were carried out, usually over more than one session with each 

participant. The interviews were conducted as part of daily conversation through 

open ended topic questions. Another qualitative data collection technique in use 

in this research was the review of secondary documents by making a document 

list and then creating notes regarding the content of each available document. 

Quantitative data collection was carried out by conducting household survey 

with closed-ended questions, taking field measurement and photographs of 

diseased citrus trees, and taking specimens for field and laboratory tests. Mixed 

qualitative and quantitative data collection was carried out by including open-

ended questions in the survey questionnaire. These qualitative and quantitative 

data collection procedures are discussed in detail in Chapter III Methodology. 

 

Data analyses were carried out in three stages. First, qualitative data analysis 

was carried out to transcripts of in-depth interviews by using thematic analysis 

techniques, first to slice the data into topics and then to collapse the emerging 

topics into themes and key themes. The result of this thematic analysis was 

used as the basis for formulating questions for the qualitative data collection. 

Second, quantitative data analysis was carried out using relevant statistical 

analysis techniques. The statistical analysis techniques in use included 

descriptive analysis to produce central and dispersion statistics such as mean 

and sampling errors, factor analysis to produce independent factors from 

correlated variables, and regression analysis to establish the source-output 

relationship between independent and dependent factors. Third, mixed method 

analysis was performed particularly for the purpose, following Greene, Caracelli, 

& Graham’s (1989)complimentary and development model. For the 
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complimentary purpose, the result of one analysis technique was used to check 

and evaluate the result of another analysis technique. For the development 

purpose, the result of qualitative analysis was used to inform the questionnaire’s 

development for use in qualitative data collection and to synthesize the results 

of qualitative and quantitative data analysis for developing a new understanding 

of community biosecurity. Chapter III Methodology describes the detail and use 

of software for each of these analysis techniques. 

 

 

1.4. Scope and Limitations 

This research examined mandarin biosecurity as a basis for developing an 

understanding of community biosecurity. The continuing decline of the local 

mandarin and the refusal by the local government to acknowledge HLB as the 

cause provided the background for focusing this research on the interplay 

between the biophysical and the social dimensions of the decline. This research 

did not focus on sophisticated analysis of the pest and diseases of mandarin. 

Nevertheless, sufficient attention was given to identify those pests and 

diseases, particularly to HLB and its vector. Identification of such pests and 

diseases were based on general morphology of the pests and on specific 

symptoms and signs observed in the field. Laboratory test was carried out only 

for HLB because the presence of this disease was contentious and central to 

various arguments underlying this research. 

 

Since the research is about community biosecurity, the concept of ‘community’ 

is central to this research. ‘Community’ has different meanings in different 

contexts. In this research, community was defined according to the concept of 

community of place put forward by Falk, Surata, et al. (2008a) consisting of 

people of multiple identities, roles, and aspiration who live in a particular shared 

place and shared networks of networks within their own community and other 

communities. Even so, for a research project employing a mixed methods 

methodology, this definition needs further clarity with regard to community as a 

unit for data collection and analysis. For the purpose of defining this unit, the 

term local community is used to mean either village (desa) or sub-village 
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(dusun), depending on the method in use for collecting and analysing the data. 

As this research addresses issues pertaining to the policy of local governments, 

there are also limitations with regard to access to villages or sub-villages where 

on-going government projects are located. These issues are further discussed 

in chapter III Methodology. 

 

In addressing the social dimension of biosecurity, the concept of social capital is 

used and investigated with both qualitative and quantitative approaches. Due to 

the characteristics of this research, social capital is used in both approaches 

here as a community attribute. This does not mean, however, to negate the 

position of those using social capital as an individual attribute. As with the 

concept of community, the concept of social capital is also defined and 

measured in different ways by different scholars. In this research, social capital 

is viewed as part of the community capitals that according to Flora (2008; 

2004)include natural, human, social, cultural, financial, and built capitals (Flora, 

2004, 2008), and defined as accrued knowledge and identity resources being 

accessed by people of many identities, roles, and aspirations for developing 

and maintaining networks of networks of their own purposes (Falk & Surata, 

2007; Falk et al., 2008a). This definition provides the guidelines for developing 

instruments for the quantitative measurement of social capital, in conjunction 

with use of social capital assessment techniques that have already developed 

for different specific purposes.  

 

 

1.5. Thesis Outline 

This thesis has nine chapters. Chapters I, II, and III describe the introduction, 

the literature review, and the methodology, respectively. The results and 

discussion are presented in three chapters, i.e. Chapter IV, Chapter V, and 

Chapter VI. Chapter IV presents the qualitative analysis aimed at identifying 

citrus biosecurity in the highlands of West Timor. The results in Chapter IV are 

then cross-checked with the results of quantitative and qualitative analysis 

investigating biosecurity issues presented in Chapter V and Chapter VI. Chapter 

VII aims to explain the sources of biosecurity using exploratory factor analysis 
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and regression analysis. Chapter VIII provides the general discussion and the 

synthesis of the thesis, and the final chapter, Chapter IX, presents the key 

findings, conclusions, and implications. The content of each chapter is 

described in more detail below. 

 

Chapter I Introduction. This chapter provides the context and significance of the 

problem, summary of the methodology, scope and limitations of the approach, 

and outline of the thesis. This research addresses the decline of mandarin in 

the highlands of West Timor, blended with investigation of governance and 

community engagement issues. This research is centred on factors that enable 

local communities to struggle in maintaining citrus biosecurity, despite not 

receiving the full supports from the local governments, and underlines the 

importance of demonstrating the incorporation of social science into biosecurity 

research. This chapter then presents the research questions, describes the 

research design and the limitations of this design.  

 

Chapter II Literature Review. This chapter describes the theoretical framework 

for the research approach and methodology. The concept of biosecurity is 

defined, and followed with a discussion of the relevant legal and policy 

framework, its relationship to Integrated Pests Management (IPM), and the 

need for designating biosecurity a high priority issue. Elaboration on the social 

context of biosecurity is core to this literature review. This social context is 

discussed in relation to decentralization and regional autonomy in Indonesia, 

social structures and processes necessary to investigating biosecurity within a 

social context, and the community engagement required to bring this social 

context into the current policy mainstream. This chapter ends with a review of 

the methodology for relating the biophysical aspects of biosecurity to social 

aspects, in terms of paradigmatic, methodological, and design issues. 

 

Chapter III Methodology. This chapter describes research settings, design and 

sampling, and procedures and instruments. It starts by describing biophysical 

and social aspects of the research site, discussing the issue being addressed in 

this research, and relating the theory already discussed in the literature review 
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to the biophysical and social setting of the research, thus providing background 

for the research questions. The research approach taken in the design and the 

sampling strategy are described. Research procedures and instruments are 

also described along with procedures for negotiating entry to and developing 

the trust of the local communities; and methods of data collection, data 

processing, and data analysis. The last section describes issues arising from 

incorporating awareness raising into the research components and from use of 

a mixed method approach. 

 

Chapter IV Identifying Biosecurity Issues – Qualitative studies of mandarin 

decline. This chapter presents the results of thematic analysis of qualitative data 

from the in-depth interview session for scoping biosecurity issues. It starts by 

describing the informants and the process of the interviews to provide a 

background for describing the resulting categories, concepts, and themes. It 

continues by describing the emerging categories and concepts and procedures 

for collapsing these categories and concepts into themes. This section is 

followed by the description of the resulting themes. The chapter ends with the 

discussion and synthesis of the analysis.  

 

Chapter V Assessing Citrus Disease – Quantitative studies identifying diseases 

and assessing their extents in the field. This chapter describes the secondary 

data collected during the first and second stages of data collection to provide a 

more detailed setting for citrus cultivation and its biosecurity issues. The 

description of this secondary data is followed by the presentation of the results 

of the descriptive analysis of household and citrus cultivation characteristics. 

The presentation of the results from the community wide survey is followed by 

that of the results from field measurement and laboratory test to cross check 

issues arising from the in-depth interview. 

 

Chapter VI Disease Spread and Engagement for Future Biosecurity – 

Qualitative studies of production and distribution of grafted seedlings and 

biosecurity engagement. This chapter presents the results from the in-depth 

interview regarding issues of seedling production and distribution. It starts with 
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an introduction to provide an overview of the issue before describing the 

resulting themes. It is followed by the description of the result of community 

engagement. The results of thematic analysis of grafted seedling production 

and distribution and of community engagement are discussed and synthesized 

and summarized in the last two sections. 

 

Chapter VII Explaining Community Biosecurity – Mixed methods studies of 

potential factors contributing to community biosecurity. This chapter presents 

the results of analysis of data obtained from the community wide survey and the 

citrus biosecurity survey. The results provide a quantitative assessment of the 

issues raised in the previous chapter. For this purpose, quantitative statistical 

analysis is used to identify causal factors and processes. A communal index 

was constructed to represent all existing biosecurity issues and then variation in 

this index was explained in terms of social capital and other forms of capital 

identified on the basis descriptive analysis to data obtained from the 

community-wide and citrus biosecurity surveys. 

 

Chapter VIII General Discussion and Synthesis. This chapter presents the 

discussion and synthesis of results already presented in Chapters IV, V, VI, and 

VIII. It serves to provide the third level meta-analysis of the first- and second 

levels of analysis already discussed in each of the last three chapters. It also 

synthesizes the findings already presented and discussed in the last three 

chapters into an integrated mean of viewing citrus biosecurity as a tetrahedron 

model which includes the social aspects of biosecurity as a driving factor of 

community biosecurity. 

 

Chapter IX Key Findings, Conclusions, and Implications. This chapter 

summarize key findings derived from the result already presented and 

discussed in Chapter IV, Chapter V, and Chapter VI and the synthesis already 

developed in Chapter VII. These key findings are then collapsed into 

conclusions on the basis of the relation between one key finding and another. 

The chapter conclude with describing implications with regard to biosecurity 
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management policy, practice, and research arising from the key findings and 

the conclusions.  
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II. LITERATURE REVIEW 

 

 

2.1. Introduction 

Biosecurity has now become an approach in dealing with biological incursion in 

some countries. Yet in many countries, especially developing countries 

including Indonesia, it is not yet part of the mainstream policy for protecting the 

country from devastating pests, diseases, and weeds. However, biosecurity has 

recently been adopted in many developed countries as an integrated approach 

for protection against biological invasion and so it will eventually enter the policy 

framework of developing countries. This research is about biosecurity in 

Indonesia. More specifically, it is about how local governments and local 

communities perceive and negotiate their roles in coping with a range of 

biosecurity issues. As biosecurity is a recent concept, this literature review 

starts by defining this concept and describing its legal and policy framework, its 

relation to Integrated Pests Management (IPM), and the case for making 

biosecurity a high priority. 

 

This research is not about the biology of the pests and diseases of citrus, but it 

is about policies of the local governments and efforts of the local communities in 

coping with all citrus biosecurity related issues. This literature review is a 

discussion about decentralization and regional autonomy as power exercises 

between the central and the local governments and how these determine the 

policy framework taken by the local governments in addressing biosecurity 

issues. After more than 10 years, decentralization in Indonesia has been viewed 

as having some positive as well as some undesired attributes (Alm & Bahl, 

1999; Holtzappel & Ramstedt, 2009; Usman, 2001, 2002). Decentralization and 

regional autonomy have been credited for making various public services more 

accessible to people. However, at the same time, decentralization and regional 

autonomy have also been criticised for bringing too much confusion to local 

government officials who have been for so long engaged in the old practices of 

governing as well as to local people who have to make dramatic changes in the 

way they deal with the government (Holtzappel & Ramstedt, 2009; Usman, 
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2001, 2002). Local governments may be preoccupied with power exercises, at 

the expense of management issues such as biosecurity. To provide the basis 

for understanding such changes, this literature review discusses social capital 

within the framework of its main components (networks, norms, and sanctions), 

its level of analysis (individual-, meso-, and macro-levels), and its character or 

function (bonding, bridging, and linking)(Falk & Surata, 2007; Halpern, 2005; 

Woolcock, 1998). Although social capital is used as the primary theoretical 

framework for this research, other concepts such as natural capital, human 

capital, and political capital are also explored.  

 

This chapter concludes by reviewing approaches for bringing the biophysical 

and social aspects of biosecurity into a working methodology. Because of the 

nature of issues being addressed in this research, a mixed methods approach 

was chosen. For this purpose, various aspects of mixed methods are 

discussed, especially with regard to paradigmatic, methodological, and design 

issues. In particular, paradigmatic issues as discussed with regard to the 

paradigm war between the interpretive approach of qualitative research and the 

positivistic approach of quantitative research. The discussion is focused on the 

use of appropriate methods and research design to bring these seemingly 

incompatible worldviews together for addressing research questions 

encompassing biophysical as well as social dimensions. 

 

 

2.2. Exploring the Concept and Local Context of Biosecurity 

2.2.1. Definition of and Approaches to Biosecurity 

Until recently, the term biosecurity was used in the United States primarily to 

describe an approach designed to prevent or decrease the transmission of 

infectious diseases in crops and livestock (Meyerson & Reaser, 2002a). 

Increasingly, however, the term biosecurity has been applied more broadly to 

encompass efforts to prevent harm from both intentional and unintentional 

introductions of organisms that are harmful to human health and infrastructure 

and the environment, as well as to the agricultural crop and livestock industries 



21 

 

(Chyba, 2001; McNeely, Mooney, Neville, Schei, & Waage, 2001; Meyerson & 

Reaser, 2002b). According to FAO (2007), biosecurity is: 

a strategic and integrated approach that encompasses the policy and 
regulatory frameworks (including instruments and activities) for analysing 
and managing relevant risks to human, animal and plant life and health, 
and associated risks to the environment. Biosecurity covers food safety, 
zoonoses, the introduction of animal and plant diseases and pests, the 
introduction and release of living modified organisms (LMOs) and their 
products (e.g. genetically modified organisms or GMOs), and the 
introduction and management of invasive alien species.  

The FAO definition implies that the concept of biosecurity covers wide-ranging 

aspects of plant, animal, and public health and protection of the environment, 

including biological diversity. Comprehensive approaches to biosecurity are now 

developed in Australia and New Zealand. In Australia, biosecurity is defined as 

the protection of the economy, environment and human health from the 

negative impacts associated with entry, establishment or spread of exotic pests 

(including weeds) and diseases (Beale et al., 2008) by trying to prevent new 

pests and diseases from arriving, and helping to control outbreaks when they do 

occur (Australian Government Department of Agriculture Fisheries and 

Forestry, 2011). In New Zealand, biosecurity is defined as the exclusion, 

eradication or effective management of risks posed by pests and diseases to 

the economy, environment and human health (New Zealand Biosecurity 

Council, 2003, 2009). 

 

The FAO’s definition emphasizes the importance of the policy and legal 

frameworks and these do not yet exist for many developing countries, including 

for Indonesia. Indonesia does not yet have a comprehensive approach to 

biosecurity. Until recently, two main views regarding biosecurity existed in 

Indonesia. The first regards biosecurity as the responsibility of the quarantine 

agency to protect the country from entry, establishment or spread of exotic 

pests and diseases (Untung, 2008). This view is in line with the Indonesian Act 

No. 16 (1992) concerning Animal, Fish, and Plant Quarantine that provides the 

legal framework for both the process of quarantine and the agency of 

quarantine in Indonesia as the only government body responsible for preventing 

incursion of pests and diseases. The second view assumes biosecurity deals 
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with any pests, diseases, and weeds, existing or recently introduced in a 

particular area, as long as the pests or diseases pose high risks to human, 

animal and plant life and health, and associated risks to the environment in that 

particular area (Semangun, 2008). The second view is certainly more in line 

with the comprehensive view toward biosecurity currently taken in developed 

countries. However, the second view is not in accordance with the laws in force 

in Indonesia today. Moreover, the Indonesian word for biosecurity is not yet well 

established, although the term ‘ketahanan hayati’ (literally biological security) 

has been coined and proposed in an international biosecurity summit held by 

the Cooperative Research Centre for National Plant Biosecurity in Sanur, Bali, 

Indonesia, in 24-26 May 2007. 

 

In addition to being comprehensive, the FAO’s definition takes risk as a means 

for integrating biosecurity threats across sectors. According to FAO (2007), risk 

is a function of both (1) the probability of adverse effects posed by various types 

of hazards on health or life in a biosecurity setting and (2) the severity of those 

effects, while hazard is any organism that could have adverse effects on health 

and live of other organisms. The FAO (2007) further defines biosecurity in terms 

of risk analysis consisting of risk assessment, management, and 

communication.  

 

Risk assessment deals with “the characterization of the likely adverse effects on 

health and life resulting from exposure to hazards over a specified period” 

(FAO, 2007, p. 52). It includes qualitative and/or quantitative estimation of the 

probability and severity of adverse effects to health and life that result from 

exposure to a hazard in a particular circumstance. On the other hand, risk 

management is “the process of considering available control measure 

alternatives in consultation with interested stakeholders, taking into account 

scientific information on risks to health and life, and legitimate values-based 

inputs, and then choosing and implementing control measures as appropriate” 

(FAO, 2007, p. 53). Policies and values in risk management include political, 

legal, economic, social and environmental concerns. As a result, criteria for 

taking an appropriate control measure, i.e. any action or activity that can be 
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used to prevent or eliminate a hazard, or reduce it to an appropriate level of 

protection (ALOP), will vary with different national and local settings. Finally, risk 

communication is “the interactive exchange of information and opinions 

throughout the risk analysis process, with explicit consideration given to 

communicating the decision criteria applied in risk management” (FAO, 2007, p. 

53). There is no standardized process for risk communication as with risk 

assessment and risk management because, as communication always needs 

flexibility, so does risk communication. 

 

Using risk as a unifying concept, FAO (2007) proposes a mean of coordinating 

biosecurity across sectors by setting standard steps for risk analysis 

assessment, risk management, and risk communication and by appointing an 

international body to govern the standardization process. The international body 

now responsible for governing plant biosecurity is the International Plant 

Protection Convention (IPPC). The standard steps for risk assessment, risk 

assessment, and risk communication are presented in Table 2.1. 

 

Table 2.1. Generic processes to aid coordination across biosecurity sectors 
Aspect  Generic process   Food safety 

(CAC)
1)

 
Animal health 
(OIE)

2)
 

Plant protection 
(IPPC)

3)
 

Biodiversity and 
the environment 
(CBD)

4)
 

Risk 
Analysis 

 Not applicable Hazard 
identification 

Initiation of the 
process (stage 1) 

No specific 
terminology 

Risk assessment Risk assessment 
(including hazard 
identification) 

Risk assessment Risk assessment 
(stage 2) 

Risk assessment 

Risk management Risk management Risk management Risk management 
(stage 3) 

Risk management 

Risk 
communication 

Risk 
communication 

Risk 
communication 

Risk 
communication 

Risk 
communication 

Risk 
Assess-
ment 

Identification of 
hazards 

Hazard 
identification   

A stand-alone 
hazard 
identification 
process 

Pest 
categorization 

Identify 
characteristics of 
the IAS and the 
LMO 

Characterization 
of exposure to 
hazards 

Exposure 
characterization 

Release 
assessment. 
Exposure 
assessment 

Assessment of 
probability of 
introduction and 
spread 

No specific 
terminology 

Evaluation of 
likely adverse 
effects associated 
with hazards 

Hazard 
characterization 
(including 
dose/response if 
available) 

Consequence 
assessment 

Assessment of 
potential 
economic 
consequences  

Evaluate 
consequences   

Estimation of risks    Risk 
characterization 

Risk estimate Conclusion of risk 
assessment 

Estimation of risks 

Risk 
manage
ment 

Preliminary risk 
management 
activities   

Preliminary risk 
management 
activities   

No specific 
terminology but 
would include 

Includes initiation 
of the process 
(stage 1) and risk 

No specific 
terminology   
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Aspect  Generic process   Food safety 
(CAC)

1)
 

Animal health 
(OIE)

2)
 

Plant protection 
(IPPC)

3)
 

Biodiversity and 
the environment 
(CBD)

4)
 

hazard 
identification 

assessment 
(stage 2) 

No specific 
terminology 

No specific 
terminology 

Risk evaluation* No specific 
terminology   

No specific 
terminology   

Identification and 
selection of risk 
management 
options 

Identification and 
selection of risk 
management 
options 

Option evaluation Risk management 
(stage 3) (the 
evaluation and 
selection of 
options) 

No specific 
terminology   

Implementation  Implementation   Implementation Implementation 
(stage 3 and 
beyond)   

Implementation   

Monitoring and 
review  

Monitoring and 
review   

Monitoring and 
review 

Monitoring and 
review (stage 3 
and beyond)   

Monitoring and 
review   

Note: 
1) CAC=Codex Alimentarius Commission (Joint FAO/WHO Commission on international food 

standards, guidelines and codes of practice), a body that was established in early November 
1961 by the FAO, was joined by the WHO in June 1962, and held its first session in Rome in 
October 1963, 

2) OIE=Office International des Épizooties (World Organization for Animal Health), established 
in 25 January 1924. Serves as a reference organisation for the WTO and maintains 
permanent relations with 35 other international and regional organisations, 

3) IPPC=International Plant Protection Convention, an international treaty organization created 
in 1952 by member countries of the FAO that aims to secure coordinated, effective action to 
prevent and to control the introduction and spread of pests of plants and plant products 

4) CBD=Convention on Biological Diversity, known informally as the Biodiversity Convention, is 
an international legally binding treaty, was opened for signature at the Earth Summit in Rio 
de Janeiro on 5 June 1992 and entered into force on 29 December 1993. 

Source: FAO (2007) 

 

 

2.2.2. Attaching Biosecurity to Local Policy Frameworks and Issues of 

High-Priority 

The concept of biosecurity covers a wide-range of aspects of plant, animal, and 

public health and protection of the environment, including biological diversity. In 

practice however, biosecurity measures are implemented through integrated 

approaches within particular sectors. For example, biosecurity within the sector 

of plant industry in Australia is called plant biosecurity whereas in the United 

States, it is called crop biosecurity or, in a wider sense, agricultural biosecurity. 

Viewing biosecurity within the sector of plant industry as plant biosecurity or 

crop biosecurity raises an important question regarding the position of 

biosecurity within the existing integrated pest management as the mainstream 

of crop protection policy. If the concept of plant biosecurity is to gain acceptance 

into the policy mainstream, what is its position in relation to the Integrated Pest 
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Management (IPM)? In Indonesia in particular, what could plant biosecurity 

approaches offer that are not contra-productive to IPM, an approach to plant 

protection that has been widely implemented? 

 

As in many other countries, IPM is currently the mainstream approach for crop 

protection in Indonesia. The concept of IPM evolved from an earlier concept of 

Integrated Pest Control (IPC) broadly defined by Smith & Allen (1954) as a 

system that will utilize all the resources of ecology and give the most 

permanent, satisfactory, and economical insect pest control that is possible, but 

later narrowed by Stern, Smith, et al. (1959) to applied pest control which 

combines and integrates biological and chemical control. The later definition 

remained the accepted definition through much of the late 1950s and the early 

1960s (R. F. Smith & Hagen, 1959; van den Bosch & Stern, 1962), but began to 

change again in the early 1960s as the concept of pest management gained 

acceptance among crop protection specialists (Rabb, 1962; R. F. Smith, 1962). 

IPM, a terminology proposed by Australian entomologists, later replaced IPC, 

with these key features:  

1) “integration” meant the harmonious use of multiple methods to control single 

pests as well as the impacts of multiple pests;  

2) “pests” were defined as any organism detrimental to humans, including 

invertebrate and vertebrate animals, pathogens, and weeds;  

3) IPM was a multidisciplinary endeavour; and  

4) “management” referred to a set of decision rules based on ecological 

principles, and economic and social considerations.  

The underlying concept for both the IPC and IPM in an agricultural system was 

that of Economic Injury Level (EIL) (Kogan, 1998; L.P.  Pedigo et al., 1986; 

Stern, 1973; Stern et al., 1959). 

 

EIL is considered the backbone of IPM because it serves as the basis for 

making decision about the initiation of control measures. For decision-making 

purposes, Stern et al. (1959) proposes another concept, the Economic 

Threshold (ET), defined as the lowest population density that will cause 

economic damage, and economic damage as the amount of injury which will 
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justify the cost of artificial control measures. Southwood & Norton (1973) 

present a practical mathematical expression for ET as the situation where the 

cost of the control tactic equals the product of yield and price when the tactic is 

applied minus the product of yield and price without the tactic. ET becomes the 

basis of IPM, especially during its initial stage now known as Economic 

Threshold IPM (ET-IPM). This decision-making process is based on 

assumptions of certainty. In practice, however, farmers are more likely to be 

faced with considerable uncertainty when they are deciding on pest control 

actions. In reviewing this decision-making model over the past 25 years, Norton 

(1976, 1982) identified at least four approaches to decision-making in IPM: (a) 

the economic threshold model, (b) the marginal analysis (optimization) model, 

(c) the decision theory model, and (d) the behavioural decision model. Among 

these approaches, the first two approaches are based on assumptions of 

certainty and the last two on uncertainty. These last two approaches are the 

basis of Farmer School IPM (FS-IPM) in Indonesia started in 1989 as a national 

IPM programme coordinated by the National Planning and Development 

Agency (BAPPENAS) and managed through a Steering Committee consisting 

of members appointed from the Ministry of Agriculture, the Ministry of Home 

Affairs, State Ministry of the Environment, leading universities and the Agency 

for Central Statistics (Soedjitno, 1999). From 1989 to 1992, the implementation 

of the IPM programme included curriculum development, training 

methodologies, and some relevant field studies to strengthen the 

implementation of IPM.  

 

As important components of FS-IPM, members of farmer groups are first given 

an on-farm training called Farmer Field School (FFS) (Bartlett, 2005; 

Bijelmakers, 2005; Dilts & Pontius, 1998; van den Berg, 2004; Winarto, 2004). 

The emphasis of the training is to make farmers better understand the cause 

and effect relationships of various steps in the production process within a 

particular crop ecosystem, such as effects of excessive use of pesticides on the 

environment and human health. For this purpose, the trainees are required to 

make observations, to carry out simple experiments, to discuss with fellow 

participants, to analyse, and finally to decide alternative ways to manage 
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existing pest problems rather than depend on only use of pesticides. Other 

problems, such as the needs for irrigation water, fertilizer applications, weeding, 

and the consequences these factor may have on pest populations, are also 

given attention. Decision-making is based on the integration of plant 

health/compensation, pest populations, natural enemy populations, potential 

yield loss, cost of control, projected commodity price, farm level economics, and 

previous farmer experience. This FFS approach has led farmers to look at pest 

problems as part of the management strategies of the total agro-ecosystem. In 

essence, this FFS training methodology is an active participatory process of 

learning by doing. An important feature of FS-IPM, as also with other IPM 

approaches, is that decision to initiate a control measure is based on existing 

pest populations as it is based on agro-ecosystem monitoring. In addition to 

remaining reactive in responding to pest and disease threats, FS-IPM remains 

focused only on agricultural pests, pathogens, and weeds. 

 

When other countries start to look for a more comprehensive approach to pest, 

pathogen, and weed threats, Indonesia focused on advancing IPM development 

into the so-called Community IPM (C-IPM). Institutionalization of IPM at the 

community level is central to this next step of IPM development. Within 

Community IPM, activities are developed to provide farmers with the skills and 

opportunities to build their own institutions (Dilts, 2001; FAO, 1997, 1998; 

Susianto, Purwadi, & Pontius, 1998). For this, a number of different types of 

forums are initiated. First, seasonal planning meetings are arranged for IPM 

farmers from villages and sub-districts. Here farmers are trained in participatory 

planning methods while making actual plans for their groups thereby allowing 

plans and planning skills to be honed through interaction with other farmers. 

Later, farmer groups are linked across communities and across villages into 

networks where they could discuss their plans and share experiences. In 

addition, farmers are also trained in methods of lobbying local government and 

applying effective demand through organizing. Despite this advancement of IPM 

development, its approaches to pest, pathogen, and weed threats remain 

unchanged. The decision made within the framework of IPM remains the same, 

taking action only after pests have been found within the boundary of a 
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particular agro-ecosystem. What happens outside the boundary of the agro-

ecosystem and the sector of agriculture is beyond the concern of IPM decision 

making. IPM thus differs from the comprehensive approach of biosecurity that 

responds to threats brought by organisms along the pre-border, border, and 

post-border continuum in cross-sector integration. However, with regard to the 

existing Indonesian regulatory framework, IPM has been the system of crop 

protection under Act No. 12 (1992) concerning Agricultural Cultivation System 

and Act No. 16 (1992) concerning Animal, Fish, and Plant Quarantine. 

 

With IPM already having a legal framework for crop protection in Indonesia, it is 

unlikely that biosecurity will get attention from the government. However, in 

promoting biosecurity, it is important to make biosecurity a high priority, as 

happened with IPM when it was first introduced to Indonesian government in 

the late 1980s. At that time, decades of central government efforts to make 

Indonesia self-sufficient in rice production was at once curtailed by the outbreak 

of brown plant hopper (Nilaparvata lugens) (Soedjitno, 1999). This insect also 

transmits the destructive rice grassy stunt virus (Indonesian Center for Rice 

Research, 2009; Yudelman, Ratta, & Nygaard, 1998). The brown plant hopper 

outbreak is believed to have happened because of a combination of excessive 

pesticide use inherent in the government programme, increased fertilizer use 

and planting of high-yielding rice varieties, to boost rice production (Untung, 

2008; Winarto, 2004). Fortunately, the root of the problem was soon realized 

and the government banned the use of wide-spectrum pesticides and adopted 

IPM. Since then IPM has been the approach of crop protection and Indonesia is 

now recognized as a developing country successful in implementing IPM. 

 

Is there such a case that can be used so that biosecurity gains recognition and 

acceptance? In terms of impressing Indonesian policy makers, there are no 

pests or diseases yet with impacts on a major crop comparable in scale to those 

of the brown plant hopper. However, other destructive plant pests and disease 

do exist, causing severe loss and even harvest failures. Among such pests and 

diseases, those of citrus have potential for demonstrating the case. This is 

because citrus has become an increasingly important crop for Indonesia, both 
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for local consumption and export (Ashari, 1992; Badan Litbang Pertanian 

Deptan, 2007). Citrus is subject to a large number of destructive pests and 

disease, including the asian citrus psyllid Diaphorina citri and the transmitted 

bacteria Candidatus Liberibacter asiaticus, the causal agent of huanglongbing 

(HLB) (Bové, 2006; da Graça, 2008; Rustiani, 2008). Huanglongbing, meaning 

yellowing shoot in Chinese, is also known as greening disease worldwide and 

as Citrus Vein Phloem Degeneration (CVPD) in Indonesia. This disease and its 

vector will serve as an excellent case for introducing the concept of biosecurity 

to the government in Indonesia for several reasons. First, HLB has devastated 

and continues to destroy citrus in Indonesia, but no control measure has proven 

effective for managing the disease. Second, although HLB has been 

widespread, there are some citrus production centres where HLB is not officially 

recognised by the government. West Timor is one production centre where HLB 

has been detected but officially not yet accepted. Third, citrus marketing usually 

is a global, or at least a regional, undertaking, no matter whether the production 

is large or small in quantity. For example, the quantity of mandarin production 

from West Timor is small, but because it has a distinct appearance and flavour, 

it has been marketed only to Timor Leste. 

 

 

2.2.3. Summary 

Biosecurity has emerged as a ‘catchy’ concept with regard to the possibility it 

offers to deal with pests, diseases, and weeds in a pre-border, border, and post-

border continuum and to coordinate measures across sectors. However, 

because it uses legal and policy frameworks to make such continuum workable 

and coordination possible, it is not surprising that its adoption has been slow. 

For Indonesia, with its existing legal and policy framework that have been 

tailored to support IPM implementation, biosecurity is for now only applied to 

research. Even as a research approach, it has to be translated into the 

mainstream crop protection terminologies, such those of IPM, to make it 

comprehensible by growers, policy makers, and the community at large within 

which the research is conducted. As with IPM, it is important to present 

biosecurity in connection with issues of high priorities such as HLB of citrus in 
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West Timor. Citrus, particularly the mandarin, has for generations been an 

important crop for the people in the region, both culturally and economically. 

Realizing this, the local government, both at provincial and district level, has 

adopted citrus for years as their icon of agricultural development. Regrettably, in 

doing so, the governments have apparently failed to realize that intensive 

cultivation of citrus in extended areas will increase the risk of major pests and 

disease incursion. However, when such risks finally has become apparent, 

nothing is done apart from arguing that measures have been taken to prevent 

destructive diseases such as HLB from being introduced into the region. 

 

 

2.3. Social Contexts of Biosecurity 

2.3.1. Why the Social Contexts of Biosecurity? 

Biosecurity risks are considered as a function of hazards which consist of pests, 

pathogens, and weeds (FAO, 2007). Hence, biosecurity is easily perceived as 

the domain of science or, more specifically, of natural sciences. In fact, 

biosecurity encompasses the policy and regulatory frameworks for analysing 

and managing risks, and hence, also has social components. The notion that 

biosecurity has to address social issues is not recent. In plant pathology, 

disease is postulated to develop only if there are interacting virulent pathogens, 

susceptible host plants, and favourable environment. Unfortunately, in 

discussing the environmental component of this disease triangle, the role of 

social environments is often overlooked. It is also in the field of entomology, in 

which in the role of social environment in population development of insect 

pests is almost always neglected. Some general crop protection specialists 

advocate the important role of social environment, but their voices are largely 

unheard. Sill, Jr. (1982), for example, advocated that crop protection science 

should not be treated simply as a merging of entomology, plant pathology, and 

weed science, but as a completely new approach to minimizing crop loss 

caused by pests and diseases. More recently, the success of IPM 

implementation in Indonesia during the 1990s can be attributed to the 

contribution of social science. Vayda (2009), a human ecologist who has been 

working in Indonesia since the commencement of IPM implementation in early 
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1990s, advocated allowing rice growers, during the FFS session, to learn about 

the complexity of their livelihoods, instead of only learning the complexity of the 

interaction of crops-pests-natural enemies. 

 

Pest and disease detection, identification and control measures have become 

increasingly sophisticated. DNA-based technologies are now available to 

support rapid detection and identification of pests and diseases. Control 

measures have now utilized advanced techniques such as male sterility and 

other genetic manipulation techniques to improve not only effectiveness and 

efficiency, but also environmental safety of crop protection practices. However, 

regardless of these advances, only people can implement such advanced 

techniques of control measures. There are many examples of crop protection 

measures that are fail to work as expected, not because of not effective but 

simply because of lack of grower support for their implementation. For example, 

control recommendation against cocoa pod borer Conopomorpha cramerella 

includes the use of polyethylene plastic bags to enclose cocoa young pods. 

This control measure has been proven highly effective in cocoa plantation 

where cocoa trees are planted in flat lands and regularly pruned (Maya, 

Priyono, Ruzelfin, & Abiyoso, 2006; Wiryadiputra, Sulistyowati, & Prawoto, 

1994), but nevertheless has not been adopted by small growers who plant 

cocoa trees in steep slopes without pruning, making climbing the trees to do the 

enclosing to become too risky (Mudita, Simamora, & Londingkene, 2003). In 

West Timor, swidden maize growers are reluctant to store their harvest in jerry 

cans, drums, or plastic-sealed boxes to prevent damage by maize weevil 

Sitophilus zeamais simply because by doing so they cannot hang their maize 

cobs under their traditional house ceiling to prove to their neighbours that they 

are not lazy (Mudita, Aspatria, & Surayasa, 2009). The Sumbanese are 

reluctant to catch the migratory locust Locusta migratoria manilensis because 

they believe that locusts are sent by gods as punishment for their failure in 

observing proper behaviours (Benu, Barhiman, & Mudita, 1998). To them, killing 

of the locusts will only make their gods disappointed and may even result in 

harsher punishment. 
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2.3.2. Decentralization, Regional Autonomy, and Governance 

2.3.2.1. Decentralization and Regional Autonomy 

Decentralization has become an official part  of the Indonesian government 

system, but it has become real only since 1999, after the enactment of Act No. 

22 (1999) concerning Regional Administration to replace Act No. 5 (1974) 

concerning Principles of Regional Administration and Act No. 5 (1979) 

concerning Village Government. According to the World Bank (2001), 

decentralisation is the transfer of authority and responsibility for public functions 

from the central government to autonomous subordinate or quasi-independent 

government organizations and/or the private sector. More precisely, Rondinelli 

et al. (1981) argue, decentralization is the transfer of authority and responsibility 

for planning, management, and resource-raising and allocation from the central 

government to: (1) field units of central government ministries or agencies, (2) 

subordinate units or levels of government, (3) semi-autonomous public 

authorities or corporations, (4) area-wide regional or functional authorities, or (5) 

non-governmental organizations/private voluntary organizations and private 

firms. The World Bank (2001) distinguishes four forms of decentralization, i.e. 

political, administrative, fiscal, and market decentralization, each of which has 

different characteristics, policy implications, and conditions for success. 

Drawing distinctions between these various concepts is useful, but there is 

clearly overlap among these forms of decentralization. To make decentralization 

even more complex, political, administrative, fiscal, and market decentralization 

can also appear in different forms and combinations across countries, within 

countries and even within sectors. 

 

The World Bank (2001) further defines each aspect of decentralization as 

follows: 

1) Political decentralization focuses on giving citizens or their elected 

representatives more power in public decision-making through greater 

influence in the formulation and implementation of policies.  

2) Administrative decentralization seeks to redistribute authority, responsibility 

and financial resources for providing public services among different levels 
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of government through one or a combination of deconcentration, delegation, 

or devolution. Deconcentration redistributes decision-making authority and 

financial and management responsibilities among different levels of the 

central government. Delegation allows central governments to transfer 

responsibility for decision-making and administration of public functions to 

semi-autonomous organizations not wholly controlled by the central 

government, but ultimately accountable to it. Devolution allows governments 

to transfer authority for decision-making, finance, and management to 

quasi-autonomous units of local government with corporate status.  

3) Fiscal decentralization focuses on the ability of local governments and 

private organizations to raise adequate level of revenues –either locally or 

as a transfer from the central government– as well as the authority to make 

decisions about expenditures.  

4) Economic or market decentralization deals with reduction of the legal 

constraints on private participation in service provision or allows competition 

among private suppliers for services that in the past had been provided by 

the government or by regulated monopolies. It can also be through the 

provision of goods and services entirely to the free operation of the market 

to public-private partnerships in which government and the private sector 

cooperate to provide services or infrastructure. 

 

Support for decentralization stems largely from the idea that decentralization 

“will promote better governance as local officials are supposedly more aware of, 

and more responsive to, local needs” (Ribot, 2004, p. 11). Proponents of 

decentralization also argue that it will encourage the growth of democracy as 

local citizens are provided with more control over their own governance (Crook 

& Manor, 1998). Decentralization is usually assumed to provide better 

opportunities for participation by local communities in decision-making (Hadiz, 

2004). As communities participate in local politics, governments will become 

more accountable to their constituents. By encouraging greater accountability of 

those who govern to local communities, decentralization is believed to 

potentially lead to greater prioritization of local needs in development policy, as 

it encourages, and enhances, political stability, and regional stability may 
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enhance national unity (Rood, 1998). Enhanced accountability, it is argued, will 

lead to better policy and less corruption (Agrawal & Ribot, 1999). It is also 

claimed that decentralization will improve natural resource management 

(Kaimowitz & Ribot, 2002). It is expected that local communities living in direct 

proximity to the environment under exploitation will be more likely to adopt 

sustainable resource management practices than outsiders will. A further 

incentive to decentralize is the belief that the interests of ethnic minorities and 

other marginal groups within the state are better protected as local communities 

gain more control over their own affairs (Kaimowitz, Vallejos, Pacheco, & 

Lopez, 1998).  

 

Indonesia has undergone a fundamental change with regard to decentralization 

and regional autonomy since Act No. 22 (1999) was first enacted and then 

replaced with Act No. 32 (2004) which later amended through Act No. 8 (2005) 

(first amendment) and Act No. 12 (second amendment). Under the current law, 

Indonesia’s political and administrative system consists of four government 

levels: (1) the central (pusat) level, (2) the provincial (provinsi) level, (3) the rural 

district (kabupaten)/the urban city (kota) level, and (4) the rural village 

(desa)/the urban municipality (kelurahan) level. Despite the series of 

amendments, the national government retains power over five functions that 

affect the nation under the current law , namely (1) foreign relations, (2) defence 

and security policy, (3) judiciary and law enforcement, (4) monetary and 

macroeconomic policies, and (5) religious affairs. Sub-national governments are 

responsible for all residual functions, including obligatory and discretionary 

functions. Decentralization has brought substantial changes to sources of 

finance for autonomous governments. The current revenue framework defines 

four principal revenue categories: (1) own-source revenues, consisting of tax 

and nontax revenues, (2) the balancing fund (dana perimbangan), consisting of 

the General Allocation Fund (Dana Alokasi Umum or DAU), the Special 

Allocation Fund (Dana Alokasi Khusus or DAK), and shared taxes and 

revenues, (3) loans and other forms of local borrowing, and (4) other local 

revenues. A detailed discussion regarding decentralization in Indonesia, 

especially regarding finance, is given by Eckardt & Shah (2006). 
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Regardless of high expectation, decentralization is not a panacea for problems. 

The World Bank (2001) cautions that decentralization may not always be 

efficient, especially for standardized, routine, network-based services and may 

result also in the loss of economies of scale and control over scarce financial 

resources by the central government. Weak administrative or technical capacity 

at local levels may result in services being delivered less efficiently and 

effectively in some areas of the country and even benefit powerful predatory 

interests under certain conditions (Eckardt & Shah, 2006; Hadiz, 2004; 

Resosudarmo, 2005). Decentralization can sometimes make coordination of 

national policies more complex and may allow functions to be captured by local 

elites (Eckardt & Shah, 2006). To cope with these problems of decentralization, 

Indonesia seeks to find the appropriate balance of centralization and 

decentralization that is essential to the effective and efficient functioning of 

government. However, according to Hadiz (2004), it turns out that the actual 

balance between central and regional authority is not just about a conscious 

division of labour but also about concrete struggles over political and economic 

resources. This results in confusion about the distribution of power and authority 

between different levels of government (Hadiz, 2004; Jaya, 2010). Hadiz (2004) 

further argues that the confusion stems from a tug of war between competing 

interests between Jakarta-based powerful coalitions who retain a vested 

interest in maintaining some control over local resources and authority over 

taxes, royalties and investment policy and local elites, especially at the 

district/township level, who are intent on taking direct economic control. In the 

meantime, provincial authorities are stuck in the middle, struggling to retain 

some power and not to fall into the oblivion of political and administrative 

redundancy. The result, Hadiz (2004, p. 705) concludes, is that, “rather than 

breaking up centralized state intervention and promoting investment, 

decentralization has so far opened the door to a host of uncertainties”. 
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2.3.2.2. Decentralization and Governance 

It has been argued that decentralization is expected to improve governance 

(Larson & Ribot, 2005; Larson & Soto, 2008). Governance, according to 

Edwards (2002), is one of those words that is currently in fashion and hence its 

meaning is in danger of not being well understood unless further defined. The 

meaning of governance in fact has evolved over time, referring to a method of 

management in the 17th century (Osborne, 1999), and encompassing roles and 

responsibilities of private boards of directors, and currently, dealing with all 

forms of organizational relationships (Edwards, 2000). According to Larson & 

Soto (2008), governance can mean: (1) the manner in which power is exercised 

in the management of a country’s economic and social resources for 

development, or (2) the political-administrative, economic, and social 

organization and accountability of power and authority. According to McCawley 

(2005), common features of the many definitions are found in the literature, but 

most of them emphasize: (1) the processes by which governments are chosen, 

monitored, and changed, (2) the systems of interaction between the 

administration, the legislature, and the judiciary, (3) the ability of government to 

create and to implement public policy, and (4) the mechanisms by which 

citizens and groups define their interests and interact with institutions of 

authority and with each other. These definitions of governance emphasize the 

process of power and authority exercises and accountability. As a process, the 

moral and natural purpose of governance consists of assuring, on behalf of 

those governed, a worthy pattern of benefit while avoiding an undesirable 

pattern of negative impacts. A government comprises a set of inter-related 

positions that govern and that use or exercise power. A good government, 

therefore, makes decisions that define expectations, grant power, and verify 

performance. 

 

As a process, governance operates not just in a government organization but 

organizations of any size, involving a variety of private as well as public actors, 

and so is becoming an increasingly complex system (Kooiman, 1993; Stoker, 

1998). To examine the more complex nature of interactions between governing 

actors, an order of governance is conceptualized as consisting of three orders: 
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the first, the second, and the meta orders of governance (Kooiman, 2000). The 

first order of governance is the level at which problems are identified and 

solutions enacted through power exercises involving interaction between the 

governing organisation and its citizens to develop solutions in the form of laws 

and/or regulations passed by the governing body. The second order of 

governance the level at which the institutional arrangements are provided within 

which first order governing takes place. The highest order of governance, the 

meta-governance, represents the established ethical principles, or norms, that 

shape and steer the entire governing process (Kooiman, 2003; Kooiman & 

Jentoft, 2009; Sorensen, 2006). 

 

The ability of decentralization to improve governance depends on the design of 

decentralization and on the institutional arrangements governing its 

implementation (Kahkonen & Lanyi, 2001). More specifically, the argument that 

decentralization promotes governance assumes that the devolution of functions 

occurs within an institutional environment that provides political, administrative, 

and financial authority to local governments, along with effective channels of 

local accountability and central oversight. However, this is not always the case. 

In commenting on governance in Indonesia, McCawley (2005) notes that many 

issues of governance in Indonesia remain unsettled and contested. This 

contributes markedly to a worrying situation where many observers comment on 

the "lack of rule of law". Decentralization in Indonesia has been criticized by 

many scholars and NGO activists, and has been attributed to the uncertainty of 

the rules of the game that causes high cost economy for the provision of public 

services and local economic development. According to Jaya (2004, 2010), 

decentralization in Indonesia has not been intended  to improve governance, 

but instead to increase the power of the local political elite to dominate the 

government. This eventually will cause institutional inefficiency and disharmony 

that create a bottleneck for good governance. According to Kahkonen & Lanyi 

(2001), several factors can impede improvement in governance within the 

decentralized government in developing countries, including weak local 

governments, limited information for the local to influence government, limited 

effects of exit mechanisms on public service delivery, shortage of skilled staff 
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and lack of training opportunities, and restrictions to the delivery of public 

goods. Furthermore, governance beyond government organizations and market 

mechanisms, termed community governance by Bowles & Gintis (2000), is the 

set of small group social interactions that, with market and state, determine 

shared outcomes at the community level. In this form of governance, various 

tensions at a village level affect the outcome of governance arrangements 

(Bebbington, Dharmawan, Fahmi, & Guggenheim, 2004, 2006). 

 

 

2.3.2.3. Biosecurity Governance: From Participatory to Adaptive 

Governance 

Whilst biosecurity encompasses policy and regulatory frameworks, 

decentralization aims to improve governance, and governance attempts to 

achieve desired outcomes through exercises of power and authority. Biosecurity 

governance deals with exercises of power and authority to improve biosecurity. 

Because decentralization is expected to improve governance, better biosecurity 

is thus also expected from decentralization. However, as the ability of 

decentralization to improve governance depends on various factors, so does 

the ability of decentralization to improve biosecurity governance. According to 

McCawley (2005) issues of governance in Indonesia remain unsettled and 

contested, as does issues of biosecurity governance. The challenge is to find a 

governance approach that aligns with both the issue of the dynamic nature of 

biosecurity and the unsettled and contested nature of current governance in 

Indonesia. Within current biosecurity governance discourse, there are two 

approaches that are considered most appropriate: participatory governance and 

adaptive governance. 

 

Participatory governance emerges out of social movements and is advocated 

by non-governmental organizations (NGOs). It is based on collaborative 

relationships, specifically about the role of non-government players, and its 

scope is beyond delivering services to the policy development process (Reddel 

& Woolcock, 2004). It is intended to overcome the shortcoming of conventional 

governance with an inherent assumption that policy makers have complete, or 
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at least sufficient, information. In reality information is asymmetric, unevenly 

shared among different levels of community structures. According to Schneider 

(1999), participatory governance aims to overcome this problem by introducing 

maximum transparency and sharing of information in a process that includes all 

stakeholders and leads to joint decision making wherever feasible. This makes 

sense, as Schneider (1999) further argues, that by sharing information with 

stakeholders, participatory governance is better informed technically and socio-

politically, and because of citizen engagement, participatory government is 

better committed to the outcomes of the decision-making process. Participatory 

governance is more than simply engaging communities, but includes actively 

seeking partnerships and collaborations amongst civil society and the private 

sector. For this purpose, Edwards (2000) argues, participatory governance 

requires structures and arrangements which support effective relationships 

across public, private and community sectors as they collaborate in decision-

making processes towards agreed objectives. The challenge is, according to 

Boxelaar, Paine & Boilin (2006), the current positivistic nature of organisational 

structure and culture of government conflicts with a more constructivist 

approach to collaborative policy-making. The rigid structures of traditional 

economic or scientific-based government conflict with a more social and 

culturally aware governance processes. This has the effect of making 

participatory biosecurity governance difficult since its aims may not always be 

economic or scientifically measurable. 

 

Whilst participatory governance emerged out of social movements, adaptive 

governance emerged from the integration of ecological systems theory of 

natural resource management, adaptive management, with the institutional 

theory of social dynamics of natural resource management. Adaptive 

governance incorporates principles from adaptive management with empirical 

and experimental evidence that communities can self-organise to overcome the 

tragedy of the commons (Dietz, Ostrom, & Stern, 2003; Ostrom, 1999). The 

notion of adaptive management was generated from a critique of science based 

centralized expert management practices that gave too little attention to the 

complexity and uncertainty of ecosystem processes (Holling, 1978). This 
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critique leads to the development of a more general theory of system dynamics 

and regime phases in ecological systems and interdependent social-ecological 

systems (Gunderson & Holling, 2002; Holling, 2001). Attempts have been made 

to integrate this theory of system dynamics with the social dimension that arise 

from work on locally evolved autonomous institutional arrangements that have 

sustained common pool resources for centuries (Dietz et al., 2003; Ostrom, 

1999; Ostrom, Walker, & Gardner, 1992). 

 

Adaptive governance assumes that social and biophysical systems are complex 

and adaptive, and evolve in ways that are not easily predicted (Holling & Meffe, 

1996; Walker et al., 2006). Adaptive governance also assumes that knowledge 

is imperfect and unevenly distributed across actors, particularly in relation to 

knowledge of resource availability and conditions across time and location, and 

knowledge about the behaviour of other actors (Jiggins & Röling, 2000). In such 

complex social and biophysical setting, as rational social actors with ample but 

not infinite cognitive capacity, people evaluate options and pursue a mix of 

goals in contexts involving strategic interactions with other goal-oriented actors. 

In pursuing such goals, people apply different evaluation criteria to choices in 

different institutional settings. Such people generally conform to standard 

economic assumptions of self interested behaviour in market circumstances but 

become more reciprocal or altruistic where institutions signal that non-market 

norms should be applied (Gintis, 2000). Such people also become more 

reciprocal or altruistic, Gintis (2000) further argues, where excessively self 

interested choices are more transparent to other actors, where there is more 

communication between actors and where there are more relationships and 

types of relationships between actors. In fulfilling their goals from common pool 

resources that provide differentiated rights and obligations in relation to access, 

people are able to develop sophisticated arrangements to ensure benefit 

sharing and monitoring across different classes of users and conserve the 

overall resources over long periods of time (Ostrom, 1999). Such sophisticated 

arrangements will remain unchanged unless disrupted by changes in larger 

scale or higher-level social systems (Dietz et al., 2003; Ostrom et al., 1992).  
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Thus, to Hatfield-Dodds, Nelson, & Cook (2007, p. 4), adaptive governance is: 

the evolution of rules and norms that better promote the satisfaction of 
underlying human needs and preferences given changes in 
understanding, objectives, and the social, economic and environmental 
context. 

Rules and norms used to judge whether a change in governance arrangements 

is adaptive or not are derived from the values and preferences of the 

constituency, rather than being imposed from outside. In addition, in order to be 

adaptive, the evolution of rules and norms in use as normative criteria does not 

need to be conscious or deliberative, or articulated in goal-oriented terms 

(Hatfield-Dodds et al., 2007). These normative criteria are made operational 

through adaptive management that, in the field of environmental management, 

is defined by Gregory, Ohlson, & Arvai (2006, p. 2412) as: 

a systematic approach to improving the management process and 
accommodating change by learning from the outcomes of a set of 
environmental management policies and practices. 

Adaptive governance and adaptive management are therefore two 

complementary concepts. 

 

As with participatory governance, adaptive governance emerged from critical 

thinking on the current positivist organisational structure and culture of 

government where approaches to policy are intended to be rational, objective 

and value-free with a dominance of scientific knowledge. According to Lowe 

(2002), this narrow, specialised knowledge to complex systems has become the 

precursor of many environmental problems. He describes modern science as 

‘‘islands of understanding in oceans of ignorance’’ and calls for ‘‘scientists and 

practitioners to work together to produce trustworthy knowledge that combines 

scientific excellence with social relevance’’ (Lowe, 2002, p. online). Dietz et al. 

(2003) and Ostrom (1999) have comprehensively reviewed the characteristics 

of adaptive governance of community-based natural resource governance 

systems. According to Nelson, Howden, & Smith (2008), the defining feature of 

adaptive governance is recognition of behavioural complexity and the 

importance of understanding local contexts that recognise the potential for local 

participants to use their context specific knowledge to inform resource allocation 

decisions made collectively with other local participants and governments. 
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Furthermore, they argue that adaptive governance explores ways in which 

government and community-based institutional arrangements complement each 

other to improve natural resource management, integrating scientific and local 

knowledge according to the changing local environment conditions. Diverse 

types of local knowledge can add value to governance and decision making by 

providing more diverse perspectives on system processes to reduce the risk of 

poor management outcomes (Lebel et al., 2006). With these features, while 

seeking to provide continuously evolving solutions, adaptive governance is 

participatory in responding to conflicting goals, knowledge gaps, and continuous 

change in social, economic and environmental conditions (Nelson et al., 2008). 

 

Adaptive governance appeals to those who are responsible for making wise 

choices about broad social-ecological systems, ranging from farm to global 

scales, where uncertainties abound. Complex interactions occurring at these 

scales, involving both biophysical and social processes, are very difficult to 

predict, especially in the face of global change (Lovett, 2008). Uncertainty is 

therefore a pervasive feature of biosecurity management issues (Caley, 

Lonsdale, & Pheloung, 2006; Perrings, Dehnen-Schmutz, Touza, & Williamson, 

2005), where either probability distributions have not been estimated using 

historical data, or they are believed to be changing over time (Ewel et al., 1999). 

At one extreme, Cook, Liu, Murphy & Lonsdale (2010) argue, the term ‘risk’ 

used in defining biosecurity (FAO, 2007) describes the relatively rare situation in 

which possible outcomes and their probabilities are both known, while at the 

other extreme, ignorance (or absolute uncertainty) describes a situation in 

which neither the range of possible outcomes or their likelihood of occurrence 

are known. In between these extremes, there is pure uncertainty, which occurs 

when the possible outcomes are known but not their probabilities of occurrence 

(Taylor, 2003). For instance, pests and other invasive alien species are always 

known to arrive, but which species, when, or where remain unknown (Cook et 

al., 2010). These all clearly indicate that biosecurity governance needs to be 

participative, and more importantly adaptive. 
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2.3.3. Social Structures and Processes for Supporting Biosecurity 

Engagement 

2.3.3.1. Social Capital 

The defining feature of adaptive governance is recognition of behavioural 

complexity and the importance of understanding local contexts. What factors 

result in local participants agreeing to use their context specific knowledge to 

inform collective resource allocation decisions with other local participants and 

governments in coping with biosecurity issues? What makes government and 

community-based institutional arrangements complementary in integrating 

scientific and local knowledge according to the changing local environment 

conditions? If uncertainty is a pervasive feature of biosecurity management 

issues, what makes local people capable of making the necessary changes to 

cope better with biosecurity issues? Given the complex nature of biosecurity 

issues, what would the most appropriate approach of research that can be 

employed to address best the situation? Quoting work of Falk et al. (2008a), 

Flora (2008), Royce (2008) and Thomson, Stenekes, Kruger & Carr (2009) 

propose social capital as the appropriate approach. The concept of social 

capital was developed by three key authors, namely Bourdieu, Coleman and 

Putnam, each of whom worked from a different disciplinary tradition. Bourdieu 

worked within the discipline of European sociology, Coleman within the classical 

sociology tradition and Putnam from a tradition of political philosophy (Winter, 

2000). Knowing these different disciplinary backgrounds is important to 

understand the differing definitions given to social capital by these pioneer 

authors.  

 

Winter (2000, p. 24) quotes Bourdieu as defining social capital as ‘the 

aggregate of the actual or the potential resources that are linked to ... 

membership in a group –which provides each of its members with the backing 

of collectively owned capital”. According to Portes (1998), Bourdieu’s focus is 

on understanding how individuals draw upon social capital to improve their 

economic standing in capitalist societies. Coleman, on the other hand, defines 

social capital according to its function, as quoted by Winter (2000, p. 25), as “... 

the value of these aspects of social structures to actors as resources that they 
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can use to achieve their interests”. Coleman’s application of the concept of 

social capital focuses on the role of norms and sanctions, as a resource 

available to a group, to solve problems common to the group. As with 

Bourdieu’s, Coleman’s analytical scale of social capital is individual, but moves 

further toward to socio-centric outcomes that benefit groups, organizations, and 

societies (Adam & Roncevic, 2003). Finally, to Putnam, as quoted by Winter 

(2000, p. 26), social capital is “trust, norms, and networks that facilitate 

cooperation for mutual benefit”. While Coleman examines the application of 

social capital in facilitating the accumulation of human capital by particular 

individuals, Putnam is concerned to explain economic and political development 

at regional and national levels. In Putnam’s concept of social capital, social 

network based on relations of reciprocity and trust, and the norms that arise 

from these networks, are central to social capital and act more as a precondition 

to social, political, and economic prosperity than as an adjunct or consequence 

of community wellbeing (Field, 2008). These differing definitions, purposes, and 

analytical emphases of social capital by these pioneering authors are 

summarized in Table 2.2. 

 

Table 2.2. Definitions, purposes, and analytical emphasis of social capital 
Authors Definition Purpose Analytical Emphasis 

Bourdieu Resources that provide 
access to group goods 

To secure economic 
capital 

Individual in class 
competition 

Coleman Aspects of social structure 
that actors can use as 
resources to achieve their 
interests 

To secure resources of 
all kinds 

Individual in family and 
community settings 

Putnam Trust, norms, and networks 
that facilitate cooperation for 
mutual benefit 

To secure effective 
democracy and 
economy 

Regions in national 
settings 

Source: Winter (2000) 

 

 

Most recent authors define social capital mostly by building on the work of 

Coleman and Putnam, for example Falk (2001c, 2001d) and Halpern (2005). 

Falk & Kilpatrick (2000) differentiate social capital from the processes that 

produce it and defined social capital in terms of accrued knowledge and identity 

resources being accessed by people of multitude identities, roles, and 

aspirations for their own purposes. According to Falk (2001c, 2001d), social 
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capital consists of knowledge resources and identity resources. Knowledge 

resources include people and common resources that support action through 

internal and external community networks, available knowledge and skills, site 

of communication, community values, and rules and procedures that govern 

behaviours. Meanwhile, identity resources consist of cognitive and affective 

attributes, self-confidence, norms, values, attitudes, vision, trust, and 

commitment needed by people to foster identities and to encourage self-

confidence and willingness to change and to act for the benefit of the 

community. On the other hand, Halpern (2005) conceptualizes social capital as 

consisting of components, levels of analysis, and functional types. To him, 

social capital consists of three basic components of networks; cluster of norms, 

values, and expectancies; and sanctions. These three basic components of 

social capital may operate at micro, meso, or macro levels, or a combination of 

these levels, to function in providing bonding, bridging, or linking ties to people 

or communities. 

 

In discussing social capital, Cox & Caldwell (2000) make some interesting 

points. First, they identify two divergent approaches to social capital: as a 

commodity that enhances the capacity of individuals and as products of group 

interactions that cannot be owned by individual members of the group. In the 

first approach, individuals may own social capital the same way as they own 

their human capital and cultural capital. In the second approach, social capital is 

only produced through processes of group interaction, and cannot be owned by 

individuals, but is an attribute of emergent supra-individual social entities, such 

as groups and communities. In this, social capital differs from human capital, 

financial capital, and cultural capital. Second, these two approaches to social 

capital lead to a debate of whether social capital is private or public goods. As 

they are inclined to the approach of social capital as the product of group 

interaction, they prefer to think of social capital as public goods, at least to 

members of the group in which social capital is produced. Third, social capital is 

not a normative concept and therefore cannot be considered as something that 

is intrinsically either good or bad. It can be good or bad depending on how it is 

used. In this, social capital can be viewed as something similar to governance 
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that can be either good or bad depending on how power and authority are 

exercised. Fourth, there is no convincing evidence that the size or location of 

government correlates with social capital, but the processes of governments 

(i.e. governance systems) do influence social capital. Hence, decentralization 

without improvement of governance does not necessary produce social capital. 

Fifth, social capital is such a complex concept that it is not likely to be 

represented by any single measure or figure. Comprehensive studies of social 

capital use a range of measures, including correlation of activities, expressed 

values, economic performance, health outcomes and other available statistics. 

Most importantly, measures of social capital need to be relevant to the theme, 

dimension, or type of social capital under study.  

 

A review of social capital literature by Onyx & Bullen (2000a) identified five key-

themes that consistently appear as important factors in defining and describing 

social capital: 

1) Social capital is focused on the networks that evolve in varying levels of 

density among individuals and groups, 

2) Social capital is based on reciprocity where support, energy or service 

offered in the networks is returned in the long or short term, 

3) Social capital requires trust in that individuals or groups take socially 

contextualized risks because they are confident about the relations they 

have with others and the manner in which they believe others respond to 

certain situations, 

4) Social capital requires unwritten and shared norms and values, which direct 

behaviour and interactions between individuals and groups, 

5) Social capital requests local citizens to actively and willingly participate and 

engage in the community, which in turn determines personal and collective 

efficacy. 

On the other hand, Grootaert et al. (2004) found that, by considering social 

capital at the macro level, literature of social capital deals with six dimensions: 

1) Groups and networks, include the nature and extent of a household 

member’s participation in various types of social organizations and informal 

networks, the range of contributions that one gives and receives from them, 
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the diversity of a given group’s membership, how its leadership is selected, 

and how one’s involvement has changed over time. 

2) Trust and solidarity, seek to obtain data on trust towards neighbours, key 

service providers, and strangers, and how these perceptions have changed 

over time. 

3) Collective action and cooperation, explore whether and how household 

members have worked with others in their community on joint projects 

and/or in response to a crisis and the consequences of violating community 

expectations regarding participation. 

4) Information and communication, explore the ways and means by which poor 

households receive information regarding market conditions and public 

services, and the extent of their access to communications infrastructure. 

5) Social cohesion and inclusion, seeks to identify the nature and extent of 

these differences, the mechanisms by which they are managed, which 

groups are excluded from key public services, and everyday forms of social 

interaction. 

6) Empowerment and political action, explore household members’ sense of 

happiness, personal efficacy, and capacity to influence both local events 

and broader political outcomes. 

Measurement of social capital does not need to capture all these key-themes or 

dimensions, but depending on the nature and purpose of the study, focuses on 

some of them. Indeed, most studies involving social capital capture only a few 

of these key-themes. 

 

In addition to key-themes and dimensions of social capital, another key factor 

required in identifying and measuring social capital in a community is the type, 

strength, and quality of relationships that exist among its members. For this 

purpose, Narayan (1999), Woolcock (2001), Woolcock & Narayan (2000), and 

Falk & Surata (2007) distinguish between three different types of social capital, 

which include bonding, bridging, and linking social capital, as follows: 

1) Bonding social capital is typified by close, closed- and densely-knit relations 

that develop within homogenous groups of people who share maintain 

common interests, situations, or characteristics, 
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2) Bridging social capital is typified by weaker ties among a more sparse, 

heterogeneous group of people from varied social networks cross-cutting 

age, gender, cultural backgrounds, occupations, or social-economic 

positions, 

3) Linking social capital refers to the development of relations with people in 

position of power and authority or with influential organizations to enable 

individuals or sectors in the community to leverage resources, ideas, and 

information as well as engage in processes of governance and decision-

making from beyond the community’s immediate perimeter. 

 

Differing views of social capital as described earlier in this section and key-

themes, dimensions, and types of social capital as described above make the 

ability to measure and analyse social capital in communities remains 

problematic (Grootaert, 1998; Stone & Hughes, 2002). Measurement of social 

capital, as a multi-dimensional resource that is the property of the community, is 

mostly based on the aggregated results of individuals (Kilpatrick & Abbott-

Chapman, 2002). On the other hand, many social capital studies collect and 

analysis population data, attitudinal data and participation data through use of 

either qualitative or quantitative methodologies (Grootaert, 1999, 2001; 

Grootaert, Narayan, Jones, & Woolcock, 2004). According to Krishna & Shrader 

(2002), any instrument used to measure social capital must be flexible enough 

to address contextual issues, but at the same time tight enough to provide a 

conceptual framework that unifies different dimensions of social capital. 

Grootaert & van Bastelaer (2002) agree and suggest the use of community 

profiles, household surveys and organisational reviews to measure social 

networks and localized norms of trust and reciprocity as the aggregate potential 

for community action. Depending on the methodology of data collection, the 

resulting data are then analysed either qualitatively or quantitatively. Aggregate 

data resulting from individual interviews are analysed qualitatively (e.g. Falk & 

Surata, 2007; Royce, 2008; Wallace, 2008), while population and survey data 

are analysed quantitatively (e.g. Grootaert, 1999, 2001; Mudita & Natonis, 

2008). 
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The use of social capital in exploring social context of biosecurity is a relatively 

new research endeavour. Some recent studies include Falk, Surata, Mudita, 

Martiningsih & Myers (2008a) and Falk & Surata (2007). Falk et al. (2008a) use 

social capital to investigate how communities acquire new knowledge and 

develop new strategies for identifying and managing the plant pests and 

diseases that affect their food supplies and livelihoods. Using mixed methods, 

they found that social capital has a vital role in shaping ways the community 

becomes aware, knows, and acts based on knowledge and resources they 

share for managing biosecurity threats. In an effort to explore the 'on-the-

ground' nature of bonding, bridging and linking ties in Bali, Falk & Surata (2007) 

found that these ties are embedded in the one field of relationship interactivity. 

Therefore, they further argued, focusing on a single analytic category (e.g., 

‘social capital’, ‘human capital’, ‘natural capital’ or even ‘identity’) as a cause or 

solution to a real biosecurity problem or issue is simply inadequate. This work of 

Falk et al. (2008a) and Falk & Surata (2007) has been the basis of reviews by 

Thompson et al. (2009) of new approaches relevant to biosecurity engagement. 

 

 

2.3.3.2. Other Forms of Capital as Community Capital 

The previous section on social capital indicated that in addition to social capital, 

other forms of capital determine the wellbeing of communities. According to 

Flora (2004, 2008), in order to contribute effectively to the wellbeing of a 

specific community, social capital must rely on and provide input to other forms 

of capital, including human capital, natural capital, cultural capital, political 

capital, financial capital, and built capital. Flora, Flora & Fey (2004) refer to this 

collection of forms of capital as community capital. Flora & Flora (2008) go on to 

state that the most successful communities, in terms of economic development 

and sustainability, pay particular attention to all these forms of capital and that 

an investment in one particular form would build assets in others. Natural, 

cultural and human forms of capital are the basic resources that can be 

transformed into social, political, financial and built forms of capital (Flora, 

2004). Flora (2004), Flora (2008) and Flora & Flora (2008) defines each of the 

above forms of capital as follows: 
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1) Human capital refers to the native intelligence, skills, abilities, education, 

and health of individuals within a community, 

2) Natural capital refers to the environment and natural resources within a 

community, 

3) Social capital refers to a community characteristic based on the interactions 

among individuals and groups involving mutual trust, reciprocity, collective 

identity, cooperation and a sense of a shared future, 

4) Cultural capital reflects the way people know the world and how to act within 

it, and includes symbols, languages, heritage, ethnicity, festivals, events, 

celebrations, and geographic location (place). 

5) Political capital refers to the ability of a community to influence the 

distribution of resources and to determine which resources are made 

available, and includes voice, organisation, connections and power  

6) Financial capital refers to resources that are available to invest in and 

support community capacity building, business development and civic and 

social entrepreneurship while also accumulating wealth for future 

community development, and includes debt capital, investment capital, 

savings, tax revenue, tax abatements, and grants. 

7) Built capital refers to infrastructure and permanent facilities that support the 

wellbeing of a particular community, and includes roads, public and private 

buildings, airports, industrial sites. 

 

Each of the above forms of capital can connect with any other form. However, 

of particular interest are connections between social capital and human capital 

and between social capital and cultural capital. The connection between social 

capital and human capital is particularly important because both forms of capital 

are specifically focused on people (Cuthill, 2003) and because they result from, 

to varying degrees, the coming together of all other forms of capital (Grootaert, 

1998). Any gains achieved through social capital will directly benefit all 

members of a particular group, whereas gains in human capital will firstly 

benefit individuals and their families (Falk, 2001a). Even so, social capital and 

human capital are distinctly linked and interdependent on one another because 

human capital describes the skill, knowledge, education and competences of 
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people that are needed to better contribute to the interactions that lead to 

community wellbeing and development (Cuthill, 2003; Douangsavanh, 

Polthanee, & Katawatin, 2005; Schuller, 2001). Social capital is also linked to 

cultural capital, especially in communities with local indigenous histories and 

populations. While social capital founders such as Coleman recognize that 

cultural capital evolves from the habitus or social origins, indigenous 

practitioners and theorists believe that the concept extends beyond the 

immediate family circle and acknowledge the contributions of lifestyles, 

traditions, ritual, laws, languages, beliefs, and values by an individual’s sense of 

and relationship to place. The close attachment to land is central to traditional 

land use practices (such as sources of water, food, shelter, trading posts), 

sacred areas (birthing, ceremonial, burial sites) and indigenous belief systems 

(Lewicka, 2005; Manzo & Perkins, 2006; McWilliam, 2002; Memmott & Long, 

2002). 

 

 

2.3.3.3. Social-Ecological System 

Whilst sense and relationship to place determine cultural capital, cultural capital 

is linked with social capital, and social capital is the concept that is appropriate 

to describe the social dimension of biosecurity, biosecurity is linked with social-

ecological system. Social systems include those dealing with governance, as in 

property rights and access to resources, different systems of knowledge 

pertinent to the dynamics of environment and resource use, and worldviews and 

ethics concerning human-nature relationships, while ecological system or 

ecosystems refer to self-regulating communities of organisms interacting with 

one another and with their environment (Folke, 2003). Social-ecological system 

is a concept that integrates the concepts of social systems and ecological 

systems formerly dealt with separately by social scientists and natural scientists 

respectively. According to Berkes & Folke (1998, p. 3), “social-ecological 

systems emphasize the integrated concept of human-in-nature”. Until recent 

decades, the point of contact between social sciences and natural sciences is 

very limited. Just as mainstream ecology has omitted to include human from the 

study of ecology, many social science disciplines have ignored environment 
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altogether and limit their scope of study to humans. This however have changed 

in 1970s and 1980s with the rise of several sub-fields allied with the social 

sciences but explicitly including the environment in the framing of the issues. 

Social capital plays an important role in better understanding the integration of 

the divide across disciplines (Brondizio, Ostrom, & Young, 2009; Pretty & Ward, 

2001). 

 

Social-ecological system theory has emerged from a combination of disciplinary 

platforms (Cumming, 2011). Complex system theory is the 'intellectual parent' of 

social-ecological system, but social-ecological system also incorporates ideas 

from theories relating to the study of resilience, robustness, sustainability, and 

vulnerability (F. Berkes, Colding, & Folke, 2003; Gunderson & Holling, 2002; 

Levin, 1999; Norberg & Cumming, 2008). According to Gunderson and Holling 

(2002) and Berkes et al. (2001; 2003), social-ecological system is: 

1) A coherent system of biophysical and social factors that regularly interact in 

a resilient, sustained manner; 

2) A system that is defined at several spatial, temporal, and organisational 

scales, which may be hierarchically linked; 

3) A set of critical resources (natural, socioeconomic, and cultural) whose flow 

and use is regulated by a combination of ecological and social systems; and 

4) A perpetually dynamic, complex system with continuous adaptation. 

Because of its social context, Cumming (2011) asserts that the concept of 

social-ecological system has been considerable more ‘self-conscious’ and more 

‘pluralistic’ in its perspectives than complex system theory has ever 

acknowledged. Cumming (2011) further argues that studying social-ecological 

systems from a complex system perspective is a fast growing interdisciplinary 

field which can be viewed as an attempt to link different disciplines into a new 

body of knowledge that can be applied to solve some of the most serious 

environmental problems today. Core to the concept of social-ecological system 

is making management processes adaptive and flexible, able to deal with 

uncertainty and surprise, and building capacity to adapt to change. This means 

that within the concept of the social-ecological system, there is a need for 

management processes to be continuously tested for knowledge and 
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understanding to be developed to cope with change and uncertainty (Levin, 

1999). 

 

According to Gunderson & Holling (2002), the social-ecological system is 

inherently an adaptive cycle that is shaped by three properties: 

1) The inherent potential of a system that is available for change and 

determines the range of possible future options; 

2) The degree of connectedness between internal controlling variables and 

processes, a measure that reflects the degree of flexibility or rigidity of such 

controlling variables, such as their sensitivity to perturbation; and 

3) The resilience of the system, a measure of its vulnerability to unexpected or 

unpredictable shocks.  

They also conceptualise the social ecological system as consisting of four-

phase functions: exploitation (r), conservation (K), release (Ω), and 

reorganization (α). The slow sequence from exploitation to conservation 

increases connectedness, and connectedness will increase the stability of 

social-ecological system potential that includes ecological (natural), economic 

(human and financial), social, and cultural forms of capital as well as 

unexpressed chance mutations and inventions. As progression to K phase 

proceeds, the accumulated potential (capital) becomes more and more tightly 

bound. The potential for other use is high, but it is expropriated and controlled 

by the specific components of the system (those having most power and 

authority). That is, the system’s connectedness increases, eventually becoming 

over-connected and increasingly rigid in its control. This rigid system becomes 

vulnerable to disturbance that releases the accumulated potential and system 

tight control. The phase from Ω to α is a period of rapid reorganization during 

which novel recombinations can unexpectedly seed experiments that lead to 

innovations in the next cycle. The α phase is the stage of a process of 

reorganization that provides the potential for subsequent growth, resource 

(capital) accumulation, and storage. At this stage, system resilience is high, as 

is potential, but connectedness is low and internal regulation is weak. There is a 

wide stability region, with weak regulation around equilibria, low connectivity 

among variables, and a substantial amount of potential available for future 
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options. The above properties and functions of social-ecological system are 

visualized in Figure 2.1. 

 

 

  
(a) (b) 

Figure 2.1. A two and three dimensional representations, (a) and (b), 
respectively, of social-ecological system properties: potential, 
connectedness, and resilience, and four social-ecological system 
functions or processes: exploitation (r), conservation (K), release 
(Ω), and reorganization (α). 

Source: Gunderson & Holling (2002) and Holling (2001). 
 

 

2.3.4. Community Engagement and Community Biosecurity 

2.3.4.1. Defining Community 

The term ‘community’ has a variety of meanings for different people; some 

focus on community as a geographical area; some on a group of people living in 

a particular place; and others on an area of common life. According to Frazer 

(1999), the term can be either a value or a descriptive category or set of 

variables. As a value, it is used to bring together a number of elements, for 

example, solidarity, commitment, mutuality and trust. As a descriptive category 

or set of variables, it is used to categorize by using place, interest, or 

communion as the descriptive variable. In a place community, people have 

common elements that is understood and shared geographically. This is the 

only meaning for the term within the disciplines of population biology and 

population ecology. In interest community, place is not the defining category, 

but communities are defined by factors such as religious belief, sexual 

orientation, occupation or ethnic origin as their common interests. In its weakest 
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meaning of communion community, people share a sense of attachment to a 

place, group or idea (‘spirit of community’) and in its strongest form, people are 

attached to a sense of meeting or encounter, not just with other people, but also 

with God and creation. The term ‘community’ can also be approached as ‘a 

crucial symbolic role in generating people’s sense of belonging’ (Crow & Allan, 

1994, p. 6). The reality of community lies in its members’ perception of the 

vitality of its culture because, A.P. Cohen (1985, p. 118) argues, “People 

construct community symbolically, making it a resource and repository of 

meaning, and a referent of their identity’. All these different ways of approaching 

community will certainly overlap in particular instances. 

 

Any approach used to define community raises questions about boundary, type 

of social networks or systems involved, and shared norms and values. 

Boundaries may be marked on a map, or in law, by physical features like a river 

or road, or by religious or linguistic boundaries, but ‘They may be thought of, 

rather, as existing in the minds of the beholders’ (A. P. Cohen, 1985, p. 12). As 

such, they may be seen in very different ways, not only by people on either 

side, but also by people on the same side. People who live close to one another 

may have little interaction with their neighbours because, in addition to helping 

them to build a sense of self and individuality, such informal relationships 

enable them to navigate their way around the demands and contingencies of 

their everyday living (Allan, 1996). The immediate social environment is no 

longer the local area where they live, but rather the network of actual social 

relationships they maintain, regardless of whether these are confined to the 

local area or run beyond its boundaries (Bott, 1957). Whether a community is 

defined on the basis of boundary or network, the quality of life within a particular 

community depends on shared expectations about the way people should 

behave, which includes tolerance, reciprocity, and trust. With tolerance, one is 

open and curious to, or even willing to, listen to or to learn from others (Walzer, 

1997). With reciprocity, one gives something to others without expecting 

anything immediately in return or perhaps without even knowing the recipients 

(Becker, 1986). With trust, one (the trustor) is confident that people (the 

trustees), institutions and things will act in a consistent, honest and appropriate 
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way (Bamberger, 2010). 

 

The interactions between people are recognized as a key element of 

community, but the level or scale of such interactions differs between meeting 

the need of a neighbour as opposed to those of strangers. A German 

sociologist, Ferdinand Tönnies, introduced the concept of gemeinschaft and 

gesellschaft to differentiate two ‘normal types’ of human association (de 

Benoist, 1994; Ife, 2002). Gemeinschaft is an association in which its limited, 

self-contained members rely very little on external influences and as a result, 

avoid major conflict as they live within accepted shared values, traditions and a 

sense of destiny (de Benoist, 1994). Members know each other well and have 

limited distinction between the public and the private space as each of them is 

known as who he is rather than what he does (Ife, 2002). In contrast, 

gesellschaft is an association in which its members are not united by any 

common set of values or sense of destiny as the exchange of goods and 

services is the principal purpose for membership (Truzzi, 1971). Unlike in 

gemeinschaft, in gesellschaft people emphasize secondary relationships rather 

than familial or community ties. While gemeinschaft is maintained through 

individuals acting for the benefit of the community, gesellschaft is maintained by 

individuals acting more in their own self-interest. Gemeinschaft community 

involves ascribed status, whereas gesellschaft society involves achieved status. 

A traditional rural community, where most individuals ascribe their status at 

birth, is an example of gemeinschaft, whereas a modern urban community, 

where individuals ascribe their status by achievement, is an example of 

gesellschaft. The diversity of cultural values, the lack of family feeling and the 

distinct division of labour disrupt the harmony of gesellschaft and cause 

significant conflict over wealth and basic values as well as class, race, and 

ethnic difference (de Benoist, 1994). 

 

According to Falk et al. (2008a), a community does not just refer to a ‘single 

network of people’, but rather –particularly in reference to a community of 

place– comprises ‘networks of networks’. For Falk et al. (2008a, p. 4), a 

community of place is “more complex than a single network; it has members 
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with multiple identities, roles and aspirations, who belong to a number of 

networks within their own community and others”. With this definition of 

community, the line between gemeinschaft and gesellschaft is no longer as 

distinctive as it was initially defined. This is because, according to Cho (2004), 

both spheres contain many of the characteristics of each other. For Wilkinson 

(1991), the two components most fundamental to defining a community are 

location and social interaction. Such location and social interaction are 

maintained within either a seen or an unseen boundary where people of 

multiple identities, roles and aspirations develop, based on trust, respect, 

reciprocity and solidarity, their networks of networks within their own 

communities and others (A. P. Cohen, 1985; Crow & Allan, 1994; Falk et al., 

2008a; Ife, 2002; Wilkinson, 1991). These are the characteristics of 

communities of particular importance in providing the theoretical framework for 

this research.  

 

 

2.3.4.2. Biosecurity Continuum and Engagement 

In his foreword to a special co-publication of the journals Kritis and Learning 

Communities on community management of biosecurity, Lovett (2008) 

highlights five key principles in biosecurity management, namely: surveillance, 

detection, diagnostics, preparedness, and rapid response. According to Beale 

et al. (2008), these five principles are core to biosecurity management and 

involve many different stakeholders, from the government, through to industry 

bodies, farmers and even the community at large. These five principles require 

the involvement of biosecurity stakeholders, with the first three particularly 

relevant to individuals and communities; and the final two requiring the 

involvement of broader social structures, such as government agencies and 

industry bodies (Kruger, Thompson, Clarke, Stenekes, & Carr, 2009).  

 

Each of the five principles of biosecurity mentioned above are relevant to 

communities since people in various communities, and especially those in rural 

and regional areas, are often on the front line of pest/disease detection, 

identification and control. To Kruger et al. (2009), therefore it is important that 
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“these communities are familiar with biosecurity concepts and the importance of 

their role in detection and rapid response”. Further, as people understand better 

the importance of biosecurity for their livelihoods, they will have no hesitation 

regarding engagement in biosecurity management because, according to M.S. 

Swaminathan, a leading agricultural researcher in India, as quoted by Dil 

(2005), “We have no time to relax. Eternal vigilance is the price of a stable, 

prosperous, and productive agriculture”. Therefore, the government needs to 

develops more resilient relationships with the community and other 

stakeholders, and in particular to increase trust between the parties involved 

(CEN, 2005; Dare, Schirmer, & et al., 2008), because resilient relationships can 

offer insurance in times of biosecurity crisis (Thompson et al., 2009). 

 

Community engagement is typically defined along a continuum of participation, 

ranging from the passive receipt of information, through to self-empowered 

communities that initiate actions independent of external agents (Thompson et 

al. 2009). According to Aslin& Brown (2004, p. 3), “community engagement is 

not just a single event, but an ongoing process with the aim of ‘engaging the 

community to take action”. They further stress that the community engagement 

process does not stand alone, but forms part of another process – that of 

decision-making for a particular purpose. These authors also point to a typology 

of engagement, which includes consultation, participation, involvement and 

engagement. According to Aslin & Brown (2004, p. 5), community engagement: 

…goes further than participation and involvement. It involves capturing 
people’s attention and focusing their efforts on the matter at 
hand…Engagement implies commitment to a process which has 
decisions and resulting actions. So it is possible that people may be 
consulted, participate and even involved, but not be engaged. 

Of particular importance to this definition is the commitment that is made by the 

participants – including both the government and the community. Without 

commitment there is unlikely to be full and sustained engagement. Community 

engagement also involves ongoing ownership and commitment from all 

stakeholders, acknowledgement and development of community capacities, 

collaborative planning, decision-making and action, and a monitoring-

evaluation-feedback-action cycle for stakeholders (Kruger et al., 2009).  
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Combining the word ‘engagement’ with ‘community’ serves to broaden the 

scope of participation “from the individual to the collective, with associated 

implications for inclusiveness, to ensure consideration is given to the diversity 

that exists within any community” (CEN, 2005, p. 10). Here, community does 

not mean only growers/landholders, but also the broader community, hence 

enlarging the scope of engagement. According to McGrath et al. (2008) this 

includes tourists (including ‘grey nomads’, i.e. travelling retirees), 

recreationalists (including naturalists, bush walkers, birdwatchers, four-wheel 

drivers, off-road and mountain bike riders), gardeners, indigenous people, and 

people of culturally and linguistically diverse backgrounds. Thompson et al. 

(2009) add into the list peri-urban landholders, farm visitors, and the media. But 

community engagement can also be increased in terms of shifting along the 

engagement continuum from simply to inform, to listen, to involve, to partner, 

and to mobilize and empower (Table 2.3). For each step in the continuum, there 

are specific means of process and tools required for the process to take place 

appropriately.  

 

Currently, community engagement in traditional agricultural extension in 

Indonesia still uses a conventional means of engagement in which extension 

officers from different government organizations ‘teach’ the community what 

they ‘need’ to know. This means of community engagement is certainly not 

appropriate for biosecurity engagement. Instead, Kruger et al. (2009) suggest a 

capacity enhancement approach. Such an approach recognizes that everyone 

(communities and institutions) has prior knowledge, networks, and skills about 

issues in their area and that these can be enhanced to achieve more 

strategically aligned (and shared) outcomes. With this approach, a greater 

sense of partnership, trusting relationships and a two-way flow of information 

will be strengthened. Also, better biosecurity outcomes will be achieved by 

addressing biosecurity on a regional basis and by avoiding introducing new 

programs by building on existing mechanisms. 
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Table 2.3. Community engagement continuum 
Type of Engagement Description of Means Examples of Tools Level & 

Longevity 

Inform:     
P

A
S

IV
E

 

N
O

N
 

O
N

G
O

IN

G
 

one-way communication advertising, training, 
conventional extension 

newsletter, media, 
brochures, websites, 
demonstration plots 

Listen:     

IN
C

R
E

A
S

IN
G

 L
E

V
E

L
 O

F
 

E
N

G
A

G
E

M
E

N
T
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G
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Y
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-
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U
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T

A
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 N
A

T
U

R
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F

 

E
N

G
A

G
E

M
E

N
T

 

one or two-way communication 
with decision-making not 
resting with community 

consultation, reporting toll-free numbers, public 
meetings, surveys, focus 
groups, panels 

Involve:     

Creating shared under-
standing and solutions pursued 
by one partner only 

community involvement Community advisory groups, 
joint planning groups, forums 

Partner:     

developing shared action plans 
though collaboration 

community participation 
and negotiation 

Community management 
committees, negotiation 
processes  

Mobilize and Empower:     

P
R

O
A

C
T

IV
E

 

O
N

G
O

IN
G

 

people take independent 
initiative and develop contacts 
with external institutions for 
resources and advice 

self-direction planning with 
limited support through 
governance arrangement 

Action plans developed and 
implemented by the 
community with access to 
experts and resources 
available through 
government  

Source: Adapted from Thompson (2009) 

 

 

2.3.4.3. Community Biosecurity 

As already defined at the beginning of this chapter, biosecurity relates to 

protection of the economy, environment and human health from the negative 

impacts associated with entry, establishment or spread of exotic pests, 

diseases and weeds through risk assessment, management, and 

communication (Beale et al., 2008; FAO, 2007). The FAO’s definition of 

biosecurity emphasizes the importance of integrated policy and legal 

frameworks that for many developing countries are yet to be developed 

(Untung, 2008). Meanwhile, globalization has made not only distance no longer 

an element of defence but also agricultural products from foreign countries 

become more readily available, bringing with them the potential of introducing 

exotic pests, diseases, and weeds (Lovett, 2008). At the same time, 

globalization has also urged developing countries to embrace political reforms 

in various ways, including through decentralization. Decentralization is believed 

to encourage democracy (Crook & Manor, 1998), to provide better opportunities 

for community participation in governance (Hadiz, 2004), to improve 

accountability (Agrawal & Ribot, 1999), and to improve governance (Ribot, 
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2004); and hence will improve natural resource management (Kaimowitz & 

Ribot, 2002). However, weak administrative or technical capacity at local levels 

has benefited powerful predatory interests under certain conditions (Eckardt & 

Shah, 2006; Hadiz, 2004; Resosudarmo, 2005). As coordination becomes more 

complex, rather than breaking up centralized control of power, decentralization 

has so far opened the door for local elites to capture the transfer of power for 

the their own benefits or that of their group (Hadiz, 2004; Jaya, 2010).  

 

All these have left the rest of the community, especially those the most 

marginalized, unsupported in coping with all difficulties they are facing. These 

people rely mostly on bonding social capital for support. Borrowing from the 

concept of community development (Community Development Exchange, 

2011), community biosecurity should seek to change the relationships between 

ordinary people and people in positions of power, so that everyone can take 

part in the decision-making regarding biosecurity issues that affect their lives. 

This would acknowledge the existence of valuable local knowledge and 

experience, which, if used in creative ways, can be channelled into collective 

action to improve biosecurity. Community biosecurity would seek to help the 

community build networks with key people and organisations, identify ways to 

create opportunities for the community to learn new skills and enable people to 

act together and to foster social inclusion and equality. Community biosecurity 

can be promoted by combining different approaches such as community-based 

participatory research, community capacity building, social capital formation, 

commodity-based community development, community participation, 

participatory planning, and ecologically sustainable development. 

 

 

2.3.5. Summary 

As a relatively new and emerging approach, biosecurity is an integrated policy 

and legal framework for protecting the economy, environment and human 

health from the negative impacts associated with entry, establishment or spread 

of harmful organisms. Yet, this social context of biosecurity remains overlooked, 

despite contemporary issues such as globalization, political reforms, and 
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decentralization that have a profound effect on biosecurity. To be able to 

research this social context of biosecurity, an understanding is needed of social 

structures that determine the interplay between the role of government in 

making and implementing policy of the community in responding to both the 

emerging incursion and the vision and strategy imposed by the government in 

engaging the community. In this regard, according to Thomson et al (2009), 

social capital offers the necessary approach for this endeavour. Social capital 

can be conceptualized as consisting of networks, cluster of norms, values, and 

expectancies, and sanctions that may operate at micro, meso, macro, or a 

combination of levels to function either to provide bonding, bridging, or bonding 

ties to people or communities (Halpern, 2005). It is the social enabler for the 

reorganisation phase of the dynamic of social-ecological system. Finally, 

understanding the complexity of biosecurity issues is undoubtedly important, but 

being able to work with the community is far more meaningful. Community 

engagement is yet a crucial aspect if community biosecurity should seek to 

change the relationships between ordinary people and people in positions of 

power, so that everyone can take part in the decision-making process regarding 

biosecurity issues that affect their lives through use of an existing wealth of local 

knowledge and experience to support collective action and cooperation. 

 

 

2.4. Methodological Framework 

2.4.1. Overview 

As already discussed in the previous sections, citrus decline in West Timor 

encompasses issues of diseases, local government policy, and attempts to 

manage the disease by growers. So far, studies have shown that HLB is 

present and contributing to citrus decline however both the provincial and the 

district governments claim that a ban on import of citrus grafted seedlings has 

prevented HLB and other graft-transmissible diseases from being introduced. 

Despite district government programmes to promote intensified and expanded 

planting of the local Keprok Soe mandarin, the decline in tree population and 

production continues. To the local government, the decline is caused by 

inappropriate cultivation practices and by diplodia rot, a minor citrus disease 
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caused by the fungus Diplodia theobromae (current name Lasiodiplodia 

theobromae). The government recommended that growers use lime and 

sulphur (California mixture) to protecting citrus trees from infection. However, 

because the procedure of application was not clearly communicated, if at all, 

many growers applied the mixture for citrus trees affected by other diseases. 

Therefore, the key issue here is neither a pest nor a disease, but the social 

environment mediated by a positivist approach of governance. Decentralization 

has been in place for more than a decade, but what it is apparent that 

decentralization needs more than simply to transfer power and authority to 

make autonomous local governments more capable of addressing such 

complex and dynamic issues as biosecurity. This research therefore, in first 

place, is tailored to address such complexity in order to gain understanding of 

governance in relation to biosecurity issues both at the government and at the 

community level. Later, the concept of social capital is used to gain deeper 

insight into how the community responds to the emerging pests and disease 

problems and the way local governments address the problems. Finally, using 

this insight, effort will be made to synthesize the issue. 

 

 

2.4.2. Paradigm Issue 

In the social research context, methodology is “the strategy, plan of action, 

process, or design lying behind the choice and use of particular methods and 

linking the choice and use of methods to the desired outcomes” (Crotty, 1998, 

p. 3). By informing methods, the methodology reflects the philosophical context 

for the research process and grounds its logic and criteria. There is a plethora 

of theoretical perspectives, but for this research, appropriate theoretical 

perspectives need to be determined. To gain understanding of the major 

paradigms of social science research today, the following are the positivist-

postpositivist, the interpretive-constructivist, and the transformative-

emancipatory paradigms presented each in brief in terms of its ontology, 

epistemology, and methodology. It is worth noting that Guba & Lincoln (2005) 

view critical theory as a separate paradigm and identify participatory research 

as another. In the following brief account, the participatory paradigm is 
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combined with the critical theory paradigm under Mertens’ (2003) description of 

the transformative-emancipatory paradigm. 

 

The positivist-postpositivist paradigm holds that reality is a single truth and can 

be known with certain objectivity (Mertens, 2003). For positivists there is a real 

apprehensible generalized reality having cause-effect linkages and for post-

positivists there is real but only imperfect and probabilistic reality (Guba & 

Lincoln, 2005). The objectivity of truth is to be achieved by observing, from a 

somewhat distant and dispassionate standpoint (Mertens, 2003), as 

disinterested, value- and politically-neutral scientists to act as informers of 

decision makers, policy makers and change agents (Guba & Lincoln, 2005). By 

engaging in distant observation, Guba & Lincoln (2005) further argue, true 

findings based on objective, external-validity and reliability criteria can be 

achieved to establish facts and laws for positivists and probably true findings 

based on similar criteria can be established to generate theories for post-

positivists. Distant observations can be achieved through the use of 

manipulative or de-contextualised methods such as laboratory or field 

experiments with an objective to verify hypotheses for positivists or to falsify 

hypotheses for postpositivists (Guba & Lincoln, 2005; Mertens, 2003). 

 

The interpretive-constructivist paradigm recognizes multiple socially constructed 

realities (Mertens, 2003). For interpretive-structuralists realities are relative, 

locally and specifically co-constructed around consensus according to particular 

historical insights (Guba & Lincoln, 2005). Knowledge is achieved together 

between the researcher and the researched through interaction to make their 

values explicit (Mertens, 2003). Knowledge is therefore transactional in its 

nature as it is co-created through the process of interaction between passionate 

researchers and participants and its merit is based on trustworthiness and 

authenticity as a catalyst for action (Guba & Lincoln, 2005). Passionate 

researcher-participant interaction is achieved through the use of qualitative 

methodology such as ethnography, phenomenology, grounded theory, etc. in 

hermeneutical and dialectical manner (Crotty, 1998; Guba & Lincoln, 2005; 

Mertens, 2003). 
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The transformative-emancipatory paradigm holds that there are diversities of 

viewpoints, but those viewpoints need to be placed within historical, cultural, 

social, and economical value systems to understand the basis for differences 

among many social realities (Mertens, 2003). Knowledge is therefore viewed as 

being historical realism co-created objectively or subjectively and crystallized 

over time (Guba & Lincoln, 2005) and is achieved through providing a balanced 

and complete view toward realities such that key viewpoints are appropriately 

apprehensible to avoid bias due to lack of understanding (Mertens, 2003). 

Therefore, findings are transactional, co-created, value mediated, and 

revisionist in nature, judged in terms of goodness or quality criteria by means of 

historical situatedness, trustworthiness and authenticity, and being catalyst for 

action (Guba & Lincoln, 2005). Co-creation of knowledge that is historically 

situated, trustworthy, and a catalyst for action  is sought by use of 

dialogic/dialectical and for some degree, collaborative methodology as a single 

qualitative or quantitative inquiry or a mix of both (Guba & Lincoln, 2005; 

Mertens, 2003). Mertens (2003) emphasizes that for a research project to be 

truly emancipatory, the community affected by research would be to some 

degree involved in the methodological and programmatic decisions.  

 

Critical theory is one among many paradigms that fall within the interpretive-

constructivist  major category of paradigms.(Guba & Lincoln, 2005). In its 

broadest conception, critical theory can be seen as an umbrella term to 

describe any theory founded upon critique (Crotty, 1998). Nevertheless, 

critiques are not necessarily all critical. According to Crotty (1998), the term has 

two different meanings with different origins and histories: one rooted in social 

theory criticism of Mark Horkheimer and the other in literary criticism of Jürgen 

Habermas. As a form of social theory criticism, critical theory is a self-reflective 

knowledge involving both understanding and theoretical explanation to reduce 

entrapment in systems of domination or dependence, seeking the emancipatory 

interest in expanding the scope of autonomy and reducing the scope of 

domination. Critical theory in this form is a social theory oriented toward 

critiquing and changing society as a whole, i.e. “of a theory that is wedded to 
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practice” (Crotty, 1998, p. 130) in contrast to traditional theory which is oriented 

to merely reflect the current realities, i.e. “bogged down in the mire of aimlessly 

accumulated facts and does no more than mirror the fragmentation 

characteristic of contemporary society” (Crotty, 1998, p. 131). In this sense, 

critical theory falls within the transformative-emancipatory major category of 

paradigms. On the other hand, critical theory in literary studies is a form of 

hermeneutics, i.e. knowledge via interpretation to understand the meaning of 

human texts and symbolic expressions.  

 

These two forms of critical theory are not necessarily coherent. As social 

realities change, so does critical theory. Even, for Horkheimer himself, as put 

forward by Crotty (1998), critical theory changed from its original form of 

dialectical materialism rooted in the Marxian critique of political economy to 

dialectical transcendentalism rooted in critique to enlightenment rationality. 

Critical theory, in its broadest context, evolves dialectically from the work of the 

Frankfurt School to the present day post-discourses –e.g. postmodernism, 

poststructuralism, and postcolonialism (Crotty, 1998; Kincheloe & McLaren, 

2005). In the process of its evolution, critical theory engages in self-critique as 

well as critiquing other new theoretical insights in a way that it perpetually 

searches for new and interconnected ways of understanding power and 

oppression and the ways they shape realities (Kellner, 2011; 2005; Ray, 2004). 

This is because the dominant power within society changes continuously, 

shaped by intertwining social, political, cultural, economic, ethnic, and gender 

factors, and then transforms into a series of structures. What is now considered 

“real”, in the sense of natural and immutable, including knowledge itself, is in 

fact something shaped by history. Because of its in-process nature, reality is 

neither simple nor stable. In addressing this complex and changing course of 

reality, critical theory is suspicious to any theory that does not directly address 

the needs of victims of oppression and the suffering they must endure. In being 

so, critical theory is inherently critical of economic determination, enlightenment, 

instrumental or technical rationality, emancipation, the concept of immanence, 

ideology, hegemony, and discursive power. Critical research methodologically 

encounters bricolage –the process of employing methodological strategies as 
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they are needed in the unfolding context of the research situation– and the 

critical researcher acts as bricoleur –those who are able to make use of tools 

available to complete a task (Kincheloe & McLaren, 2005). 

 

Engaging in research as a power driven act, “the critical researcher-as-

bricoleur” or bricoleur for short, as Kincheloe& McLaren (2005) put it, strives to 

clarify his/her position in the web of reality, the social locations of other 

researchers and the way they shape the production and interpretation of 

knowledge, instead of accepting some naive concept of realism. The task of the 

bricoleurs is “to attack” the complexity of reality, “uncovering the invisible 

artefact of power and culture, and documenting the nature of their influence ... 

that theory is not the explanation of nature –it is more an explanation of our 

relation to nature” (Kincheloe & McLaren, 2005). In so doing, bricoleurs bring in 

dialectical dialog with those who are researched in order to be able “to 

transform ignorance and misapprehensions (accepting historically mediated 

structures as immutable) into more informed consciousness (seeing how the 

structures might be changed and comprehending the actions required to effect 

change)” (Guba & Lincoln, 2005, p. 110). Such dialectical dialog can be 

achieved only if research methods are viewed actively rather than passively, 

meaning that they are understood to be constructed from the tools at hand 

rather than relying on those methods conceived as universally correct, hence 

bricoleurs “negate the practice of planning research strategies in advance ...act 

as methodological negotiators ... [and] refuse standard mode of knowledge 

production” (Kincheloe & McLaren, 2005, p. 317).  

 

 

 

2.4.3. Methodological Issue 

The paradigmatic issue discussed in the previous section has identified three 

major categories of paradigms. There are also many minor categories. 

Regarding these many major and minor paradigms, the issue is whether to 

adopt a single paradigm or multiple paradigms in addressing complex problems 

in a single research project such as the social aspects of citrus biosecurity. As 
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discussed in the previous sections, the denial by the local government of the 

occurrence of a destructive disease such as HLB necessitates an accurate test 

such as Polymerase Chain Reaction (PCR) is performed to provide the most 

reliable proof for the disease. At the same time, a field survey is required to 

assess the extent of the disease. Similarly, a household survey is the 

appropriate data collection method for gaining insight into the problem and the 

impacts at the larger scale. To understand the role of local government policy in 

addressing citrus pests and diseases as well as ways in which local 

communities respond to such policy, in-depth interviews and focus group 

discussion are some appropriate methods. Similar methods are also 

appropriate for collecting data regarding grower views on how the problem 

should be addressed. For negotiating change, introductory prior to the fieldwork 

is necessary. 

 

Use of different methods is, as already discussed in the previous section, 

inherent in critical theory research. However, with regard to methodology, 

choice of particular methods and their use in designing strategy and planning 

procedures need to be done without violating assumptions of the underlying 

paradigm. According to Greene & Caracelli (2003), the choice depends largely 

on whether paradigms matter much in making research decision and if not, 

what else matters. According to them, if paradigms do matter, multiple 

paradigms can be used dialectically in a very careful manner to improve 

understanding, or newer, more expansive and inclusive paradigms can be 

selected to invite multiple perspectives. They further argue that if however 

paradigms do not matter, research may proceed, either contextually or 

conceptually driven. For proponents of the dialectic stance, paradigms are 

viewed as offering a partial but valuable lens to better understanding of realities 

as long as they are not intrinsically conflicting in their beliefs and assumptions. 

For proponents of new paradigms, paradigms do indeed change over time and 

place to incorporate a broader set of beliefs and assumptions than their 

predecessors and therefore make them more appropriate to complex realities 

and a multitude of needs. On the contrary, proponents of contextually driven 

research use a pragmatic stance to attend to the demands of the particular 
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research context and make research decisions on the basis of the information 

needed and the consequences desired. Like the proponents of the contextually 

driven research, those conducting conceptually driven research make their 

research decisions for the ability to further the substantive agendas of the 

research. Irrespective of these stances on paradigms, engaging in two or more 

paradigms dialectically does not mean mixing them or what Crotty (1998, p. 3) 

calls “throwing together in grab-bag style”. This is because, by definition, 

paradigms entail competing and often contradictory views concerning the nature 

of reality, the proper relationship between the researcher and the researched, 

the objectives and values of research, and the way value is to be judged 

(Sandelowski, 2003). 

 

In West Timor, local governments have used their power and authority to 

overrule researchers’ findings that destructive diseases such as HLB and citrus 

tristeza have been responsible for the decline of citrus trees in the region. As 

already discussed earlier, in addressing this complex issue of citrus biosecurity, 

critical theory is the most appropriate paradigm to guide the research. With 

respect to Greene & Caracelli’s (2003) choice of paradigms, critical theory is 

chosen here not because it is newer than other paradigms, but because it is 

more expansive and inclusive than other paradigms and because of its ultimate 

goal to advocate for change. Consequently, the choice of methods and their 

organization into a coherent methodology follows what Creswell et al. (2003) 

call “transformative design”, a mixed design that according to Greene & 

Caracelli (2009, p. 24) gives “primacy to the value-based and action-oriented 

dimensions of different inquiry traditions”. 

 

 

2.4.4. Design Issue 

What is then mixed design? What are mixed and how and when are they mixed 

during the course of research process? There are inconsistencies across 

literature with regard to what are mixed, how they are mixed, at what stage of 

research mixing takes place, etc. In the introductory chapter to the Handbook of 

Mixed Methods in Social & Behavioral Research, Tashakkori & Teddlie (2003b) 
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examine this problem and offer multiple method design as an umbrella name. 

They classify multiple method design into two categories, multi-method design 

where two methods are in use within a single worldview, and mixed methods 

design where qualitative and quantitative data collection procedures or research 

methods are in use in a research project. However, the resulting categories are 

inappropriate since none of them reflect the way nor the stage at which mixing 

is done throughout the course of research, i.e. how methods are brought 

together into a coherent methodology. Also, the resulting typology of Teddlie & 

Tashakkori (2011) does not at all reflect the issue of paradigms that arise as a 

result of mixing methods that may belong to different paradigms as raised by 

Greene & Caracelli (2003) and Creswell et al. (2003). In responding to various 

issues raised by other authors, Tashakkori & Teddlie (2003a) revise their initial 

typology as given in the last chapter of the handbook. As will be discussed 

further in more detail later, the revised typology is not comprehensive enough to 

fully reflect the complexity of mixed design. For now, mixed design can be 

conceptualized as the use of qualitative and quantitative methods or 

methodology in a single research project. 

 

As already mentioned, mixed design involves the use of qualitative and 

quantitative approaches in a single research project. Such use of qualitative or 

quantitative method or both is termed strand by Tashakkori & Teddlie (2003a), 

to maintain commonality with the same term used by Maxwell & Loomis (2003). 

Here, method is understood as the techniques or procedures used to gather, 

e.g. participant observation (qualitative) vs. survey interview (quantitative), and 

to analyse, e.g. content analysis (qualitative) vs. statistical analysis 

(quantitative), data (Crotty, 1998). The next emerging issue is how the mixing is 

conceptualised. To answer this question, Tashakkori & Teddlie (2003a) use the 

terms ‘sphere’, consisting of sphere of concept, of operation, and of inference 

within the continuum between qualitative and quantitative methods, to 

determine whether the mixing is in terms of method or model. They name the 

design method when mixing occurs within one sphere and model when mixing 

takes place across spheres. Lastly, they address the issue of procedure of 

integration by using the term ‘concurrent’ when qualitative and quantitative 
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methods are used both in parallel fashion, ‘sequential’ when qualitative and 

quantitative methods are used both one after another, and ‘conversion’ when 

either only qualitative or quantitative method is used but the resulting data are 

then transformed. The resulting designs are listed in Table 2.4.  

 

Table 2.4. Name of mixed designs resulting from mixing of methods in terms of 
sphere and procedure 

Mixing Mode and Sphere/Stage of 
Integration 

Procedure of integration Design name 

No Not relevant Not relevant Mono-strand Multi-methods 

Yes Shift within a sphere Concurrent Concurrent Mixed Method 

Sequential Sequential Mixed Method 

Conversion  Conversion Mixed Method 

Shift across one to another 
sphere 

Concurrent Concurrent Mixed Model 

Sequential Sequential Mixed Model 

Conversion  Conversion Mixed Model 

Shift across spheres 
dynamically 

Concurrent, sequential, 
conversion 

Fully Integrated Mixed Model 

Source: Adapted from Tashakkori & Teddlie (2003) 

 

 

However, the resulting typology of mixed designs does not yet capture all 

complexities that may arise in such designs. For example, the issue with regard 

to paradigms as raised by Greene & Caracelli (2003) and with regard to the 

purpose of research as raised by Creswell et al. (2003) remains unresolved. In 

addition, Greene & Caracelli (2003) are aware of the sensibility of mixing 

paradigms while mixing methods. They assert that all social researchers 

approach their work with some set of assumptions about the social world, social 

knowledge, and the purpose of social research. They are also aware that choice 

of paradigms determines what counts as knowledge and what standard is 

relevant to this determination. Based on such arguments, they propose four 

mixed design alternatives with criteria as presented in Table 2.5. Contrary to 

other authors that see no possibility of embracing more than one paradigm in a 

single research project (e.g. Sandelowski, 2003), they argue that mixing of 

paradigms is possible provided that they are not juxtaposed with contrasting 

characteristics such as “emic and etic, particularity and generality, social 

constructions and physical traces, even value-neutrality and value-commitment” 

(Greene & Caracelli, 2003, p. 97). 

 



72 

 

Table 2.5. Criteria in use to determine mixed design alternatives based on 
paradigmatic consideration 

Paradigmatic issue Design alternative 
Yes/No Reason 

Yes, paradigms do matter 
significantly in making 
research decisions 

All paradigms are valuable and have something to 
contribute to understanding, use of multiple 
paradigms lead to better understanding 

Dialectic 

Newer paradigms are superior to older historical 
paradigms because they invite multiplism in 
methods and perspectives 

New paradigm 

No, paradigms are not 
critically important in the 
making of research decisions 

What matter most is responsiveness to demand of 
research context 

Pragmatic or context 
driven 

What matter most is conceptual or theoretical 
congruence, such that research decisions best 
enable study of the phenomena of interest 

Concept driven 

Source: Adapted from Greene &Caracelli (2003) 

 

 

Creswell et al. (2003) discuss mixed design particularly with regard to 

addressing the implementation of data collection, the priority given to qualitative 

or quantitative research, the stage in the research processes at which 

integration occurs, and the potential of integration of paradigms in a mixed 

design research project. They identified six types of mixed designs as 

presented in Table 2.6. Creswell and colleagues clearly adopted the pragmatic 

view with regard to paradigms in producing the transformative designs by 

arguing that “no matter what the domain of inquiry, the ultimate goal of the study 

is to advocate for change” (Creswell et al., 2003, p. 222). 
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Table 2.6. Types of mixed designs identified using criteria of implementation of 
data collection, the priority given to qualitative or quantitative 
research, the stage at the research processes at which integration 
occurs, and the potential of integration of paradigms 

Mode of im-
plementation 

Sequence
1)

 Research 
purpose 

Priority
2)

 Stage of 
integration 

Theoretical 
perspective 

Type of design 

Sequential QUAN, QUAL Exploratory Usually 
QUAN, can be 
QUAL but also 
equal 

Interpretation 
phase 

May be 
present 

Sequential 
exploratory 

QUAL, QUAN Explanatory Usually 
QUAL, can be 
QUAN but 
also equal 

Interpretation 
phase 

May be 
present 

Sequential 
explanatory 

Either QUAN-
QUAL or 
QUAL-QUAN 

Transform-
ative 

Either QUAN 
or QUAN or 
both equally 

Interpretation 
phase 

Definitely 
present 

Sequential 
transformative 

Concurrent Concurrent 
collection of 
QUAN and 
QUAL data 

Triangulat-
ion 

Preferably 
equal, can be 
QUAN or 
QUAL 

Analysis or 
interpretation 
phases 

May be 
present 

Concurrent 
triangulation 

Concurrent 
collection of 
QUAN and 
QUAL data 

Nested QUAN or 
QUAL 

Analysis phase May be 
present 

Concurrent 
nested 

Concurrent 
collection of 
QUAN and 
QUAL data 

Transform-
ative 

QUAN, QUAL, 
or equal 

Usually 
analysis 
phase, can be 
during 
interpretation 
phase 

Definitely 
present 

Concurrent 
transformative 

Note: 
1) The sequence can be in the reverse order, QUAL=qualitative, QUAN=quantitative 
2) When written in capital means given priority 
Source: Adapted from Creswell et al. (2003) 

 

 

Considering the large array of combination designs that is possible from 

addressing the paradigmatic issues as proposed by Greene & Caracelli (2003) 

and from taking into consideration the purpose of the research and the priority 

either on qualitative or on quantitative methods as proposed by Creswell et al. 

(2003), it is sufficient to classify mixed design, for the reason of simplicity, up to 

the level proposed by Tashakkori & Teddlie (2003) as presented in Table 2.5. 

Within the available design typology, Teddlie & Tashakkori (2011) invite 

researchers to select the most appropriate design for their research, to 

determine their choice of paradigms and priorities based on the research’s 

purpose. 
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2.4.5. Summary 

As with other biosecurity issues elsewhere, citrus biosecurity in West Timor 

encompasses issues of the nature of pests or diseases causing the problem, 

the policy of local governments in addressing the issue, and the way local 

communities engaged in coping with the issues. Such issues have become 

more complex as local governments refused to acknowledge the presence of 

destructive disease such as HLB and citrus tristeza. As a result, local 

communities are unsupported in their understanding of what affects their trees 

and in determining what management practices will prevent more trees from 

declining. It is not yet clear why the local governments chose such a position of 

denial and why the local communities do not simply accept such a policy 

position. In such a case, the problem needs to be first thoroughly explored to 

understand the position of the local governments and the struggle of the local 

communities. To address these issues with the purpose of being more than 

simply explorative, more than a single method is necessary. Use of more than 

one method in a single research project faces issues of paradigm compatibility if 

the methods in use do not belong to one paradigm. Whatever the choice of 

paradigm, mixing methods in a single research project also need to address 

issues regarding procedures of mixing, sequence of mixing, sphere of mixing, 

priority toward qualitative or quantitative method, and the degree of integration 

expected from the mixing. Tashakkori & Teddlie (2003) have developed a 

coherent typology of the resulting designs, but leave the issue with regard to 

paradigms and purposes for the researchers to resolve. For this research 

exploring the problems of citrus biosecurity in West Timor and advocating for 

change, the chosen design transformative, new paradigm mixed model designs. 

 

 

2.5. Chapter Summary and Synthesis 

Biosecurity is a broad term, encompassing sectors of plant health, animal 

health, food safety and human health, and biosafety and environmental 

conservation. Such a broad concept is useful for grasping the whole idea of 

interconnectedness, the holistic nature of realities of the concept under 
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investigation. At the same time, however, a broad concept tends to be loose in 

terms of differing interpretation. For example, in the US, biosecurity is 

understood largely as a negative impact of globalization in the form of 

bioterrorism. It is inevitable that biosecurity is related to globalization, but it is, 

as Lovett (2008) puts it clearly, more with respect to the shrinking role of 

distance as an element of defence against incursion. With this respect, 

biosecurity is better viewed as a strategic approach in maintaining health of 

human, animal, and plant life operating across pre-border, border, and post-

border continuum. Contrary to the current strategy of crop protection that 

focuses on the use of technical measures, biosecurity emphasizes the 

importance of developing a more integrated strategy through better 

engagement with stakeholders.  

 

For citrus biosecurity in West Timor, this notion of better engagement with 

stakeholders means that local governments, both at provincial and district 

levels, should work collaboratively with local communities in efforts to protect 

the crop from pests and diseases, particularly from destructive, graft 

transmissible disease such as HLB and citrus tristeza. According to the current 

law on regional autonomy, post-border biosecurity is under the jurisdiction of 

local governments. This law of regional autonomy also implies a change in 

governance style from the conventional positivist top-down approach into a 

more engaging participatory and adaptive form of governance. Also, because 

Indonesia has been successful in implementing IPM as the system of crop 

protection, local governments are expected at least to rely on IPM principles of 

community engagement. In reality however, for reasons that largely remain 

unclear, this is not the case. Instead of openly communicating the risk of pest 

and disease incursion as required in a biosecurity approach, local government 

refuse to acknowledge that a high-risk disease such as HLB has been 

responsible for the decline of citrus trees in the region. This research aims first 

to explore why this is the case and then later, based on better understanding on 

the situation, develop an approach that would help the community in better 

addressing the problem. 
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Social capital offers an interdisciplinary and holistic framework to deal with 

complex problems such as biosecurity problems. Social capital has been 

viewed differently by those scholars involved in the development of the concept, 

resulting in definitions that may be contradictory. Despite differing definitions, 

social capital can be conceptualized as consisting of networks, cluster of norms, 

values, and expectancies, and sanctions that may operate at micro, meso, 

macro, or a combination of levels to function either to provide bonding, bridging, 

or bonding ties to people or communities. For the people, social capital can 

provide both the knowledge resources that are needed to increase self-

confidence and willingness to act for bringing change for the benefit of the 

community. The use of social capital as a concept for exploring the complexity 

of biosecurity has been a relatively new endeavour, but its potential for 

exploring complexities in other areas suggests it is appropriate, as argued by 

Thompson et al. (2009). 

 

Critical theory is a self-reflective knowledge involving both understanding and 

theoretical explanation to reduce entrapment in systems of domination or 

dependence, seeking the emancipatory interest in expanding the scope of 

autonomy and reducing the scope of domination. Critical theory in this form is a 

social theory wedded to practice toward critiquing and changing society as a 

whole, in contrast to traditional theory that aimlessly accumulates facts and 

does no more than mirror the fragmented nature of contemporary society. 

Critical theory seeks for a more dialectical dialog to transform ignorance and 

misapprehensions into more informed consciousness in order to advocate for 

change and to comprehend the actions that are required to effect change. It is 

in line with the notion that communicating risk is the foundation for better 

biosecurity management. It is with this spirit that Boxelaar et al. (2006) called for 

a more constructivist approach to collaborative policy-making with regard to 

biosecurity governance and Dietz et al. (2003) and Ostrom (1999) advocated 

the importance of understanding local contexts that recognise the potential for 

local communities to use their context specific knowledge to inform policy-

making for resource allocation. 

 



77 

 

Use of social capital as a conceptual approach provides opportunities to explore 

the complexity of citrus biosecurity in West Timor in both qualitative and 

quantitative means. Falk et al. (2008a) have provide a framework in using social 

capital in such a way for exploring community management issues of 

biosecurity and at the same time fostering identities to encourage self 

confidence and willingness to act for bringing change for the benefit of the 

community across north Australia and eastern Indonesia. On the other hand, 

critical theory provides not only ways of exploring the issues in terms of power 

relations, but also a philosophical basis for advocating change to the current 

policy approach embraced by the local governments. Bringing both qualitative 

and quantitative approaches in a single research project with a purpose of 

advocating change is certainly challenging in terms of research designs. While it 

provides opportunities to improve understanding, methodologically it introduces 

the issue of competing assumptions underlying each approach. A more 

pragmatic approach in addressing these paradigmatic issues is to focus on the 

issues that are central to this research. This review of methodology has led to 

the adoption of a transformative, new paradigm mixed model design for this 

research. Following Greene & Caracelli (2003), paradigms are viewed as 

having something to contribute to improve understanding, but are not the 

primary organizing framework of this research.  
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III. METHODOLOGY 

 

 

3.1. Introduction 

The literature review has provided an overview regarding the complexity of 

issues of biosecurity and the appropriateness of mixed methods for researching 

such complex issues. As stated by Crotty (1998), methodology is shaped by 

choices of appropriate methods for collecting and analysing data into a strategy 

and an action plan to link theories with realities. Mixed methods design allows 

the improvement of the quality of findings by using results of one method to 

clarify and shape subsequent methods or research decisions (Wheeldon, 2010). 

However, use of mixed methods design is subject to difficulties regarding 

paradigm issues.  

 

This chapter describes the detail of methodology used in this research. This first 

section (Section 3.1) provides a brief introduction to the choice of mixed 

methods as research methodology. Section 3.2 describes the site of this 

research and the issue being addressed. Section 3.3 describes the mixing of 

the qualitative and quantitative components of this research into a sound 

design. Section 3.4 discusses procedures of data collection and analysis. 

Section 3.5 provides a brief introductory overview of the results to be presented 

in the following chapters. 

 

 

3.2. Research Setting 

3.2.1. Site Setting 

West Timor is the Indonesian part of Timor Island (Figure 3.1). The eastern part 

of the island and an enclave in the northern coast of the western part belong to 

Timor Leste (East Timor). West Timor consists of four districts (kabupaten) and 

one city (kota), i.e. districts of Kupang, South Central Timor (Timor Tengah 

Selatan or TTS), North Central Timor (Timor Tengah Utara or TTU), Belu, and 

the City of Kupang. An inter-state road connects the capital of each district as 

well as to the capital of the province and the capital of Timor Leste, Dili. Each 
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district or city consists of sub-districts (kecamatan) and each sub-district 

consists of villages (desa) or municipalities (kelurahan). The city of Kupang is 

the capital of East Nusa Tenggara Province (Provinsi Nusa Tenggara Timur or 

NTT). In addition to West Timor, NTT also includes Sumba and Flores and the 

surrounding islands. 

 

 
Figure 3.1. Map of Research site location in West Timor, Indonesia 
 

 

A central depression of varying slopes of 5-10% divides West Timor 

longitudinally into northern and southern mountain ranges (Figure 3.2). 

According to Crippen International (1980b), these two mountain ranges have 

contrasting terrains. The northern mountain range consists of irregular 

groupings of sharply delineated, highly dissected mountains of 10-25% in 

average slopes, extending in different directions alternating with irregular 

plateaus. Numerous scattered limestone rock outcrops accentuate these 

northern mountain ranges, with Mount Mutis (2427 m asl, above mean sea 

level) as their peak. The southern mountain range consists of somewhat regular 

groupings of fairly sharply delineated, rather dissected low mountains with an 
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acute angle to the southern coastline of the island, forming extremely rugged 

terrains mostly of 10-25% of average slopes, with Mount Lunu (1735 m asl) as 

their peak. These two mountain ranges and proximity to Australia make the 

monsoon climate in the region different from that in other parts of Indonesia with 

respect to diurnal temperature range, wind speeds, rainfalls, and the 

occurrences of tropical cyclones. Kupang has the highest yearly average diurnal 

temperature fluctuation (9.1oC) and wind speed (36-44 km/hr or 6 Beaufort 

scale) in Indonesia. Rainfall varies greatly across the region, but on average, 

the central depression and the north-western coastal region receive the least 

rainfall in Indonesia because of the rain shadow of islands to the northwest, 

(Crippen International, 1980a). 

 

 
Figure 3.2. Ragged terrains of West Timor showing the Northern and the 

Southern Mountain Ranges separated by a longitudinal depression 
 

 

The combined effect of the climate over the basement rocks largely determines 

the type of soils developing in West Timor (Monk, de Fretes, & Reksodihardjo-

Lilley, 1997). Based on this combined effect, RePPProT(1989a) has classified 

most of West Timor region into ustic and udic climate types; ustic is seasonally 
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dry with 5-8 months and an average monthly rainfalls of <100 mm while udic is 

permanently moist with only 0-4 months with an average monthly rainfalls of < 

100 mm. In ustic areas, particularly over limestone, marl, and other calcareous 

rocks, extensive accumulation of carbonates in the topsoil produces weakly 

acidic to alkaline soil, leading to the formation of the slightly weathered, 

calcareous soil called ustropepts. In udic areas, on the other hand, the 

downward leaching is more important than the upward salt movements because 

the accumulating salts and minerals are leached during the rainy season, 

leading to the formation of the slightly weathered, brownish, medium to 

moderately textured, often sandy soil called dystropepts. On average, these 

soils are generally poor in nutrients, particularly nitrogen (N) and phosphorus 

(P) (Crippen International, 1980c).  

 

Citrus was originally planted from seeds as backyard crop in the settlements 

located in southern and south-eastern slopes of Mount Mutis in the northern 

mountain ranges at the elevations ranging 800-1,600 m asl. In the past, people 

in this region, known as the Dawan (by the Belunese), the Atoni (erroneously by 

foreign ethnographers and anthropologists), or the Meto (among themselves), 

mostly lived in remote and isolated settlements or kampung (Ormeling, 1955), 

sustaining their life mostly by engaging in rotational swidden cultivation (Monk 

et al., 1997). Living under the domain of warring small princedoms, these 

people built their settlements on the mountain slopes around rock outcrops that 

provided them both protection from enemies and perennial sources of water in 

the forms of springs commonly found at the bottom of the outcrops (Ormeling, 

1955). Some of these settlements remain and become the present day villages, 

but most have been resettled as new-style villages (desa gaya baru) in the 

more accessible areas during the 1960s and 1970s. As with resettled 

settlements, citrus has changed from being a home garden crop propagated 

from seeds and confined to the highlands into an intensified crop propagated 

from grafted seedlings extending into lower elevations.  

 

This research focused on the Kapan and the Eban production centres in the 

south-eastern slope of the northern mountain ranges and the Kuanfatu 
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production centre in the southern slope of the southern mountain ranges (Figure 

3.2, Figure 3.3 in more detail). The majority of the population within these three 

production centres are Meto people. People of this ethnic group have a 

common language and are also proud of representing various aspects of local 

tradition. Those people from the Kapan production centre identify themselves as 

Mollos, those from the Eban production centre as Miomafos, and those from 

Kuanfatu production centre as Amanubas (Ataupah, 1992). Each of these 

groups of people has their own marriage, kinship relationship, and ways of 

practicing swidden agriculture and keeping their harvest specific for their own 

needs. Attention was given to these differences during the course of this 

research as a means of maintaining cultural sensitivity. 

 

 

3.2.2. Putting Theory into the Setting 

As already discussed in the literature review (Chapter 2), scholars have found 

social capital as a useful approach in dealing with complex issues involving 

interactions of people. Falk & Surata (2007) argue that in defining various forms 

of relationships that exist within a complex system, purpose determines the 

bonding, bridging, and linking functions of social capital. Because the actual 

situation is dynamic and interconnected, they further argue, social capital does 

not operate as a single ‘things’, but in interaction with other forms of capital –

e.g. human capital, natural capitals-, to enable people foster their identities as 

the basis for taking the necessary actions for community problem solving. In 

terms of biosecurity, Falk et al. (2008b) demonstrate that the actual structure of 

a community and the processes of leadership engaged across these structures 

have potentially dramatic impacts on biosecurity engagement. Falk and 

colleagues further argue that social capital and other forms of capital together 

influence different structures and processes that determine the willingness of 

people to become involved in joint action and cooperation. A key question 

asserted here is how, under current local government policy, social capital and 

other forms of capital can provide a framework for understanding the complexity 

of, and improving, citrus biosecurity in the highlands of West Timor. 
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With the above-mentioned arguments, a mixed methods approach enables 

understanding of the interactions inherent in the  issue and also to the means to 

convince the provincial and the district government to better engage the 

community in dealing with biosecurity issues in the region. In addition, mixing 

qualitative and quantitative approaches allows, as Wheeldon (2010) sees it, an 

opportunity to improve research decisions by considering the consistency of 

findings obtained through different instruments and by using the results of one 

method to clarify those of another and to shape subsequent methods. However, 

mixing qualitative and quantitative methods needs to take into account 

paradigmatic issues because “paradigms influence the way in which any one 

method or technique will be executed” (Sandelowski, 2003, p. 325) so that “any 

one research project –including any one mixed methods study– can be 

informed by only one paradigm or viewing position” (Sandelowski, 2003, p. 

326). On the contrary, Greene & Caracelli (2003) claimed that mixing qualitative 

and quantitative methods in a single research project can be achieved without 

necessarily violating theoretical assumptions. This research adopts the later 

view because in mixed methods research, “paradigms are not the primary 

organizing framework” and decisions are grounded “primarily in the nature of 

the phenomena being investigated and the context in which the studies are 

conducted” (Greene & Caracelli, 2003, p. 107). 

 

 

3.2.3. Research Questions 

As already presented in Chapter I, this research was originally designed to 

address the following research questions: 

1) What is the status of citrus biosecurity and the extent of local government 

policy to promote intensified and expanded planting? 

2) How do local communities actually understand such biosecurity status and 

government policy and their implications? 

3) In terms of which factors could such community understanding be explained 

quantitatively to convince the local government? 

4) What implication does such understanding and influence have for citrus 

biosecurity both at local and regional levels? 
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After one year of fieldwork, it became clear that the problems faced by the 

community were not only lack of understanding but also inappropriate policy. 

Results from the first year of fieldwork indicated that the promotion of the local 

mandarin was based on an assumption held by local government that the local 

community was incapable of improving production and therefore the 

government had the responsibility of introducing new technologies. The 

government then introduced grafted seedlings to replace propagation from 

seeds. To facilitate supervision of the production of disease-free grafted 

seedlings, the government issued licenses to a limited number of nurseries. 

However, the production capacity of these nurseries was less than the demand 

for grafted seedlings, providing opportunities for corrupted practices in both the 

community and the government. On the community side, there were 

opportunities for selling rootstocks and budwood and even for producing grafted 

seedlings for purchase by licensed nurseries. From the government 

perspective, there were opportunities for some officers to become involved in 

the seedling business by selling grafted seedling to the licensed nurseries. In 

some cases, instead of producing grafted seedlings themselves, some officers 

bought grafted seedlings from unlicensed nurseries at a low price for later 

selling to seedling distributors at a much higher price. The licensed nurseries 

were forced to sell their grafted seedlings cheaply because otherwise they 

faced the risk of being unable to sell them.  

 

Citrus growers initially saw the free grafted-seedling distribution as generous 

help from the government. However, later they realized that it turned out to 

threaten their tradition of growing citrus from seeds and at the same time 

brought diseases that threatened the existence of a culturally important crop. 

With this development, it became obvious that a fifth question needed to be 

included: 

5) How could local communities become aware of the problem they are facing 

and capable of taking the necessary action for improving citrus biosecurity? 

Examining this issue changed the way paradigms viewed in mixing the 

qualitative and quantitative components of this research and paved the way for 
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using a new paradigm for exploring the complexity of citrus biosecurity in West 

Timor. 

 

 

3.2.4. Summary: From Setting to Design 

This section provides the justification for use of mixed methods and a new 

paradigm approach in this research. The complexity of the biosecurity issue and 

the way this issue is addressed by the local government warrants the use of 

qualitative methods for exploration and quantitative methods for providing 

evidence that is acceptable to the government. Above all, mixing qualitative and 

quantitative methods provides ways of crosschecking one method with another 

and shaping subsequent methods during the course of this research. To make 

this possible, the challenge was how these different methods could be 

combined so that assumptions of one method did not violate those of the other  

and also how to maintain rigour during the process considering the full range of 

views regarding the issue. These are to be addressed in the following section 

(Section 3.3) regarding research and sampling design. 

 

 

3.3. Research and Sampling Designs 

3.3.1. Research Design 

3.3.1.1. The Initial Research Design 

Before starting this research, introductory visits were carried out to villages 

within the tree mandarin production centres in the region. Villages for these 

visits were selected by considering production data available from both the TTS 

and TTU district agricultural services. The villages visited in each production 

centres are presented in Table 3.1 and their location is noted in Figure 3.3.  

 

Table 3.1. List of villages visited for the introductory visit in each mandarin 
production centre in TTS and TTU districts 

District Production Centre Visited villages 

TTS Kapan Binaus, Oelbubuk, Kualeu, Netpala, Ajaobaki, Tunua, Fatumnasi, 
Bijaepunu, and Tobu 

Kuanfatu Kuanfatu, Basmuti, and Kakan 

TTU Eban Lemon, Suanae, Sallu, Saenam, and Fatuneno 
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Figure 3.3. Mandarin production centres in TTS and TTU Districts and the 

visited villages for the introductory visit 
 

 

During these introductory visits, field observations were carried out on existing 

citrus trees and informal scoping interviews on mandarin cultivation practices, 

extent of pests and diseases, and grafted seedling production and marketing 

were conducted with village leaders, elders, and citrus growers. The field 

observations indicated that most remaining mandarin trees were found with 

symptoms resembling those of both HLB and tristeza and trees in some villages 

were almost wiped out. The informal interviews revealed that most of the 

villagers did not know the disease causing the decline and treating mandarin 

trees with California mixture was not necessary effective. Some villagers 

suspected that grafted seedlings distributed by the government had brought 

new diseases, but most considered ants caused the decline, by feeding on 

young shoots during the flush season of citrus trees. 

 

Based on these preliminary findings and with reference to the research 

questions, this research project was designed to consist of two stages of data 
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collection (Figure 3.4). The first stage started with a session on exploring 

biosecurity issues intended to answer part of research question 1 and research 

question 2. The second session aimed at confirming seedling issues to provide 

additional data for answering research question 1 and research question 2. The 

second stage consisted of a biosecurity field survey session focused on 

confirming the finding from the earlier interviews and a household survey 

session about social capital to explain social factors influencing biosecurity 

conditions. These two sessions in the second stage of data collection were 

intended to answer research question 3 and research question 4.  

 

FIRST STAGE

(2008-2009)

BIOSECURITY-ISSUE 

INTERVIEW

SEEDLING-ISSUE 

INTERVIEW

SECOND STAGE

(2010-2011)

BIOSECURITY 

HOUSEHOLD 

SURVEY

SOCIAL CAPITAL 

HOUSEHOLD 

SURVEY

Data Collection Flow Information and Inference Flow
 

Figure 3.4. Structure of the initial mixed method design consisting of two stages 
and each stage of two data collection sessions 

 

 

Each of these stages of data collection was carried out separately and 

sequentially, thereby allowing findings from the first stage to inform the design 

of the second stage. The mixing of qualitative and quantitative strands in the 

field survey and the household survey was carried out intra-method (Johnson & 

Turner, 2003), in which qualitative and qualitative data were collected using a 

single method. This design is described as the sequential mixed model design 

according to Tashakkori and Teddlie (2003a). 

 

 

3.3.1.2. Changing Course: Issue of Power Relation 

As discussed in the section on reformulating research questions (Section 3.2.4), 

the complexity of citrus biosecurity issues in West Timor had become 
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increasingly complicated because of the policy that provided opportunities at 

both the community and the government levels for corruption. As a result, citrus 

growers suffered because corrupted practices prevented them from obtaining 

healthy seedlings, information regarding graft-transmissible diseases, and the 

control measures against these diseases. This research focussed more 

attention on those citrus growers who suffered most from the existing practices 

generated by the current policy regarding citrus development in particular and 

agricultural development in general in the region.  

 

To deal with this issue, changes also needed to be made to the research 

design. This is because the initial research design assumed that the refusal of 

the government to officially recognise the existence of graft-transmissible 

diseases was due simply to lack of understanding. Later it was apparent that it 

had it was motivated by business opportunities emerging for those who had 

power. There were local people who, because of their lineage, had the privilege 

of access to the government or wealth to start a business and retired 

government officers who, because of their position, had the opportunity to 

abuse their authority. The majority of citrus growers, because of lack of access 

to information regarding the threat brought by graft-transmissible diseases, 

simply accepted the distributed grafted seedling as generous help from the 

government. Results of the session on exploring biosecurity issues are, 

described in detail in Chapter IV. 

 

 

3.3.1.3. Final Design: Getting Involved with the Community 

As already discussed, this research was initially designed according to the 

sequential mixed model design utilising the typology of Tashakkori and 

Teddlie(2003a). With this design, inferences drawn from the first stage would 

inform data collection method of the second stage. Due to the preliminary 

findings from the first data collection session, two data collection sessions were 

added. The first was field and laboratory tests added to the first stage of data 

collection to confirm the presence of HLB and its vector. The second addition 

was field survey and community engagement to obtain more evidence of 
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disease and other factors of citrus decline and to seek possible support from the 

community to develop a more community oriented management of citrus 

biosecurity. The addition of these two data collection sessions was aimed at 

changing the initial design to become focused on the community and 

transformative in responding to the existing phenomena. The design remained 

the same but with slight modification in the arrangement of its data collection 

sessions (Figure 3.5).  

 

BIOSECURITY ISSUE 

INTERVIEW
SEEDLING ISSUE 

INTERVIEW

BIOSECURITY  

HOUSEHOLD SURVEY

SOCIAL CAPITAL 

HOUSEHOLD SURVEY

FIRST STAGE

(2008-2009)

SECOND STAGE

(2010-2011)

FIELD SURVEY AND 

COMMUNITY 

ENGAGEMENT

FIELD AND 

LABORATORY TESTS

Data collection flow Information and inference flow
 

Figure 3.5. Structure of the final mixed method design consisting of two stages 
and each stage of three data collection sessions 

 

 

3.3.2. Sampling Design 

3.3.2.1. Sampling for Villages and Sub-villages 

The three centres of mandarin production (Table 3.1, Figure 3.3) are in areas of 

rough terrain with elevation ranging from ± 500 to ± 1,600 m asl in the northern 

mountain range and from ± 450 to ± 750 m asl in the southern mountain range. 

The local mandarin is cultivated mainly as a backyard crop so that its 

distribution is confined to areas around settlements. Under current government 

administration, these settlements become sub-villages (dusun) and a number of 

sub-villages made up a village (desa). Although sub-villages are part of 

government administration structure, villages are the formal administration units 

through which formal government services are provided. A number of villages 
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(desa) make a sub-district (kecamatan) and a number of sub-districts make of 

an autonomous district (kabupaten). The district government is responsible for 

providing all government service to all the villages under its jurisdiction. 

 

Sampling was carried out in two stages, first to select sub-districts and later 

within selected sub-districts to choose villages (Table 3.2; Figure 3.6). This 

sampling design also determined the strategy for gaining both formal and 

informal access to the communities and their groves. To obtain formal access, 

an official permit was requested prior to carrying out each data collection 

session, first from the provincial government and later from the district 

government. However, because obtaining such a permit was time consuming, 

an informal approach was also made at the beginning of the first stage of data 

collection through introductory visits to the villages most likely to be included as 

sample villages. During these introductory visits, informal meetings were made 

with local leaders and mandarin growers in each village and government 

officers at the district and sub-district levels to obtain information and secondary 

data regarding various aspects of mandarin cultivation and the problems faced 

by growers.  

 
Table 3.2. Sample villages in each production centre and district representing 

those with severely diseased and mostly remained healthy mandarin 
trees 

Condition of mandarin trees District
1)

 Production 
centre 

Sample Sub-
district

2)
 

Sample village
3)

 

Mandarin trees remained 
mainly as severely diseased 
trees 

TTS Kapan South Mollo Kesetnana and Billoto 

Kuanfatu Kuanfatu Kuanfatu and Kakan 

TTU Eban West Miomaffo Suanae and Saenam 

Mandarin consisted of both 
remained healthy and diseased 
trees 

TTS Kapan Central Mollo Binaus 

North Mollo Oelbubuk, Netpala, Eonbesi, 
Ajaobaki, and Tunua 

Fatumnasi Fatumnasi 

Tobu Tobu 

Eban Pollen Fatumnutu 

TTU Eban West Miomaffo Lemon and Fatuneno 

Note: 
1) TTS=Timor Tengah Selatan (South Central Timor) District and TTU=Timor Tengah Utara 

(North Central Timor) District 
2) Central Mollo was previously part of South Mollo sub-district and Tobu part of North Mollo 

Sub-district, each was established as a separate sub-district in 2009 
3) Ajaobaki, Oelbubuk, and Tobu have been the focus of TTS District’s citrus development 

programme on citrus since 1990s. Villages in Kuanfatu Districts were initially also the focus 
but had been abandoned since citrus was severely destroyed by diseases in early 2000s. 
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Figure 3.6. Distribution of sample villages and other samples in the region of 

research site in West Timor, Indonesia 
 

 

Multistage purposive sampling was used to select sample villages, sample 

dusuns in each sample village, and interview participants and survey 

respondents from each sample dusun. In each sample village, two to three 

dusuns (sub-villages) were selected as sub-samples, depending on the 

distribution of mandarin tress within the sample village and available road 

access during the rainy season. From each of these sub-samples, participants 

were selected for qualitative data collection, as described in Section 3.3.2.2, 

and households were selected for qualitative data collection, as described in 

Section 3.3.2.3. The sampling design was therefore a multistage purposive 

sampling. This sampling design for selecting sample village and sub-villages 

was later combined with the typical case purposive sampling technique for 

qualitative data collection and the multistage cluster sampling technique for 

quantitative data collection. These combined sampling techniques were 

considered most appropriate for this mixed methods research because the 

multistage sampling allowed for further random re-sampling and the typical case 
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purposive sampling allowed for further purposive re-sampling in accordance 

with the purpose of data collection discussed in the following section. 

 

 

3.3.2.2. Sampling for Qualitative Data Collection 

For the biosecurity-issue interview session during the first stage data collection, 

the sample villages discussed in the previous section (Section 3.3.2.1) were 

further sub-sampled according to the typical case purposive sampling technique 

(Kemper, Stringfield, & Teddlie, 2003). Using this sampling technique, sample 

villages (Table 3.2, Figure 3.6) were grouped into three typical cases. The first 

case included villages of Fatumnasi, Fatumnutu, and Saenam to represent 

cultivation areas in higher altitudes where HLB, because of unfavourable 

environmental conditions for the development of its vector, Diaphorina citri, was 

not expected to be an important problem. The second case included the villages 

of Ajaobaki, Oelbubuk, and Tobu, and Lemon to represent cultivation areas 

where most citrus trees remained and the local governments focused their 

citrus development programme. The last case included the villages of Kuanfatu, 

Netpala, and Suanae to represent cultivation areas of both high and low 

altitudes where most citrus trees have been severely destroyed. From each of 

these sample villages, one to two community leaders and citrus growers were 

selected from each village and two government officers, preferably the head of 

district agricultural services and one of his senior staff, from each district were 

selected. 

 

For the seedling-issue interview session with owners or managers of citrus 

nurseries during the first stage data collection, interview participants were 

selected according to the snow ball sampling technique (Johnstona & Sabin, 

2010). Nurseries could be owned and managed by the government, individuals, 

or groups. Government nurseries consisted of those of provincial and district 

governments. Individually owned and managed nurseries included nurseries 

that operated with an official permit openly and without government permits 

operating in secrecy. Group nurseries were established with government 

support and initially operated with government permits, but later, because of 
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failure to meet the requirements, lost their permits. With the prevalence of 

clandestine operations, the majority of nursery owners were difficult to contact. 

To overcome this difficulty, interviews started with one official nursery and then 

with a reference and sometimes accompaniment by a nursery owner, 

proceeded to the next nursery. This process was replicated until finally the last 

nursery owners mentioned few remote nurseries with limited capacity to 

produce and distribute grafted seedlings. 

 

 

3.3.2.3. Sampling for Quantitative and Mixed Data Collection 

For the biosecurity survey, two to three sub-villages were selected from each 

sample village on a purposive basis where mandarins were still most abundant. 

From each sample sub-village, 10-15 households were then selected 

systematically for interviews. Systematic sampling was employed here because 

the distribution of citrus groves in a particular sub-village was not random, but 

instead clustered only in areas with suitable soil. Systematic sub-sampling was 

carried out by randomly selecting the first household and from this first sub-

sample selecting subsequent households on the right and left side of road by 

passing two to three households having citrus trees on each roadside (Figure 

3.7). For sampling from clustered populations, systematic sampling is 

considered the appropriate sampling technique for dealing with variations that 

exist within the population (Campbell & Madden, 1990). For the community-

wide household survey, the same sampling design was employed to select 

household samples. However, only half of the total number of household 

samples from the earlier survey was maintained and another half was re-

sampled. This re-sampling was carried out for this data collection session to 

accommodate requirements of sampling for mixed methods research as 

described by Kemper et al. (2003). 
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Figure 3.7. Distribution of household samples in a sample village 
 

 

For the field and laboratory tests, sample villages were further re-sampled 

based on results from the citrus biosecurity survey. Based on findings from this 

survey, Fatumnasi, Ajaobaki, and Oelbubuk were chosen as sample villages 

where the incidence of diseased trees was low and Tobu, Lemon, and Saenam 

were sample villages where the incidence of diseased tress was high. From 

each of these sample villages, 5-10 households were selected at random using 

the list of respondents of the citrus biosecurity survey. At the grove of each of 

these sample households, three rows of trees parallel to slope direction were 

chosen for examination, at the centre and towards the periphery. All trees in 

each row were examined for HLB symptoms and stem diameter was measured. 

Iodine test was performed on three leaves per tree taken from three trees 

showing most distinctive HLB symptoms per row. The iodine tests was based 

on reaction between iodine and the accumulated starch on leaves as a result of 

HLB infection (Etxeberria, Gonzalez, William Dawson, & Spann, 2007; Le & 

Nguyen, 2003). This test was performed as an alternative mean for field 

identification of HLB in case sample trees did not exhibit easily recognizable 
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symptoms. These sample trees were tagged for a similar test to be performed in 

the following year. Specimens for PCR (Polymerase Chain Reaction) test were 

taken from production trees that were iodine-positive, most easily accessible in 

each sample village and from mother trees and grafted seedlings from privately 

owned and government run nurseries. 

 

Field survey and community engagement were carried out in villages and with 

sample households similar to those for the field and laboratory tests. This field 

survey and community engagement session was carried out with dual purposes 

for both data collection and community engagement. To support engagement, 

the assessment was carried out with owners of the neighbouring groves in 

addition to the owner of the sample groves. An important part of this community 

engagement was awareness raising and for this part, brochures describing HLB 

and its vector Diaphorina citri, other important citrus pests and diseases, and 

mineral deficiencies were distributed to all those participating in the 

assessment. For awareness raising to reach a larger audiences, reporters from 

local newspapers were also invited to join the assessment process.  

 

 

3.3.3. Summary: Bringing the Design to the Field 

Understanding of the nature of the relationship between local communities and 

local governments increased during the first stage of data collection and the 

initial design of the research was modified. The initial sequential mixed method 

design changed into a mixed design with both sequential and concurrent 

approaches to mixing the qualitative and quantitative strands and transformative 

approaches in responding to the existing relation. The initial design involved two 

data collection stages, the first stage consisting of two sessions of in-depth 

interviews and the second stage consisting of two sessions of surveys. In the 

final design, the stage remained the same, but two data collection sessions 

were added, one to each stage of data collection. These two data collection 

sessions were field and laboratory tests and field assessment and community 

engagement. In addition, open-ended questions were also added to both the 

surveys, allowing for collection of additional qualitative data. For these data 
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collection sessions, villages and sub-villages were sampled on multi-stage and 

purposive basis, and the resulting sample villages and sub-villages were further 

sub-sampled or re-sampled. This was carried out using the typical case 

purposive sampling technique, snowball sampling technique, or systematic 

sampling techniques, depending on the size of the population, the nature of 

sampling unit distribution, and the type of data to collect. Detailed procedures 

and instruments for data collection and analysis are discussed in the following 

section (Section 3.4). 

 

 

3.4. Research Procedures and Instruments 

3.4.1. Negotiating Entry and Developing Trust 

To gain entry to the research site, an introductory visit was carried out at each 

sample village. The village head was first approached to explain the purpose of 

the research and the reason for the visit. Because disease had been a serious 

problem to citrus growers in the village, it was likely that potential respondents 

would assume that the purpose of this research was to find cure for citrus 

decline. To avoid this misunderstanding, a general information sheet regarding 

the research and its aims was prepared and printed in Indonesian language 

(Appendix 3.1) for distribution to village officers and later to each participant, in 

addition to oral explanation that the purpose of the research was not to provide 

a cure for citrus disease. Instead, it is aimed at gaining better understanding of 

the causes the problem and if a common understanding was achieved, finding a 

solution to the problem later with support from the local community. 

 

Growers participating in this research could face the risk of being denied 

government funding, while government officers risked delay in promotion. To 

minimize such risks, information about participants and the information they 

provided was kept confidential. In accordance to the university regulation 

concerning research involving people, a consent letter was prepared and 

printed in Indonesian language (Appendix 3.2) to explain such associated risk 

and efforts to minimize it, and to give a choice for not participating or to 
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withdraw from participating at any time if a participant felt discomfort due to 

participating in the research. 

 

To develop trust, the research team maintained a presence in the communities 

in the following  ways. During the introductory visit to each village, an informal 

meeting with village elders and sub-village heads was arranged with help from 

the village head during which the purpose of the research was further explained 

and permission to work with people in the village was sought. As with the first 

meeting with the village head, the purpose of the research was reiterated. Later 

contact with village leaders and elders were achieved through cellular phone 

communication and through collaboration with undergraduate and graduate 

students from the local university who, for doing their own projects in the same 

villages, stayed for an extended period. Collaboration with these students were 

arranged through joint supervision with other faculty members at the local 

university to allow the students to provide the necessary help and as the 

reward, the students were given financial support and access to references for 

their projects. The students were asked to send a text message to notify the 

principal researcher each time a special occasion was to be held in a village 

and whenever possible, the researcher tried to attend such an occasion as a 

means of maintaining a presence in the village and to develop friendships with 

the villagers with the hope that trust would gradually develop. 

 

 

3.4.2. Data Collection Procedures and Instruments 

3.4.2.1. Choice of Data Sources and Data Collection Methods 

Primary data were collected from the local community and the local 

government, and secondary data were collected from government institutions, 

non-governmental organizations, and local universities. For the primary 

sources, the unit of data collection consisted of individuals and households 

whereas for the secondary sources, the unit included government officers and 

institutions. Method of data collection varied with sources. For the qualitative 

data, in-depth interviews were the primary method employed. For quantitative 

data, field measurements, field and laboratory tests, and survey interviews were 
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the primary method in use. In addition, survey interviews were also employed to 

collect mixed qualitative and quantitative data. Use of many methods of data 

collection served different purposes inherent in a mixed methods design 

(Newman, Ridenour, Newman, & DeMarco Jr., 2003).  

 

Newman et al. (2003) categorize the purposes of data collection into predicting, 

adding to the knowledge base, measuring personal, social, institutional, and/or 

organizational impacts, measuring change, understanding complex 

phenomena, testing new ideas, generating new ideas, informing constituencies, 

and examining the past. This research primarily aims to understand complex 

phenomena and to generate new ideas out of the complex phenomena of citrus 

biosecurity. In-depth interviews were used as the data collection method for 

exploring and uncovering relationships. Survey interviews, field measurement, 

and field and laboratory tests were used to generate new ideas through which 

hypotheses were generated and relationships were tested. These qualitative 

and quantitative methods were mixed to achieve the purpose of not only 

explaining but also convincing both the community and the government to seek 

a better understanding of the basis for taking the necessary actions against the 

current citrus biosecurity threats. The variety of data collection methods 

employed in this research is depicted in Figure 3.8. 

 

 

3.4.2.2. Qualitative Data Collection 

Qualitative data were collected by means of in-depth, open-ended survey 

interviews, and review of documents. Interviews included those carried out with 

ordinary members of the community and those with the “elite”, i.e. leaders of the 

community and officers at various levels of government structure. Questions for 

survey interviews were developed based on the categories, concepts, or 

themes generated at the scoping stage of data collection with the intension of 

further checking their context for a wider audience. Document review was 

carried out to assess reports produced by local governments and other 

organizations and to laws and regulations pertaining to autonomy, quarantine, 

crop protection, and seedling production. 
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Figure 3.8. Data collection methods used in each data collection session at 

each research stage 
 

 

In-depth interviews were undertaken to construct memory, meaning, and 

experience regarding the topic of each question together with the participants. 

For this purpose, these interviews were performed through use of ethnographic 

methods in the forms of oral history, personal narrative, and topical interview. 

As pinpointed by Madison (2005), questions for the interview could be 

formulated according to the Patton Model or the Spraddle Model. Because the 

purpose of the interview in this research was to gain understanding of the 

nature of the complex phenomena of citrus biosecurity, the Patton Model was 

followed for both the in-depth interviews by asking questions related to 

behaviour or experience, opinion or value, feeling, knowledge, sensory, and 

background/demography of the participants. The following are sample 

questions from the questionnaire given here as an example for each of the 

above mentioned question forms: 

1) Behaviour or experience question. I watched that some people in this 

village treated their citrus trees with mixture of lime and sulphur. Could 
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you tell or explain to me any other actions that are not so obvious by 

which people here deal with the disease? 

2) Opinion or value question. In your opinion, why don’t all people here 

treat their citrus trees with the lime and sulphur mixture? 

3) Feeling question. How do you personally feel about the way people here 

respond to the government recommended means of dealing with citrus 

diseases using the lime and sulphur mixture? 

4) Knowledge question, What do you know about the historical root of such 

responses of people here to any government recommendations? What 

do you know about the result of treating diseased citrus trees with the 

lime and sulphur mixture? 

5) Sensory question. Have you yourself ever seen a citrus tree recover, or 

at least with its death delayed, after the application of the lime and 

sulphur mixture? How do mandarin fruits from diseased trees taste 

compared to those from healthy trees? 

6) Background/demographic question. How old are you now and when did 

you first plant citrus and first observe your citrus with disease? 

 

Topic questions were developed for the interviews on biosecurity and seedling 

production issues as guidance during the interviewing process and are 

presented in Appendix 3.3 and Appendix 3.4, respectively. Survey interviews, 

although mainly for collection of quantitative data, also included open-ended 

questions. These open-ended questions were included mainly in the social 

capital household survey to measure social capital and other forms of capital 

likely to contribute to community biosecurity. If a respondent was unable answer 

such questions during the first visit, a later visit was carried out to discuss the 

questions further. In such a case, the discussion could last for 10-20 minutes for 

each question, depending on the nature of the issue discussed. 

 

All in-depth interviews were carried out on site, at the house, village office, or 

grove. Interviews were conducted mainly in Indonesian language, however, 

when participants responded using Meto language these responses were 

translated by a colleague who is a Meto and a Master student. Language 
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sometimes also mattered because, although plain language was always used in 

asking questions, some participants needed further clarification to be able to 

provide adequate responses. Sometimes, a question needed to be asked in 

different ways for the interview participants to be able to provide answers. Most 

interviews normally finished in one session, but if not (e.g. if interrupted by 

visitors) some interviews were carried out in two sessions. Interviews were 

longer with participants who were informal, open, critical and elaborate in 

providing responses while interviews were shorter with those who were formal, 

quiet, and direct in providing responses. Some participants spoke at length but 

did not respond precisely to the questions being asked. Although all participants 

were fluent in Indonesian language, at least in the local dialect of the language, 

fluency varied from one person to another. This variation in the fluency of using 

Indonesian language caused some difficulties in understanding the content of 

the resulting transcripts, in rechecking both the original and edited transcripts, 

and in presented them to the respective source persons. This was carried out in 

later visits after all interview records had been transcribed and edited. This 

rechecking, however, was not able to be carried out with all source persons, 

either because the person was not available at the time of a visit or because of 

remoteness of some villages, the visit for the purpose was not able to be carried 

out within the time span of the interview. 

 

 

3.4.2.3. Quantitative Data Collection 

Quantitative data collection was carried out by conducting household surveys, 

field and laboratory tests, and field surveys to measure and to photograph 

diseased citrus trees. Each of these quantitative data collection methods was 

carried out at different times during the course of the research. The household 

survey was carried out twice, first the biosecurity household survey established 

community and citrus cultivation profiles and later the social capital household 

survey measured social capital and other forms of capital likely to contribute to 

community biosecurity. Field and laboratory tests and field survey and 

community engagement were carried out at one time during which specimens 

were also taken for later laboratory tests. 
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The quantitative surveys followed the qualitative interviews; the questions of 

these survey questionnaires were based on categories, concepts, or themes 

that were identified in the qualitative interviews. In terms of mixed methods 

design, the earlier qualitative interviews served as tools for developing 

quantitative instruments (Onwuegbuzie, Bustamante, & Nelson, 2009). 

Questionnaires for both the survey to establish community and citrus cultivation 

profiles and the survey to measure social capital and other forms of capital 

consisted of both close-ended and open-ended questions. This way, the 

qualitative and quantitative components of this research were not only mixed 

sequentially in which the quantitative surveys followed the qualitative interviews 

but also concurrently because the survey questionnaires also included open-

ended questions. 

 

Each of these surveys was carried out with help from different groups of 

undergraduate and graduate students from a local university, each of whom had 

received the necessary training prior to conducting the survey. For each survey, 

a trial had performed in one sample village to obtain feedback for improving, or 

even completely restructuring, questions to which respondents had difficulty 

responding.  A discussion was then held involving community leaders and 

growers in modification of the questionnaire. The final version of the 

questionnaires, translated into English, is presented in Appendix 3.5 and 

Appendix 3.6.  

 

During each survey, two students were allocated for each sample village, each 

was checking the work of the other. Those students who have been staying in 

the village undertaking their own project were asked to provide further 

supervision to the later students.  

 

Field and laboratory tests were carried out to obtain rigorous proof of the 

presence of HLB on citrus. For this purpose, an iodine test was carried out in 

selected villages where HLB symptoms were most prevalent and later 

specimens were taken from those villages where most trees were found positive 
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for a PCR (Polymerase Chain Reaction) test. The iodine test was performed in 

the field in 2009 and 2010 on tagged trees by following the procedure as 

described by Le & Nguyen (2003) and Etxeberria et al. (2007). The iodine test 

provides quick detection with about 89% sensitivity and 66% specificity (Le & 

Nguyen, 2003) and 90% agreement with the PCR test (Etxeberria et al., 2007). 

The PCR test is a DNA-based test now being widely used to identify Candidatus 

Liberibacter, the Gram-positive bacteria associated with HLB disease (Chohan 

et al., 2007; Luis et al., 2009; Weinert et al., 2004). For the PCR test, 

specimens were taken and processed for long-distance shipping as 

recommended by Irey (n.d.). The specimens were sent to Gadjah Mada 

University in Yogyakarta, Central Java, for the PCR test at the Laboratory of 

Agricultural Biotechnology of the Faculty of Agriculture, under the supervision of 

Prof. Siti Subandiyah, a world-leading expert on HLB. Point locations for iodine 

field test and for specimen sampling were each recorded using a handheld GPS 

(Geographic Positioning System) to determine its geographic coordinates and 

coupled with the use of an altimeter to measure altitudes. 

 

The field survey was carried out in selected villages in 2009 and 2010 on 

various growth performances of citrus trees and incidence of HLB. In each 

sample grove, three transects stretching from the highest to the lowest altitude 

were selected, at the centre and the periphery of the grove. All trees in a 

transect were measured with regard to their stem diameter, planting distance, 

and HLB incidence. The HLB incidence was determined based on both 

symptoms and iodine test. HLB incidence was measured as the number of trees 

showing HLB symptoms or giving positive results to iodine test among all trees 

found in each transect. HLB symptoms were determined with reference to 

pictorial guidelines developed from available literature (Hilda Gomez, 2009; 

Polek, Vidalakis, & Godfrey, 2007; University of Florida IFAS Extension, n.d.-a, 

n.d.-b, n.d.-c). Photographs were then taken from trees, branches, leaves, and 

fruits showing HLB symptoms for later and more careful comparison with 

photographs in the guidelines. 
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3.4.2.4. Methods Mixing 

As already discussed in Section 3.4.2.1, this research consisted of six data 

collection sessions, three sessions for each stage of research. Two sessions of 

the first stage were qualitative and one was quantitative, whereas two sessions 

in the second stage were mixed and one was quantitative. For the qualitative 

and the quantitative sessions, the procedure has been discussed in the 

previous sections. The mixed approach used in this second stage was the intra-

method mixing (Johnson & Turner, 2003), in which qualitative and qualitative 

data were collected using a single method, in this case household surveys. 

Interviews for both of these household surveys were carried out with the help of 

the same group of six recent graduates from the local university, some of whom 

had been involved in this research to undertake their undergraduate projects. 

Interviews in both surveys were carried out using interview questionnaires, 

where all questions were asked by the interviewer and on which the interviewer 

wrote down the interviewee’s response. The questionnaire was, therefore, not 

used as a method in itself (Johnson & Turner, 2003), but simply as the 

instrument of interview.  

 

The questionnaires of the biosecurity household survey and the social capital 

household survey consisted of introductory, body, and closing sections. The 

introductory section provided instruction on household sampling, ethics in 

approaching a household, doing the interview, tips for interviewing difficult 

respondents and filling the questionnaire. The body of the biosecurity household 

survey questionnaire consisted of household profile, citrus cultivation, 

knowledge on citrus pests and diseases and management, government 

responses and supports, and interviewer report sections, whereas that of the 

social capital household survey consisted of household profile, access to 

resources, infrastructure supports, social capital, and interviewer report 

sections. The intra-method mixing occurred everywhere except in the first 

section of each questionnaire and was achieved either by including an open-

ended question to follow up the close-ended question or by including an open-

ended option in addition to a choice of responses to a particular question. The 

last section of the questionnaire was structured for the interviewer to provide 



105 

 

his/her notes by responding to a number of questions pertinent to various 

aspects of the interview.  

 

 

3.4.2.5. Validity Issues in Data Collection 

An important issue surrounding data collection is how to guarantee that the 

intended data is collected. A number of factors need to be appropriately 

addressed  to ensure validity in doing research in general and mixed methods 

research in particular (Dellinger & Leech, 2007). Nevertheless, discussion on 

validity deals mostly with the validity of qualitative or quantitative research 

individually. Those that deal with mixed methods research describe the issue as 

encompassing the whole research process instead of specifically addressing 

validity threats during the data collection process. Among those specifically 

discussing validity threats during data collection process, Johnson & Turner 

(2003) quote Webb, Campbell, Schwartz, and Sechrest (1966/2000) in pointing 

to reactive effects, investigator effects, varieties of sampling errors, access to 

content errors, and the operating ease and validity checks. Efforts were made 

during data collection to minimize these threats as discussed below. 

 

Data collection was made after considerable time was spent in each village to 

be familiarized with people and their local values and customs. It was clearly 

mentioned before each interview, that the interview was for the purpose of 

research and each participant of the in-depth interview or respondent of the 

household surveys was asked to answer questions according to his/her 

knowledge.  Whenever the participant/respondent did not speak Indonesian 

language, the interview was then carried out by an assistant fluent in the local 

language. In surveys, only half of the number of respondents from the first 

survey was included in the second survey and another half were new recruits. 

This way, it was expected that participant/respondent’s intention to be over-

reactive (i.e. reactive effects) could be minimized. This was done to further 

minimize errors, in addition to designing the sampling specifically for each data 

collection session as discussed earlier. 
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In case the interview was carried out by another interviewer, two interviewers 

were assigned for each village and each interviewer pair covered only two to 

three neighbouring villages where at least one of them had been working during 

undergraduate project or where one of them was born. For each village, a one 

to two week period was allowed for them to finish the survey. Pilot interviews 

and reformulation of difficult questions, as already mentioned earlier, were 

expected to minimize errors that could result from the interviewers (i.e. 

investigator effects) and the inability to find relevant content (i.e. access to 

content errors). Further effort to minimize the later errors was also completed by 

carefully considering the most appropriate method for data collection to use in 

each data collection session. For a particular data set, e.g. HLB incidence, 

content errors were minimized through re-sampling from respondents of 

household surveys. Questions in each survey were also constructed by 

considering findings from the previous data collection session and consisted of 

both close and open-ended questions to minimize the chance of collecting 

irrelevant material (i.e. access to content errors). 

 

 

3.4.3. Collaboration and Awareness Raising 

Collaboration with both central and local government organizations related to 

citrus biosecurity had been sought since the beginning of this research in 2008. 

Government organizations approached included the local office of the central 

government quarantine, the provincial seed supervision and certification office, 

and the district agricultural services offices of TTS and TTU districts. The head 

of the organization was approached by letter or by phone to discuss the 

research and potential collaboration. The discussion was intended first to build 

an understanding of the policy, the position of each organization toward citrus 

biosecurity in the region and when it would be possible to seek collaboration in 

the field work. Collaboration was also sought later in 2009 with non-government 

organizations and local newspapers. This later collaboration was sought to 

publish feature articles, opinion, and readers’ poll regarding the disease, 

thereby extend the awareness raising to the wider community. 
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Awareness raising was aimed at improving the understanding of the general 

population of the problems resulting both from HLB itself and from the policy 

taken by the government in responding to HLB incursion. For this purpose, 

awareness was raised at both the community level and at the larger scale 

encompassing village boundaries. At the community level, awareness raising 

was targeted at citrus farmers groups less affected by current government 

programmes in the village where, based on the earlier encounter during data 

collection, village leaders were not likely to resist. Awareness raising was 

undertaken in the form of field activities aimed at familiarizing members of the 

group with HLB symptoms, its vector, the alternative hosts of the disease and 

its vector, means of disease transmission, and currently available ways of 

managing the disease. For this purpose, farmer groups were provided with a 

printed identification guide and contact address in case that they need further 

help. Topic questions for the awareness raising are presented in Appendix 3.7. 

 

 

3.4.4. Summary 

Data were collected in two stages; each stage consisted of three sessions. 

During the first stage, data collection was started with an in-depth scoping 

interview and followed with field measurements and laboratory analysis and 

then in-depth interviews about seedling issues. The second stage comprised 

the citrus biosecurity survey, the community-wide survey, and the awareness-

raising focus group interviews. During these data collection sessions, a digital 

voice recorder was used to record in-depth interviews, a questionnaire was 

used to organize questions and to record respondent’s responses, and a GPS 

was used to measure coordinates coupled with the use of an altimeter to 

measure altitudes. In addition, a digital camera was used to photograph HLB 

symptoms, a measurement sheet was used to record field measurement data, 

and computer software was used to facilitate data management, coding, and 

tabulation. 
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3.5. Data Analysis 

3.5.1. Data Processing Prior to Analysis 

3.5.1.1. Data Management 

Data resulting from fieldwork consisted of digitally recorded data from in-depth 

interviews and photographs of diseased trees and disease symptoms in 

addition to written data in the forms of field notes, filled questionnaires, and 

specimen and field measurement sheets. Each of these field datasets were 

organized accordingly to facilitate later data processing and retrieval 

procedures. 

 

Recorded data were transferred from the voice recorder into a notebook 

computer either in the field or soon after returning. Files of these recorded data 

were stored in a separate folder for each fieldwork session. The folder was 

divided into subfolders for storing in-depth interview files, focus group interview 

files, and photograph files. For interview files, when because of one reason or 

another two or more files were produced form interviewing one participant, the 

files were combined prior to storing. Once all files from a field session had been 

transferred into the notebook, a backup was prepared in an external hard disk 

and securely stored. 

 

As with recorded data, written data were pre-processed according to the means 

used to collect the data. Field notes written in a field book were kept in a locked 

drawer for later entry into the computer. Interview questionnaires were grouped 

for each village and within each group were sorted alphabetically according to 

name of respondents and sub-villages prior to data coding and entry into the 

computer. Specimen sheets for recording attributes of specimens taken for 

laboratory test and field measurement sheets for recording field measurement 

data were sorted, de-identified, and grouped for each village prior to entering 

the data into the computer soon after returning from the field. 
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3.5.1.2. Transcribing and Coding of Interview Data 

The recorded interviews were first transcribed in their original language, with 

both the original Indonesian language and Meto languages preserved as they 

were, before finally being translated into English and edited as necessary. 

Because transcribing would inevitably de-contextualize the interview, a set of 

rules was used to maintain some of the context of the interview. The rules 

included writing local dialects and sentences as they were spoken without any 

attempt to make any grammatical correction, retaining all non-verbal sounds or 

repetition taking place during the conversation, and providing notes to record 

important non-verbal and emotional elements of the conversation, such as 

pauses, laughter, indications of emotions, and interruptions taking place during 

the course of conversation. While the transcripts were not intended for 

discourse analysis, maintaining the context of conversation was important to 

achieve “the goal of transcribing [is] to be as true to the conversation as 

possible, yet pragmatic in dealing with the data” (Bazeley, 2007, p. 45). 

 

Text was coded to classify and to facilitate analysis. In this coding, the text of a 

transcript was tagged according to a particular concept, category or theme that 

emerged from within the transcript being coded using in vivo coding by Bazeley 

(2007). In this process of coding, following Bazeley (2007) the concept was 

considered a higher order of abstraction from category; and theme. As Richards 

& Morse (2007) noted, it is something more pervasive than a topic or category 

and was treated as even a higher abstraction. This is something Ryan & 

Bernard (2003) considered an “abstract construct … to answer the question, 

‘What this expression is an example of?’ ’’ and Bazeley (2007) considered a 

pattern or meta-code organized as ‘sets’ achieved through organizing ‘free 

nodes’ of categories into ‘tree nodes’ of concepts in qualitative analysis using 

NVivo. Further descriptions of themes will be provided in the following analysis 

section. In coding transcripts of interviews from later sessions, e.g. those from 

interviews regarding grafted seedling production and certification, a more 

theory-driven approach was employed. In both cases, coding was performed 

using the broad-brush or ‘bucket’ technique (Bazeley, 2007) by fracturing or 
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slicing the transcript into broad topics of categories, concepts, or themes that 

when necessary would be later recoded into narrower topics. 

 

Coding was facilitated with use of the qualitative data analysis software NVivo 

version 8 (QSR International, 2008). Prior to importing into NVivo, transcripts 

were prepared and formatted using a standardized word processing style 

template. Using NVivo, codes were stored in nodes, initially for storage purpose 

as free nodes and later, for organizational purposes, free nodes were structured 

as part of analysis to form tree nodes and together with transcripts of other 

participants to form sets. For every node, a memo and as many as necessary 

number of annotations and ‘see also’ links were created to facilitate further 

thinking and later analysis involving nodes. A memo was created to record 

reflections or ideas about the category, concept, or theme being stored in a 

particular node, whereas an annotation was created to put additional notes 

about procedural issues related to interviewing and transcribing. In addition, 

‘see also’ links were created to connect concepts or themes found in the same 

or different cases to a memo that was already created regarding the concept or 

theme. 

 

 

3.5.1.3. Coding of Survey and Measurement Data 

A spreadsheet matrix was prepared for every set of survey and measurement 

data. For coding survey data resulting from close-ended questions, rows were 

used to hold respondent names and columns to hold survey questions. For 

coding measurement data, rows were used for the site of measurement and 

column s for the measurement variables. Coding survey data resulting from 

open-ended questions was performed using NVivo. For this purpose, responses 

to all open-ended questions were first transferred from each questionnaire into 

a standardized word processor style template to be later imported into NVivo. 

For practical purpose, because of the large number of respondents, responses 

were grouped into sub-village and import was done for each sub-village as a 

case. 
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3.5.2. Data Analysis Procedures 

3.5.2.1. Qualitative Analysis 

Qualitative data from in-depth interviews regarding biosecurity issues and 

grafted seedling production issues was analysed. This qualitative analysis 

began during the data collection, transcribing, and coding stages. During the 

process of data collection, ways in which participants were approached and 

questions were asked reflected the ways resulting data would later be analysed. 

During transcription, analysis began by choosing the means for treating the 

conversations being transcribed and during coding. The in vivo coding style was 

chosen to judge parts of the conversation as a category. Qualitative analysis 

was further continued, using NVivo (Bazeley, (2007), by modelling a case to 

see the ways categories are related. All the resulting categories were finally 

subjected to queries to relate the data to the research questions. 

 

Modelling a case was performed to gain a sense of how the identified 

categories, concepts, and themes could be combined to meaningfully visualise 

how participants tell their story. The story of a participant was connected and 

compared with  those of others by organizing categories into concepts and 

concepts into themes. These were done in NVivo by grouping related 

categories into a tree node and related concepts into a set (Bazeley, 2007). 

Basically, grouping was performed as a way of organizing categories to help in 

identifying patterns, gaining clarity, and focusing on richness of ideas. As in 

identifying categories, grouping was achieved with guidance of the 

methodological framework though which connectedness was identified in topics 

such as actions, activities, context, strategies, issues, beliefs/ideological 

positions, impacts/outcomes, etc. In the next level of analysis, the same topics 

were used to review and reorganize themes to see convergences and 

divergences across cases and across groups of cases. Using the qualitative 

data analysis software NVivo version 8 (QSR International, 2008), transcripts 

were coded for identifying categories as nodes. Following Bazeley (2007), 

categories were identified as any meaningful slices of transcripts that could be 

identified as categories/topics. A sample snapshot of the way NVivo was used 
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to store free nodes is presented in Figure 3.9 and to group free nodes for 

storing as tree nodes is presented in Figure 3.10. 

 

 
Figure 3.9. Screenshot of categories coded from source transcripts and saved 

as free nodes in NVivo 
 

 
Figure 3.10. Screenshot of collapsing categories saved in free nodes into tree 

nodes of concepts and themes of biosecurity issues 
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A large number of categories emerged from coding the transcripts. This large 

number occurred because, first, the interviews were carried out informally and 

without any restriction on scope of responses that could be provided by 

participants. Second, categories were identified simply by slicing the transcript 

into meaningful unit, without reference to any theory. To find more meaningful 

contexts, these categories were then subjected to further organization by 

means of collapsing them into tree nodes and further, whenever necessary, into 

sets to identify concepts and themes. In the next level of analysis, these 

categories were collapsed in a hierarchical order, on the basis of certain criteria, 

to find out more meaningful concepts and themes. The criteria included 

similarity and dissimilarity, convergence and divergence, and the number of 

participants and references into which each particular category was tied. In the 

process of collapsing, categories that share particular similarities were grouped 

and then examined with regard to convergence and divergence. When 

categories were convergent, the one that tied with lower number of participants 

and references were disregarded as insignificant. This collapsing process was 

carried out by creating tree nodes and sets in NVivo. A tree node could have 

any level of branching as long as at each level free nodes were collapsed 

according to a particular similarity in features. Finally, the resulting tree nodes of 

concepts were organized into sets of themes as “abstract constructs … (Ryan & 

Bernard, 2003). These series of grouping of slices of data to form hierarchically 

meaningful units were called in NVivo ‘collapsing’ (Bazeley, 2007). 

 

A similar qualitative analysis was also performed to review policy and legal 

documents relevant to citrus biosecurity. The documents included central and 

local government laws, regulations, policy directives and local government 

reports. Available softcopies were stored PDF files and hardcopies were 

scanned prior to storage. These externals were then grouped and catalogued 

prior to being imported as externals into NVivo for coding. 
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3.5.2.2. Quantitative Analysis 

Quantitative analysis consisted of descriptive analysis and inferential analysis. 

The descriptive analysis was carried out to calculate central tendency measures 

such as the means and to calculate dispersion measures such as standard 

deviation of the data profiled in charts of the resulting measures. This analysis 

was carried out as the first level of analysis of all resulting quantitative data 

using data from the field survey and the field and laboratory tests. The 

inferential analysis was performed as a second level of analysis of quantitative 

data and aimed at testing models or model parameters on a pre-selected 

significance level. This form of analysis was carried out using data from the 

biosecurity household survey to construct community biosecurity indices and 

using data from the social capital household survey to construct social capital 

indices and other forms of capital. Inferential analysis was also carried out to 

test relationships between one dependent variable or index with other 

independent variables or indices using linear regression. 

 

In all cases, descriptive analysis of data was carried out for each particular 

variable. The variable was generated from a particular answer given to the 

questions in the questionnaire or from a particular result of measurement or 

test. For each variable, this descriptive analysis was performed simply with 

using spreadsheet application software to identify the means, standard error, 

median, mode, standard deviation, sample variance, kurtosis, skewness, range, 

minimum, maximum, sum, count, and 95% confidence level.  

 

All quantitative analyses were performed using sub-village as unit of analysis, 

except when the analyses were performed on data resulting from site 

measurement. The means of the resulting descriptive statistics were then used 

for further analysis, including the analysis for the construction of community 

biosecurity indices. The community biosecurity indices were constructed as 

consisting of aspects of risk assessment, management, and communication, to 

reflect the FAO’s (2007) definition. In this index construction, each of these risks 

associated characteristics of biosecurity was identified through qualitative 

analysis of transcripts of the scoping interview, thereby emerging from the 
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community itself. Each emergent theme was then put into one or more 

questions in the interview questionnaire for the citrus biosecurity survey. 

Responses given by respondents to questions of all themes were summed after 

first standardizing them by rescoring the values so that each question had a 

maximum range of one. This index served as a dependent variable in the 

second level analysis. In the next step, indices were also constructed in a 

similar manner from data regarding social capital, human capital, and physical 

capital endowment, citrus grove characteristics, and household characteristics 

in the community.  

 

At the first level of inferential analysis, factor analysis was performed to 

determine the degree to which all component of CBI (Community Biosecurity 

Index) could be put together in forming a single index and to determine which 

dimensions of social capital were most relevant to be included in the composite 

index of social capital (SCI). Various approaches have been in use for 

combining variables to construct a composite index, but the most common 

technique was the use of multivariate statistical analysis techniques such as 

principal component analysis (PCA) and exploratory factor analysis (EFA). 

These two multivariate statistical analysis techniques are similar with respect to 

their ability to extract a smaller number of uncorrelated subsets called factors 

out of a large number of likely correlated variables (DeCoster, 1998; Widaman, 

1993). However, PCA was used merely to find optimal ways of combining 

variables into a small number of subsets (L. I. Smith, 2002), while EFA could 

also be used, in addition to extracting factors, to identify the structure 

underlying such variables and to estimate scores to measure latent factors 

themselves (Garson, 2011; Tucker & MacCallum, 1997). The main 

applications of these techniques can be found in the analysis of multiple 

indicators, measurement and validation of complex constructs, index and 

scale construction, and data reduction. These approaches are particularly 

useful in situations where the dimensionality and structural composition of 

the data are not appropriately known. For these reasons, EFA, instead of 

PCA, was used in this research. 
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At the second level of inferential analysis, a multiple regression was performed 

on CBI as a dependent variable with variables derived from the community-wide 

survey as dependent variables. Regression analysis is a quantitative analysis 

technique for examining the relationship between an independent variable with 

one or more dependent variables for the purpose of prediction (Chatterjee & 

Hadi, 2006; Kleinbaum, Kupper, & Muller, 2008). It differs from correlation 

analysis that only examines the relationship (J. Cohen, 2003). In this section, 

indices and factors of social capital were regressed against the single-factor 

and composite indices of community biosecurity. Because of its ability to 

account for a large portion of variance, the single-factor index of risk 

assessment was first examined as the dependent variables before examining 

use of the composite index. As independent variables, the single-factor index, 

the composite index, and the less variance explaining factors were used as 

regressors, either to the single factor index or to the composite index of 

community biosecurity. Before running each analysis, data were first plotted to 

examine the presence of outliers that, whenever necessary, would be excluded 

from the dataset in use in the analysis. This linear regression analysis was 

performed for the following purposes: 

1) Determining the nature of HLB distribution within the research site as a 

function of elevations and citrus tree ages: 

HLBi =  + Ei + Yi + Ri +i [3.1] 

where: 

HLBi = HLB incidence at the i-th measurement site, measured as 

percentage of trees showing symptoms; 

Ei = elevation of the i-th measurement; 

Yi = age in years of citrus trees at the i-th measurement; 

Ri = number of pests and diseases mentioned by respondent from the sub-

villages into which the site for i-th measurement belonged to. 

i = error terms; 

, , , and  = estimated regression parameters. 

2) Determining citrus grove characteristics as a function of HLB incidences 

measured: 
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Zi =  + HLBi + i [3.2] 

where: 

Zi = composite index of selected citrus grove characteristics as summed 

values of all variables of which each was standardized to give a 

maximum value of one; 

HLBi = HLB incidence at the i-th measurement. 

i = error terms; 

and = estimated regression parameters. 

3) Explaining factor contributing to the current community biosecurity measure: 

CBIi= + SCi + HCi + PCi + Xi + Zi + i [3.3] 

where: 

CBIi = biosecurity index of i-th community; 

SCi = social capital of i-th community; 

HCi = human capital of the i-th community; 

PCi = physical capital of the i-th community; 

Xi = a vector of citrus grove characteristics of i-th community; 

Zi = a vector of household characteristics of the i-th community; 

i = error terms; 

, , , , , and  = estimated regression parameters. 

In this analysis, all dependent variables were assumed linearly related with 

CBI within which social capital operate not as a single entity but as being 

shaped by other capitals, characteristic of households within the community, 

and the characteristics of the community itself. 

 

 

3.5.2.3. Mixed Method Analysis and Validation of Data Analysis 

Onwuegbuzie & Teddlie (2003) view mixed method analysis as appropriate for 

enhancing representation and providing legitimation. In this context, 

representation is used to refer to the ability to extract adequate information from 

the underlying data, whereas legitimation to refer to the validity of data 

interpretation by way of analysis. For the first purpose, mixed method analysis 

was performed as a third level meta-analysis in order to gain better 

understanding of results of one strand of analysis by following up with the other 
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strand of analysis. For the second purpose, mixed methods were used to allow 

findings resulting from one strand to be later assessed using the other strand of 

analysis. 

 

According to Greene, Caracelli, & Graham (1989), mixed methods could be 

used to fulfil the five purposes of mixed method evaluation design, i.e. 

triangulation, complementary, development, initiation, and expansion. In this 

research, mixed method analysis was performed to meet all of these purposes, 

but particularly evident for the purpose of complimentary and development. 

Within these purposes, analysis mixing was achieved, following Bazeley’s 

(2003) approach, through both performing sequential qualitative and 

quantitative analysis and incorporating quantitative data into qualitative 

analysis. For a complementary purpose, analysis of the field measurement data 

was used to provide further evidence of the presence of HLB by providing 

further elaboration of the results of thematic analysis of the scoping interview 

data. For the development purpose, results from thematic analysis of scoping 

interview were used to inform developing questions in the citrus biosecurity and 

community-wide surveys. Results of thematic and regression analysis were 

used to inform participant selection and topic identification for community 

awareness focus group interviews. Mixed method analysis for triangulation, 

initiation, and expansion purposes was not an obvious use for the above 

purposes, but was also involved for some degree. The complementary purpose 

was also achieved through incorporation of demographic data and other 

quantitative data as attributes of cases in thematic analysis. 

 

Agreement between results was found comparing one analysis strand with 

those found using the other analysis strand could be viewed as a measure of 

validity in each analysis strand. In this research, agreement between results of 

thematic analysis with results of analysis of field measurement data provided a 

measure of validity of both analysis techniques. This was also applicable in 

comparing results of thematic analysis of the scoping interview data with those 

of regression analysis of citrus biosecurity and community wide survey data. 
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3.5.3. Summary 

Data analysis was performed at three levels. The first level of analysis for 

qualitative data included transcribing interview records and coding interview 

transcripts and for quantitative data included calculation of descriptive statistics 

and subjecting data to factor analysis. The second level of analysis for 

qualitative data included identification of themes by grouping concepts with 

particular shared attributes. These concepts were grouped from categories 

identified at the first level of analysis. The second level analysis for quantitative 

data was performed using regression analysis involving various dependent and 

independent variables to data collected in the field measurement and both the 

citrus biosecurity and community-wide surveys. The third level of data analysis 

was performed through both performing sequential qualitative and quantitative 

analysis and incorporating quantitative data into qualitative analysis. This 

analysis was aimed at gaining better understanding of results of one strand of 

analysis by comparing with the other strand of analysis. 

 

3.6. Chapter Summary and Addressing Validity Issues 

This chapter describes in detail the methodologies used in this research. It is an 

elaboration of the methodology overview already presented as a section in the 

literature review chapter. In making the elaboration, this chapter is organized in 

four sections: research setting, research and sampling designs, research 

procedures and instruments, and data analysis. The research setting section 

provides the background of research issue and the formulation of research 

questions. In implementing the research design to the field, the research 

questions were transformed into research and sampling designs. This research 

was designed according to the transformative sequential mixed model design. 

The sampling design for selecting sample village and sub-villages was a 

multistage purposive sampling. This sampling design was later combined with 

the typical case purposive sampling technique for qualitative data collection and 

the multistage cluster sampling technique for quantitative data collection. Data 

collection consisted of collecting qualitative, quantitative, and mixed qualitative 

and quantitative data. Qualitative data were collected using in-depth interviews, 
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quantitative data using household and field surveys, and mixed qualitative and 

quantitative data through household and field surveys incorporating open-ended 

questions in the questionnaire. Finally, qualitative data were coded and 

subjected to thematic analysis, and quantitative data were tabulated and subject 

to descriptive and inferential statistical analysis. 

 

The above data collection and analysis procedures were subject to various 

validity threats. With regard to validity issues in data collection, efforts had been 

made to minimize such threats first through careful selection of data collection 

methods and later, within the scope of each data collection method, through 

performing the necessary measures needed to maintain validity. For example, 

survey questionnaires were double checked, first by the field supervisor and 

then by examining each questionnaire together with the students helping to 

carry out the survey once the questionnaires had been arrived from the field. 

This double check would guarantee respondents’ responses had been recorded 

appropriately and allow for the interview to be repeated in case that some 

questions were missed. Within the process of data analysis, validity issues 

related to use of a particular method were addressed though comparison of 

results found using one analysis strand with those found using the other 

analysis strand. Regardless of efforts that had been made to address validity 

threats, there were errors beyond the researcher’s control that remained as part 

of the limitation of this research. 

 

 

3.7. Presenting Chapters on Results and Discussion 

Research setting, design, and procedures discussed in this chapter serve two 

purposes. First, to put theories discussed in the literature review into a coherent 

methodology. Second, to shape the organization in presenting and interpreting 

the results as to be presented in the next results and discussion chapter. 

Chapter IV presents and discuses results pertaining to exploring biosecurity 

issues. It covers results of thematic analysis of data resulting from the first data 

collection session on biosecurity issue interviews. Chapter V presents and 

discusses results pertaining crosschecking biosecurity issues. It covers results 
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of descriptive analysis of data resulting from the household biosecurity survey 

and the field survey and field and laboratory analysis. Chapter VI presents and 

discuss results pertaining grafted seedling production and marketing and 

community engagement. It covers results of thematic analysis of data resulting 

from interviews with nursery owners and managers and data from focus group 

interviews with community groups. Chapter VII presents and discusses results 

pertaining to explaining biosecurity issues. It covers results of exploratory factor 

analysis and linear regression analysis of selected data from the biosecurity 

household survey and data from the social capital household survey. Chapter 

VIII presents the general discussion pertaining to the third level of analysis and 

the synthesis of results already presented in Chapter IV, Chapter V, and 

Chapter VI. Finally, Chapter IX presents the key findings, the conclusions, and 

the implications.  
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IV. EXPLORING BIOSECURITY ISSUES: 

Qualitative studies of mandarin decline 

 

 

4.1. Introduction 

As mentioned in site selection section of the methodology, biosecurity issues of 

citrus cultivation in the highlands of West Timor arose from the fact that, the 

mandarin population and production had declined despite efforts that had been 

made for years to expand and intensify its cultivation. According to the local 

governments, this was because of diplodia rot that remained unchecked and 

continued to take its toll on young trees. Research revealed that as well as 

diplodia rot, there was a complex of diplodia rot and phytophthora gummosis 

and root rot (Suek et al., 1998). Later research by Murdolelono et al. (2000) and 

Murdolelono et al. (2003) revealed that HLB and other graft-transmitted 

diseases were also found, with their respective vectors. 

 

Despite these findings, the local governments have not changed their policy, as 

described by Muga (2003), of acknowledging only diplodia rot as the official 

disease of citrus and continued distributing grafted seedlings in an effort to 

expand and intensify mandarin cultivation, as outlined by Nope (2003a). The 

local governments claim that all necessary measures have been taken to 

prevent HLB and other graft-transmitted diseases from being introduced to the 

region. Contrary to local government aspirations, mandarin groves are no 

longer extensive and mandarin fruits are becoming more difficult to find in the 

local markets. Imported mandarin fruits have dominated local markets for years.  

 

This chapter presents results from the interviews about biosecurity issues 

carried out as part of the first stage of research. It was intended to provide 

answers to these research questions: 

1) What is the status of citrus biosecurity and the extent of local government 

policy to promote intensified and expanded planting? 

2) How do local communities actually understand such biosecurity status, and 

government policy and their implications? 
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The methodology of this research was sequential so the findings presented in 

this chapter were not final; rather they were intended to identify issues and 

processes for the next stage of the research. The next stage is expected to 

function as a means for checking for rigour or trustworthiness of methods used 

in this first stage, in addition to providing new findings (Dellinger & Leech, 2007; 

Maxwell, 1992; Seale & Silverman, 1997).  

 

The results presented in this chapter consist of five sections. Section 4.1 

provides introduction, section 4.2 outlines attributes of the interview participants 

and general features of the resulting transcripts, section 4.3 reviews the 

emerging categories, concepts, and themes, section 4.4 presents the 

discussion and synthesis of findings, and section 4.5 provides the summary of 

the chapter.  

 

 

4.2. The Interviews 

4.2.1. Interview Participants 

The biosecurity issue interviews were intended to identify wide-spectrum views 

about current biosecurity issues from both community members and 

government officers who were involved with citrus cultivation and development 

programmes. The interviews were not intended to describe the whole range of 

issues, but instead to focus on issues raised in the research questions. In 

addition, the interviews were also intended as a mean of finalising the selection 

of sample villages, by considering the history and extent of mandarin cultivation 

in each village, and further negotiating a long-term entry to the selected villages. 

As such, selection of interview participants was not based on considerations of 

representation but on obtaining diverse views regarding biosecurity issues, from 

community and government perspectives, and gaining acceptance from both 

the community and the local governments. 

 

Considering the social structure of the community and the formal structure of 

the local governments, the interviews were carried out with the following 

interview participants: 
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1) Government officers, to obtain information regarding government policy 

regarding various programmes intended to extend and intensify citrus 

cultivation in the region and to gain some preliminary understanding of 

the reasons for the government not acknowledging the presence of HLB 

and other graft transmissible diseases. In addition, these interviews 

intended to negotiate acceptance of the research by local governments 

and for obtaining permits to proceed with interviews at the community 

level. Interviews were carried out with government officers at the district 

level in both TTS and TTU districts. 

2) Village and community leaders, to obtain information regarding citrus 

biosecurity status at the village level and awareness within these villages 

and community leaders of citrus biosecurity issues most significant to 

them. Interviews were carried out with village heads/secretaries and with 

informal leaders. 

3) Citrus growers, to understand their perceptions of and responses to 

government programmes for extended and intensified planting of citrus 

as well as to know how aware they were of the situation. For these 

purposes, interviews were carried out with both those who still own 

productive trees and with those who no longer owned them but had in 

the past. 

The number of the interviewees for each of the above category is given in Table 

4.1. 

 

As mentioned in the methodology chapter, citrus cultivation in West Timor exists 

mainly in the highlands of the northern mountain range and the southern 

mountain ranges. The northern mountain ranges are currently administratively 

part of TTS and TTU district whereas the southern mountain ranges are 

exclusively part of TTS district (see Figure 3.2 and 3.3 in Chapter III 

Methodology). Interview participants outlined above were selected over the 

whole research site from both the northern and the southern mountain ranges.  

 

Approaches to all interview participants were first carried out informally in a two 

week visit to the district capitals and villages. No formal interviews were carried 
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out during this introductory visit but only informal conversations with village 

heads, other village officers and informal leaders for the purpose of what 

Silverman (1998) called ‘negotiating entry and developing trust’ and to get 

acquaintances with the village situation and citrus cultivation. During this visit, 

appointments were also made for further visits for interviews in each 

government office and village and the approximate schedule was discussed. All 

interview participants agreed on a voluntary basis, and none of those 

approached for interviews refused to participate. One senior government officer, 

despite his willingness to participate, was not available during the period of 

interview and sent his senior staff for the interview. 

 

 

4.2.2. Attributes of Interview Participants 

To provide an overview of those who participated in the interviews, attributes of 

each interview participants are presented in Table 4.1. To preserve anonymity, 

names presented in the table are not real. The names are given only for 

reference in further description and discussion. The brief description of the 

characteristics and views of each of the interview participants follows. 

 

Wita was Head of TTS District Agriculture and Food Security Services (TTS 

AFSS), while Sai was Head of TTU District Food and Estate Crop Services 

(TTU FECS). As the head of TTS AFSS, Wita defended the government policy. 

On the other hand, Sai, a native of TTU District, was open-minded, able to 

explain the position of the government and at the same time his own view. 

Frans, regardless of his current position as head of TTS AFSS division, was 

very critical when providing his opinion regarding mandarin development 

programmes, arguing that all government projects on citrus “need redesigning 

to allow people to plant other crops for their food”. Melki was also very critical, 

but at the same time, tried as much as he could to defend some aspects of 

government policy. On the other hand, Doni and Silva were both talkative. 

However, they were typical of most government officers interviewed, talking 

more about what they were required to do without providing much of their own 
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opinion. Similarly, Ana, a quiet lady, talked more about the difficulties she faced 

generally as an extension officer than about citrus. 

 

Table 4.1. Attributes of interview participants for the biosecurity issues scoping 
interviews 

Office/ 
Location 

Category 
1)

 
Name

2)
 Age 

(Years) 
Sex Education

3)
 Marital 
Status 

Occupation 

TTS AFSS 1 Wita 52 Male S2 Married Civil Servant and nursery owner 

TTS AFSS 1 Frans 48 Male S1 Married Civil servant and citrus grower 

TTS AFSS 1 Melki 46 Male S1 Single Civil Servant, nursery owner, and 
citrus grower 

TTS AFSS 1 Ana 43 Female S1 Married Civil servant (extension officer) 

TTU FECS 1 Sai 56 Male S1 Married Civil Servant 

TTU FECS 1 Doni 43 Male S1 Married Civil servant 

TTU FECS 1 Silva 50 Male S1 Married Civil Servant 

TTS NMR 2 Nadus 44 Male S1 Married Village head 

TTS NMR 2 Ako 49 Male SMA Married Village head and citrus grower 

TTS NMR 2 Gustaf 50 Male SMA Married Village head and citrus grower 

TTS NMR 2 Anis 46 Male SMA Married Village secretary and citrus grower 

TTS NMR 2 Fritz 44 Male SMA Married Village secretary 

TTS NMR 2 Tinus 57 Male SD Married Community leader, nursery owner, 
and citrus grower 

TTS NMR 3 Agus 51 Male SMP Married Community leader and citrus grower 
(farmer group leader) 

TTS NMR 3 Rika 45 Female SD Married Citrus grower (farmer group leader) 

TTS NMR 3 Ande 47 Male SD Married Citrus grower 

TTS NMR 3 Yosi 43 Female SD Married Citrus grower 

TTS SMR 2 Oscar 47  SMA Married Village head and citrus grower 

TTS SMR 2 Stef 55 Male SMA Married Village Head 

TTS SMR 2 Ferdi 60 Male SMP Married Community leader and citrus grower 

TTS SMR 3 Etin 48 Female SD Married Citrus grower 

TTU NMR 2 Don 41 Male SMA Married Village head 

TTU NMR 2 Hen 51 Male SMA Married Village head 

TTU NMR 2 Obi 55 Male SMA Married Village secretary 

TTU NMR 2 Oni 52 Male S1 Married Community leader and teacher 

Note: 
1) 1=government officers, 2=village and community leaders, and 3=citrus growers  
2) Not real names 
3) SD=six-year elementary school, SMP=three-year junior high school, SMA=three-year senior 

high school, S1=four-year undergraduate, S2=two-year master 
Source: Interview transcripts 

 

 

Among the village heads and secretaries, Ako, Anis, Hen, Nadus, and Obi were 

all talkative and critical, both speaking as representatives of the government 

and also defending the voice of their people. They all agreed with the 

government that the Keprok Soe mandarin should be promoted but disagreed 

with the grafted seedling distribution programmes. They were not aware that 

mandarin decline was caused by HLB but should HLB have been the cause, 

they disagreed with the lack of recognition of HLB by the local governments. 

They considered that so far most government efforts to promote the local 



127 

 

mandarin had failed and proposed a more bottom-up approach. Gustaf, being in 

the past the host for a government project on mandarin intensified planting and 

currently for another government project on mandarin, seemed very careful in 

every respect, although sometimes his comments were self-contradictory. For 

example, he considered the grafted seedling distribution programme was the 

cause of mandarin decline, but he later mentioned that the programme was 

helpful for people in the villages. Don, Fritz, Oscar, and Stef, on the other hand, 

were almost always provided only short answers and were reluctant to provide 

elaboration. 

 

Community leaders were all critical when asked about government policy and 

considered it indicative of ignorance of the situation in the field. Tinus, an 

outspoken man, had participated in mandarin cultivation and in grafted seedling 

production for more than 20 years. To him, “the government has just wasting 

money in trying to bring mandarin back to thrive in this region” unless 

“supervision and certification of grafted seedlings is strict”. Agus was previously 

a member of a government-sponsored farmer group, but because he refused to 

plant grafted seedlings, he no longer received government funding. To Agus, 

“recommending people plant grafted seedlings as a monocrop is the greatest 

mistake made by the local government”. Ferdi and Oni, although critical, both 

were careful in responding to questions regarding government policy. To Ferdi, 

“the government policy to ban seedling import is on the right track”, but Oni 

added, “the government also needs to enforce supervision of local grafted 

seedling production and distribution”. These community leaders all agreed that 

the government needed to inform growers regarding the occurrence of HLB. 

 

Ande and Rika were members of different farmer groups receiving rolling funds 

for a group-based citrus cultivation programme. Both of them lived in the target 

villages of a major government project on mandarin intensification, but Rika was 

a leader of a farmer group currently receiving rolling fund for the group-based 

citrus cultivation programme, while Ande was a member of farmer group not 

receiving the funding. Etin and Yosi were both individual citrus growers living in 

villages outside the site of the major government project on mandarin. Despite 
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having received grafted seedlings from the local government, both considered 

the grafted seedling distribution programme useless and instead proposed the 

government focus on controlling the disease. 

 

 

4.2.3. Interview and Transcript Features 

The summary features of the interviews and their resulting transcripts are given 

in Table 4.2 and further additional features follow.  

 

Table 4.2. Summary features of the biosecurity issues scoping interviews and 
transcripts 

Name
1)

 Contact Span for 
Interview 

Place of 
Interview 

Date of 
Interview 

Interview 
Hours 

Language of 
Interview 

# Words 
in 
transcript 
2)

 

Transcript 
rechecking 

Wita Sep.-Nov. 2008 House 5 Oct. 2008 1.01 Bahasa Indonesia 5987 No 

Frans Sep.-Nov. 2008 House and 
orchard 

10 Oct. 2008 1.35 Bahasa Indonesia 6425 Yes 

Melki Sep.-Nov. 2008 House 10 Oct. 2008 1.25 Bahasa Indonesia 6280 Yes 

Ana Sep.-Nov. 2008 House 28 Oct. 2008 0.69 Bahasa Indonesia 3630 No 

Sai Oct. 2008 Office 30 Oct. 2008 1.18 Bahasa Indonesia 5834 No 

Doni Oct. 2008 Office 30 Oct. 2008 1.09 Bahasa Indonesia 4973 No 

Silva Oct.-Nov. 2008 House 31 Oct. 2011 0.94 Bahasa Indonesia 4523 Yes 

Nadus Sep.-Nov. 2008 House and 
orchard 

25 Oct. 2008 0.71 Bahasa Indonesia 4360 Yes 

Ako Sep.-Nov. 2008 Office 24 Oct. 2008 0.72 Bahasa Indonesia 4246 Yes 

Gustaf Sep.-Nov. 2008 House 21 Oct. 2008 0.77 Bahasa Indonesia 5589 Yes 

Anis Sep.-Nov. 2008 Orchard 26 Oct. 2008 0.56 Bahasa Indonesia 4382 Yes 

Fritz Sep.-Nov. 2008 House 20 Oct, 2008 0.84 Bahasa Indonesia 5671 Yes 

Oscar Oct. 2008 House 28 Oct. 2008 0.55 Bahasa Indonesia 3747 Yes 

Stef Oct. 2008 Office 14 Oct. 2008 0.80 Bahasa Indonesia 2459 No 

Don Sep.-Nov. 2008 House 18 Oct. 2008 0.90 Bahasa Indonesia 1762 Yes 

Hen Sep.-Nov. 2008 House 19 Oct. 2008 0.63 Bahasa Indonesia 3877 Yes 

Obi Sep.-Nov. 2008 House and 
groove 

17 Oct. 2008 0.94 Bahasa with 
responses 
sometimes in 
Meto 

6637 Yes 

Tinus Sep.-Nov. 2008 Office 26 Oct. 2008 0.82 Bahasa with 
responses 
sometimes in 
Meto 

4883 Yes 

Ferdi Oct. 2008 House and 
groove 

15 Oct. 2008 0.54 Bahasa with 
responses 
sometimes in 
Meto 

1954 No 

Agus Sep.-Nov. 2008 Groove 25 Oct. 2008 0.94 Bahasa Indonesia 4123 Yes 

Oni Sep.-Nov. 2008 House and 
groove 

19 Oct. 2008 0.83 Bahasa Indonesia 2213 Yes 

Rika Sep.-Nov. 2008 House and 
groove 

27 Oct. 2008 0.57 Bahasa Indonesia 4079 Yes 

Ande Sep.-Nov. 2008 House and 
groove 

25 Oct. 2008 0.58 Bahasa with 
responses 
sometimes in 
Meto 

2178 Yes 
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Name
1)

 Contact Span for 
Interview 

Place of 
Interview 

Date of 
Interview 

Interview 
Hours 

Language of 
Interview 

# Words 
in 
transcript 
2)

 

Transcript 
rechecking 

Etin Oct. 2008 House 14 Oct. 2008 1.08 Bahasa with 
responses 
sometimes in 
Meto 

2153 No 

Yosi Sep.-Nov. 2008 House 24 Oct. 2008 0.66 Bahasa Indonesia 1941 Yes 

Notes: 
1) Not real names 
2) Number of words in the original transcripts 
Source: Interview transcripts 

 

 

Table 4.2 shows that the in-depth interviews were carried out either at the 

house or both at the house and the grove of the participants. The interviews 

were carried out in Indonesian language (Bahasa Indonesia), but some 

participants responded also with their language, i.e. the Meto language. Each 

interviews lasted for an average of 0.84 hour (0.54-1.35 hours) and the 

transcripts consisted of an average of 4156 words (1,762-6,637 words). Most of 

the resulting transcripts were brought back to the respective participants for 

rechecking, but some were not rechecked due to difficult access to the village 

as a result of the rainy season. 

 

 

4.3. Emerging Categories, Concepts, and Themes 

4.3.1. Emerging Categories 

A large number of categories were identified from the transcripts (Appendix 

4.1). This is because, first, the interviews were carried out informally and 

without any restriction on scope of the responses that could be provided by 

interview participants. Second, categories were identified simply by slicing the 

transcript into meaningful units, without reference to any theory. To find 

meaningful contexts, these categories were then subject to further organization 

by means of collapsing them into tree nodes and further, whenever necessary, 

into sets to find out concepts and themes. Organization was carried out by 

collapsing emerging categories in a hierarchical order, on the basis of certain 

criteria, to find out more meaningful concepts and themes as already discussed 

in detail in the data analysis section of the methodology chapter. The result of 
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collapsing the emerging categories into concepts and themes is presented in 

Appendix 4.2. The term category refers to the smallest slice of a transcript that 

has a meaning relevant to the research question, concept refers to an 

abstraction resulting from grouping related categories found across some 

transcripts, and theme refers to a higher abstraction consisting of related 

concepts common across transcripts. Each emerging concept and theme is 

discussed in detail in the following section. 

 

4.3.2. Emerging Concepts and Themes 

4.3.2.1. Origin and Cultivation of Citrus in West Timor 

Interview participants disagreed regarding the origin, the dominant species, and 

the means of propagation of citrus in West Timor (Table 4.3).  

 

Table 4.3. Sample responses to questions regarding origin, cultivation, and use 
of seeds and grafted seedlings in cultivation of citrus in West Timor 

Concepts Sample Responses 

Citrus origins 
and role of sonaf 
Tobu in history 

Mandarin fruits were presented to the ‘usif’ 
[local king] by the Chinese when they came 
to Timor for sandalwood trade. After eating 
the fruits, the usif collected the seeds and 
later asked his ‘temukungs’ [local rulers] to 
plant those seeds around their houses. 
(Wita) 

The mandarin is native of West Timor 
because it was in the past abundant in the 
forest … and we didn’t know its fruits could 
be eaten until … the Chinese who came 
here to buy sandalwood heard about it … 
and asked people to bring the fruits for 
them. (Agus) 

The first tree was planted in the sonaf 

[palace] here [Tobu]. The tree had just died 
two or three years ago. Before that … when 
the trunk died off, new shoots grew from its 
roots … just like that … but now no longer 
(Gustaf) 

The Dutch brought mandarin fruits to 
Kupang ... when my grandfather went 
there, he brought mandarin fruits and 
planted the seeds around his ume kbubu 
[literally round house, the kitchen of Meto 
people] (Tinus) 

Role of 
generative 
propagation in 
history 

Mandarin trees planted from seeds 
produced fruits with different sizes and 
tastes ... from which seeds were taken and 
planted ... produced lopsided, sour, thin 
skinned fruits. At the beginning, the change 
was slight but became more obvious later 
(Wita). 

Here we used to plant oranges. Then in 
around 1960s we planted mandarins direct 
from seeds, just like planting the oranges. 
We called the mandarins lemon cina 
[literally chinese mandarins] ... and the 
fruits were large and tasted sweet (Ferdi)  

Planting from 
grafted 
seedlings in 
history 

We started planting grafted seedlings in 
1980s … but I am not quite sure … better 
ask one of our group leader here … an old 
man who first did the grafting here (Anis) 

... grafting was first introduced by the 
district agricultural service in late 1970s or 
early 1980s. The first time I did grafting was 
a complete failure but I keep trying (Tinus) 

Source: English translation of interview transcripts 

 

 

In the past, oranges were more dominant than mandarins, especially in the 

southern mountain ranges. These two citrus species were common in the past 

as could be inferred from Ormeling (1955) that: 
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As early as 1699 Dampier reports djeruks [citrus] in the garden of the 
Dutch port in Kupang. Van Hogendorp (1779) states that oranges thrived 
luxuriously on Timor. Van den Dungen Gronovius (1849) writes that 
djeruk harvests were so copious that pigs were fed with them for want of 
buyers (p. 109). 

No one knew why the oranges then disappearing from the region, but 

government efforts helped the mandarins later gain dominance all over the 

region. The mandarins were favoured, according to Wita, Head of TTS AFSS, 

because: 

… different from mandarins from other islands. The fruits had unique size 
and taste. Besides, it had been cultivated for generation and so we then 
proposed to the central government to recognize the mandarin as a 
national prime cultivar … and had been accepted and released as 
Keprok Soe mandarin. 

No one argued that fruit size and taste of the local mandarin were unique. 

However, regarding its origin, interview participants gave a range of views. In 

this case, the official version now held was that the mandarin was brought by 

the Chinese as a present to usif (local king) for allowing them to buy 

sandalwood and beeswax. The usif was then asked his temukungs (local ruler) 

to plant the seeds around their houses and one of these temukungs was that of 

Tobu (now the village of Tobu). However, not everyone agreed with this official 

account of the origin of the mandarin. According to Agus, the mandarin were a 

native plant growing wild in the forest and local people started to plant them 

around their houses only after the Chinese asked for their fruits. Another 

version, as told by Tinus, was that the mandarins were brought by the Dutch 

during the colonial time. To Ormeling (1955), however, it was the Portuguese 

who brought the mandarins and the Chinese who brought the oranges to West 

Timor: 

The Timorese uplands offer excellent growing conditions for certain citrus 
species, such as varieties of Citrus reticulata (mandarins) and Citrus 
sinensis (oranges). The former known as djeruk keprok were presumably 
introduced by the Portuguese; the later [sic], djeruk manis, by the 
Chinese (p. 109, italic as in the original text) 

No further explanation was given for the conclusion by Ormeling (1955) that the 

mandarins were introduced by the Portuguese and the oranges by the Chinese. 

However, considering China is the geographical origin of the mandarins and the 

Chinese arrived much earlier than the Portuguese for sandalwood and beeswax 
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trade, it would be more likely that it was the Chinese who introduced the 

mandarins into the region and not the Portuguese. 

 

The mandarin became the focus of local government programme through the 

introduction of grafting technique starting in the late 1970s or early 1980s. 

According to Wita, Head of TTS AFSS, the introduction of grafting was intended 

as a means of enabling “the production of mandarin fruits of reliable quality with 

regard to size and taste”. However, not all interview participants agreed, as for 

example Ferdi, argued that the mandarins had been planted since 1960s 

directly from seeds and their fruits had not changed much. Grafting was 

introduced using rough lemon (Citrus jambhiri, locally known as RL) as the 

rootstock. Planting grafted seedlings has some advantages and disadvantages, 

as does planting seeds. These will be explored in more detail later in the section 

on factors influencing citrus cultivation (section 4.3.2.3). 

 

 

4.3.2.2. Choice of Cropping System and Cultivation Practices 

Responses to questions regarding choice of species and varieties, cropping 

system, and cultivation practices are presented in Table 4.4. With regard to 

mandarin planting, trees planted from seeds took a longer time to set fruits, but 

the size of the trees was bigger so they produced more fruits per tree. Trees 

planted from seeds also lived longer, “could be up to 40 years and still 

productive” according to Anis, a village secretary from TTS District. That was 

the reason for people, despite years of effort from the government to replace 

with planting grafted seedlings, to keep planting seeds instead. In addition, as 

told by Hen, a village head from TTU District, people considered fruits from 

trees planted from seeds sweeter and juicier than from those trees planted from 

grafted seedlings. 
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Table 4.4. Sample responses to questions regarding choice of species and 
varieties, cropping system, and cultivation practices 

Concepts Sample Responses 

Choice of plants, 
planting site, and 
cropping system 

Oranges were more abundant than 
mandarins in the past but the price for 
oranges was not ... as good as that for 
mandarin fruits. That was why the 
mandarins were more preferred, became 
more abundant compared to oranges 
(Tinus) 

Trees planted from grafted seeds started 
bearing fruits at 3-4 year old, their height 
only 1.5 m, but their fruits are not so sweet. 
Trees planted form seeds started bearing 
fruits at 8-10 year old, their height 3-3,5 m, 
and their fruits are sweeter and juicier 
(Hen) 

No mandarin was planted in the kebun
1)

. 
We are afraid of fires that will burn them. 
Besides, when bearing fruits, people will 
steal them (Rika). 
 

Some people plant mandarins in the kebun, 
but most plant them around their houses … 
as a pekarangan

2)
 crop. (Ako) 

Here mandarins are planted together with 
other crops, papaya, guava, mango, 
avocado

3)
. But the government wants us ... 

that mandarin groves should be consisted 
only of mandarins (Anis) 

Maize, cassava, sweet potato
4)

 ... we plant 
them all together with mandarins. We call 
this mixed cropping ... when rain comes 
everything is there, together with 
mandarins (Frits) 

Crop 
maintenance 
practices 

We dig the soil to turn it over before 
planting [annual crops with mandarins]. Of 
course we cut off mandarin roots, but it 
does not matter … [laugh] … it happens all 
the time. (Rika) 

According to officers from agricultural 
services, it was not because the root was 
cut off but of lack of humus ... so we made 
a breakthrough by building terraces 
(Nadus) 

We want to water them but water is scarce 
here … who will help us to get water from 
the spring far away down from here. We 
don’t have even enough water for cooking 
and taking a bath (Anis) 

We water them [just planted mandarin 
seedlings] twice a day, morning and 
evening (Nadus) 

We planted them [distributed grafted 
seedling] but whatever happens later let it 
be ... because water is so scarce here 
(Ferdi) 

According to my experience here, if we 
water mandarins twice a day, in the 
morning and in the afternoon, they will die 
even sooner (Frits) 

I am sorry to say that people here don’t use 
chemical fertilizers. We use only manure  
(Yosi) 

Officers from agricultural services came to 
show us how to made compost ... they told 
us the name was bokashi

5)
. (Obi) 

We clean weeds before planting cassava. 
Otherwise we just let them grow under 
mandarin trees (Etin) 

According to officers from agricultural 
services, we have to cut off dried branches 
... but we don’t have time (Ande) 

Government 
programme 

The government ask us to plant mandarins 
but that take time ... until we can sell the 
fruits for buying one kilo of rice. It has to be 
changed ... mandarin planting must be 
integrated with planting annual crops to 
provide food (Frans) 

The government asks people to plant 
grafted seedlings. But trees from those 
grafted seedlings are not considered by 
people here as the original mandarins. The 
original mandarins are those planted from 
seeds (Doni) 

Note: 
1) Kebun here refers to swidden agriculture usually located away from the settlement 
2) Pekarangan refers to home gardens consisting of a mix of annual and perennial crops in 

which the mandarins were part of. 
3) Papaya=Carica papaya, guava=Psidium guajava, mango=Mangifera indica, 

avocado=Persea americana 
4) Maize=Zea mays, cassava=Manihot esculenta, sweet potato=Ipomoea batatas 
5) Bokashi is a Japanese derived name for compost made by adding a preparation containing 

cellulose degrading microorganisms sold as EM4 
Source: English translation of interview transcripts 
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The mandarins had been and are still planted around the house. This is 

because people are afraid that fire could destroy the mandarins if they are 

planted away from the settlement. People in the region and elsewhere in 

Indonesia were still practicing swidden agriculture on common lands for 

cultivating maize and other annual food crops for their subsistence (Fisher, 

Bobanuba, Rawambaku, Hill, & Russell-Smith, 2006; Monk et al., 1997; Tacconi 

& Ruchiat, 2006). Lands and the crops planted in this way were referred to as 

“kebun” and were prepared by slashing and burning bushes and secondary 

forests during the end of the dry season (Ataupah, 2000). In addition to the fire 

that escaped from controlled burning practices, wild fire could set burn 

extensive areas, especially at the peak of the dry season (Mudita, 2000), and 

this was why people were afraid of planting mandarins in the kebun. As a result, 

despite years of government effort to promote planting the mandarins in groves 

outside the settlements, people continued planting them as part of home 

gardens around their houses. Such home gardens, as in other places in 

Indonesia, were called “pekarangan” and traditionally consisted of a mix of 

different annual and perennial crops. In this region, the mandarins were simply 

part of this mixed planting system, as told by Anis and Frits, village secretaries 

from TTS District. According to Abdoellah, Hadikusumah, Takeuchi, Okubo, and 

Parikesit(2006), citrus, including mandarins, was once an important part of 

home gardens in West Java before the crop was destroyed by HLB. 

 

As people still engaged in swidden agriculture for their means of subsistence, 

cultivation practices were mostly traditional. These traditional cultivation 

practices were also employed in cultivating the mandarins. Because soil tilling 

was usually required once the swidden lands had become permanent, these 

were also practiced on lands planted with mandarins. There appeared to be no 

awareness that these practices could wound or even cut mandarin roots, and 

because this occurred during the dry season, the effect would reduce water 

uptake and is detrimental to the survival of mandarin trees. The effect was 

exacerbated because of the lack of irrigation water, according to Rika, a farmer 

group leader from TTS District. Irrigation was sometimes provided, as told by 

Nadus, the head of a target village for mandarin cultivation project in TTS 
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District, but this was only for seedlings planted very close to houses. According 

to Etin and Obi, manure and compost were the only kinds of fertilizer widely 

used. Lack of fertilizer application would cause mandarin trees slowly to recover 

during the coming rainy season. 

 

Before government intervention, people had cultivated mandarins by planting 

directly from seeds. People in the region considered mandarin planted in this 

traditional technique as their “original mandarins planted in their own way”, as 

told by Doni, a senior officer at TTU FECS, and considered planting mandarins 

from grafted seedlings as a single crop with application of chemical fertilizer and 

irrigation provision as being a ‘kase’ (foreign, outsider) way. Adopting something 

that was foreign was already hard for most people. Worse even, in cultivating 

mandarins according to this ‘kase’ way, people had to manage by themselves to 

get food for their family for at least 3-4 years until they could sell mandarin fruits 

to buy foodstuff at the nearby markets. This was, as told by Frans, a senior 

officer at TTS AFSS, because in introducing the modern techniques for 

mandarin cultivation the government had never realized the problem that was 

still faced by most people in the region, that was the struggle for obtaining 

enough food for their family. It would have been helpful for these people if the 

mandarin cultivation programmes were accompanied with food crop 

intercropping, instead of a single crop cultivation or even merely grafted 

seedling distribution. More will be discussed regarding government sponsored 

mandarin development programme in the next section regarding the goal, 

achievements, and characteristics of mandarin development programme 

(Section 4.3.2.4). 

 

 

4.3.2.3. Factors Influencing Citrus Cultivation 

Various categories that emerge regarding citrus cultivation have been collapsed 

into three broad factors: physical, biological, and social environment. 

Responses from interview participants to questions regarding these factors are 

summarized in Table 4.5.  
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Table 4.5. Sample responses to questions regarding factors considered 
influencing mandarin cultivation 

Concept Sample responses 

Influences of 
physical 
environment 

In high altitudes like in Fatumnasi
1)

 
mandarins do not grow well so I don’t 
recommend people to plant mandarins ... 
too cold for mandarins, more suitable for 
apple. I recommend planting mandarins in 
lower altitude, like in Ajaobaki

2)
 (Wita) 

Our forefathers had planted mandarins for 
generation here together with apple ... but I 
agree that here [the climate] is not suitable 
for planting mandarins from grafted 
seedlings. For trees planted from grafted 
seedlings, although we have provide them 
manure, none won’t survive (Yosi)  

A lot of seedlings we just planted die ... 
because of the long El Nino

3)
 drought so 

that soil become too dry and cracked … 
breaking off roots. (Wita) 

In my experience not just drought but water 
logging is also not good for mandarin. In 
flat land this happens all the time during 
heavy rains (Tinus) 

Influences of 
biological 
environment 

After close examination it was because of 
the disease ... what is it again ... diplodia 
rot. It is certainly not because of 
phytophthora root rot ... because it is during 
the dry season ...soil dry up and cracked, 
breaking off roots ...the mandarins die 
because of diplodia rot

4)
 and drought, not 

because of phytophthora
5)

 (Wita) 

I also find rot on its roots ... not just diplodia 
rot on the trunk. But comparing the present 
with the past, in the past mandarins 
survived for decades. It was perhaps 
because mandarin trees were not as many 
as now. Now mandarins are so many that 
disease could easily spread from one tree 
to another. (Tinus) 

I don’t only plant mandarins form grafted 
seedling but also directly from seeds like 
what our forefather did in the past. Just like 
planting apple before, when we planted 
using seedlings there was no disease but 
when we planted grafted seedling provided 
by the government, our apples was all 
wiped out by diseases (Hen) 

CVPD
6)

 will be much suppressed in the 
higher altitudes … yes ... its vector the 
psyllid does not like cold climate. That is 
why we still have many mandarin trees in 
Ajaobaki, in Kapan … but in Tobu all have 
declined because Tobu is located at less 
than eight hundreds above sea level (Melki)  

… died because of ants … many ants crawl 
up the trunk … may be because the flush 
has sweet taste. Then the ants build their 
nest around the base of the trunk so more 
ants crawl up the trunk and leave their 
sticky secretion on the surface of leaves … 
causing leaves to become yellow (Gustaf) 

… look like spider wed on the trunk 
surface. Whenever this [look like] spider 
web found on the trunk surface, the 
mandarin will get diseased and die. I also 
see that whenever the red ants are there 
crawling up the trunk, trees will soon die 
(Frits) 

Influences of 
social 
environment 

Because people here don’t have tradition in 
cultivating perennial crops like mandarins. 
Their tradition is to raise cattle. They simply 
let their cattle roam the grassland and just 
sit waiting for the cattle to come back by 
themselves. They can’t do this to 
mandarins ... they can’t just sit until the 
mandarins bear fruit for them ... let the 
mandarins grow by themselves (Wita) 

Also because our tradition in spending 
most of our time on shifting cultivation ... 
this focus on maize has caused the 
mandarins get less attention ... we should 
pay more attention to the mandarins 
because we get money by selling their 
fruits, but people simply don’t realize this ... 
because they depend on maize for food 
(Obi) 

Note: 
1) Fatumnasi is located at around 1,600 m above sea level 
2) Ajaobaki is located further down east from Fatumnasi at around 1,200 m above sea level 
3) El Niño is characterized by unusually warm ocean temperatures, as opposed to La Niña, 

which characterized by unusually cold ocean temperatures in the Equatorial Pacific. El Niño 
is an oscillation of the ocean-atmosphere system in the tropical Pacific having important 
consequences for weather around the globe such as increased rainfall across the southern 
tier of the US and in Peru and drought in the West Pacific (NOAA, n.d.). 

4) Diplodia rot is a disease caused by the fungus Lasiodiplodia theobromae formerly known as 
Diplodia natalensis(Semangun, 1991) 

5) The fungus causing gummosis and root rot 
6) CVPD (Citrus Vein Phloem Degeneration) is the Indonesian name of HLB 
Source: English translation of interview transcripts 
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Altitude and climate were considered by many interview participants as limiting 

in terms of physical environment, but interestingly soil was mentioned only in 

terms of its relation to drought and water logging, not in terms of nutrients. 

According to Wita, the head of TTS AFSS, mandarins did not grow well in 

Fatumnasi because the elevation was above the limit of that for mandarins. 

However, according to Yosi, mandarins planted directly using seeds had been 

thriving for generations in the village and it was only recently, after the 

government introduced grafted seedlings, the mandarins had started to decline. 

Drought was considered destructive to mandarins, especially to seedlings 

recovering after planting, according to Wita, the head of AFSS. On the other 

hand, another extreme climatic condition that was also considered detrimental 

was water logging caused by heavy rains on flat lands as mentioned by Tinus, 

an experienced citrus grower and community leader from TTS NMR. 

 

The biological factor considered most often was disease. According to the Head 

of TTS AFSS, the most destructive disease to mandarins in West Timor was 

diplodia rot. According to Semangun (1991), two types of diplodia rot are 

recognized in mandarins, the dry and the soft rots. In Texas, the disease is 

called diplodia gummosis and is common only to weak and injured trees 

(Amador, 2011). The head of TTS AFSS refused to acknowledge phytophthora 

gummosis and root rot that have been reported by Suek et al. (2000) earlier and 

later confirmed by Murdolelono et al. (2003) and Murdolelono (2004) and 

referred by Tinus, an experienced grower from TTS NMR, by saying “I also 

found rot on its roots … not just diplodia on the trunk”. To some growers, the 

disease was considered to be caused by ants that crawled up trunks and 

branches to feed on the flushes. Ants are very likely to be involved but only 

when asian citrus psyllid Diaphorina citri and other honey-dew producing 

insects such as aphids are present.  

 

HLB and its presence in the region will be discussed later, but it is worth noting 

that most growers were able to recognize many diseases although not being 

able to give their names. For example, Frits, a village secretary and mandarin 

grower from TTU NMR, mentioned a disease on the mandarin trunk that looked 
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like a spider web. This disease is known only recently on mandarins (Prof. 

Andrew Beattie, 2012, personal communication during HLB master class field 

visit to a field trial in Central Java). This disease is common on other fruit trees 

and according to Semangun (1991) is caused by the fungus Upasia 

salmonicolor previously known as Corticium salmonicolor (accepted name 

Phanerochaete salmonicolor). It was also interesting that, according to Hen, a 

village head from TTU NMR, people continued to plant mandarins using seeds, 

despite government recommendation to plant only grafted seedlings, giving the 

reason that if they did so diseases would have destroyed their mandarins just 

like happened with apple earlier. Apples were also once an important crop in 

the region but, according to Semangun (1991), were severely damaged by a 

leaf spot disease caused by the fungus Marssonina coronaria (accepted name: 

Diplocarpon mali) early in the 1981, presumably after the government 

introducing budwood of a high yielding cultivar from Java. The same disease 

was found earlier in Canada by Permeiee (1971) and recently reported by 

Tamietti & Matta (2003) in Italy to have caused leaf blotch on apple and in India 

described as causing premature leaf fall by Sharma & Sharma (2005). 

 

To Wita, the head of TTS AFSS, factors that influenced the extent of mandarin 

cultivation in the regions were not just climate and disease. He considered the 

local tradition, based on free-roaming cattle husbandry, as competing with the 

labour- and technology-intensive mandarin cultivation. He argued that in 

cultivating mandarins “people could not simply sit down playing bamboo flute 

while waiting for the mandarin to bear fruits” just as he thought people normally 

did after releasing their cattle in the morning to roam the grasslands. That was 

not entirely wrong but, as told by a village head from TTU NMR, people also 

needed to spend time for preparing swidden cultivation as their means of 

subsistence. As already discussed in the previous section, swidden cultivation 

has been for a long time the most important agricultural system practiced in this 

drought-prone region.  
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4.3.2.4. Goal, Achievement, and Characteristics of Citrus 

Development Programmes 

Based on emerging categories from interview transcripts, sample responses to 

questions regarding the goal, achievement and characteristics of citrus 

development programmes are presented in Table 4.6. Based on these 

responses, two types of citrus development programmes could be identified; 

namely grafted seedling distribution and site- and group- based mandarin 

cultivation. In terms of funding, both the first and the second types were eligible 

for funding by the central government but the central government funding 

schemes usually required initiation funds from the local governments as one 

requirement for eligibility. These two types of government sponsored mandarin 

development programmes are presented and discussed here with regard to 

their goals, achievements, and most important characteristics. 

 

Table 4.6. Sample responses to questions regarding goals, achievements, and 
characteristics of government sponsored projects on mandarins 

Concepts Sample responses 

Goals and 
achievement of 
citrus 
development 
programme 

We focus on developing new production 
centres ... now in Pikan and in O’of

1)
 ... 

where previously no mandarin was planted 
there. We are trying to expand the existing 
production centres ... Ajaobaki, Bosen, 
Kapan, Oelbubuk, Tobu ... and now we add 
these two villages (Wita) 

... the mandarins here have been destroyed 
by diseases ... and in some places they are 
almost wiped out. The government wants to 
do replanting ... they call it rehabilitation 
planting or what ... by distributing grafted 
seedling to villages, including to this village 
here (Frits) 

Well, we have to admit that so far we have 
been successful in our efforts to increase 
population. Some trees bear too many 
fruits while others, trees of 7 year old that 
are supposed to have more fruits the 
following year, suddenly stop bearing fruits 
and die. It could be because of lack of 
maintenance, say applying fertilizer, but 
also because of diseases (Sai) 

That’s bluffing ... if we have been so 
successful we may have exported 
mandarin fruits by now ... people may have 
come here not as researchers but as 
tourists. Yes we may have mandarin 
groves as agro-tourism sites. When you 
first come here, do you see a billiard table? 
Do you expect tourists to come here to play 
billiard? (Frans) 

In 2004 we received 1000 grafted 
seedlings. We haven’t yet checked how 
many of them were actually planted and 
from those planted how many survive. 
Some probably have died because of 
drought and many other things but I am 
sure some of them survive (Ana) 

Not successful ... not just less but 
absolutely not successful. We have 
followed all the recommendations but the 
seedlings survive only for one year and all 
will die the following year. That is just like 
what happened to the apple in the past, 
wiped out after the government distributed 
grafted seedlings (Tinus).  

Overall 
characteristics of 
seedling 
distribution 
programme 

We received grafted seedlings in 2004 ... it 
was distributed by the government. There 
was no explanation whatsoever, the 
seedlings just arrived at the village office 
and our village head asked each of us to 
take 10 to 15 polybags. It was government 
programme so we were required simply to 
follow order (Etin) 

We have never asked for but the resident 
extension officer here asked us to pick up 
grafted seedling at the village office. If I 
were asked I would prefer to say no ... 
because those I got last year have not 
been growing well, some have already died 
instead (Ande) 

Well, people here always follow order. That 
is why we accept grafted seedlings. We 

I don’t want the government to send grafted 
seedlings anymore. Enough is enough. It is 
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Concepts Sample responses 

have planted them although we know that 
most will soon die anyway (Frits) 

just for business interest … I know who in 
the government has involved in this 
seedling business (Anis) 

We are required to submit a proposal for 
obtaining grafted seedlings. Otherwise the 
government won’t give us. Last year I 
requested 5000 but got only 2500. I 
distributed to villagers here, each received 
10 to 15, I asked them to plant in their own 
lands (Oscar) 

We had never asked for grafted seedlings 
but the village head told us to pick them up 
at the village office. I got 40 because the 
size of my land is large enough. We also 
got fertilizer, the colour was like that of soil, 
only one plastic bag of the size of that for 
maize seeds (Ferdi) 

Overall 
characteristics of 
site- and group-
based cultivation 
programme 

Now we provide aid to farmer groups in 
cash, according to the BLM model

2)
, sort of 

“You tell me what do you want to buy, I’ll 
give you the money”. We will transfer the 
money to group’s bank account as soon as 
we received their proposal. Then I’ll 
recommend them where to buy grafted 
seedlings …. If they plant seeds, how then 
we expect to increase production? Each 
group receives 30 to 60 million rups, 

depending on the size of the group. Each 
member is required to plant grafted 
seedlings at least 0.5 ha (Wita) 

Now it is in Noelaku but is just a new look 
of an old face ... no longer BLM but PLA

3)
. 

You may have heard success story about 
PLA in promoting mandarin cultivation. It is 
package oriented ... and all packages are 
free ... there are package for land 
preparation, package for watering, package 
for pest and disease control ... that is why 
now, during the project term, mandarins 
grow well there. The question is ... what 
after the project is no longer there? Things 
are always OK when we talk about project 
but know nothing about the community we 
work with (Frans) 

Now, the dinas provides money … my 
group have received 62 million rups. But 
the money is transferred according to the 
amount we need … we are required to 
submit a detailed budget proposal about 
things we need … say one planting hole 
costs 1000 rups, planting stick costs 250 
rups. We need lots of planting sticks … 4 
people need 300 each, 6 need 200 each, 4 
need 100 each ... the larger the land the 
more we need sticks (Rika) 

There is BLM ... provide assistance in the 
form of seeds to the community such as 
maize and kidney bean seeds and 
mandarin seedlings. But this is not a for-
free assistance because those who 
received the assistance are required to 
submit part of their harvest to the group for 
payment. According to my experience, this 
kind of rolling fund have never been repaid 
in full (Don) 

Now, another new project just has started 
here … to plant mandarins on 500 ha of 
land, starting from here in Tobu but later 
will also include Tune, Tutem, Bijeli … our 
neighbouring villages. It is called Prima 
Tani

6)
, funded by the central government 

with focus on community engagement, 
covers agriculture in general, sort of 
integrated farming, but here includes 
mandarins. Not all villagers are included 
but selected on eligibility basis by BPTP 
Naibonat

7)
 with support also from the dinas 

here in Soe (Gustaf) 

We are OK on projects, but on technical 
matters …? You mention it. In Tobu for 
example, ADB

4)
 came there but then we 

lost our apple. Then came OECF
5)

, from 
Japan, but mandarins are gone. It does not 
make sense but is real … I don’t want to 
hide anything. When OECF project was 
there, it was a report that the mandarins 
were dying from Diplodia and 
Phytophthora, but the project purchase only 
insecticides. Do you believe it? And it was 
for five consecutive years! No fungicides 
but only insecticides (Melki) 

Notes: 
1) Name of villages where the project are located. Other places mentioned later in this table 

are also name of villages 
2) BLM=Bantuan Langsung Masyarakat or Direct Community Assistance, a funding scheme 

of the National Programme for Participatory Community Empowerment (PNPM Mandiri 
Perdesaan) for poverty reduction and expansion of employment opportunities in rural areas 
under the Directorate General for Community and Village Empowerment (PMD), 
Indonesian Ministry of Home Affairs (PNPM Mandiri Perdesaan, 2011) 

3) PLA=Pengelolaan Lahan dan Air or Land and Water Management, a national programme 
for land and water management under the Directorate General of Agricultural Infrastructure 
and Facilities of the Ministry of Agriculture, Directorate General of Regional Development of 
the Ministry of Home Affairs, and the National Development Planning Agency  

4) ADB=Asian Development Bank 
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Table 4.6. (continued) 
5) OECF=Overseas Economic Cooperation Fund, the implementing agency for loan aid 

furnished by the Japanese government as the Japanese government's development 
financing arm that extends low-interest, long-term funds to support the self-help efforts of 
developing countries (Official Development Assistance Japan's Ministry of Foreign Affairs, 
2011) 

6) Prima Tani is a pilot programme for acceleration of agricultural innovative technology 
dissemination administered by the Agency for Agricultural Research and Development, 
Indonesian Ministry of Agriculture, to promote the implementation of innovative agricultural 
technologies in the form of agribusiness development involving farmers in a particular 
location easily accessible for farmers from other locations or regions (Agency for 
Agricultural Research and Development of Indonesian Minister of Agriculture, 2011) 

7) BPTP=Balai Pengkajian Teknologi Pertanian or Research Station for Agricultural 
Technology Assessment, one of many research stations of its kind under the Agency for 
Agricultural Research of the Indonesian Ministry of Agriculture, located in Naibonat, some 
10 km east of Kupang, the capital of NTT Province 

Source: English translation of interview transcripts 

 

 

As shown in Table 4.6, both types of the programmes, had in their goals, to 

promote and improve local mandarin cultivation. What was meant by local 

mandarins here was Citrus reticulata that had been cultivated locally for 

generations as part of traditional agricultural practices. The grafted seedling 

distribution programme was, as told by Frits, the village secretary from TTS 

NMR, intended “to do replanting” or “rehabilitation planting” in villages where the 

mandarins “had been destroyed by diseases”. On the other hand, the site- and 

group-based cultivation programme was, as Wita, the head of TTS AFSS 

explained, “focused on developing new production centres ... to expand the 

existing production centres”. These programmes had been successful, in 

promoting the local mandarin so that it was accepted as a national prime 

cultivar named Keprok Soe mandarin (best known as Jeruk Keprok Soe or 

abbreviated into JKS). However, in terms of increasing population and 

production and in improving cultivation practices, responses varied widely. For 

example, Sai, the head of TTU FECS, claimed that the programmes had been 

successful in increasing mandarin population but admitted that diseases had 

destroyed most trees. Meanwhile, Frans, a senior officer at TTS AFSS, 

disagreed, dismissing the success story as “bluffing” because “if we have been 

so successful we may have exported mandarin fruits by now”. From the 

community side, Tinus, a community leader who had been involved in various 
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mandarin projects since his early age, considered all government projects on 

mandarins as “not just less but absolutely not successful”. 

 

The seedling distribution programme was targeted to individual growers while 

the site-and group-based cultivation programme was to farmer groups in pre-

determined sites for mandarin production centres. According to Oscar, a village 

head from TTS SMR, grafted seedlings were distributed on the basis of “a 

proposal for obtaining grafted seedlings”, but according to Ande, a grower from 

TTS NMR, people “have never asked for grafted seedlings but the resident 

extension officer here asked us to pick up grafted seedlings at the village 

office”. Ande could have not been aware that his village head had earlier, 

probably in a meeting in the sub-district or district capital, simply agreed to 

receive grafted seedlings instead of wasting time and energy in arguing to 

disagree. This is because, as put forward by Frits, the village secretary from 

TTS NMR, being “always follow order” mattered most for Meto people and 

protest could be as subtle as “planted them although we knew that most would 

die anyway”. Those who had been brave enough to express refusal, such as 

Anis, another village secretary from TTS NMR, had been ‘kase’ by origin. Anis 

is a Rotinese but his family have long settled in the village where he now lives. 

Another important characteristic of the grafted seedling distribution programme 

included distribution to village offices and without any explanation regarding 

how they should be planted and maintained. It seems that, because the 

programme was already underway for years, village governments were 

expected to understand what to do so that the district governments considered 

no further explanation was necessary. In fact, however, the villagers who are 

asked by their village heads to plant the seedlings considered that they needed 

explanation, especially regarding disease identification and control. 

 

The most notable characteristic of the site- and group-based citrus cultivation 

programme was the requirement for community engagement and bottom-up 

planning because participatory planning was a condition of eligibility for this 

programme. In practice however, facilitation was translated as the Indonesian 

word ”pembinaan” whose meaning was closer to the English phrase ’providing 
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direction‘ than the word ‘facilitation’. As an example, farmer groups were formed 

only among farmers who agreed to plant grafted seedlings and excluded those 

who disagreed. The reason was, in the words of the head of TTS AFSS, “If they 

plant seeds, how then we expect to increase production?” This programme, 

therefore, ignored the reality that the mandarins considered local by people 

were not Citrus reticulata exclusive, but only those planted using seeds. Those 

planted using grafted seedlings were considered ‘kase’ in the sense of not 

belong to local communities, although botanically it was the same Citrus 

reticulata. This, according to Melki, a senior officer at the same office and also a 

mandarin grower, raised issues of sustainability “after the project is no longer 

there” of mandarin cultivation. The project continued as Frans, another senior 

officer, called “a new look of an old face” by giving a new name using different 

funding schemes and sources, but without substantial changes in the way they 

were actually implemented.  

 

 

4.3.2.5. Citrus Production and Contribution to Household 

Income 

Mandarins had been an important source of income for farmers in the highland 

of West Timor, at least since the 1970s when the provincial and the district 

governments started the mandarin development programme. The price might 

not be as high as the price now, but the per-household production was certainly 

much higher. In terms of production and contribution to household income, all 

interview participants agreed that in the past mandarin crop was an important 

source of income and now, after the mandarin crop had been declining, they 

agreed that they faced a more difficult life (Table 4.7).  

 

Table 4.7. Sample responses to questions regarding citrus production and its 
contribution to household income 

Concepts Sample responses 

Citrus harvest 
and production 

… [production] depends on maintenance 
and care we provide. One tree produces 10 
kilos on average, but if maintenance is 
carried out according to our 
recommendation, one tree can produce 15 
to 20 kilos, depending on tree size and age. 
(Ana) 

When the rainfall is normal, production is 
good ... the size of fruits is big ... 8-9 fruits 
make a kilo, sometimes even only 7. But 
when rainfall is bellow or above normal, 
fruits become much reduced in size ... 
needs 12-13 fruits to make a kilo (Frans) 

Now [May 2008] we have just started the 
harvest, later in June will be the peak, July 

In the past, when mandarin trees here were 
abundant and all healthy, we used to have 
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Concepts Sample responses 

to August or sometimes up to September, 
only few trees remain with fruits. Harvest 
depends on the rain, when the rain stops 
late harvest will be delayed. And also soil 
and altitudes, earlier for trees grown in 
sandy soil and in lower altitude than in clay 
soil and in higher altitudes (Gustaf) 

harvest twice a year. First, the big harvest 
was in June-July and second, the small 
harvest was in December. When there 
were rain in August

1)
, the mandarin would 

set flowers again after the first harvest ... 
but that is no more ... you see, we don’t 
have healthy trees anymore (Etin) 

In the past we used to sell our mandarin 
fruits in big bamboo baskets and took them 
fully loaded on horseback to the market. 
We never weighed so we did not know how 
many kilos but just sold them in baskets. 
Now we carefully put our mandarin fruits on 
paper boxes, weigh them, and take them to 
the market on a bemo

2)
 (Tinus) 

From the beginning, we’ve afraid of … now 
we are scared to death. I am afraid that this 
disease … the disease that you said most 
destructive to citrus … now that the disease 
is finally here … I am afraid that citrus will 
follow the fate of our apple … it will be 
wiped

3)
 out so that we don’t have anything 

to be proud of anymore (Obi) 

Citrus marketing 
and contribution 
to income 

Right now the price is 15000 rups
3)

 per kilo 
on site. But many farmers sell their 
mandarin on trees when fruits still immature 
... may be because they need money to 
pay school tuitions or other emergency 
purposes. Then the buyers will wait until 
the fruits mature on trees, sometimes over 
mature, to harvest (Oscar) 

One tree in the front of this house [pointing 
to the tree] was sold for 400 thousand rups 
last year, that on the side of the house 250 
thousand rups. But it depends also on the 
number of fruits the tree bears. If fruits are 
many and big, the tree will sell more 
expensive (Rika) 

In the past mandarins gave us a lot of 
money. From mandarins I was able to buy 
cattle. But all are gone now, I have sold my 
cattle. In the past many buyers came to this 
village to buy mandarin fruits, now none 
(Frits) 

My income from selling mandarin fruits was 
millions of rups in the past, now none ... Of 
course our life has become harder. This 
year I have no harvest ... just nothing. I 
don’t know what to do ... perhaps grow 
vegetables or coriander

4)
 ... their price are 

now good (Tinus) 

Notes: 
1) TTS SMR received orographic rains during the south-easterly monsoon in addition to those 

rains during the north-westerly monsoon. 
2) Bemo, the local public transport vehicle 
3) Rupiah, the Indonesian currency, its exchange rate in 2008 when the interviews were 

carried out was Rp 9,500/1 US$ or Rp 8,000/1 A$. 
4) Coriander (Coriandrum sativum), another important traditional crop for the highlands of 

West Timor 
Source: English translation of interview transcripts 

 

 

Assuming an average price of Rp 250,000 per tree and a number of 275 trees 

per hectare (planted at a planting distance of 6 m x 6 m), a household gross 

income of Rp 68,750,000 (approximately US$ 7,237) would be obtained per 

year. However, according to Roistacher (1996), mandarin cultivation under HLB 

in Thailand was only profitable when trees could be maintained to live for more 

than 10 years, yielding an estimated accumulative profit of $ 3,383 per ha 

because yields that reached 22.75 tonnes per ha in year 5 to 8 would then 

decline to 6.5 tonnes per ha by year 12. According to BPS Provinsi NTT (2009), 

mandarin production in NTT Province in 2008, the year this interview was 

carried out, was 21,574 tonnes on a total area of 1,213 ha consisting of 363,769 
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productive trees; hence providing an amazing production of 18 tonnes per 

hectare or 59 kg per tree. This was well above “one tree can produce 15 to 20 

kilos”, as told by Ana, an extension officer from TTS District, or “This year I have 

no harvest ... just nothing”, as reported by Tinus, the experienced grower and 

community leader from the same region. 

 

However, mandarins were important not just in terms of cash income. It has 

been for generation part of local traditional agricultural system. As Agus, a 

farmer from TTS NMR who refused to join the government project, puts it: 

It is about our life here in this highland. When the mandarin blooms, I 
used to sit in front of my kitchen … drink morning coffee under the big 
mandarin tree and smell its flowers. It was so a sweet memory. Now the 
tree has gone. I do still sit and drink coffee like before but it is not the 
same anymore. 

He still had some big trees, but located far behind the kitchen in the backyard of 

his house.  

 

 

4.3.2.6. Knowledge of Citrus Pests and Diseases and Their 

Spread 

Diplodia rot was the disease most widely known and in detail by growers, both 

in TTS and in TTU districts. This was not surprising because this disease had 

been the only disease officially recognized by the local governments. As such, 

information about the disease had been communicated to growers through FFS 

or through site visits by extension officers. Interestingly, many growers were 

unable to name the diseases while other interview participants knew HLB and 

its vector as well as other pests and diseases. Table 4.8 presents responses to 

questions regarding knowledge of citrus pests and diseases and their spread. 

 

Table 4.8. Sample responses to questions regarding knowledge on pests and 
diseases and their spread 

Concept Sample responses 

Knowledge of 
presence of 
diplodia rot 

We call the disease diplodia rot. It is a very 
destructive disease. It could be either dry 
or soft rot

1)
. The dry one does not produce 

sticky gum, the soft one does (Ana) 

Diplodia rot is common, but root rot may 
also look like diplodia rot. Diplodia rot is 
not as destructive as root rot. We need to 
examine them carefully (Frans) 

There are two kinds of diplodia rot, the soft 
and the dry one. If a tree get the soft rot, 
its trunk will produce sticky gum, its leaves 

... soft and dry diplodia rot. The soft 
diplodia rot produces gum on tree trunks; 
the dry one does not but cracks the bark. I 
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Concept Sample responses 

wilt and drop, and its twigs dry off. But if a 
tree get dry rot, the trunk will dry off 
without exuding gum, the bark crack, and 
the later symptoms are similar (Obi) 

was told by a government officer that 
diplodia rot was the disease that caused 
the decline of the mandarin in this district 
(Nadus) 

Knowledge of 
presence of HLB 
and its vector 

The psyllid
2)

 has been around for years 
but so far mandarins are still free of 
CVPD

3)
. Once we suspect a tree of being 

infected but when we test the sample at 
the laboratory in Tlekung

4)
, CVPD was 

negative (Wita) 

I heard that CVPD had been around. But 
we have never done a test to determine 
whether the disease is really there or not 
... but according to BPSB

5)
 officers the 

disease is not CVPD (Doni) 

Yes, CVPD has been present. According 
to BPTP Naibonat, one of seven samples 
was CVPD positive when tested in the 
laboratory. I guess samples were taken 
from Tobu. The vector is abundant during 
the flushing period after harvest. When we 
approach the adults, they will quickly jump 
(Melki) 

I know CVPD because when I attended an 
FFS last year ... the instructor from the 
district agricultural services told us about 
the disease. I still keep the notes I took 
when I attended the FSS [showing the 
note and CVPD was written there with the 
description of its symptoms] ... here it is ... 
written CVPD (Hen) 

Knowledge of HLB 
only on symptoms 

We don’t know the name of the disease 
but people here simply call it “menas men 
mollo”, using our language [the language 
of the Meto people] to mean yellow leaves. 
It follows ants ... when you find ants are 
there ... you can expect that your citrus 
trees will soon suffer from “menas men 
mollo” (Obi) 

I found symptoms like those of CVPD on 
some trees in Eban. It was there for quite 
a while now but the trees still survive. The 
trees look suffering from the disease but 
die slowly ... according to the provincial 
agricultural and estate crops services the 
disease is not yet around ... Keprok Soe 
mandarin is CVPD free (Silva) 

… yellowish leaves on almost all trees. 
Trees set flowers and fruits but many fruits 
dropped when they were still young. 
Those remaining were small and abnormal 
in their shape … and trees will die slowly 
(Yosi) 

Leaves show sort of yellow blotches on 
green background. The margin also rolls a 
bit upward … not sure whether they 
become ticker or not. Have been since 
1980s and most trees have died because 
of the disease (Tinus) 

Knowledge other 
pests and 
diseases and their 
symptoms  

This disease … I forget what is its name 
… in the past only on branches. I don’t 
know for sure whether it starts from the 
roots or from where … but once, when I 
dug up a tree, I saw some of its roots 
damaged. That was why the tree wilted 
and then died off. It was in my own grove 
… what is the name again? I’m sorry, 
couldn’t give you the name …I’m old, very 
easy to forget things (Tinus) 

When we see a tree with yellow leaves 
and then dig up the roots, we will find its 
roots rotten … some have no bark 
anymore and some have the wood soft. 
This kind of trees won’t stay long … leaves 
will drop and branches become leafless 
and die off from their tip downward. I don’t 
know what they call this disease but it is 
very widespread here. Many trees have 
died because of it (Gustaf) 

Their leaves become whitish ... covered 
with sort of white dust. On one or two 
leaves at first but then spread all over ... 
leaves become yellow ... most will drop, 
some remain but have scar on their 
surface. Some trees even become leafless 
... but most will recover later. Some set 
flowers but die later (Ako) 

The trunk is covered with something that 
looks like spider web, whitish at first but 
later become pink. The leaves don’t drop 
but the trunk slowly dry off and then the 
leaves follow. The tree will die slowly and 
at last fall by itself. What is the name again 
... oh yes, it is called upas

6)
 ... I remember 

now, it is upas (Obi) 

Knowledge of 
means and routes 
of introduction and 
spread of pests 
and diseases 

When the budwood was taken from a 
diseased tree, it will bring along the 
disease to the seedling … sooner or later 
the seedling will get diseased too. They 
may look healthy at the time of 
supervision, but only us who do the 
grafting know that the disease is already 
there. Because only us know where the 
budwood comes from, not them (Tinus) 

It is moved by ants, the red ants, from one 
tree to another. Once you have one tree 
with ants climbing up the trunk, the tree 
will be sooner or later get diseased …its 
leaves become yellow first and then die. I 
don’t see how the ants move to another 
tree, but then the ants are there … on its 
flushes in crowd … to many, probably 
hundred in number (Anis) 

The decline started first in our old 
settlement in Besna because it was there 
mandarins were most abundant. From 
there, the decline continued to wherever 
citrus trees could be found, first in this 

It started first here in Saenam and then 
Neopesi and later Manusasi, a new village 
split off from Saenam, followed. Bonleu, 
the village in TTS bordering with TTU, got 
the disease later. After all trees in our 
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Concept Sample responses 

village and later to other neighbouring 
villages. Those in Kapan decline later. 
(Ande) 

villages devastated, theirs followed. Surely 
the disease is contagious ... spreading all 
over... (Obi)  

Notes: 
1) Dry and soft rots are forms of diplodia rot caused by the same fungus, Botryodiplodia 

theobromae formerly known as Diplodia natalensis (Semangun, 1991) 
2) Psyllid mentioned here was the asian citrus psyllid Diaphorina citri, the vector of HLB in 

Asia and America (Halbert & Anjunath, 2004; Halbert & Keremane, 2004; Halbert & Nunez, 
2004) 

3) CVPD (Citrus Vein Phloem Degeneration) is the Indonesian name of HLB 
4) Tlekung mentioned here refers to a research unit near Batu, East Java, under the Research 

Station for Citrus and Other Sub-tropical Fruit Crops 
5) BPSB=Balai Pengawasan dan Sertifikasi Benih now becomes UPT PSB or Technical 

Implementation Unit for Seed Supervision and Certification under NTT Province Agricultural 
and Estate Crop Services 

6) Upas is a disease caused by fungus Phanerochaete salmonicolor previously known as 
Corticium salmonicolor common in other fruit trees, including apple, but only recently known 
on mandarins (Prof. Andrew Beattie, 2012, personal communication during HLB master 
class field visit to a field trial in Central Java) 

Source: English translation of interview transcripts 

 

 

It was not surprising that diplodia rot was known to consist of soft and dry rot, 

just like it was described by Semangun (1991). It was also not surprising that 

diplodia rot was considered to be the most destructive disease as told by 

Nadus, a village head from TTS NMR, “the disease that caused the decline of 

mandarin in this district”. However, there was a senior officer in TTS AFSS, 

Frans, himself also an experienced citrus grower, who was careful about the 

disease by saying, “root rot may also look like diplodia rot. Diplodia rot is not as 

destructive as root rot”. What was surprising, despite the denial by the head of 

TTS AFSS, his senior staff, Melki, acknowledged that “CVPD has been present. 

According to BPTP Naibonat, one of seven samples was CVPD positive when 

tested in the laboratory”. The test referred to here was that reported by 

Murdolelono et al. (2003) who found Keprok Soe mandarin had been HLB 

positive. Among officers of TTU FECS, Doni said that he “heard that CVPD had 

been around. But we have never done a test ...” and Silva said that he “found 

symptoms like those of CVPD on some trees in Eban”. At the community level 

however, only interview participants from TTU District knew about the disease 

and its vector. This was because, as Hen, the village head who had attended 

FFS put it, “when I attended an FFS last year ... the instructor from the district 

agricultural services told us about the disease”. He was able to describe 
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symptoms of HLB close enough to those described by Bove (2006) and 

characteristics of asian citrus psyllid close enough to those described by Halbert 

& Anjunath (2004), Halbert & Keremane (2004), and Halbert & Nunez (2004). 

None of interview participants at the community level in TTS district mentioned 

either HLB or its vector. 

 

Many interview participants, either in TTS or TTU districts, mentioned 

symptoms that resembled those of HLB but did not know the name of the 

disease. For example, Obi, a village secretary from TTU NMR, spoke of the 

disease in the local language as “menas men mollo”, literally meaning yellow 

leaves. Other interview participants also described similar symptoms, but these 

symptoms could be also produced by other diseases because according to 

Bove (2006), da Graca (2004), Garnier (1996), and Gottwald (2007a), i.e. 

yellow mottling is not specific to HLB. Other diseases also produce symptoms 

that resemble those of HLB, for example tristeza and nutrient deficiencies (Plant 

Biosecurity Toolbox, 2009). For this reason, determination of the presence of 

HLB could not be based only on visual symptoms but required reliable 

laboratory tests. 

 

Interview participants disagreed on how mandarin trees became diseased. 

There were interview participants who, from their experience, knew that once a 

tree became diseased, the neighbouring tree would eventually get the disease. 

Many growers mentioned that the disease spread either by wind or by ants that 

bring the disease from the soil, but none mentioned water as the means of 

disease spread. Interestingly, Tinus, an experienced grower from TTS NMR and 

himself also a nursery owner, mentioned that diseases could spread by means 

of budwood taken from diseased mother trees, “When the budwood was taken 

from a diseased tree, it will bring the disease along to the seedling … sooner or 

later the seedling will get diseased too”. He continued:  

When the demand for grafted seedling is high, who would think to be 
selective in getting budwood only from those tagged mother trees? 
Besides, there aren’t enough tagged trees available. And some of those 
tagged one have also been already diseased. I know this because I have 
my nursery and do the grafting by myself. I know other nurseries … those 
you probably have seen along the road in Kapan…they are worse. 
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This means of disease spread is specific to HLB and other graft transmissible 

diseases. 

 

Unfortunately, knowledge about means of disease spread was not shared with 

other interview participants who only mentioned the spread of disease from one 

village to another. For example, Ande, a citrus grower from a village in TTS 

NMR where, at the time of interview, had some mandarin trees that remained 

healthy, said that the decline started in the old settlement of the village: 

Those in Kapan declined later. The decline started first in our old 
settlement in Besna because it was there citrus trees were most 
abundant. From there, the decline continued to wherever citrus trees 
could be found. 

Similarly, Obi, a village leader from TTU NMR, mentioned that the decline 

started first “here in Saenam, then in Noepesi, and later in Manusasi ...”. 

However, interview participants in TTS District mentioned that the decline 

started first in Tobu. This village was recognized by the NTT Provincial 

Government as the location of the first planting of mandarin and as such had 

become the first target of the mandarin intensification programme. It was in this 

village that the first effort was made to grow mandarin as a single crop in a large 

area, around 500 ha with sprinkle irrigation, through funding from Japan’s 

Overseas Development Aid OECF (Overseas Economic Cooperation Fund) 

during the mid 1990s. Gustaf, the head of this village recalled: 

It was here first in 1988 ...or in 1989 ... the decline started. I had never 
heard it was first in Ajaobaki. The disease started here first ... yes Tobu 
first. From what I heard, it was later that the same disease was also 
found in Ajaobaki and ... from there [the disease] spread to Tutem. Tutem 
was in the past a mandarin production centre, but now only few mandarin 
trees remain. Later the disease destroyed the mandarin in Netpala, and 
then in Tunua, also in Fatumnasi ...yes ... the disease keeps spreading 
unchecked... 

When the village head was asked about the likelihood that the disease came to 

the village through grafted seedlings that were introduced for the OECF Project, 

his answer was: 

You the expert should know better, I am only a village head. It was true 
that a large number of grafted seedlings had been brought into this 
village that time, I did not know from where ... I wasn’t yet a village head 
who have the right to ask question about it. But the technical officer 
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explained to us here that the seedlings were all healthy ... because they 
all had labels from the district agricultural services. 

Experts did know that many diseases could be transmitted in budwood of citrus, 

but only UPTPSB officers knew how labels were attached to the seedlings 

during the certification process. For this reason, it was necessary to carry out 

interviews about grafted seedling production and certification procedures (the 

results are presented in Chapter VI). 

 

There were other interview participants, mainly those from TTS District, who 

were unable to mention any names of diseases at all but only symptoms of 

some diseases. Even Tinus, the experienced citrus grower who mentioned 

budwood as the mean of disease spread was unable to name the disease 

although was able to describe that “Leaves show sort of yellow blotches on 

green background”. He was also able to describe symptoms of another disease 

but again unable to mention the name because “…I’m too old, very easy to 

forget things”. Age did matter in memorizing but interview participants would 

surely be unable to tell about diseases of which they had never heard. Other 

interview participants, all from TTS District, simply replied that they did not know 

about any pests or diseases because they had never been told by the 

government, not even about diplodia rot. 

 

 

4.3.2.7. Understanding and Awareness of Pest and Disease 

Impacts 

Interview participants were all aware of the direct impacts of pests and diseases 

on mandarins and of direct impacts on their income. Sample responses to 

questions regarding impacts of pests and diseases on mandarins and on 

household income are presented in Table 4.9. 

 

Table 4.9. Sample responses to questions regarding impacts of pests and 
diseases on mandarins and household income 

Concept Sample responses 

Impacts on 
mandarin 
existence and 
production 

I’m afraid that it will be like what have 
happened to apple in the past. That is why 
I am very strict in protecting the 
mandarins. Apple was wiped out by a 
disease in the 1980s

1)
 (Wita) 

Of course I’m afraid. Out of all grafted 
seedlings that were distributed to this 
village in 2004, none survives. Yet there is 
no follow up ... nothing hasn’t been done 
by the government to save the dying 
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Concept Sample responses 

young trees (Frits) 

Many trees have severely diseased and 
died in Eban

2)
. To prevent mandarin 

population from further declining we have 
done rehabilitation planting (Silva) 

You see ... that tree there [pointing to a 
tree in front of the house]. It was full of 
fruits last year but now is full of yellow 
leaves (Don) 

Impacts on 
household income 
and shift to other 
crops 

We no longer have fruits to sell. Even if 
some trees still bear fruits, the fruits are so 
small and sour. Many growers have 
completely abandoned their trees and 
plant vegetables instead, such as carrot

3)
. 

Garlic and kidney bean
4)

 have been our 
traditional crop here and now we return to 
them to get cash income (Ako) 

We still have trees planted from seeds 
survive ... but of course we are no longer 
be able to sell fruits as we did before. 
Many people want to plant coffee ... 
arabica coffee because the altitude here is 
I think OK for that coffee. But we don’t 
know where to get the seedlings so we 
planted coriander

5)
 and kidney bean 

instead (Hen) 

Notes: 
1) The leaf spot or leaf blotch or premature leaf fall caused by the fungus Marssonina 

coronaria(Permeiee, 1971; Semangun, 1991; Sharma & Sharma, 2005), accepted name: 
Diplocarpon mali 

2) The capital town of West Miomaffo sub-district 
3) Carrot (Daucus carrota), a recently introduced vegetable crop 
4) Garlic (Allium sativum) and kidney bean (Phaseolus vulgaris), two other traditional crops of 

the highlands of West Timor 
5) Coriander (Coriandrum sativum), another important traditional crop for the highlands of 

West Timor 
Source: English translation of interview transcripts 

 

 

The head of TTS AFSS was afraid that the mandarins “will be like what have 

happened to apple in the past”. He continued stating that he was “very strict in 

protecting the mandarins”. What he meant by “very strict” here, however, did not 

mean that he required careful supervision of grafted seedlings for possible 

infection by HLB and other grafted transmissible diseases but, on the contrary, 

refused to acknowledge and provide information regarding the disease. Silva, a 

senior officer from TTU FECS, admitted that “Many trees have become severely 

diseased and died in Eban” and claimed to “have done rehabilitation planting” to 

anticipate production decline as a result of trees that were “full of fruits last year 

but now are full of yellow leaves”. 

 

All interview participants mentioned the loss of income as an impact caused by 

mandarin decline. As mentioned in the previous section (Section 4.3.2.5), 

mandarins contributed large cash money to household income. It would be easy 

to understand the trouble that most citrus growers experienced after their 

mandarin trees were destroyed by diseases. It even went far beyond “no longer 

have fruits to sell” as Ako, a village head from TTS NMR said, or “want to plant 
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coffee ... arabica coffee because the altitude here is I think just OK for that 

coffee” as told by Hen, another village head from TTU NMR. The mandarins 

had been considered as an identity by local people that simply letting them be 

taken by diseases would be too hard to bear. Both the local government and the 

local people shared the same regret with regard to what had happened to the 

apple crop, but there was little in common with regard to what to do to prevent it 

from happening again to the mandarin. More will be presented regarding this in 

the next two sections. 

 

 

4.3.2.8. Control Measures Recommended by the Government 

and Identified by the Community 

For the identification and selection of control measures, the government 

recommended growers use the lime-sulphur mixture, known as California 

mixture, as the only mean to control diseases causing the decline of the 

mandarin. Many interview participants acknowledged that they had been told by 

the government, either by on-visit district agricultural service officers or by the 

resident extension officers, to use this mixture. In addition, other interview 

participants admitted that they had been told to use pesticides. However, 

because the recommended pesticides were difficult to find, the recommendation 

was then changed into use of traditional methods. Not all interview participants 

agreed with what the government had recommended. Some interview 

participants identified their own control measures as alternatives. Sample 

responses, from both the government and the community sides, to questions 

regarding recommendation of control measures are presented in Table 4.10. 

 

Table 4.7. Sample responses to questions regarding recommendations for 
control measures from both the government and the community 

Concept Sample responses 

Control Measures 
Recommended by 
the Government 

I have told to use the lime-sulphur mixture. 
They gave me the lime and the sulphur 
and asked me to boil them with water for 
10 to 15 minutes until they become a 
bluish white mixture. Then I was asked to 
cover the surface of trunks and branches 
with the mixture using a brush. But when 
rain comes, the mixture is wiped out…and 
we have to do it again (Tinus) 

The resident extension officer here told us 
to buy pesticides but we don’t know where 
to buy. Later he told us to soak tobacco 
leaves overnight in water and then add 
some detergent powder. He asked us to 
pour this mixture at the bottom of the tree 
trunk to prevent ants from making their 
nest around the trunk and climbing up the 
tree (Obi) 

We have just increased the grafting height Project officers here told us that trees 
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Concept Sample responses 

standard to be at least 30 cm. It was 20 
cm before. This is to anticipate infection by 
Phytophthora

1)
, because if it is only 20, 

grafting point will be close to the ground 
surface and the scion will get rain splash. 
In Pontianak, according to an expert from 
Balitjestro

2)
, grafting height has been 

increased to 40 or even 50 cm (Melki) 

should be adequately maintained in order 
to be better withstanding diseases. 
Fertilizers and irrigation should be 
provided according to the 
recommendation. We are also told to use 
manure to improve soil condition. They 
said that in the past fertilizer and irrigation 
were not used but we can’t do the same 
thing anymore (Gustaf) 

Control Measures 
Identified by the 
Community 

I have been proposing to the government 
to stop distributing grafted seedlings. How 
do we know that those distributed grafted 
seedlings do not bring diseases from 
elsewhere? But they keep sending grafted 
seedlings year after year instead of 
training us to do the grafting (Stef) 

In my opinion, we should stop planting 
grafted seedlings. Our experience here tell 
us that trees planted using seeds, 
although take more time to set fruits, could 
defend themselves from diseases far 
better. I will raise this issue in the next 
village meeting (Hen) 

I propose to plant the rootstock right in the 
field and graft them there. This way the 
grafting height could be maintained well 
above ground and, more importantly, we 
know where the budwood come from. But 
surely growers need grafting training and 
nursery business will go bankrupt (Agus) 

According to our elders here, citrus trees 
needed smoke. They don’t have scientific 
knowledge that we have now, but they 
have their experience. Why don’t we try 
their old ways … not just as an alternative 
… but more importantly to continue our 
tradition? (Nadus) 

If the government is really serious, why 
don’t announce to growers ... when their 
mandarins have been diseased ... not to 
keep them but cut them all down and then 
burn them ... because they are going to 
die anyway ... we should burn them to 
their roots in order to kill the pathogens 
that hide there  (Ferdi) 

Only the district agricultural services 
should maintain mother trees for sources 
of budwood. Such mother trees should be 
maintained in screen houses to prevent 
them from being infested by vectors of 
destructive diseases ... say vectors of 
CVPD and tristeza

3)
. Otherwise nothing 

will help (Anis) 

Notes: 
1) Phytophthora spp. are the causal agents of gummosis and root rot. 
2) Balitjestro=Balai Penelitian Jeruk dan Buah-buahan Subtropika Lain, Research Station for 

Citrus and Other Sub-tropical Fruit Crops, located in Batu, East Java 
3) CVPD (Citrus Vein Phloem Degeneration) is the Indonesia name of HLB, tristeza is a graft-

transmissible diseases caused by a virus 
Source: English translation of interview transcripts 

 

 

The recommended control measure that was known so far by most interview 

participants was the use of California mixture. According to Tinus, a grower and 

also nursery owner from TTS NMR, it was a mixture prepared by boiling lime 

and sulphur in water “for 10 to 15 minutes until they become a bluish white 

mixture”. Some growers mentioned that the lime and the sulphur for preparing 

this mixture had been distributed by the government, while others mentioned 

that they had not heard about it. It seemed that the distribution was targeted to 

villages only within the target area of the site- and group-based cultivation 

programme. There were also interview participants who mentioned that, despite 

admitting having heard about the mixture distributed to their village, many 

growers who had received the lime and the sulphur did not know how to 
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prepare the mixture because they had not been given a demonstration. A 

village head from TTU NMR, Obi, mentioned that the resident extension officer 

in his village had recommended a pesticide but, because it was hard to find, 

recommended a traditional alternative. Other control measures recommended 

by the government included increasing the standard for grafting height and 

proper maintenance of trees to make trees grown from grafted seedling better 

withstand diseases. 

 

Some interview participants proposed other control measures as alternatives to 

those that had been recommended by the government. For example, Stef, a 

village head from TTS SMR, proposed “to stop distributing grafted seedlings to 

villages” because “How do we know that those distributed grafted seedlings do 

not bring diseases from elsewhere?” He also proposed to the government to 

provide training on grafting to growers: 

Because cheaper for the government to train us. Once we have got the 
training, we could train others. I am sure we could do it. Nursery owners 
from Kapan could do it, what make we couldn’t?  

It appeared this village head was not aware that according to the law, for a 

national prime cultivar like the Keprok Soe mandarin, propagation had to be 

done by certified nurseries irrespective of the possibility that such nursery-

produced grafted seedlings could spread diseases. 

 

Other control measures identified by interview participants included grafting 

rootstocks already planted in the field and use of smoke. A village head from 

TTS NMR, Nadus, proposed the use of smoke made from fresh leaves of 

selected trees “not just as an alternative [to those control measures already 

recommended by the government] … but more importantly to continue our 

tradition”. He continued his explanation by giving another example on use of 

leaves of different trees to produce smoke that could repel insects: 

In the past, our elders here were used to making fire ...then put fresh 
leaves of ajaob [casuarina Casuarina junghuhniana] or usapi [lac tree 
Schelichera oleosa] over the fire to produce smoke. And then they also 
put leaves of fig trees [Ficus spp.], also leaves of the kabesak [white-bark 
acacia Acacia leucocephala], to produce smoke to get rid of insects and 
other things. Why don’t we go back to their ways, use smoke to get rid of 
pests and diseases on mandarins? 
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Use of fire and smoke to get rid of insect pests is part of physical means for 

pest control (Metcalf & Luckmann, 1994). Elsewhere fire and smoke have been 

used and are still in use for the same purpose (Altieri, 1993; Hardison, 1976; 

Morales, 2002). What makes these techniques different from one place to 

another is the combination of wood or additional leaves in use to produce the 

smoke that would be most effective in repelling a particular species of insect 

pests, including, in the case of mandarin, in repelling HLB vector, the asian 

citrus psyllid Diaphorina citri. 

 

 

4.3.2.9. Implementation of Control Measures 

Both the government and the community had implemented the control 

measures against pests and diseases that the government officially recognized. 

Growers struggled to control pests and diseases that existed. Sample 

responses to questions regarding implementation of control measures are 

presented in Table 4.11. 

 

Table 4.8. Sample responses to questions regarding implementation of control 
measures by the government and the community 

Concept Sample responses 

Implementation of 
control measures 
by the government 

We have done everything possible to 
prevent CVPD

1)
 from being introduced to 

the centre of production in West Timor to 
keep the mandarin free of CVPD. Other 
citrus species such as jeruk limo

2)
, the 

citrus which fruits are used to make 
sambal, may have been and still being 
brought in to TTS District without our 
scrutiny. Also ornamental citrus is out of 
our control. But I will never tolerate any 
mandarin seedlings being introduced from 
outside. We will arrest whoever bring them 
in ... I don’t care who ...  and we will 
prosecute those seedling smugglers for 
breaking the law (Wita) 

The government had once done mass 
insecticide spray to get rid of fruit flies 
several years ago. At that time, many 
mandarin trees looked unhealthy. I don’t 
know how the government came up with 
the conclusion that fruit flies were the 
culprit. But what I still remember is that 
we, all citrus growers in this village, were 
ordered to spray all mandarin trees using 
sprayers that looked like those now used 
for fogging the aedes mosquitoes

3)
 in the 

city. It was very noisy and its smoke smelt 
like hell … killed many things … different 
sort of insects, large and small …But the 
decline continued thereafter (Nadus) 

We did mass apply California mixture in 10 
villages simultaneously. It was in 2007. 
We were joined by the Balai Proteksi 
Pertanian

4)
 and BPTP Naibonat

5)
. We did 

that to control the diplodia rot by providing 
direct example on how to prepare and to 
use the mixture correctly. We provided 
field facilitation, our field facilitator, Mr 
Cahyono from Tlekung

6)
, stayed in the 

village to help the farmer in Ajaobaki, 
Bosen, Kapan, Oelbubuk, Tobu ... there 
were 10 villages in all (Wita) 

We did provide growers with lime and 
sulphur for them to prepare California 
mixture. We have also trained them how to 
correctly prepare and apply the mixture. 
So far that was what we had done. Until 
we get further directive, we could not do 
anything against CVPD because 
according to the provincial government we 
are officially free of CVPD. We can’t do 
anything to a disease that we don’t accept 
as being presence (Sai) 

Implementation of Some people here used leaves of tufe
7)

 We had just tried to control the psyllid 
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Concept Sample responses 

control measures 
by the community 

trees collected from the forest nearby. 
These leaves are first crushed, mixed with 
water, and finally, after soaking overnight, 
filtered it. We took the water and splash it 
to tree trunk to prevent ants from climbing 
or spray it using a sprayer to kill those 
already feeding on flushes (Obi) 

using a mixture of tobacco soaked in water 
and grounded leaves of kamel, angkai, 
and sikam

7)
 soaked in water. We soaked 

them overnight. Then we applied the 
mixture against the psyllid. It turned out 
that in less than 5 minutes the psyllid died 
(Anis) 

To prevent infection from graft-
transmissible diseases, I have never 
planted grafted seedlings distributed by 
the government. I planted mandarins using 
seeds instead or do grafting on my own to 
rootstocks I have planted on the field 

We had just painted mandarin trunks with 
the lime that we are used to mix with betel 
fruit for chewing betel nut ... We did this to 
trees around houses but not all trees, 
because we did this just as a trial ... don’t 
know yet how effective it is (Ako) 

Here we just have had a village meeting to 
discuss what we need to do with this 
problem. We came up to agree to 
eradicate them. Then we cut down dead 
trees, and dig out their roots and burned 
them all. We are afraid that the pathogen 
is there ... hiding itself inside the roots. We 
have also agreed to plant mandarins using 
seeds (Hen) 

Some growers here use traditional 
methods. Some use a mixture of tobacco

7)
 

and detergent powder. Some soaked 
crushed leaves of angkai and kamel trees 
they got from the nearby forest to spray 
diseased trees. Others painted mandarin 
trunks with solution prepared from betel 
and lime to prevent ants from crawling up 
(Don) 

No implementation What can we do? The trees have been 
dying off ... and the government have 
never told us what to do. We are only 
farmers ... the government should tell us 
what to do (Frits) 

We don’t know what to do. We are 
farmers. The government asked us to 
plant mandarins and we did. Now when 
the mandarin get diseased they don’t tell 
us anything what to do (Etin) 

Notes: 
1) CVPD (Citrus Vein Phloem Degeneration) is the Indonesia name of HLB 
2) Jeruk limo or jeruk limau or jeruk sambal is the nasnaran mandarin known also as the 

leprous lime (Citrus amblycarpa, also known as its basionym Citrus limonellus var. 
amblycarpa)(Koskinen, 2011; USDA ARS National Genetic Resources Program, 2011) 

3) Aedes mosquito is Aedes aegypti, the mosquito that can spread the dengue fever, 
chikungunya and yellow fever viruses, and other diseases. 

4) Balai Proteksi Tanaman=Crop Protection Station, a technical implementation unit under the 
provincial agricultural services. 

5) BPTP=Balai Pengkajian Teknologi Pertanian or Research Station for Agricultural 
Technology Assessment, one of many research stations of its kind under the Agency for 
Agricultural Research of the Indonesian Ministry of Agriculture, located in Naibonat, some 
10 km east of Kupang, the capital of NTT Province 

6) Tlekung here refers to a research unit near Batu, East Java, under the Research Station for 
Citrus and Other Sub-tropical Fruit Crops 

7) Angkai (chinese albizia)=Albizia chinensis (tree), kamel (chinaberry)=Melia azedarach 
(tree), sikam (pongame oil tree)=Millettia pinnata (tree), tobacco=Nicotiana tabacum (herb), 
tufe= unidentified medium-sized tree. 

Source: English translation of interview transcripts 

 

 

According to the government, as the head of TTS AFSS said, “We have done 

everything possible to prevent CVPD from being introduced to the centre of 

production in West Timor and to keep the mandarins free of the disease”. 

However, from what he was saying, the government seemed not yet to have 

done everything possible because HLB could not be prevented from being 

introduced only by banning importation of mandarin seedlings. Other citrus 
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species, as the head of TTS AFSS stated, “may have been and are still being 

brought in to TTS District without our awareness” and were also hosts of both 

the pathogen and the vector of HLB (da Graça & Korsten, 2004; Gottwald, 

Gracia, & Bassanezi, 2007; Subandiyah et al., 2007). In addition, the 

government had recognized the presence of the asian citrus psyllid, but no 

appropriate control measure had been implemented so far to control this vector. 

According to Grafton-Cardwell (2006) and Yang et al. (2006), effective control 

measures were available for this insect. 

 

Use of California mixture was the only control measure that had been 

implemented by the government. From the head of TTS AFSS’ interview, it was 

very clear that the application of California mixture was intended only to control 

diplodia rot as this was the officially acknowledged disease in the district. 

However, it had been recently accepted that phytophthora gummosis and root 

rot were also found in mandarins and California mixture had never been known 

to be recommended elsewhere for these diseases. In fact, according to Radja 

(n.d), California mixture was effective only as a measure to prevent healthy 

trees from becoming infected by diplodia rot. It was then a mistake to apply this 

mixture to the wood surface after the bark of the diseased trees had been 

opened and cleaned. Besides, the application only in 10 villages would not 

prevent the later re-infection from the rest of villages where, for example, as told 

by Frits, a village head from TTS NMR, “The trees have been dying off ... and 

the government have never told us what to do”. 

 

Yet growers in many villages attempted to save their mandarin trees. They had 

implemented a variety of control measures against diseases that they had not 

known because the information provided by the government applied only to 

diplodia rot. However, in terms of community involvement, whether these 

alternative control measures were effective or not was not as important as the 

initiative that had been taken. This was much better than those growers who 

waited for the government to “tell us what to do”. In fact, some of control 

measures that had implemented by the community should be considered for 

recommendation by the government. These included elimination of dead trees, 
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planting using seeds, and on-site grafting. Elimination of diseased trees was a 

practice that was elsewhere recommended against diseases for which no other 

practical control measure was available (Halbert & Anjunath, 2004; Kruger, 

Stenekes, Clarke, & Car, 2010) and was also part of the so called crop 

protection actions in Indonesia under the Act No. 12 (1992).  

 

 

4.3.2.10. Monitoring of Control Measure Effectiveness 

According to head of TTS AFSS, the application of California mixture as the 

control measure against diplodia rot was successful because “We covered a 

large number of mandarin trees …… our field facilitator slept in the village to get 

citrus growers in 10 villages moved in action together”. However, was this 

success was also shared with growers in the village and those in other villages? 

Sample responses to questions regarding effectiveness of control measures 

that had so far taken by both the government and the community are presented 

in Table 4.12.  

 
 

Table 4.9. Sample responses to questions regarding effectiveness of control 
measures that had so far taken by both the government and the community 
Concept Sample responses 

Effective as long 
as applied 
according to the 
recommendation 

It was successful … yes it was. We 
covered a large number of mandarin trees 
…… our field facilitator slept in the village 
to get citrus growers in 10 villages moved 
in action together (Wita) 

To be effective California mixture has to 
be applied carefully according to the 
recommendation ... for me it is a bit risky 
... I myself am afraid of applying the 
mixture to my trees (Frans) 

Ineffective 
regardless of 
being applied 
according to the 
recommendation 
or not 

I have been using California mixture as 
recommended ... starting from its 
preparation by boiling the lime and the 
sulphur together and then applying it on 
mandarin tree trunks and branches but the 
treated trees remain unhealthy (Nadus) 

The government said that the distributed 
grafted seedlings have been strictly 
supervised. But what made those 
seedlings I planted last year all grow very 
slow with yellowing leaves and some even 
die? (Etin) 

Inappropriate 
control measures 

The disease that is responsible for the 
decline of mandarin trees is not only 
diplodia rot but also phytophthora 
gummosis and root rot (Melki) 

How will increased grafting height be 
effective? It is the roots that get the 
disease, not the trunk above the grafting 
point (Tinus) 

… the disease isn’t only in the trunk but 
also in the root. And painting the trunk with 
California mixture is just like asking a guy 
who has stomach ache to take an aspirin 
(Gustaf). 

We were told to paint trunks and branches 
with California mixture but then came the 
rain, washing away the still wet mixture. If 
we can only apply during the dry season, 
how it can protect the trees during the 
rainy season? (Ande) 

Source: English translation of interview transcripts 
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Regarding the effectiveness of implementation of control measures using 

California mixture, Frans, a senior officer TTS AFSS was careful in claiming 

success by saying that “to be effective California mixture has to be applied 

carefully according to the recommendation”. He also warned that applying 

California mixture in ways that differed from the recommendations could bring 

disaster as he had heard “a story that one farmer in Nulle, Mr. Sebastian [not a 

real name], had all his healthy trees die after being painted with California 

mixture”. Although this caution had never been supported with strong evidence 

other than just the story he have heard, it is worth being carefully considered 

since in high application rate, lime and sulphur could be toxic to plants (Holb, de 

Jong, & Heijne, 2003).  

 

Contrary to the claim made by the head of TTS AFSS, other interview 

participants considered that the implementation of California mixture was 

neither effective nor appropriate. It was not considered effective because after 

“using California mixture as recommended ... starting from its preparation by 

boiling the lime and the sulphur together and then its application on mandarin 

tree trunks and branches”, as according to Nadus, a village head from TTS 

NMR, “the treated trees remain unhealthy”. In fact, use of this mixture against 

citrus diseases was rarely mentioned in the literature and the only literature 

found was Radja (n.d) that clearly categorized the mixture as being protective 

rather than curative in its mode of action. It was also considered not appropriate 

because it was implemented against diseases that were not the target of the 

mixture, such as gummosis, root rot, and HLB. As stated by Melki, another 

senior officer at the same office, “the disease that is responsible for the decline 

of mandarin trees is not only diplodia rot but also phytophthora gummosis and 

root rot”. Another implemented control measure, i.e. increasing grafting height, 

was considered not appropriate for the same reason, i.e. against diseases 

caused by air-borne or graft-transmissible pathogens. 
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4.3.2.11. Key message delivery and engagement with local 

communities 

Successful control of pests and diseases requires not only effective control 

measures but also appropriate key message delivery and community 

engagement. With regard to key message delivery, questions were asked about 

whether information regarding pests and diseases had been focused on a 

particular purpose and tailored accordingly. Whereas community engagement 

questions were asked about ways in which the information was provided to the 

community. Sample responses to all these questions were given in Table 4.13. 

 
Table 4.10. Sample responses to question regarding key message delivery and 

community engagement 
Concepts Sample responses 

Delivery of key 
messages 

They told us that diplodia rot caused 
mandarin trees here sick [get diseased]. 
They also mentioned other diseases and 
insects [pests], but most often [they talked 
about] diplodia. They also asked us to 
control diplodia, but not other diseases 
(Ande). 

They [the instructors of FFS] told us many 
pests and diseases but their names are 
difficult, I could not remember them all. But 
I remember CVPD, I wrote it in my 
notebook [showing his notebook] … here 
(Hen). 

Prima Tani
1)

 and BPTP Naibonat
2)

 is now 
helping us to bring mandarins here back to 
live. They provide us with information 
regarding mandarin cultivation but … as 
long as I remember … none about CVPD. 
Only about diplodia rot and how to control 
it and no more … or could be I forget … 
but you may ask others as well (Gustaf) 

I still remember names of diseases that 
were mentioned during the FFS

3)
 

conducted here ... diplodia rot, root rot, 
powdery mildew, greasy mould ... but I 
have never heard CVPD. I have also 
never heard it discussed in the meeting I 
often attend at the dinas office in Soe 
(Nadus). 

Engagement with 
local community 

FFS has been conducted here but I am 
not involved. It is for those who agree to 
plant grafted seedlings distributed by the 
government and I prefer to plant seeds or 
grafted seedlings I produce (Agus) 

The extension officer does not live here 
but in Soe, far from here. When she came 
to have a meeting with us she discussed 
mainly things regarding planting, use of 
fertilizers, and irrigation 

When the extension officer meets with us, 
she explains ways to plant grafted 
seedlings. She asks us to remove the 
polybag before putting the seedling into 
the planting hole, asks us to provide 
enough water for irrigation but we don’t 
have enough water. She has never told us 
anything about pests and diseases (Rika). 

Never did the extension officer here talk 
about pests and diseases of mandarins. 
He talks about maize, rice, wheat … every 
time we have a meeting. The government 
had a project on wheat here last year … 
he talked all the time about wheat … 
wheat … wheat (Frits) 

Notes: 
1) Prima Tani is a pilot programme for acceleration of agricultural innovative technology 

dissemination administered by the Agency for Agricultural Research and Development, 
Indonesian Ministry of Agriculture, to promote the implementation of innovative agricultural 
technologies in the form of agribusiness development involving farmers in a particular 
location easily accessible for farmers from other locations or regions (Agency for 
Agricultural Research and Development of Indonesian Minister of Agriculture, 2011) 

2) BPTP=Balai Pengkajian Teknologi Pertanian or Research Station for Agricultural 
Technology Assessment, one of many research stations of its kind under the Agency for 
Agricultural Research of the Indonesian Ministry of Agriculture, located in Naibonat, some 
10 km east of Kupang, the capital of NTT Province 

3) The FFS referred here is the Integrated Pest Management Farmer Field School (IPM FFS) 
Source: English translation of interview transcripts 



161 

 

 

 

Regarding key message delivery, interview participants agreed that they 

received information on pests and diseases, but the information provided in TTS 

District did not cover diseases that had not been acknowledged by the local 

government whereas that provided in TTU district covered various diseases of 

citrus. According to Ande, a member of a target farmer group in TTS NMR, the 

FFS facilitator “mentioned other diseases and insects [pests], but most often 

[they talk about] diplodia” and according to Nadus, the head of the target village, 

“...I have never heard of CVPD”. On the other hand, Hen, a village head from 

TTU NMR who also had attended an FFS run by TTU FECS, showed his note 

that clearly had the description of CVPD written on it. Still with regard to key 

message delivery, oral presentation was the only means in which information 

was delivered. No leaflet, folder, brochure, or booklet had been printed and 

distributed by the local governments. 

 

Community engagement was temporary because FFS was conducted on a 

project basis and visits by resident extension officers were as well incidental. A 

grower from TTS NMR, Agus, said that he was not involved in the FFS 

conducted by TTS AFSS in his village because it was only “for those who agree 

to plant grafted seedlings distributed by the government”. In Tobu, the FFS was 

carried out as part of an on-site mandarin cultivation programme involving TTS 

AFSS, BPTP Naibonat, and Prima Tani, a national government pilot programme 

on agriculture aimed at delivering research and development results directly to 

the community. Regarding this FFS, the village head explained: 

Prima Tani and BPTP Naibonat are now helping us to bring mandarins 
here back to life. They provide us with information regarding mandarin 
cultivation but … as long as I remember … none about CVPD [HLB]. 
Only about diplodia rot and how to control it and no more … or could be I 
forget … but you may ask others as well. 

A similar question was also asked to heads of other villages covered by the 

project and they also did not recall any mention of HLB. 
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Not every village had a resident extension officer, village extension officers lived 

in town instead of in the village. In many cases, resident extension officer did 

the farmer visits mostly for project purpose as recalled by Frits, a village 

secretary of formerly an important production centre in TTS NMR: 

Never did the extension officer here talk about pests and diseases of 
mandarins. He talks about maize, rice, wheat … every time we have a 
meeting. The government had a project on wheat here last year … he 
talked all the time about wheat … wheat … wheat ... and nothing else. 

From the interview with an extension officer in TTS District, this happened 

because extension was now under the district agricultural services that manage 

the project. In relation to the reasons extension did not cover HLB, the 

extension officer said that because the disease was not officially acknowledged, 

providing information regarding HLB could misunderstood as stating that the 

diseases were already present. 

 

 

4.3.2.12. Groups, Networks, Information, Communication 

As previously mentioned, government programmes on citrus development 

consisted of site and group-based cultivation. Therefore there were farmer 

groups specifically formed for the purpose of government projects. However, 

many other groups existed in the community, established either by the 

government or by the community, each with its own purposes and features with 

regard to networking, access to information, and communication engagement. 

Sample responses to questions regarding some aspects of groups, networks, 

access to information and means of communication are presented in Table 

4.14. 

 

Table 4.11. Sample responses to questions regarding aspects of groups, 
networks, access of information and means of communication 

Concepts Sample responses 

Process of 
establishment 

Many farmer groups here were formed 
when the OECF

1)
 project was here. When 

this project phased out these farmer 
groups no longer received project money, 
they were helpless … and slowly died out 
(Gustaf) 

An NGO approached and asking us to 
form groups ... so instead of starting from 
zero we turned back to the group we had 
established earlier ... the one during the 
term of the former governor (Obi) 

I established this group after quitting from 
another group earlier. The former group 
was established to plant grafted seedlings 
distributed by the government. My current 

We used to work in our own land ... tilling 
the soil ... it was hard so then I talked with 
my neighbours why we didn’t form a group 
to work together and that was it ... we now 



163 

 

Concepts Sample responses 

former groups consists of those not 
receiving grafted seedlings (Agus) 

have this group (Yosi) 

Purposes of 
establishment 

I have told them [mandarin growers] ... 
particularly those in the area where we 
focus on mandarin cultivation such as 
Tobu, Ajaobaki ... and others ... to report 
as groups to the agro-clinics

2)
 in Netpala 

... where is it now? Yes... in Kapan now 
(Wita) 

Sometimes I was a bit rude asking them, 
“You come to my office ... supposed not 
just for money but also for reporting 
problems you had in the field out there”. I 
asked them to bring questions about their 
problems, and what we are expected to do 
(Melki). 

The government trained leaders of 
farmer groups because …as they said 
leaders were expected to train their 
members later so the training would be 
able to reach more people … (Hen) 

We formed this group because we want 
the government help us with this disease 
… how to dealt with this disease … not 
just to provide us with seedlings, just ask 
us to plant and plant … (Stef) 

People here forms groups to help each 
other …to do “gotong royong”

3)
 work in the 

kebun. Basically, the goal is to improve 
prosperity. They are willing to get training 
to be able to bring the mandarin thriving 
back here in this village (Frits) 

I did not finish elementary school ... 
honest. But because of being the leader of 
this group I was invited to attend meetings, 
to participate in trainings everywhere... I 
learned to speak bahasa from there ... 
also to write. Like old people said, travel a 
lot ... see a lot ... learn a lot more (Tinus) 

Varieties of 
existing groups 
and networks 

Our group is specific for mandarin, for 
intensive cultivation of mandarins. We get 
full government support … training, 
extension visit … Our group have also 
received more than Rp 62 millions from 
the government (Rika) 

In this village there are many farmer 
groups but not all deal only with 
mandarins. These groups together with 
similar groups from other groups then form 
an association called Gapoktan

4)
 (Nadus) 

Many kinds of groups exist in this village 
… farmer groups, gotong royong group 
…and many others such group formed by 
the church … and neighbour groups. The 
farmer groups deal not only with 
mandarins but with agriculture in general 
(Ako) 

In this village we don’t have farmer groups 
that deal only with mandarins. We have 
many “kelompok kerja kebun”

5)
 to help 

each other in land preparation. Every 
village in this district has this type of 
group. The government call them 
“kelompok sejahtera mandiri”

6)
 (Don).  

Means and 
degrees of 
information 
exchanges and 
communication 

I asked to those who want to come to my 
office to bring a notebook and a ballpoint. 
If they don’t bring those things, how then 
they remember what I tell them ... how 
they remember what they want to ask? We 
don’t have brochure or booklet to give to 
them ... we are going to print one but 
funding isn’t yet available (Melki) 

The government told us many things at the 
meetings or in the training … too many for 
us to remember. I was wondering … why 
doesn’t the government give us brochures 
or booklets so that when we arrive back 
home we can read them … we can turn 
back to them when we forget things (Yosi) 

It was great to have an opportunity to meet 
people from different places. We 
discussed many things … exchanges 
mobile phone numbers. Now I have 
friends sending me texts about mandarin 
price. This wouldn’t have happened if I 
were not there (Rika). 

There is no newspapers and TV here and 
only few who have radios. We get 
information from the government … 
through attending meetings or participating 
in trainings … or from those returning from 
the market (Etin) 

Notes: 
1) OECF=Overseas Economic Cooperation Fund, the implementing agency for loan aid 

furnished by the Japanese government as the Japanese government's development 
financing arm that extends low-interest, long-term funds to support the self-help efforts of 
developing countries (Official Development Assistance Japan's Ministry of Foreign Affairs, 
2011) 

2) Agro-clinic is a technical implementation unit established as part of citrus development 
programme to provide pest and disease management services 

3) Gotong-royong (literally "jointly bearing of burdens") has been translated into English in 
many ways, most of which happen to be the conception of reciprocity or mutual help, one of 
the core tenets of Indonesian philosophy. Gertz(1983) viewed gotong royong as an 
enormous inventory of highly specific and often quite intricate institutions for effecting the 
cooperation in work, politics, and personal relations alike. 
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Table 4.14. (continued) 
4) Gapoktan is an abbreviation of Gabungan Kelompok Tani or Association of Farmer Groups 
5) Kelompok kerja kebun (literally garden work groups) is independent farmer groups formed 

on the initiative of the community. 
6) Kelompok sejahtera mandiri (literally self-effort prosperity group) is an official name used by 

the government to classify and deal with groups formed on the initiative of community at 
large. 

Source: English translation of interview transcripts 

 

 

Varieties of groups existed in the community. In fact, a Meto settlement in the 

past was in itself a group for resource sharing and defence (Nordholt, 1971; 

Ormeling, 1955). But then the resettlement programme introduced first by the 

Dutch colonial government and later continued by the Indonesian government 

after independence, aimed to make isolated communities more accessible in 

terms of information and government services (McWilliam, 1995). It was with 

this purpose of improving access to information and government services that 

the government was involved in the formation and establishment of groups in 

the community. 

 

According to Ministerial Decree of the Ministry of Agriculture No. 

93/Kpts/OT.210/3/1997 (1997), farmer and fisherman groups are expected to 

grow on the basis of close-knit relationship and common interests in utilizing the 

available agricultural resources through collective action and cooperation for 

improving the productivity of farming and fishery and welfare of their members. 

However, the process by which most farmer groups were then formed was not 

growing from the community but instead of “formed when the OECF project was 

here” or “An NGO approached us asking us to form groups”. Farmer groups 

were also formed to serve government interests to mobilize farmers “to plant 

grafted seedlings distributed by the government” as told by Agus, formerly a 

member of government-sponsored farmer group in TTS NMR but after quitting 

the group now formed his own. In the process of facilitation the government 

trained group leaders instead of group members because, as told by Hen, a 

village head in TTU NMR, the government expected these leaders “to train their 

members later”.  
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With regard to promoting farmer groups, Syahyuti (2007) argued, the 

process taken by the government did not genuinely nourish collective action 

and cooperation but served the interest of the government. If the purpose was 

really to benefit farmers, then training opportunity would have been distributed 

among farmers rather than provided preferentially to group leaders supportive 

of the government. Tinus, a farmer group leader formerly very supportive of the 

government programme on grafted seedling distribution but recently opposed 

the programme, told that in the past “I was invited to attend meetings in Soe 

[the district capital] ... to participate in trainings in Kupang [the provincial capital] 

and elsewhere”. However, when he had become critical of the government: 

Last year I was promised to visit Australia. It was an ACIAR project ... 
they asked me lots of questions on marketing but I responded with telling 
them I don’t care about it anymore... ‘cause you see ... I don’t have fruits 
to sell anymore. I supposed to be there by now … but here I am …ha ha 
ha … not in Australia … you guess why. 

 

In addition to those farmer groups formed as part of agricultural development, 

and mandarin development in particular, there were also many groups formed 

purely by the initiative of the community. Most of these bottom-up types of 

groups did not deal with only mandarins, but with many other interests. Most 

common was the so called “kelompok kerja kebun” (literally garden work group). 

“Kebun” here could mean either permanent cultivation or “pekarangan” around 

houses or shifting cultivation outside the settlement. In permanent cultivation 

around houses this group provided mutual help in soil tilling whereas in shifting 

cultivation provided similar help in cutting down and chopping trees, erecting 

fences to prevent free roaming cattle from destroying the crops, weeding, and 

bringing harvest back home and storing in the round house (“ume kbubu”). 

These types of groups could also be involved in mandarin cultivation but in so 

doing they worked independent of government projects, like the one in a village 

in TTS NMR that according to Agus, the leader, was formed “after quitting from 

another group earlier” because of not wanting “to plant grafted seedlings 

distributed by the government”. All these community initiated groups received 

less government assistance other than official recognition and therefore 
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struggled for existence. In this way, according to Agus, “we are doing whatever 

we think good for ourselves, for the community”. 

 

According to Act No 16 (2006), agricultural extension was supposed to function 

in facilitating learning processes, helping in gaining access to information and 

business opportunities, promoting leadership, managerial, institutional capacity, 

and raising cultural and environmental awareness. For these purposes, the 

government was required to set up an integrated cross-sectoral extension policy 

and strategy encompassing agriculture, fishery, and forestry. In fact, however, 

this was not an easy task because decentralisation and regional autonomy have 

provided local governments with freedom in establishing government structure 

that best meet local conditions. As such, many districts/cities do not have 

integrated cross-sectoral extension institutions as required by the law. Instead, 

extension officers are distributed among government offices responsible for 

delivering sectoral services such as agricultural, fishery, and forestry services 

with limited funding. Instead of providing support to the existing extension 

officers, district governments prefer to seek other means for delivering 

information to farmers, such as project-driven FFS and field facilitation. In doing 

so, emphasis is given to providing as much information as possible through oral 

communication. Regarding this, Yosi, a grower from TTS NMR, “The 

government told us a lot of things … too many for us to remember” and she 

expected the government to “give us brochures or booklets so that when we 

arrive back home we can read them”. Unfortunately, this expectation will not 

soon become a reality because, as told by Melki, the senior officer at TTS 

AFSS, “we are going to print one but funding isn’t yet available”. 

 

 

4.3.2.13. Collective Action, Cooperation, Solidarity, Trust 

Group work, as discussed in the preceding section, is a shared characteristic of 

groups formed purely by community initiative. This group work is a form of 

collective action, cooperation, and solidarity based on trust. Those who work on 

another’s land trust the owner of the land to provide the same help later in 

preparing their lands, as explained by Ormeling (1955, p. 77), “In his turn each 
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man work for another preparing the fields”. Sample responses to questions 

regarding collective action, cooperation, and trust are presented in Table 4.15. 

 
Table 4.12. Sample responses to questions regarding collective action, 

cooperation, and trust 
Concept Sample responses 

Existing collective 
action, 
cooperation, and 
solidarity 

Many people here are unaware of the 
importance of cooperation. They are used 
not to be on time. For example, we have 
made a deal that we will do the planting 
the following day. When I come there, only 
few people are present. That was why I 
asked for help from the army to look after 
people when we planted a large number of 
seedlings last year (Wita).  

We have just worked together to prepare a 
land for this coming rainy season. Here we 
work together for many purposes, not just 
for preparing lands. We work together to 
do many things … to clean our 
neighbourhood from garbage, to build new 
churches, to repair village office, to help 
our neighbour building a house. We do 
things just like that here … that is part of 
our live (Obi) 

Influence of 
government on 
existing collective 
action, 
cooperation, and 
solidarity 

In the past we worked on “padat karya”
1)

 
project to build road in this village … now 
some people get BLT

2)
 money for free, 

some get RASKIN
3)

. When I asked people 
to come to the village office for a Jumat 
Bersih

4)
, those who didn’t receive BLT 

refused to come, arguing that only those 
who receive BLT who had the obligation to 
do the job. (Nadus) 

We have just passed a new dirt road on 
our way back from the settlement down 
there. A contractor firm from Soe just 
finished levelling the road a week ago. In 
the past, that kind of job was done by the 
community through the “padat karya” 
scheme. Now every government project 
has to go through a bidding process and 
we can only watch the contractor working 
with their labours (Ako) 

In the old time, when food was scarce, we 
were used to share some of our maize 
with neighbours. But, now, whenever food 
become scarce, the government will come 
for help, bring rice and other foodstuff. We 
no longer need to share our maize (Etin) 

To be poor is now lucky. Because you will 
get help from the government … RASKIN, 
BLT... Who is not poor in this village 
anyway? But not all are lucky enough to 
be categorized as being poor. Look at my 
neighbour across the road. If they are 
poor, do you think I am rich? (Yosi) 

Nature of trust to 
neighbours, 
strangers, and 
government 

In the past, when we left our house, we left 
it unlocked. We could ask our neighbour to 
look after it. Now we couldn’t do that 
anymore. Things change a lot in recent 
years (Ande) 

Because we have our own cows, our own 
pigs … to be fed. We cannot leave our 
house without someone staying because 
we don’t want our animals get starved ... 
because our neighbours are also busy 
(Ana) 

It depends on how a stranger approaches 
us. Well, the first time you came here we 
were a bit suspicious too. But now we trust 
you because we know you do no harm to 
us, you come here to help us (Tinus) 

I did report to an agricultural officer at the 
sub-district office. It took too long to wait 
for the response… and the tree now has 
already gone. Next time I’d rather not to do 
so (Stef). 

Notes: 
1) Padat Karya is provision of job opportunity by involving a large number of unskilled workers 

in development or maintenance of public infrastructure and facilities 
2) RASKIN (Beras untuk Keluarga Miskin) or Rice for Poor Households is the continuation of 

the Special Market Operation Programme (Operasi Pasar Khusus), which was launched in 
1998 under the Social Protection Network Program (Jaring Pengaman Social ), to become 
Raskin since 2002 as a mean of providing social protection for poor households by allowing 
them to buy rice to a maximum of 15 kg/households/month at a subsidized price 

3) BLT (Bantuan Langsung Tunai) or Direct Cash Assistance is cash provision to poor 
households as the compensation for reduction in government subsidy to oil price 

4) Jumat Bersih is village cleaning action carried out weekly every Friday 
Source: English translation of interview transcripts 
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Collective action and cooperation have been in fact part of Meto communities 

as described by Ormerling (1955): 

Group efforts and mutual helpfulness ... are typical of Timorese [Meto] 
society. People in the suku [clan] have common economic interests and 
work of all kinds is carried out co-operatively. Group labor [sic] is the 
Timorese means of accomplishing the heavy work of clearing his ladang 
before the rain set in. In his turn each man work for another preparing the 
fields ... Co-operative work occurs [also] in house building, fence 
erection, deer drives, clearing path, etc. Up to the present day traditional 
group labor [sic] is very much alive in this society (p. 77). 

This remains unchanged until today as a community leader, Agus confirmed, he 

is currently also a group leader and mandarin grower, from TTS NMR: 

When we want to open a kebun we would ask our neighbour to join and 
together we would come to the amaf [land lord] for permission to open a 
piece of land … later we work together to cut down trees …chop them 
…make the firebreak …construct fences … and at harvest time we again 
come together to bring the harvests home and put them in the ume 
kbubu [literally round house functions as kitchen] 

However, from the government point of view, collective action and cooperation 

were not always easy to obtain from the community. For this reason, the head 

of TTS AFSS had to ask help from the army “to look after people when we 

planted a large number of seedlings”. However, according to Obi, a village 

secretary from TTU NMR, collective action and cooperation “are part of our life”, 

as exemplified by collective land preparation. Therefore, difficulty in obtaining 

cooperation from the community indicated resistance from the community and 

also lack of engagement of the community by the government. 

 

Collective action and cooperation, and trust, have faced great challenges during 

the last ten years or so. This is not only because of changes that took place 

from inside the community, but also from changes in government policy. Prior to 

the 1998 political reform, to address emergency situations (for example 

drought-driven food insecurity) the government would endorse a project called 

‘padat karya’ (literally meaning involving a large number of workers) through 

which people were paid for public infrastructure maintenance work. After the 

political reform, all government projects were by law required to go through a 

bidding process and for emergency relief the government provided the so called 

RASKIN (beras untuk keluarga miskin or subsidized rice for the poor 
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households) and BLT (bantuan langsung tunai or direct cash assistance). 

These forms of emergency relief were provided only to those households that 

met the criteria developed on a national basis. The criteria were difficult to apply 

equitably and without creating resentment in the local situation and as a result 

created tension at the village level. The village leader of Fatumnasi told the 

story: 

In the past we worked on padat karya project to improve road in this 
village … now some people get BLT money for free, some get RASKIN. 
When I asked people to come to the village office for a Jumat Bersih 
[Friday village-cleaning day], those who didn’t receive BLT refused to 
come, arguing that only those who received BLT had the obligation to do 
the job. 

Such changes were not just because of RASKIN and BLT. Other government 

projects also brought similar changes. In the past the government would provide 

only the seedlings and agro-chemicals and people would do the planting 

themselves. Now the government also provided money for digging planting 

holes, for watering, for weeding, and people learned from these practices. To 

this government approach, the village head of Suanae in TTU District 

responded: 

I think the government does not need to continue providing money and 
all other things … it makes people lazy to do things for their own. Also, 
there would be no sense of ownership and people will not be serious in 
the maintenance of the planted seedlings. 

He further argued, it would have been much better if the government provided 

training and facilitation. 

 

As collective action, cooperation, and solidarity changed and so did trust. In the 

past people would leave their door unlock when they left the house, now they 

never leave their house without someone staying because, as explained by 

Etin, a grower from TTS SMR, “we have our cows, our pigs … to be fed”. 

Although this was the reason given, the untold reason could be a reluctance to 

ask neighbours to feed the animals or could also be lack of trust to the 

neighbours. Trust to the government has also changed. When asked whether 

he had reported the recent disease to the government, Ferdy, a community 

leader from TTS SMR said he did not because “I don’t think there would be a 
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follow up”. Collective action, cooperation, solidarity, and trust did not work in 

isolation, they were linked one to another. 

 

 

4.3.2.14. Norms, Sanctions, Freedom of Expression 

For groups to function and collective action and cooperation to work, there must 

be norms to be followed and sanctions to be enforced against those who don’t 

follow those shared norms. Regarding these norms, sanctions, and freedom of 

expression, no specific questions were asked but responses were inferred from 

answers provided to other questions. Sample responses are presented in Table 

4.16.  

 

Table 4.13. Sample responses regarding norms, sanctions, and freedom of 
expression 

Concepts Sample responses 

Norms and 
sanctions 

We have told the government that we no 
more need grafted seedlings. We have 
told them that trees from grafted seedlings 
are easy to get diseases. But they don’t 
listen to us; they keep giving us grafted 
seedlings. They always want to be 
listened, but never learn to listen. I won’t 
bother whether people plant the distributed 
grafted seedlings or not (Anis) 

I went to Soe a long way to report the 
disease. I have never expected them to 
come right away for the solution. But after 
waiting for this long, there is no follow up 
at all, nothing. Don’t they ever learn to pay 
a bit of respect to us, although we are just 
poor people? I am not too stupid to report 
again to the government (Ferdi) 

One of my neighbours asked for an 
excuse for not coming together to do 
group work this morning. But this 
afternoon I found him drunk in the nearby 
market. I will bring this to the group 
meeting to expel him (Tinus) 

I do need to join a group because if I don’t, 
who will come to me when I need help? 
Here, it is just as simple as that. If you 
expect help from others, you have to be 
ready to help others. Otherwise, people 
won’t come to you for free (Etin) 

Freedom of 
expression 

The disease has become so severe here. I 
think the government would better ask 
experts … the cause of this disease. 
Before the cause of the disease is 
determined, the grafted seedling 
distribution programme should be better 
stoped. The programme could be resumed 
later after the cause of this disease is 
known (Ako) 

How could the government say the 
replanting is successful? Most grafted 
seedlings planted here are dead … 
because of many things … diseases, lack 
of irrigation, lack of maintenance. It seems 
the government does not understand what 
the problem is. How could you expect to 
bring mandarins here back thriving within a 
year? It’s nonsense. (Gustaf) 

Source: English translation of interview transcripts 

 

 

Norms and sanctions can exist in many forms and each was observed to be 

different in different communities. Sometimes, especially to those who are not 

part of the community, the forms are not always recognizable. Take for example 

what Anis, the village secretary from TTS NMR, said, “They don’t listen to us, 
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they keep giving us grafted seedlings” and his ignorance “I won’t bother whether 

people plant the seedlings or not”. Such ignorance was the very subtle forms of 

norms and sanctions that were out of attention from the government. Other 

norms included respect like what Ferdi, the community leader from TTS SMR 

mentioned, honesty like the case brought up by Tinus, another community 

leader from TTS NMR, and mutual help as told by Etin, a grower in TTS SMR. 

Underpinning all of these forms of norms was reciprocity. Without paying 

attention to this very basic norm of the community, the government would face 

risks of ignorant cooperation. 

 

Even worse for the government was that after democratization had been in 

place for more than a decade now, people have become more confident in 

expressing their concerns, expectations, and protests. Take, for example, a 

village head who openly expressed his people’s expectation to the government 

to stop the distribution of grafted seedlings. Another example is a village head 

who protested the claim from the government that the mandarin development 

programme had been successful. All these things would have not been possible 

before the political reform took place in Indonesia in 1998. People have 

regained their pride as human beings. However, the implications for citrus 

biosecurity are explored later. 

 

 

4.3.2.15. Decentralization, Autonomy, Local Government Policy 

After the 1998 political reform, Indonesia has experienced tremendous changes 

in terms of government. It was started with the amendment of the constitution, 

the UUD 1945. Since then, first under Act No. 22 (1999) and now under Act No. 

12 (2008), Indonesia has changed from a centralistic to become the most 

decentralized country in the world (four levels of governments, the central 

government plus three levels of autonomous regional/local governments). With 

this decentralization law, autonomy is given to provinces, the districts/cities, and 

villages. Adding to the complexity is the president, the governors, and the heads 

of districts/mayors that earlier were elected on the basis of parliamentary votes 

and now are elected on the basis of popular vote. All these changes are 



172 

 

expected to make the provincial, the district/city, and the village governments 

across the country more accountable. In what respects have these changes 

allowed the provincial, the district, and the village government in West Timor to 

develop a more community-oriented policy with regard to mandarin 

development in the region? No specific question was asked with regard to 

responses to norms, sanctions, and freedom of expression in the earlier 

section. Rather, responses were inferred from responses to questions asked for 

other purposes. Sample responses are presented in Table 4.17. 

 

 

Table 4.14. Sample responses related to decentralization, autonomy, and local 
government policy 

Concept Sample responses 

Decentralization, 
autonomy, popular 
vote, and abuse of 
power 

I have been very strict in supervising 
seedling distribution into this district, to 
prevent CVPD

1)
 from being introduced 

through seedlings. I will arrest whoever 
found distributing seedling into this district 
without labels because that is against the 
law. However, the distribution of grafted 
seedlings out from this district is not my 
responsibility (Wita) 

The placement of personnel in government 
offices here is highly political, nothing to do 
with educational background. Say for 
example Mrs. Bengu [not a real name], her 
education is plant pathology but she was 
just appointed as the head of planning 
section, not as the head of the horticulture 
section as what most of us in the office 
thought (Melki) 

A researcher, Mr. Murdono [not a real 
name] told me that the decline was 
because of diplodia rot or because the 
trees had already been too old. He also 
assured me that the disease could be 
controlled. He has never said anything 
about CVPD. I know this is not true 
because an overseas expert had told me 
that the mandarins here have been 
declining because of CVPD. I don’t 
understand why shouldn’t an expert like 
Mr. Murdono tell us the truth (Gustaf)  

Extension officers are now treated by the 
government as if they are regular staff 
officers. They receive just salary without 
transportation and accommodation cost for 
doing the field visits. They have also been 
transferred from their own institution into 
agricultural service office. Some of us 
have also been “bought” to take structural 
positions as a head of division or section. 
This is better in terms of income, but I 
think this is something to regret … it is not 
easy to have a really good extension 
officer (Frans) 

According to the standard of grafting 
procedure, certified grafted seedling must 
be free of graft transmissible diseases, at 
least of CVPD and tristeza

2)
. But how 

would BPSB
3)

 officers are able to do this, 
say to identify the psyllid and the aphid, if 
they have never been trained to identify 
such insect vectors? They simply pass the 
infested grafted seedlings that according 
to the procedure should be instead 
eradicated (Melki) 

 

Indication of 
involvement of 
government 
officers in seedling 
business 

This grafted seedling distribution is all 
about money … nothing more. I know 
government officers who sell grafted 
seedlings, some even without having a 
nursery. That is why the government 
distributes grafted seedling every year ... 
because those grafted seedlings owned by 
government officers have to be sold. The 
village head shouldn’t accept the seedlings 

Doesn’t the government know that most of 
the distributed grafted seedlings don’t 
survive? Why the government keeps doing 
nonsense thing like that? This benefits 
only nursery owners, not the farmers. If the 
government doesn’t have something with 
nursery business, why shouldn’t this 
seedling distribution programme be 
stopped? It is useless, unless the 
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Concept Sample responses 

anymore. I’m not against the government 
but against those officers who mesh up 
authority with business (Anis) 

government wants to benefit nursery 
owners or government officers who have 
nurseries (Agus) 

Notes: 
1) CVPD (Citrus Vein Phloem Degeneration) is the Indonesia name of HLB 
2) Tristeza is a graft-transmissible diseases caused by Citrus Tristeza Virus (CTV) 
3) BPSB=Balai Pengawasan dan Sertifikasi Benih now becomes UPT PSB or Technical 

Implementation Unit for Seed Supervision and Certification under NTT Province Agricultural 
and Estate Crop Services 

Source: English translation of interview transcripts 

 

 

As already mentioned, the position of the government, both provincial and 

district, is that Keprok Soe mandarins are free of HLB. That was why, Wita, the 

head of TTS AFSS, argued that the government was “very strict in supervising 

seedling distribution into this district to prevent CVPD from being introduced 

through seedlings”. However, how he knew that Keprok Soe Mandarins were in 

fact free of HLB was not clear because, as he already said, he had not done a 

PCR test for more than three years. On the contrary, Melki, a senior staff 

member at TTS AFFS, questioned the claim, arguing that “how UPTPSB 

officers would be able to do this, say to identify the psyllid and the aphid, if they 

have never been trained to identify such insect vectors?” The answer, one 

would say, under the regional autonomy, was that the district government has 

the authority to recognize a disease even in the face of conflicting evidence. 

Because of his position, the head of AFSS had the authority to ignore what, 

Frans, another senior officer, said: 

Why should conceal it? Those who say that Keprok Soe mandarins free 
of HLB are blind [laugh]. How can they say free of CVPD? Look at that 
tree out there [while walking in his grove] ...the symptoms are there ... 
very obvious. 

Under regional autonomy, then, a disease could be either official or unofficial. 

 

Under the regional autonomy, district governments may have different 

departments for the similar portfolios. For example, TTS District has AFSS 

(Agriculture and Food Security Service) while TTU District has FECS (Food and 

Estate Crop Service). As with this autonomy in terms of governmental structure, 

goes also the authority with regard to repositioning extension services “into now 

under agricultural service office” and with regard to appointment of staff for 
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strategic positions irrespective of educational background, but on a “highly 

political” account. The system allows staff to be appointed to strategic positions 

on political account because, under the current political system, the head of 

regional governments is elected on the basis of popular vote. An undesirable 

consequence is that a public policy can be implemented to maintain power 

rather than to serve the public at large. This includes continuing the distribution 

of free grafted seedlings to villages instead of requiring growers to eradicate 

diseased trees. 

 

As discussed earlier, the local Keprok Soe mandarin has now been accepted as 

a national prime cultivar and as such has raised the political standing of the 

local governments, both provincial and district. Keprok Soe mandarin has 

therefore become a symbol of success for agricultural development in the 

region. Accepting the presence of HLB and other graft-transmissible diseases 

would directly threaten this political standing. For this reason, it makes sense 

that the local governments do everything possible to maintain the mandarins 

HLB free and has resulted in denial of the presence of this disease by means of 

power of authority. This power of authority is used in different ways, from 

concealment of evidence, cut off information flow, delaying the promotion of 

staff who spoke otherwise, and blacklisting researchers who are brave enough 

to reveal new evidence. The purpose was to maintain that Keprok Soe 

mandarin was officially HLB free. 

 

Now that the Keprok Soe mandarin has been accepted as a national prime 

cultivar, a new business opportunity emerges, namely marketing of grafted 

seedlings, for both local and regional markets. For local markets, demands for 

grafted seedlings are maintained through the creation of various projects for 

both expanded and intensified cultivation. These projects would be very likely to 

be funded by the central government with the rationale that a national prime 

cultivar requires central government support for development. As already 

discussed in Section 4.3.2.4, the central government has already supported 

these development efforts through various funding schemes. Out of all these 

efforts, grafted seedling production emerges as a profitable business 
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opportunity that for some government officers is difficult to resist. That was why, 

according to Anis, an outspoken village secretary from TTS NMR, to find 

“government officers who sell seedlings” is not surprising. However, to what 

degree this was true and how these government officers could sell grafted 

seedlings “without having a nursery”, more will be presented in the next chapter 

(Chapter VI).  

 

 

4.3.3. Higher Level Themes 

4.3.3.1. Citrus Cultivation Biosecurity: Mismatch between 

Government Policy and Community Expectation 

Responses regarding various aspects of citrus cultivation, government 

programmes to improve mandarin cultivation, and contribution of mandarin 

production to household income have been discussed in Section 4.3.2.1 to 

Section 4.3.2.5. In later sections, Section 4.3.2.6 to Section 3.3.2.11, responses 

regarding various aspects of pests and diseases of citrus have been also 

discussed. From this discussion, responses tend to diverge one to another. For 

example, while a community leader said that the local mandarin cultivar was 

brought to West Timor by the Chinese, another community leader said that they 

were native. When examined carefully, many other responses in Table 4.5 to 

Table 4.15 are also contradictory. 

 

Regardless of their origin, the local mandarin has been cultivated for a long time 

in West Timor by directly planting seeds. In the past, the mandarin was 

cultivated only around houses together with annuals and other perennials in 

mixed cropping in home gardens. In an effort to improve production, the 

government later introduced grafting as a new propagation method to replace 

the old method by directly planting seeds. According to a village leader from 

TTU District, trees propagated from grafted seedlings start to set fruits when 3-4 

years old while their height is only 1.5 m while trees propagated from seeds set 

fruit first when 8-10 years old when height is 3-3.5 m. In addition, fruits from 

trees propagated from grafted seedlings are not as sweet and juicy as those 

propagated from seeds. Through various programmes, the government has 
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convinced growers to plant only grafted seedlings instead of planting seeds. 

This is considered by local people as promoting mandarin cultivation that is not 

only not suitable to local climate and prone to diseases but also, more 

importantly, not considered as the original mandarin but as the ‘kase’ mandarin 

instead. The literal meaning of this local word ‘kase’ is foreign or outsider, but 

the cultural meaning goes beyond this literal meaning. According to 

Ataupah(1992), ‘kase’ could culturally meant not belong to, or be not wanted. 

 

With regard to citrus decline, responses have clearly shown the ability of local 

communities, to a certain degree, to identify pests and disease and their 

spread, to identify and implement control measures, and to measure the 

effectiveness of various control measures that have been implemented. This 

ability is actually what Falk et al. (2008a) calls community management of 

biosecurity. According to FAO (2007), biosecurity threats posed by pests and 

diseases are subject to risk analysis consisting of risk assessment, risk 

management and risk communication. Within this continuum of risk analysis, 

the ability to identify pests and disease and their spread is part of risk 

assessment. In addition, the ability to identify and implement control measures 

and to measure the effectiveness of various control measures is part of risk 

management and the ability to determine the information needed most and how 

this information to be delivered is part of risk communication. However, the 

interviews suggested that the local community was aware of symptoms 

consistent with HLB, whilst the local governments insisted it was only diplodia 

rot. What according to the local community was spread through grafted 

seedlings, according to the local governments was not so because grafted 

seedling production and distribution had been strictly supervised. The 

application of California mixture was not appropriate and not effective according 

to the local community, but was appropriate and effective according to the local 

government. 

 

The overarching issue became neither citrus cultivation nor citrus biosecurity, 

but the mismatch between local government policy and local community 

expectation. The local governments wanted to make the local mandarin 
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landrace into a modern cultivar and have tried to intensify its cultivation from 

merely a backyard crop cultivated within a multiple cropping technique into 

intensive single crop cultivation. These efforts have been partially successful 

because since the early 1990s the mandarin harvest has mainly come from 

trees planted from grafted seedlings. The local landrace was accepted by the 

Ministry of Agriculture in 1998 as one of the prime mandarin cultivars in 

Indonesia (Decree of the Minister of Agriculture No. 863/Kpts/TP.240/11/1998, 

1998). However, since the late 1990s and continuing from its acceptance as a 

national superior cultivar, the mandarin crop has continued to decline. In 

responding to this decline, instead of listening to what happening at the 

community level, the local government has become more defensive in 

responding to research findings that the decline of the mandarin is associated 

with HLB. 

 

 

4.3.3.2. Social Capital: Fostering Identity and Pressure from 

Top-down Empowerment 

Table 4.16 presents sample responses regarding groups, networks, information, 

and communication, Table 4.17 depicts sample responses regarding collective 

action, cooperation, solidarity, and trust, and Table 4.18 shows sample 

responses regarding norms, sanctions, and freedom of expression. These 

sample responses are all about what Grootaert et al. (2004) described as social 

capital dimensions. According to Falk (2001b, 2001c), they are all about 

knowledge resources that are needed by people to support their actions through 

interaction with others in their efforts to foster identity needed to make changes. 

Groups, networks, collective action, cooperation, and solidarity are means by 

which people interact and through that interaction, exchange information and 

communicate with others using shared norms and sanctions to govern 

behaviour. Thus, social capital provides both the structure and the process for 

people to accrue the knowledge resources needed to foster identity resources. 

 

In engaging citrus development programmers, the local government realized the 

importance of these groups, networks, collective action, and cooperation, but 
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only recognized the structural form merely to achieve the government’s own 

agenda for obtaining funding support from the central government that require a 

bottom-up approach for project implementation. According to a village leader 

from TTS District, many farmer groups were formed when the OECF-sponsored 

project was underway in his village in the 1990s, but these groups all slowly 

disbanded after the project phased out. Because farmer groups are formed 

mainly for achieving government’s agendas, it was not surprising that another 

community leader from a target village of government project in TTS District 

then formed his own group. He formed his own group because he did not want 

to plant the government distributed grafted seedlings and to plant these grafted 

seedlings as a single crop as recommended by the government. Instead of 

working with the myriad of groups that have already existed in the community, 

the government formed new farmer groups that only included growers who 

agreed with agendas set by the government. This ignores the very purpose of 

group formation that is intended to provide reciprocal help in an effort to meet 

people’s need to change and foster identities, not merely to serve the needs of 

the provincial and the district governments. Such government-sponsored farmer 

groups did not persist because they were unable to meet the needs of their 

members.  

 

With efforts to empower the community through the top-down formation of 

groups, the government faced risk of failure not only in promoting citrus 

development but also in nurturing social capital. By choosing to work only with 

those who agree to plant grafted seedlings, the government faced the risk of 

growing distrust not only between people and the government but also among 

people. These were not the only situations the government had created that 

made the bonding and bridging forms of social capital less likely to flourish. 

Many other current policies such as provision of RASKIN and BLT, the bidding 

requirements for public infrastructure maintenance, and direct emergency 

assistance, have created a similar situation. These situations have made it 

impossible to impose sanctions on others acting beyond acceptable norms, 

such as refusing to join the Friday village cleaning because of not receiving 

BLT. The government may have not created such situations intentionally but 
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simply find it hard to “make out the small, local, and sometimes fragile contours” 

of social capital (Larson & Soto, 2008, p. 289). This is simply part of a wider 

problem about just what the government “can and cannot see”, especially when 

it came to phenomena that were impossible to categorize and standardize 

(Larson & Soto, 2008). 

 

 

4.3.3.3. Biosecurity Governance: Meshing Politic with Business 

Responses to questions about decentralization, autonomy, and local 

government policy have been discussed in Section 4.3.2.15. Here 

decentralization refers to a transfer of powers from central authorities to lower 

levels in a political-administrative and territorial hierarchy (Larson & Ribot, 

2005). As in many other countries, decentralization and autonomy in Indonesia 

is based on an underlying assumption that local governments know the needs 

and desires of their constituents better than the national government does, and 

it is easier to hold local leaders accountable. In theory, therefore, 

decentralization should improve resource allocation, efficiency, accountability, 

and equity by linking the costs and benefits of public services more closely, 

should promote democracy by bringing the state closer to the people thereby 

increasing local participation, and building social capital, and with all these 

possibilities, should improve sustainability (Larson & Soto, 2008). In practice, 

the situation is different (Pierce, Colfer, & Capistrano, 2005), so that there is 

often a wide gap between discourse and action (Ribot & Oyono, 2006). 

 

From sample responses discussed in Section 4.3.2.15, it is clear that the local 

governments, while refusing to acknowledge HLB, have done very little to 

minimize the impact of pests and diseases, but instead used their authority to 

declare Keprok Soe mandarin as being HLB free. While claiming to provide 

strict supervision of seedling production and distribution, the local governments 

do nothing to stop uncertified nurseries from producing grafted seedlings for 

both local and regional distribution. While claiming to have been banning 

importation of mandarin seedlings, the local governments seemed unaware of 

importation of seedlings citrus other than the local mandarin and reluctant to 
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assume responsibility for banning illegal distribution of grafted seedling to other 

regions. For the district governments, TTS District government in particular, the 

Keprok Soe mandarin has been a long awaited icon of success that makes it 

politically and financially too risky to accept and admit to the presence of HLB. 

Accepting HLB as being associated with the decline would require the local 

governments to ask growers to eradicate trees with a consequence of losing 

popular political support. Accepting HLB as being associated with the decline 

would mean an end to the eligibility of the local governments for supplying 

grafted mandarin seedlings for other regions. This later consequence would be 

financially too risky, in terms of generation of government revenue and also to 

generation of additional income for those government officers who are involved 

in the business. 

 

Decentralization has triggered interests of local governments to manage locally 

important natural resources, such as forests. However, according to Larson & 

Soto (2008), the main interest of the local governments is likely to be merely as 

a source of income. To manage the resources, these local governments do not 

have the necessary technical knowledge to solve local environmental problems 

that may arise, such as HLB incursion in the case of management of the local 

mandarin. In particular, local government authorities are politicians who are very 

likely to take an active interest in natural resources management initiatives only 

if they perceive potential financial and/or political benefits (Andersson, 2003; 

Andersson, Gibson, & Lehoucq, 2006; Larson & Ribot, 2005). In addition, 

decentralization has been primarily promoted as a means of ‘smartening’ the 

central state rather than as a political project aimed at transforming state 

legitimacy and forging a new contract between citizens and the local state 

(Hickey & Mohan, 2005). In many cases, decentralization is not seen as a 

means to challenge power relations between local governments and their 

people but simply as a transfer of powers from the central government to lower 

levels of governments. This results in power sharing between the local 

governments and a select few in the local community for the fulfilment of 

political and business interests. According to Larson & Soto (2008), this 



181 

 

happens because decentralization occurred too quickly while there were only 

very few control mechanisms available. 

 

Hence governance has been viewed narrowly as simply a mean for increasing 

efficiency and building transparency as essential conditions for the promotion of 

private investment. Governance has never been viewed as the coordination of a 

society’s resources to achieve collective goals through institutions as it was 

supposed to provide means for resolving trade-offs and of providing a vision 

and direction for sustainability (Folke, Hahn, Olsson, & Norberg, 2005). As a 

result, decentralization and autonomy policies are far from achieving greater 

participation from local groups, particularly from those that have been 

traditionally marginalized. Owing to the uncertain nature of biosecurity risks 

(Caley et al., 2006), biosecurity governance should emphasize the importance 

of seeking participation from a wider community rather than simply increasing 

efficiency and building transparency. 

 

 

4.4. Discussion and Synthesis 

This chapter describes the results of scoping citrus biosecurity issues at the 

community level. The interview transcripts were coded to identify categories and 

these categories were later collapsed to produce more meaningful concepts 

and themes. These concepts and themes were further collapsed to provide 

higher-level themes. The emerging higher-level themes included mismatch 

between government policy and community expectation regarding citrus 

cultivation and biosecurity, community struggle in fostering identity under top-

down empowerment pressure, and meshing politics with business by the local 

governments. With these emerging higher-level themes, biosecurity issues 

emerge as being shaped not only by the community but also by power external 

to local communities. This external power is the pressure imposed by the local 

governments to the local communities to accept the prescribed top-down 

empowerment agendas. 
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As indicated in the previous sections, the local communities rely on bonding and 

bridging ties for finding, developing, and deploying resources needed for 

managing citrus biosecurity. People in local communities have worked in groups 

for generations in preparing lands for shifting cultivation. People have also 

maintained links to those living outside their own community through extended 

family relations. These ties work reciprocally under shared local values and 

norms upon which negotiable sanctions are imposed as means of enforcement. 

This way, people manage their knowledge resources to support their action 

through interaction with others in their efforts to fulfil their need to change and 

foster identities. Nevertheless, instead of appreciating the struggles to foster 

identity resources, the local governments created top-down approaches with the 

stated aim of “empowering” the local communities but which in practice assist 

only the government-formed farmer groups. In addition, the local governments 

also helped to link such farmer groups with other similar groups and with the 

government to get access to resources required for the implementation of 

programmes for expanded and intensified mandarin planting. Throughout the 

process, however, only citrus growers who agreed to plant grafted seedlings 

were involved and they were provided with resources and information that has 

been censored to meet the government’s agendas. Such censoring includes, 

among other things, informing growers that trees planted from grafted seedlings 

are better than those planted directly from seeds, and that the disease 

associated with mandarin decline was diplodia rot and not HLB. This way the 

local governments tried to reshape bonding and bridging ties within and 

between communities for the benefits of government officials. This reshaping 

has been done through not only mandarins’ related development programmes 

but also other programmes such as RASKIN and BLT. 

 

This mismatch between government policy and community expectation, 

between community struggle in fostering identity and government top-down 

empowerment approach, and between expectation for good biosecurity 

governance and meshing politic with business could be explained using at least 

three frameworks. Firstly, structure alone, either as groups, networks, collective 

action and cooperation at the community level or as complex horizontal and 
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vertical structure of the government is simply not enough for creating and 

improving biosecurity awareness. This structure exists within myriad of groups 

having either formal or informal leadership, within and between which bonding, 

bridging, and linking ties have been nurtured. The local governments have 

made these existing structures more complex by forming additional groups 

intended to facilitate bonding, bridging, and linking ties for their own agendas. 

This structure has not been able to prevent citrus in the highlands of West 

Timor from facing the risk of being destroyed by HLB and other graft-

transmissible diseases. What seems missing here is the process that could 

make this structure function. This process involves various components: ways 

in which information about pests and diseases is shared through risk 

communication; ways in which farmer groups are established and managed to 

function; ways in which the government can most efficiently engage the local 

communities. This process relates to how biosecurity governance should be 

embraced, a change, as advocated by Larson & Soto (2008), from simply 

means for increasing efficiency and building transparency to means for seeking 

participation from a wider community to achieve collective goals. 

 

Secondly, as the consequence of the framework described above, the concept 

of knowledge resources needs further examination. The community itself is not 

a homogeneous entity but consists of elements that each continually struggles 

to gain dominance. According to Ishihara & Pascual (2009), the dominant 

elements in the community, due to their advantageous position privileged by the 

existing social structure, obtain preferences in emerging as the common 

knowledge of the community. This is very likely to occur when there is a 

heterogeneous set of preferences within the community because the powerful 

elements in the community control what to be perceived as common 

knowledge. Further, knowledge is not the privilege of the local communities as 

the government has scientific knowledge available. In this sense, knowledge is 

exercised as, as Ishihara & Pascual (2009) argued by quoting Foucault, a mean 

for depriving the voice of the powerless and their ability to express their own 

voices. On the other hand, Bolton (2005) quoted Habermas as providing the 

theory of communicative action to explain that actors in society seek to reach 
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common understanding and to coordinate actions by reasoned argument, 

consensus, and cooperation rather than strategic action strictly in pursuit of their 

own goals. However, this theory of communicative action would work only if the 

voiceless has been given the opportunity to voice their preferences.  

 

Thirdly, the results in this section provide a new evidence for what Falk et al. 

(2008) have put forward that biosecurity needs not only physical science but 

also social science. Science would provide the technical standards and 

mechanisms that according to Larsen (2009) are needed for enforcement (e.g. 

surveillance infrastructures and technologies, techniques, and practices). On 

the other hand, as Busch (2000) and Dunn (2003) pointed out, the way by 

which these technical standards and enforcement mechanisms are actually 

played out in the field is mediated (reinforced, challenged and resisted) by 

specific farming geographies with their culturally embedded discourses and 

socio-natural and economic relations. In this case, social science provides 

social capital as a necessary mean for such mediation. 

 

4.5. Chapter Summary 

This chapter presents, discusses, and interprets results of in-depth interviews of 

biosecurity issues. The interviews were carried out with citrus growers, 

community leaders, and government officers. As already mentioned in the 

introduction, this section is intended to provide answers to research question: 

(1) What is the status of citrus biosecurity and the extent of local government 

policy to promote intensified and expanded planting? and (2) How do local 

communities actually understand such biosecurity status and government policy 

and their implications? As intended primarily to explore the issue, this chapter 

does not provided final answers to the above research questions. Instead, the 

answers provide the basis for formulating the methodology of the later data 

collection sessions. In this case, the answers act more as hypotheses rather 

than as being conclusive. Therefore, the involvement of HLB in the decline of 

the mandarin needs further tests. Similarly, the likely environmental factors 

influencing the decline and grafted seedlings as a means for disease spread 

also needed further testing. 
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Local communities and local governments are both equally aware that citrus, 

the local mandarin in particular, has been declining. While local communities 

suspected that HLB and graft-transmissible diseases are associated with the 

decline, local government maintained that drought and diplodia rot are the 

responsible factors. The local governments blame growers for not paying 

enough attention to this disease, but do nothing to investigate the possibility that 

HLB and other graft-transmissible diseases are involved. The local communities 

demand seedling distribution programmes are stopped because, in addition to 

serving as a means of disease spread, planting mandarins using grafted 

seedling is ‘kase’ and trees growing from grafted seedlings are inferior to trees 

growing from seeds in withstanding diseases. Instead of listening to the local 

communities, the local governments maintained their position by arguing that 

production of grafted seedling has been strictly supervised and import of grafted 

seedling has been banned. The key biosecurity issue here is not diseases, in 

this case HLB and other graft-transmissible diseases, but the policy of the local 

governments that is not formulated to response to the needs of the local 

communities but to serve agendas that are shaped by interests of some 

government officers. 

 

While the local communities struggle to cope with the increasing threats using 

their available knowledge resources, the local governments sets up top-down 

programmes for developing the local mandarin. Instead of working with the 

existing farmers groups, the local governments formed new farmer groups by 

including only growers who agree to plant grafted seedlings. These project-

based farmer groups received the privilege of funding, field facilitation, and 

training, while those that do not agree are simply ignored. The local 

governments call their approach empowerment, without being aware that such 

an approach triggers distrust between people and the government and among 

people in the community. People no longer trust the government because they 

know that some government officers abuse their power for business interests. 

People no longer trust their neighbours because of resentment about the 

assistance these neighbours received from the government. Above all, the real 
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biosecurity issue here is not diseases nor decentralization and autonomy, but 

bad biosecurity governance resulting from policy frameworks that serves the 

interests of those who hold power and deprive the powerless in the community 

of their voice.  
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V. CONFIRMING CITRUS BIOSECURITY: Quantitative studies 

identifying pests and diseases and assessing their extents in 

the field 

 

 

5.1. Introduction 

As discussed in detail in Chapter IV, citrus biosecurity in the highlands of West 

Timor has become seriously threatened by the mismatch between local 

government policy and local community expectation. Various mandarin 

development programmes, instead of being focused on helping local 

communities to cope with emerging biosecurity threats, have raised tensions 

between local governments and local communities and within the local 

communities. In delivering such programmes, the local governments have 

abused power and authority for the benefit of some officers, either for political or 

business purposes. Hence, instead of empowering people, the approach taken 

by the local governments has created distrust in local communities and among 

people in the local communities. 

 

Findings were further elaborated and cross-checked within two broad groups. 

The first group is about the extent and cause of the decline of the mandarin 

crop and factors most likely associated with such decline. According to the local 

governments, the decline only impacted old trees and was caused mainly by 

diplodia rot, but according to growers, it happened on trees of any age and was 

not only caused by diplodia rot. The second group is the role of HLB in the 

decline. Murdolelono et al. (2000) first reported HLB and its vector Diaphorina 

citri as contributing to the decline and later confirmed the finding by indexing 

(Murdolelono et al., 2003). However, Murdolelono, Yusuf, & Bora (2004) later 

negated their own findings, and instead supported the policy of the local 

government that the only important disease of citrus in the region was diplodia 

rot. A PCR test was therefore required to confirm whether HLB was present. 

This test is currently the standard test for confirming HLB (Bové, 2006; PaDIL 

(Pest and Disease Image Library) Plant Biosecurity Toolbox, 2009; Teixeira et 
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al., 2005; Wulff et al., 2006). In addition, the less accurate but quick and 

inexpensive iodine test was also performed. According to Etxeberria et al. 

(2007) and Le & Nguyen (2003), the iodine test is useful as a mean for quick 

detection on a large number of samples. Field observation of HLB symptoms 

and Diaphorina citri was also necessary to obtain the data necessary for 

community engagement.  

 

This chapter presents the result of two data collection sessions: the first was a 

household biosecurity survey and the second was field observation, field 

assessment and test, and laboratory test. In addition, this chapter also includes 

a review of secondary data regarding the physical environment. The results are 

presented in this chapter in five main sections. The first section provides the 

introduction and the reason for elaboration and crosschecks of results already 

presented in the previous chapter. The second section presents and discusses 

results of the household biosecurity survey and of field observation regarding 

roles of the environment, cultivation practices, and HLB in the decline of 

mandarins. The third section presents results relating to diagnosis of HLB and 

the field assessment and test and the laboratory test. The fourth section 

provides general discussion and synthesis. The chapter ends with a summary. 

 

 

5.2. Cross-checking Mandarin Cultivation and Decline 

5.2.1. Profiles of Primary and Secondary Data Sources 

The household biosecurity survey and field observations were carried out in 18 

villages involving 20-30 households in each village, 500 households in total. 

The detailed profile of this household biosecurity survey and field observation is 

presented in Table 5.1. 
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Table 5.1. Profile of the household biosecurity survey and filed observation 
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1)
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S
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F
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N
F
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TTS Fatumnasi Fatumnasi 20-22 Jun 21-Jun 30 45 1.6 4.1 4 17 4 4 0 27 3 

TTS Mollo Utara Tunua 21-23 Jun 22-Jun 30 43 2.1 4.4 2 19 5 4 1 30 0 

TTS Mollo Utara Ajaobaki 24-28 Jun 23-24 Jun 30 48 2.0 4.4 2 20 2 6 0 27 3 

TTS Mollo Utara Eonbesi 14-15 Jun 15-Jun 30 44 2.6 5.1 2 15 9 3 1 28 2 

TTS Mollo Utara Netpala 19-22 Jun 18-Jun 20 47 2.6 5.2 2 11 4 3 0 15 5 

TTS Mollo Tengah Oelbubuk 16-18 Jun 16-Jun 30 52 2.1 4.3 3 14 6 6 0 27 3 

TTS Mollo Tengah Binaus 15-17 Jun 17-Jun 30 52 2.3 4.5 3 24 1 2 0 29 1 

TTS Mollo Selatan Kesetnana 12-14 Jun 12-Jun 30 52 2.4 4.5 1 10 9 10 0 15 15 

TTS Mollo Selatan Biloto 10-11 Jun 11-Jun 30 47 1.9 4.4 1 15 5 9 0 27 3 

TTS Mollo Selatan Tobu 1-4 Jul 3-4 Jul 30 48 2.5 5.1 1 15 8 7 0 30 0 

TTS Pollen Fatumnutu 5-7 Jul 6-Jul 30 44 2.2 4.4 2 20 4 4 0 30 0 

TTS Kuanfatu Basmuti 8-10 Jul 9-10 Jul 30 48 2.1 4.4 1 20 5 4 0 28 2 

TTS Kuanfatu Kuanfatu 11-12 Jul 11-Jul 30 50 1.7 3.8 1 19 5 5 0 28 2 

TTS Kuanfatu Kakan 13-14 Jul 13-Jul 30 49 2.8 5.1 2 15 8 5 0 29 1 

TTU Miomaffo Barat Lemon 27-28 Jun 27-Jun 20 45 1.8 4.0 2 8 6 3 0 17 3 

TTU Miomaffo Barat Suanae 29 Jun-1 
Jul 

28-Jun 20 49 2.2 4.6 1 6 6 6 1 19 1 

TTU Miomaffo Barat Saenam 28-30 Jun 30-Jun 20 48 1.2 3.7 4 10 1 4 1 19 1 

TTU Miomaffo Barat Fatuneno 1-3 Jul 2-Jul 30 46 2.1 4.2 1 23 6 3 0 29 1 

 Minimum    
 

22 0 1 
        Maximum    

 
79 7 12 

        Average    
 

48 2 5 
        Sum    

    
35 281 94 88 4 457 46 

Note: 
1) Education completed or drop out: SD=elementary school, SMP=Junior high school, 

SMA=senior high school, PT=higher education (undergraduate or non-degree) 
2) Occupation considered as primary mean of living: Fr=Farmer, NFr=Non-farmer 
Source: Tabulated from survey and field observation data 

 

 

In each household, the survey interview was carried out either with one or both 

husband and wife as the respondents, depending on their availability. The 

majority of household heads considered farming as their primary occupation, 

but some who considered another profession as their primary occupation were 

also involved in cultivating citrus as a home garden (“pekarangan”) crop. The 

age of the household head ranged 22-79 years with an average of 48 years. 

The number of children ranged 0-7 with an average of 2 and the number of 

household members ranged 1-12 with an average of 5. The majority of the 

household heads had finished or attended some elementary school and the rest 

finished or attended some junior high school or senior high school. Some 

respondents had never gone to school, but they spoke the local dialect of 

Indonesian language. Some household heads were initially reluctant to be 

involved in the survey, but after being given some clarification regarding the 
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nature and purposes of the survey, they agreed to participate. From the sample 

households in each village, field observation was carried out on citrus trees 

owned by 5-10 randomly selected households. 

 

Data regarding citrus planting area and production were available from the 

yearly publication of “District in Figures” by the local office of the National 

Agency for Statistic (BPS or Badan Pusat Statistik). Data regarding citrus 

development programmes were available from the agricultural services of each 

district in the research site. The available data were limited to target villages of 

some projects and number of farmers included in each target village. Data 

regarding current climate were obtained also from the district agricultural 

services, but those for earlier years were derived from the Timor Island Water 

Resources Development Study carried out in early 1980s by Crippen 

International for Canadian International Development Agency (Crippen 

International, 1980a, 1980b, 1980c, 1980d). Secondary data regarding soil were 

also derived from this latter source and from another study carried out jointly by 

the Land Resources Department, Overseas Development Administration, 

Foreign and Commonwealth Office, UK, and the Programme Management 

Directorate, Directorate General for Settlement Preparation, Ministry of 

Transmigration, Indonesia, in the late 1980s (RePPProT, 1989a, 1989b). 

 

 

5.2.2. Cross-checking Physical and Biological Environment 

5.2.2.1. Climate and Soil 

According to the local government, drought has been responsible for mandarin 

decline because, the head of TTS AFSS said, the prolonged El Nino drought 

had caused soil to dry and crack, damaging and even cutting off mandarin roots 

(Chapter IV, Section 4.3.2.3, Table 4.7). However, an experienced grower and 

community leader from TTS NMR argued, as presented in the same section 

and table, that during heavy rains water logging had also become a serious 

problem in flat lands. The local government also considered the local mandarin 

to be unsuitable for cultivation in the mountain region with altitudes more than 

1,200 m above mean sea level, whereas community leaders from a village at an 
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altitude of around 1,600 m above mean sea level claimed that the mandarin had 

been cultivated in his village for generations by planting seeds. The claim made 

by the government was that the decline of the mandarin had been associated 

with climate change, especially the rainfalls, and that in later years had become 

more unpredictable compared to those in the past. To elaborate and cross 

check to what degree rainfall had actually fluctuated, long-terms rainfall data 

were examined across the region. 

 

Long-term rainfall data were available from only a few stations because many of 

them had stopped functioning due to various reasons. Especially in the last ten 

years, many rainfall stations stopped functioning because their rain gauges had 

broken and either had never been replaced or only after a long period before 

new rain gauges were installed. As a result, rainfall data recording for some 

stations were discontinued. Mean annual and monthly rainfalls obtained from 26 

rainfall stations in TTS and TTU districts are charted in Figure 5.1. 

 

  
(a) (b) 

Figure 5.1. Annual and monthly rainfalls from 26 stations in the region of TTS 
and TTU districts: (a) Average annual rainfalls 1980 to 2010 and (b) 
Average monthly rainfalls 1980-2010. 

Source: Unpublished rainfall datasheets provided by TTS AFSS and TTU 
FECS, Crippen International (1980a), RePPProT (1989a, 1989b) 
 

 

Figure 5.1a shows that during the last 30 years, the mean annual rainfalls 

recorded in 26 stations in TTS and TTU districts decreased slightly from 1,600 

mm to 1,000 mm from1985 to 1992, but then continuously increased to around 
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2,500 mm from1992 to 2010. The monthly rainfall pattern over the 30-year 

period has been characterized by a three month wet period during the 

December-March north westerly monsoon and a long dry period during the 

April-November south easterly monsoon. The lowest rainfall during the 30-year 

period was recorded in 1992, yet the mandarin decline started around 1998. 

Some dry seasons after 1992 could have been very dry, but the total annual 

rainfalls were much higher than those in 1992, making the overall moisture 

available for mandarin much better that that in 1992 or earlier. In addition, the 

local mandarin trees in the region were cultivated in the highlands that receive 

more rainfall than the lowlands. As shown in Figure 5.2, villages in mandarin 

centres of production in TTS SMR received 1,000-1,300 mm annual rainfall, 

whereas those in mandarin centres of production in TTS NMR and TTU NMR 

received 1,500 mm or more annual rainfall. The decline is more likely to be 

because of water logging during the heavy rainfalls than because of drought 

during the dry season. However, because mandarin trees were mostly 

cultivated on hill slopes than on flatlands, the impacts of water logging would 

have been minimal unless the hill slopes had been heavily terraced following 

the recommendation of the local government. 

 

Total annual rainfall alone is not a good climatic indicator for agriculture 

suitability because rainfall events can be intense and brief during the north 

westerly monsoon. To maintain adequate soil moisture for plant growth, 

moderate rainfall distributed over a longer period is more favourable for plant 

growth. Reflecting  this requirement, RePPProT (1989a) produced a simple 

climate classification taking into account rainfall amount and distribution as 

follows: 

1) Perhumid: permanently wet, 12 month with average monthly rainfalls of 

>200 mm 

2) Udic: permanently moist, only 0-4 months with average monthly rainfalls of 

< 100 mm 

3) Ustic: seasonally dry, 5-8 months with average monthly rainfalls of <100 mm 

4) Ardic: permanently dry, 9-12 months with average monthly rainfalls of <100 

mm 
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5) Highland, permanently cool, >1000 m above mean sea level 

Based on this classification scheme, the climate map of RePPProT (1989a) of 

West Timor is presented in Figure 5.3. As shown in this map, the majority of 

mandarin centres of production, i.e. those located in TTS NMR and TTU NMR, 

are located within the highland and udic climate type. Only few centres of 

production are located within the ustic climate type, i.e. those located in TTS 

SMR. With few exceptions, i.e. those grown on very porous soils, the mandarins 

in TTS NMR and TTU NMR are less likely to be exposed to prolonged drought 

than to wet climatic regimes. 

 

 
Figure 5.2. Rainfall distribution in West Timor. Blue lines are isohyets of 20 year 

average annual rainfall; orange circles are villages of mandarin 
centres of production. 

Source: Digitized from isohyet map of RePPProT (1989a) 
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Figure 5.3. Climate types of West Timor overlaid on isohyets map. The climate 

types are explained in the text, orange circles are villages of 
mandarin centres of production. 

Source: Digitized from climate type boundary map of RePPProT (1989a) 
 

 

Soil was not mentioned in the in depth-interviews as influencing citrus 

cultivation in the highlands of West Timor, except in relation to drought and 

water logging as mentioned above, and in relation to cultivation practices. As 

discussed in Chapter III, the two most dominant soil groups in West Timor are 

the ustropepts and the dystropepts. Mandarins in TTS NMR and TTU NMR are 

grown mainly on ustropepts, whereas mandarins in TTS SMR are on 

dystropepts (Fig. 5.4). In addition, the mandarins in TTS NMR are also grown 

on calciustolls. 
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Figure 5.4. Soil types of West Timor overlaid on isohyets map. Orange circles 

are mandarin centres of production. Dark brown=ustropepts, 
brown=dystropepts, and light brown=calciustolls (see legend for 
more details). The description of each soil type could be found in 
RePPProT(1989b) and in Monk et al.(1997). 

Source: Digitized from soil type map of RePPProT (1989b).  
 

 

As shown in Figure 5.4, ustropepts are the most widespread soil groups in West 

Timor. According to Crippen International (1980c), the ustropepts consist of 

fluventic, lithic and paralithic, typic, and vertic sub-types. During the field 

observations, the fluventic type was found as somewhat dark and friable soils in 

limited alluvial fans and terraces above flood level. The lithic and paralithic sub-

types were found on steep slopes within the hilly country as greyish brown 

calcareous soils that were hard when dry and firm when moist. The typic sub-

type was found commonly in the mid-slope in the hilly country as dark or very 

dark grey hard soils with poor drainage. The vertic sub-type was found as light 

coloured very badly drained soils that swelled when wet and cracked when dry. 

This is the most destructive sub-type of ustropepts to mandarins as was also 

mentioned by the head of TTS AFSS and the community leader from TTS NMR, 

but the distribution of this sub-type of ustropepts in the research site was very 
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limited. The calciustolls group, also common in TTS NMR, were found during 

the field observation as dark grey weakly calcareous well-drained soils, friable 

when moist and slightly hard when dry, commonly associated with the 

ustropepts in the hilly country. The dystropepts group, on the other hand, was 

found as brownish, medium to moderately textured soils on the strongly 

dissected hilly and mountainous areas and on alluvial plains and fans, low river 

terraces, and inland riverine plains of TTS SMR.  

 

Keprok Soe mandarin belongs to the loose-skinned type of mandarins. 

According to Ashari (1992), to set flowers, mandarin trees require a relatively 

cool highland climate between 600-1,300 m above mean sea level with a 

pronounced dry season. Ashari also stated that trees planted from seeds have 

deeper rootsthan those planted from grafted seedlings, and so greater drought 

resistance than those planted from grafted seedlings. Considering these 

characteristics, it was clear that neither the climate nor the soil was unsuitable 

for the Keprok Soe mandarin but the choice of planting material. The 

replacement of seeds with grafted seedlings as planting material was the likely 

cause of Keprok Soe mandarin in the West Timor to become prone to drought 

and susceptible to diseases, as is discussed in the following sections. 

 

 

5.2.2.2. Citrus Species and Planting Material 

Data regarding mandarin species and planting material are presented in 

Appendix 5.1. Results of data analysis are presented graphically in Figure 5.5 

(the full results are available on request). Results of data analysis showed that 

in addition to Keprok Soe mandarin, other citrus species and mandarin cultivars 

were also cultivated (Figure 5.5a). Other citrus species included sweet oranges 

(Citrus x sinensis), pomelo (Citrus maxima), rough lemon (Citrus jambhiri), jeruk 

kisar, common lime (Citrus x aurantiifolia), kaffir lime (Citrus hystrix) and leprous 

lime (Citrus amblycarpa). Oranges and common lime were most widespread, 

cultivated in all sub-districts in the research site, but pomelo was grown by the 

largest number of growers, followed by oranges. Oranges were most abundant 

in Fatumnasi sub-district, whereas common lime was most common in Kuanfatu 
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sub-district. Jeruk kisar, an unknown natural hybrid of mandarin with other citrus 

species introduced from Kisar Island in Maluku Province, was most common in 

Central Mollo Sub-district, leprous lime in Tobu-sub-district, pomelo in Kuanfatu 

sub-district, rough lemon in West Miomaffo sub-district, and kaffir lime in 

Fatumnasi sub-district. All these other citrus species were cultivated by a small 

proportion of households in each sub-district and as such, were not a major 

source of income.  

 

  
(a) (b) 

  
(c) (d) 

 
Figure 5.5. Existing citrus species and planting material for mandarin cultivation: 

(a) Existing citrus species in the highlands of West Timor, (b) Types 
of planting material for mandarin cultivation, (c) Means of obtaining 
planting material for mandarin cultivation, and (d) Ability of grower to 
produce grafted seedling by their own. The black solid line on the 
right side of each bar indicates standard error. 

Source: Analysis of survey data 
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All the above citrus species other than the mandarin could be important, 

however, in terms of subsistence and their role as alternative hosts for HLB and 

Diaphorina citri. Among other citrus species, pomelo was also grown by most 

growers in TTS District, while RL in TTU District. Whilst other mandarin cultivars 

found in the region includedKeprok Madura in North Mollo and West Miomaffo 

sub-district, Keprok Jepun in North Mollo sub-district, and Hickson in North 

Mollo and West Miomaffo sub-districts. Keprok Madura and Keprok Jepun 

mandarins, like Keprok Soe, are also national prime mandarin cultivars and 

both were most likely introduced into the region before the provincial 

government banned import of grafted seedlings. Growers were most likely 

obtained the Hickson from the NTT Province Seedling Production Unit located 

in Oelbubuk Village, North Mollo Sub-district, where the mother trees were 

found.  

 

The local governments have been promoting the use of grafted seedlings for 

decades as the only planting material for Keprok Soe mandarin. Regardless of 

this government effort, most growers in each sub-district have mandarin trees 

planted both from seeds and from grafted seedlings (Figure 5.5b). Almost all 

growers in Miomaffo sub-district had trees planted from both seeds and grafted 

seedlings. The proportion of growers having trees planted from both seeds and 

grafted seedling was the lowest in Kuanfatu sub-district and the proportion of 

growers having trees planted only from seeds in this sub-district was second 

highest after that in Fatumnasi sub-district. The proportion of growers having 

trees planted only from grafted seedling in each district was very low; the 

highest was in Pollen sub-district, followed by Tobu sub-district. In each sub-

district, the proportion of growers having trees planted only from grafted 

seedlings was lower that of growers having trees planted only from seeds. Even 

in TTS District, where government efforts to promote planting grafted seedlings 

were most intensive, the proportion of growers having tree planted only from 

grafted seedling was lower than that of growers planted only from seeds. 

Considering such government efforts in promoting planting grafted seedling and 

the local climate conditions and soils that were discussed in the previous 



199 

 

section, this could only be explained by diseases. The death toll that, according 

to growers, was caused by diseases will be discussed in the next section. 

 

Grafted seedlings were purchased using growers’ money, BLM (Bantuan 

Langsung Masyarakat or Direct Community Assistance) money, other project 

money, or other means (including producing grafted seedling for both own use 

and selling) (Figure 5.5c). As discussed in Chapter IV, the local governments 

have attempted to develop mandarins through site-and group-based cultivation 

and have launched grafted a programme of seedling distribution. The site- and 

group-based cultivation programme was funded by different schemes, including 

BLM and PLA (Pengelolaan Lahan dan Air or Land and Water Management). 

The proportion of growers purchasing grafted seedlings using their own money 

was highest in Fatumnasi, using BLM money was highest in South Mollo, using 

other project money was highest in Tobu and West Miomaffo sub-districts. The 

proportion of growers obtaining grafted seedlings from the government 

distribution programme was highest in Kuanfatu sub-district and by other means 

was highest in North Mollo and South Mollo sub-districts. Most growers in TTS 

District purchased grafted seedlings by using their own money, whereas most 

growers in TTU District purchased grafted seedlings by using other project 

money. The high proportion of growers purchasing grafted seedlings by using 

their own money reflects government success in promoting grafted seedlings in 

the past. These grafted seedlings were purchased a long time ago for replacing 

the trees destroyed by diseases. 

 

In addition to buying, some growers produced grafted seedlings for their own 

planting. Grafted seedlings produced by these growers were not only for their 

own use but also for sale (Figure 5.5d). From the total growers having trees 

planted from grafted seedlings, the proportion of those capable of producing 

grafted seedlings was high in North Mollo, Central Mollo, South Mollo, and West 

Miomaffo sub-district (Figure 5.5d). The first three subdistricts are the mandarin 

centres of production in TTS District, whereas the last is the centre of 

production in TTU District. The proportion of growers who produced grafted 

seedling for sale was higher in TTU District than in TTS District. Growers in 
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South Mollo Sub-district had produced grafted seedling for more than 15 years 

and had sold grafted seedlings for more than 5 years. Growers who were 

capable of producing grafted seedlings in other sub-districts had sold grafted 

seedlings only recently. Growers who were capable of producing grafted 

seedlings for sale (Figure 5.5d) had sold grafted seedlings longer in TTS District 

than in TTU District. An important factor that stimulates growers to get involved 

in grafted seedling business is the increasing demand for grafted seedlings due 

to the intensified cultivation programme. Sale of grafted seedlings by growers is 

illegal unless such growers have obtained permits from the district government 

as nursery owners. Considering the number of growers involved in selling 

grafted seedlings, it is unlikely that all of them have the required permits. It is 

unlikely that, as claimed by the head of TTS AFSS (Chapter IV), grafted 

seedling production has been strictly under government control. 

 

 

5.2.3. Cross-checking Citrus Cultivation Attributes 

5.2.3.1. Cropping Systems 

The local governments have promoted monocropping over mixed-cropping in 

an attempt to modernize mandarin cultivation. Data regarding mandarin 

cropping systems are presented in Appendix 5.2 and results of descriptive 

analysis are presented graphically in Figure 5.6 (the full results are available on 

request). As shown in Figure 5.6a, almost all growers in the sample districts 

cultivated mandarins as mixed-cropping with other crops. Annual crops most 

commonly cultivated with mandarins in all sub-district were root crops (Figure 

5.6b). For perennial crops, mixed-cropping was carried out in all sub-districts 

mostly with fruit crops (Figure 5.6c). 
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(a) 

  
(b) (c) 

 
Figure 5.6. Mandarin cropping system in the highlands of West Timor: (a) 

Proportion of growers cultivating mandarins with other crops 
(multiple cropping) and as single crop (monocropping), (b) Annual 
crops cultivated with mandarins, and (c) Perennial crops cultivated 
with mandarins. The black solid line on the right side of each bar 
indicates standard error. 

Source: Analysis of survey data 
 

 

Root crops have been cultivated for generations as subsistence crops in West 

Timor (Ataupah, 1992; Monk et al., 1997). The root crops found inter-cropped 

with mandarins included sweet potato (Ipomoea batatas), taro (especially the 

dasheen or corm taro Colocasia esculenta var. esculenta), tannia or malanga or 

new cocoyam (Xanthosoma sagittifolium), yams (Dioscorea spp., especially D. 

alata and D. bulbifera), and cassava (Manihot esculenta). These root crops 

have served as the emergency field granary for Meto people anytime the maize 

harvest fails (William Roscoe, World Bank consultant, 2012, personal 
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communication). Second in terms of proportion of growers and distribution were 

grain legumes, mainly kidney bean (Phaseolus vulgaris) in the mountain 

villages and rice bean (Vigna umbellata) and the cowpea (Vigna unguiculata 

‘Biflora’) in villages of lower altitudes. The latter two grain legumes have been, 

for generations, an integral parts of maize swidden cultivation of the Meto 

people (Ataupah, 2000; Ormeling, 1955). In addition to being mix-cropped with 

annual crops, mandarin trees were also found inter-cropped with perennial 

crops, mainly with highland crops such as other citrus species (Section 5.2.2.2), 

avocado (Persea americana), and apple (Malus pumila). In villages of lower 

altitudes, mandarins were mix-cropped with banana (Musa spp.), mango 

(Mangifera indica), and jackfruit (Artocarpus heterophyllus). Other perennial 

crops found mix- or inter-cropped with mandarins were stimulant crops such as 

arabica coffee (Coffea arabica) in the mountain villages and cocoa (Theobroma 

cacao), betel (Piper betle), and areca nut or betel palm (Areca catechu) in 

villages of lower altitudes, spice crop candlenut (Aleurites moluccana), and 

plantation forest trees such as teak (Tectona grandis) and mahogany 

(Swietenia mahagoni). Cocoa has been introduced only recently by the local 

estate crop service and teak, mahogany, and candlenut by the forestry service. 

On the contrary, betel and betel nut have been grown for generations with trees 

naturally growing around springs in a traditional system called “mamar” 

(Njurumana, Victorino, & Pratiwi, 2008). 

 

The widespread cultivation of mandarin trees in mixed-cropping indicates that 

the local government effort in promoting monocropping is not successful. As 

described in Chapter IV, mixed- and inter-cropping has been practiced for 

generations as a way of avoiding risk of total failure in the low-input swidden 

cultivation in the dry land of West Timor (Ataupah, 1992; Ormeling, 1955). 

People need food and income from other crops before the mandarin starts to 

produce. In addition, monocropping is foreign (“kase”) to the swidden-

dependent Meto people. As such, the promotion of monocropping as an 

improved cultivation practice faces slow adoption. Instead of promoting 

monocropping, the result could have been much better if the local government 

improved the existing mixed- and inter-cropping, for example by selecting crops 
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suitable for mixed-cropping with mandarin trees. Inter-cropping the mandarin 

with forest trees such as candlenut, mahogany, and teak like those currently 

practiced by some growers is not a good practice because shading caused by 

such trees reduce production and fruit quality (Ghawade, Dadmal, Taral, & 

Katole, 2000; Izumi, Ito, & Yoshida, 1992). 

 

 

5.2.3.2. Cultivation Practices and Husbandry 

Another important issue raised in Chapter IV is lack of appropriate cultivation 

practices and husbandry. To obtain empirical evidence regarding this issue, 

cultivation practices and husbandry were among those questions raised in the 

2009 survey and field observation. Raw data regarding cultivation practices and 

husbandry are presented in Appendix 5.3 and results of descriptive analysis of 

are presented graphically in Figure 5.7 (the full results are available on request). 

 

As discussed earlier in Chapter IV, some community and village leaders have 

attributed mandarin decline to the practice of soil tilling every year at the end of 

the dry season in preparation for planting annual crops. According to a village 

leader in TTS NMR, this practice is a legacy of a former head of district who 

later became the governor of NTT Province. As shown in Figure 5.7a, these 

practices were still widespread and used by a large proportion of growers in 

every sub-district. With respect to fertilizer application, the proportion of growers 

applying the fertilizer distributed by the government was low and instead of 

applying to mandarins, growers applied the fertilizer to maize. Some growers 

applied manure, mainly by simply dumping it around the trunk base or by 

burying in an encircling ditch made beneath the outer canopy (Figure 5.7b). 

From those who did not apply manure, some corralled their domestic animal on 

the mandarin trunks or the nearby tree trunks for the animals to deliver their 

dropping right under the mandarin trees. Minimal fertilizer application has 

become worse because no water was provided to the mandarin during the dry 

season, especially after harvest when, according to the head of TTS AFSS, the 

mandarin most needed watering to recover from harvest stress. As shown in 

Figure 5.7c, few growers watered their mandarins regularly, often only when 
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trees wilted and only when water was available. Water was available when the 

springs nearby were flowing. Alternatively, for those growers who had 

constructed plastic-lined pond with support from the government, water was 

available when the pond remained with water or was not yet damaged. Many 

such ponds were found dry because of poor construction or damage. The 

majority of growers cut dead branches and trees only occasionally (Figure 

5.7d). This contributed to disease because dead branches and trees become 

the source of secondary inoculums for infection. 

 

  

(a) (b) 

  

(c) (d) 

 
Figure 5.7. Mandarin cultivation practices and husbandry: (a) Proportion of 

growers involved in digging and turning over soil, (b) Proportion of 
growers applied manure, (c) Proportion of growers watering 
mandarins during the dry season, and (d) Proportion of growers cut 
dead branches and trees. The black line on the right side of each 
bar indicates standard error. 

Source: Analysis of survey data 
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Cultivation practices as described above are not entirely traditional. Soil tilling 

are not part of traditional cultivation practices of the Meto, but have been 

introduced by force during the 1980s. Like mandarin planting using grafted 

seedlings recently introduced by the local government, soil tilling had been 

introduced for the purpose of improving the traditional agricultural practices. 

This introduced practice is suitable for annual crops, but not for perennial crops 

like mandarins. Soil tilling during the dry season will increase evaporation and 

damage the root system of the mandarins. Other practices such as watering, 

fertilizer application, and cutting of dead branches and trunks are also not part 

of traditional agricultural practices based on swidden agriculture (Ataupah, 

1992, 2000). What made the soil tilling became readily adopted was because 

during the 1980s the local government could force adoption. During that period, 

the local government could even ask the army to “discipline” those who did not 

follow orders. As the 1998 political reform has brought changes to government 

system in Indonesia, the local governments can no longer adopt such 

measures. 

 

 

5.2.3.3. Production and Marketing 

According to the district governments, efforts have been made to increase 

mandarin population and production. Because time-series data were not 

available from both TTS and TTU districts, the provincial time-series data were 

used to check this claim. This is acceptable because in NTT Province, the only 

major production centres for mandarins are only TTS and TTU districts. The 

time-series data of mandarin population, planting area, and production are 

presented in Table 5.2. This table shows that the total population of mandarin 

trees in the province increased slightly during 2005-2006, then decreased 

markedly during the 2006-2008, and thereafter the population increased again. 

The population of bearing mandarin trees increased very slightly during 2005-

2006 and then dropped markedly. Surprisingly, this drop had no marked effect 

on total production. Although the percentage of total bearing trees dropped, the 

population density of these bearing trees increased markedly from 278 trees/ha 

in 2005 to 444 trees/ha in 2009. Amazingly, the per-hectare production 
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increased from only 2.67 tonnes in 2005 into 36.52 tonnes in 2009. This 

production was far above the attainable production with high inputs of only 

around 25 tonnes/ha.  

 

Table 5.2. Mandarin population and production in East Nusa Tenggara Province 
Year Total trees Bearing 

trees 
Harvest 
area 
(hectare) 

Total 
production 
(tonnes) 

% 
bearing 
trees*) 

Number 
bearing 
trees/ha*) 

Space per 
tree (m

2
)*) 

Product-
ion/ha*) 
(tonnes/ha) 

  a b c d (b/c)*100 b/c (c*10000)/c d/c 

2005 8,561,664 3,054,497 10,987 29,308 35.68 278 36 2.67 

2006 9,776,616 3,686,388 13,260 54,013 37.71 278 36 4.07 

2007 7,065,689 2,641,383 8,941 73,766 37.38 295 34 8.25 

2008 2,325,266 363,769 1,213 21,574 15.64 300 33 17.79 

2009 4,330,516 347,789 784 28,630 8.03 444 23 36.52 

Note: 
*) Calculated from BPS Provinsi NTT data 
Source: 
BPS Provinsi NTT (2006, 2007, 2008, 2009, 2010) 

 

 

How far the data in Table 5.2 actually reflect the field situation is questionable, 

considering the mandarin in the region has become diseased since the early 

2000s (Murdolelono, 2001; Suek et al., 1998). To check this out, questions 

regarding population and production issues were included in the 2009 survey 

questionnaire. The raw data are presented in Appendix 5.4 and the results of 

analysis graphically in Figure 5.8 (the full results are available on request). 

 

Figure 5.8a shows that in most sub-districts on average, growers had no more 

than 20 fruit bearing trees. In all sub-districts except Pollen, each grower had 

more non-fruit bearing than fruit-bearing trees. In this case, trees were 

categorized as fruit-bearing when they had produced fruits in the previous 

season, irrespective of being diseased or not. Non-fruit bearing young trees are 

more abundant than fruit bearing mature trees because the local governments 

continued to distribute grafted seedlings and provide funding for site- and 

group-based cultivation every year. As shown in Figure 5.8b, all mandarin 

growers were small-scale (average <0.1 ha/household, with only West 

Miomaffo District close to 0.2 ha/household). Contrary to the BPS data, 

mandarin production was low, only mandarins in Central Mollo sub-district 

produced slightly above 8 tonnes per hectare (Figure 5.8c). Sample villages in 
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this sub-district included the target villages for site- and group-based mandarin 

development programme. Sample villages in North Mollo sub-district, where the 

productivity (per hectare) was slightly lower, included both the target and non-

target villages where mandarin trees propagated from seeds were still 

productive. Other districts with the productivity of 5-7 tonnes/ha were also found 

to have trees propagated from seeds. South Mollo and Kuanfatu, the two 

subdistricts with the lowest production, had trees propagated from seeds and 

from grafted seedlings and both were severely declining. On average, the 

productivity for TTS District and TTU District was only 6.4 tonnes/ha, 

respectively. These figures are a fifth of the average productivity reported by the 

statistical agency. 

 

  
(a) (b) 

  
(c) (d) 

Figure 5.8. Mandarin production and marketing in the highlands of West Timor 
in 2009: (a) Mean number of fruits bearing and non-fruit bearing 
trees per household, (b) Planting area for bearing and non-bearing 
trees per household, (c) Mandarin fruit production per hectare, and 
(d) Gross production value per household. The black solid line on 
the right side of each bar indicates standard error. 

Source: Analysis of survey data 
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Mandarin fruits were sold by most growers (>50%) in all sub-districts on a per-

tree basis after the fruits were fully ripe. However, in all sub-districts, few 

growers (± 1%) sold their mandarins on a per-tree basis when fruits were 

immature. This practice, known as ijon, enabled growers to obtain a relatively 

large sum of cash for emergency needs. By buying mandarin fruits on a per-tree 

basis, buyers could harvest fruits at any time convenient, but usually delayed 

the harvest until all fruits were fully ripe. According to the head of TTS AFSS, 

this practice had a destructive effect on trees because retention of fruits forced 

trees to provide nutrients for an extended period. A small percentage of growers 

sold fruits in the nearby weekly market or in the district market in Soe, but the 

proportion of these growers was negligible. Regardless of the ways the fruits 

were sold, the on-site price varied from US $ 1.02 to US $ 1.68 per kg, 

depending on fruit grades, buyers, and locations. Irrespective of this price 

variation, households in West Miomaffo obtained the highest gross income 

while those in South Mollo sub-district the lowest (Figure 5.8c). Under the 

current decline of mandarin trees, on average a household received US $ 79.8 

per year from an average of <20 bearing trees cultivated in <0.1 ha grove in 

mixed cropping with other crops. Murdolelono, Yusuf & Bora (2004) provide 

even a lower estimate of US $ 66.3-94.6 annual household income from 33 

bearing trees, but they obtain this estimate from an area with more severely 

damaged trees in North and Central Mollo sub-districts.  

 

 

5.2.4. Cross-checking Mandarin Decline 

5.2.4.1. Pests and Diseases Associated with the Decline 

A very important issue raised in the in-depth biosecurity interview (Chapter IV) 

was mandarin decline and its causes. To obtain empirical evidence regarding 

this issue, questions about mandarin decline and its causes were included in 

the 2009 survey and field observation. The resulting raw data regarding 

mandarin decline are presented in Appendix 5.5 and regarding pest and 

disease knowledge in Appendix 5.6 (the full results of analysis are available on 

request). In addition to the household survey, field observation was carried out 

to check the condition of the decline and to examine pests and diseases 



209 

 

associated with such decline. Examination of the presence of pests and 

diseases included recording names of pests and diseases, morphological 

characteristics of pests and diseases, and symptoms or signs of diseases 

mentioned by growers during the survey. Various conditions of mandarin 

decline are presented in Figure 5.9. The graphical results of analysis on data of 

mandarin decline are presented in Figure 5.10 and those of pest and disease 

knowledge are presented in Figure 5.11. 

 

 
Figure 5.9. Conditions of Mandarin decline in the highlands of West Timor: (a) 

Less severe in villages of higher altitudes such as in Lemon, TTU 
NMR, here shown with Mt. Mutis in the background, (b) The decline 
unrecovered during the rainy season when the annual crop mixed 
cropped with the mandarins grew lush green, (c) Severe decline in 
villages of lower altitudes, shown here condition at the beginning of 
rainy season when grass was not yet completely dry, and (d) Very 
severe decline in villages of lower altitudes. 

Source: Field photograph. 
 

 

Declining mandarin trees were found in all sample villages. The difference 

among villages was just in terms of incidence, i.e. the proportion of trees 

showing symptoms of decline. In some villages of higher altitudes, the incidence 
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was lower compared to that in villages of lower altitudes (Figure 5.9a). 

However, severe decline was also found other mountain villages, even during 

the rainy season when the soybean mix-cropped with mandarins were still lush 

green (Figure 5.9b). The decline was more severe in villages of lower altitudes, 

such as seen in Figure 5.9c, showing the condition at the end of the rainy 

season when grass was not yet completely dry (Figure 5.9c). In many villages, 

the decline so severe that the remaining mandarin trees consisted mostly of 

dead trees (Figure 5.9d). According to the local government, this decline was 

caused by drought and diplodia rot. According to growers, if drought caused the 

decline, the mandarin trees would have recovered at the end of rainy season. 

Some trees were found with severe diplodia rot, but trees bearing no symptom 

of diplodia rot were also found declining.  

 

The average total trees owned by each grower was highest in North Mollo, 

Tobu, and West Miomaffo sub-districts, but because of the severity of the 

decline, the number was only around 150 trees per household (Figure 5.10a). 

The average number of living trees owned by each household was even lower; 

only slighty above 100 trees in West Miomaffo sub-district and only slightly over 

50 trees in North Mollo and Tobu sub-districts. Of these living trees, each 

household owned, on average, more young non-bearing trees than mature 

bearing trees. However, more of the dead trees had been young non-bearing 

trees than bearing trees in each sub-district (Figure 5.10b). If this continues, 

government efforts to increase mandarin population by either distributing 

grafted seedlings or engaging in site- and group-based planting will be certainly 

under serious threat. 

 

Such threats have become more serious because in each sub-district and 

district, trees grown from grafted seedlings died younger than trees grown from 

seeds (Figure 5.10c). According to Ashari (1992), trees grown from seeds have 

better root system compared to those planted from grafted seedlings, enabling 

such trees to better withstand drought and diseases. In addition, the rootstock, 

in this case the rough lemon (RL), that is supposed to improve defence against 

soil-borne diseases, has been known variable in its reaction to Phytophthora 
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spp. (Hardy, 2004). Trees had died at relatively early ages, for both the fruit-

bearing and the non fruit-bearing trees (Figure 5.10d). The fruit-bearing trees 

died at age 6 to 9 years, whereas the non fruit-bearing trees at age 2 to 6 years. 

Again, if this trend continues, future mandarin production in the region will be 

severely affected. 

 

  
(a) (b) 

  
(c) (d) 

Figure 5.10. Dead trees and age at death time: (a) Mean of living and total trees 
per grower in each sub-district, (b) Percentage of dead trees 
calculated from the number of total trees owned by each growers in 
each sub-district, (c) Age at death time for trees planted from seeds 
and from grafted seedlings in each sub-district, and (c) Age at 
death time for bearing and non-bearing trees in each sub-district. 
The black line on the right side of each bar indicates standard error. 

Source: Analysis of survey data 
 

Growers in all subdistricts except in Pollen believed that the cause of the 

decline was pests and diseases (Figure 5.11a). In Pollen Sub-district, less than 

70% growers believed that pests and disease were the cause, while in other 

sub-district more than 80% growers believed pests and diseases as the cause 

of the decline. Despite this, only a small proportion of these growers were able 
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to mention names of pests and diseases responsible for the decline (Figure 

5.11b). Many of them simply mentioned that the names of the pests or the 

diseases were difficult to remember. Instead, they provided only a set of 

morphological characteristics that belonged to each pest or a set of symptoms 

and signs that belonged to each disease. Other growers were unable even to 

mention any morphological characteristics or symptoms and signs, arguing that 

the government had told them nothing about pests and diseases, despite 

government efforts to intensify and extend mandarin cultivation. 

 

  
(a) (b) 

  
(c) (d) 

 
Figure 5.11. Awareness and knowledge of pests and diseases as the cause of 

mandarin decline: (a) Proportion of total growers who aware of 
pests and disease as the cause of the decline, (b) Proportion of 
aware growers who knowledgeable of pests and diseases as the 
cause of the decline, (c) Pests mentioned either in names or only in 
morphological characteristics as the cause of the decline, and (d) 
Diseases mentioned either in names, symptoms, or signs as the 
cause of the decline. Symptoms are any observable changes 
caused by diseases on crops whereas signs are growth 
characteristic of pathogens observable accompanying symptoms. 
The black solid line on the right side of each bar indicates standard 
error. Names of pests and diseases are explained in the text. 

Source: Analysis of survey data 
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The few growers who mentioned names or morphological characteristics of 

pests and names, symptoms, or signs of diseases were very limited in their 

ability to provide clear description. They made no distinction between pest and 

disease and between groups of insects. To most growers, ants, aphids, psyllids, 

and mealy bugs were all the same because they often found ants associated 

with the last three groups of insects. By living in such an association, ants 

benefit from the sugar-rich excretion of aphids, psyllids, and mealy bugs and in 

return the aphids, the psyllids, and the mealy bugs received protection against 

their natural enemies (Kaneko, 2003; Pinol, Espadaler, Canellas, & Perez, 

2009). However, most growers argued that ants, instead of just tending the 

aphids, the psyllids, and the mealy bugs, also damaged the mandarin. An ant 

species that is capable of damaging citrus, especially young trees, is the red 

imported fire ant Solenopsis invicta, but this is a South American ant species 

(Banks, Adams, & Lofgren, 1991). The only fire ant species reported from Timor 

is the tropical fire ant Solenopsis geminata (Pedigo, 2009). Like S. invicta, it is 

also a South American ant species and according to Western Australia 

Department Agriculture and Food (1995), it is very similar in appearance and 

behaviour to the red imported fire ant. The tropical fire ant was quite common in 

the region and this explained why ants were mentioned by most growers in all 

sub-districts (Figure 5.11c). Next to the proportion of growers that mentioned 

ants was the proportion of growers that mentioned mealy bugs (Planococcus 

spp.), citrus aphids (Toxoptera spp.), and citrus psyllids (Diaphorina citri). 

However, the high proportion of growers who mentioned ants could be the 

result of misidentification of aphids, psyllids, and mealy bugs as ants. Figure 

5.11c also shows that citrus leaf miner Phyllocnistis citrella was also widely 

recognised by growers. 

 

Diseases were less well recognized by growers than pests; although diplodia rot 

had been officially accepted by the local governments as the disease causing 

the mandarin decline. Ants, the most recognized pest, was mentioned by 80% 

growers, while lichens, the most recognized disease, was mentioned by 35% 

growers (Figure 5.11c, Figure 5.11d). However, the proportion of growers who 

mentioned diseases was better distributed among different diseases compared 
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to the proportion of growers who mentioned different pests that was 

concentrated on mentioning ants. In mentioning diseases, most growers were 

unable to mention name, except diplodia rot, powdery mildew, and sooty mould. 

Instead, growers mentioned a set of symptoms and signs that could hardly be 

used to distinguish one disease from another, for example to distinguish 

phytophthora gummosis from diplodia rot and tristeza from HLB (Figure 5.11d). 

Symptoms and signs were described as looking like something that was easier 

for growers to recognize. For example, the upas or the pink disease was 

described as a disease that looked like a spider web to refer to the sign of the 

mycelial growth pattern on the surface of tree trunks. Powdery mildew was 

referred to as a disease that looked like powder spread over the surface of 

mandarin leaves and sooty mould as a disease that looked like the bottom 

surface of cooking pots. Lichens growing on the surface of tree trunks were 

actually not destructive enough to be considered a disease, but they are very 

noticeable, they were thought by growers to be the cause of tree death even 

when another more destructive disease such as phytophthora gummosis was 

also present on the same tree. 

 

To cross check pests and diseases mentioned by growers, field observation 

was carried out on groves in Fatumnasi, North Mollo, Central Mollo, and 

Kuanfatu sub-district in TTS District and in West Miomaffo sub-district in TTU 

District. Results of the observations are summarized in Table 5.3 and 

photographs of insects and disease symptoms taken during this observation are 

presented in Figure 5.12 and Figure 5.13. The asian citrus psyllid was rarely 

found because the observation was carried out in June when mandarin trees 

were not at their flush period. Nevertheless, the psyllid was found in Oelbubuk, 

Netpala, and Kuanfatu villages together with the brown citrus aphid Toxoptera 

citricida and the tropical fire ant Solenopsis geminata. The aphid was most 

abundant in the same villages, but was also quite common in Ajaobaki, Lemon, 

and Suanae villages. The tropical fire ant was found in all villages, except in the 

highland villages of Fatumnasi, Lemon, and Suanae. In Kuanfatu, Kakan, 

Basmuti, Biloto, and Kesetnana, the ants were also found in association with 

scales (among others the black parlatoria scale Parlatoria ziziphi and the soft 
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brown scale Coccus hesperidum). The leaf miner Phyllocnistis citrella was 

found quite common in Netpala and Oelbubuk. 

 

Table 5.3. Pests and symptoms of diseases found from field observation in 
sample villages in TTS and TTU districts 

Cate-
gory 

Name1) Abundance and distribution2) 

Fatu-
mnasi 

North Mollo Central 
Mollo 

Kuanfatu West Miomaffo 

Fatumnasi Ajaobaki Netpala Oelbubuk Kuanfatu Lemon Suanae 

Pest Asian citrus psyllid   + ++ +   

Brown citrus aphid  ++ +++ +++ +++ + + 

Citrus mealybug + + + + + + + 

Tropical fire ant ++ +++ +++ +++ +++ + ++ 

Leaf miner + + ++ ++ + + + 

Fruit flies  + + +    

Orange dog + + + + + + + 

Stem/root borer        

Disease HLB + ++ ++ ++ +++ ++ ++ 

Tristeza + + + ++ ++ + + 

Diplodia rot ++ +++ +++ +++ ++ ++ ++ 

Phytophthora 
gummosis 

+ + ++ +++ +++ + ++ 

Powdery mildew +++ ++ + + + +++ ++ 

Sooty mould +++ ++ ++ ++ ++ ++ ++ 

Pink disease +     + + 

Scab    ++ ++   

Lichens +++ +++ ++ ++ ++ +++ +++ 

Parasitic plants + + +  + +  

Note: 
1) Names are used here on the basis general morphological characteristic for insect pests and 

on the basis of symptoms and/or signs observable in the field. No specific laboratory 
examination or testing was carried out 

2) Abundance and distribution: +=rare and confined to few trees, ++=common and occurred in 
some trees, +++=abundant and occurred in many trees 

Source: Analysis of field observation data 

 

 

Diplodia rot was widespread but in many places was indistinguishable from 

phytophthora gummosis and root rot. The latter was locally common in 

Oelbubuk, Netpala, and Tobu, especially on groves established on flatland or 

heavily terraced on hill slopes. These two diseases were difficult to distinguish 

because both produce similar symptoms, i.e. the production of brown sticky 

gum on corky trunks. Powdery mildew and sooty mould were very widespread, 

but most abundant in the mountain villages of Fatumnasi, Lemon, and Suanae. 

Both were easy to identify because of the distinctive signs resulting from growth 

of the causal fungus, Oidium tingitaninum and Capnodium citri, respectively. 

Pink disease (Phanerochaete salmonicolor) was found only in the mountain 

village, i.e. in Fatumnutu. Scab (Elsinoë fawcettii) was found common only on 
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rootstock and grafted seedlings in lower altitudes such as in Netpala and 

Oelbubuk villages. Lichens were abundant in all sample villages, except in 

Kuanfatu, Netpala, and Oelbubuk. 

 

Symptoms of HLB were found as sectoral yellowing on trees and blotchy mottle 

on leaves. The blotchy mottle was found as asymmetrical yellowing between 

the left and the right side of the main leaf vein. According to Bové (2006), da 

Graca (2008), and Gottwald et al. (2007), these sectoral yellowing and 

asymmetrical blotchy mottle are highly characteristic of HLB. However, under 

certain conditions, for example at the late development of HLB, blotchy mottle is 

hard to find (Bové et al., 2000). Blotchy mottle expression is also influenced by 

cultivars, for example Coorg mandarin in India does not produce blotchy mottle 

but a mosaic pattern (Bové, 2006). A more intensive field survey was planned 

for careful symptom examination and for conducting field iodine test as well as 

taking samples for laboratory PCR test. Results of this test are presented and 

discussed later in this chapter.  

 

 
Figure 5.12. Insect pests found on mandarin trees in sample villages in TTS and 

TTU Districts: (a) Asian citrus psyllid Diaphorina citri, (b) Brown 
aphid Toxopteracitricida, (c) Citrus mealybug Planococcus citri, (d) 
Tropical fire ants Solenopsis geminata tending brown aphids, (e) 
Leaf miner Phyllocnistis citrella, and (f) Fruit fly Bactrocera 

Source: Field photograph. 
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Figure 5.13. Symptoms and signs of diseases found on mandarin trees in 

sample villages in TTS and TTU Districts: (a) HLB (Ca. Liberibacter 
asiaticus), (b) Citrus Tristeza Virus (CTV), (c) Diplodia rot, 
Lasiodiplodia theobromae, (d) Phytophthora gummosis, 
Phytophthora citrophthora, (e) Powdery mildew, Oidium 
tingitaninum, (f) Sooty mould, Capnodium citri, (g) Pink diseases, 
Phanerochaete salmonicolor, (h) Scab, Elsinoë fawcettii, and (i) 
Algae Cephaleuros sp. 

Source: Field photograph. 
 
 

5.2.4.2. Disease Spread and Role of Grafted Seedlings 

The role of grafted seedlings in disease spread is an important biosecurity issue 

discussed in Chapter IV. This issue was raised in the 2009 household 

biosecurity survey and field observation. Data regarding disease spread and the 

role of grafted seedlings are presented in Appendix 5.7 and results of 

descriptive analysis are presented graphically in Figure 5.14 (the full results are 

available on request). Results of field observation are presented as 

photographs of grafted seedlings showing HLB symptoms as presented in 

Figure 5.15. 
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(a) (b) 

 
Figure 5.14. Growers’ knowledge of pests and disease spreads and role of 

grafted seedlings: (a) Mean of pests and disease spread, and (c) 
Sources of inoculums. The black line on the right side of each bar 
indicates standard error. 

Source: Analysis of survey data 
 

 

The majority of growers (96%) were aware that pests and diseases could 

spread from one tree to another and from one village to neighbouring locations. 

Nevertheless, some growers in West Miomaffo, Pollen, North Mollo, and South 

Mollo were not aware of this potential for spread. Considering West Miomaffo in 

TTU District and North Mollo in TTS District have been the centres of mandarin 

development programme for years, it could be expected that most growers in 

these sub-districts would be aware of this spread. To explain this seemingly 

contradictory finding, the proportion of total growers who were aware of pests 

and disease spread in each sub-district (Y) was regressed against the 

percentage of total dead trees (X1) and the percentage of growers who agreed 

that pests and diseases were the cause of mandarin decline (X2) (Appendix 

5.7c). It was found out that the relationship was significant (p<0.033, multiple 

R2=0.86). This indicated that growers had become aware of pests and disease 

only after their trees became severely damaged and after knowing that pests 

and disease were the cause of the decline. 

 

Among those growers who were aware, the majority considered wind, grafted 

seedlings, and insects to be the means of pest and disease spread (Figure 
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5.14a). Wind was consistently named by the majority of growers in all sub-

districts, especially in Pollen, Fatumnasi, and Tobu. Some pests and diseases 

are in fact dispersed long distance with the help of wind, for example psyllid 

(Aurambout, Finlay, Luck, & Beattie, 2009) and powdery mildew (Semangun, 

1991). Budwood was considered second in terms of its role in spreading pests 

and diseases, especially by those in West Miomaffo, Kuanfatu, and South Mollo 

sub-districts. HLB and tristeza are examples of diseases transmitted through 

budwood (Roistacher, 1991). The third most widely accepted means of pest and 

disease spread were insects, especially by growers in Kuanfatu, South Mollo, 

and Central Mollo sub-districts. Insects are known as vectors of bacterial and 

viral diseases such as Diaphorina citri (Halbert & Keremane, 2004; Halbert & 

Nunez, 2004) for HLB and Toxopteracitricida for tristeza (Halbert & Brown, 

2008). Other means were considered inconsistently from one sub-district to 

another. For example, water was considered important in Central Mollo sub-

district where the water dispersed phytophthora gummosis and root rot was 

common, but not in Tobu sub-district where the same disease was responsible 

for the mass decline of mandarins in the early of 2000s. Grower ability to 

understand pests and disease spread seems to be accumulated from both 

experience and access to information. 

 

Regarding sources of disease spread, budwood from diseased mother trees 

were considered consistently to be the most important means of disease spread 

by growers in all sub-districts, especially by those in Kuanfatu, North Mollo, and 

Central Mollo sub-district (Figure 5.14b). Budwood was considered to be 

important source of inoculums because mother trees and grafted seedlings 

were not strictly supervised. This is consistent with what has been discussed in 

Chapter IV that despite claims by local governments regarding strict supervision 

of mother trees and grafted seedling production, according to community 

leaders the supervision is indeed not strict. North Mollo and Central Mollo sub-

districts are the centres of grafted seedling production as well as the centre of 

mandarin production, so that growers themselves know exactly the condition of 

mother trees and the process of grafted seedling production. On the other hand, 

Kuanfatu sub-district is not the centre of grafted seedling production but was 
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once the centre of mandarin production. The mandarins in this sub-district were, 

in the past, propagated from seeds. Growers in this sub-district knew that the 

decline started right after they started receiving grafted seedling distributed by 

the government. However, in contradiction from those in North Mollo and 

Central Mollo sub-district, they were not aware that the cause of the decline was 

graft-transmitted diseases. 

 

During field observations, HLB symptoms were found on tagged mother trees 

and grafted seedlings as well as on production trees. On the tagged mother 

trees, HLB symptoms ranged from sectoral yellowing to full yellowing and 

dieback. Some trees had their leaves with asymmetric blotchy mottle, while 

othershad leaves that were thickened and had corky midrib. This range of 

symptoms will be discussed in more details in Section 5.3. Mother trees were 

found with HLB symptoms in many nurseries, one among which was located in 

Soe (Figure 5.15a and Figure 5.15b). The nursery had no more than 10 mother 

trees, three of which had severe HLB symptoms (Figure 5.15b). The budwood 

for grafted seedlings distributed to other provinces and to East Timor before 

separation from Indonesia was obtained from these diseased mother trees. HLB 

symptoms on grafted seedlings were also found in this nursery and other 

certified and uncertified nurseries (Figure 5.15c and Figure 5.15d), including in 

the government owned nursery which produced grafted seedlings of Hickson 

mandarins (Figure 5.15c). The symptoms were found not only on un-labelled 

grafted seedlings but also on labelled ones, as found in a house of a grower 

who participated in a group-based cultivation programme in TTS NMR (Figure 

5.15f). The HLB found in Timor Leste (Weinert et al., 2004) is very likely to have 

originated from these nurseries. 
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Figure 5.15. HLB symptoms on mother trees and seedlings: (a) A tagged 

mother tree with HLB symptoms in front of another tree with no 
symptoms, (b) Close a mother tree with HLB symptoms, (c) Grafted 
seedlings of Keprok Soe mandarins with HLB symptoms, (d) Close 
up of a grafted seedling of Keprok Soe mandarin with HLB 
symptoms, (e) Grafted seedlings of Hickson mandarins with HLB 
symptoms, and (f) Supposed disease-free labelled grafted seedling 
found with HLB symptoms. 

Source: Field photograph. 
 

 

5.2.4.3. Pest and Disease Management 

The local governments in West Timor have claimed to have been made the best 

efforts to protect mandarins from pests and diseases. However, as discussed 

earlier in Chapter IV, many village leaders, community leaders, and growers 

disagree with this claim. To obtain community-level data regarding this issue, 

pest and disease management was further investigated in the household 

biosecurity survey and field observations. Raw data regarding pest and disease 
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management are presented in Appendix 5.8 (the full results of data analysis are 

available on request). The results regarding government policy is presented 

graphically in Figure 5.16 and those regarding control implementation in Figure 

5.17. 

 

  
(a) (b) 

  
(c) (d) 

 
Figure 5.16. Policy-related pest and disease management for mandarins in the 

highlands of West Timor: (a) Provision of information regarding 
pests and diseases by local governments, (b) Expected change in 
policy regarding grafted seedling distribution, (c) Policy regarding 
eradication, and (d) Policy regarding joint action for simultaneous 
pests and disease control. The black line on the right side of each 
bar indicates standard error. 

Source: Analysis of survey data 
 

Almost all growers (99%) stated that the local government had not provided 

enough information regarding pests and diseases beyond diplodia rot (Figure 

5.16a). Even in sub-districts where target villages of government projects were 

located, like North Mollo and Central Mollo in TTS District, all growers 

considered that the information provided by the government had been far from 

sufficient. Regarding grafted seedling distribution, many growers considered 

grafted seedlings to be both sources of inoculums and means of disease spread 
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(Section 5.2.4.2). As such, the majority of growers wanted the local 

governments to stop the distribution of grafted seedlings as the primary means 

of pest and disease control (Figure 5.16b). Some growers considered it would 

be better to limit grafted seedling distribution to neighbouring villages and asked 

the government to provide training on grafting. Few growers, mainly those who 

were not aware that grafted seedlings could be the sources of inoculums and 

provide means of disease spread (Section 5.2.4.2), wanted the local 

governments to continue grafted seedling distribution. Still related to local 

government policy, most growers in all sub-district considered the local 

government to have not promoted eradication and joint action to achieve better 

pest and disease control (Figure 5.16c). Most growers were willing to take part 

in eradication as long as the government provided compensation. Regarding 

implementation of control measures, most growers considered that, control 

measure would only be effective if implemented simultaneously by all growers 

(Figure 5.16d). 

 

Regarding the distribution of California mixture for disease control, most 

growers in each sub-district claimed not to have received the material for 

preparing the mixture, despite the claim made by the local governments that the 

material had been distributed (Figure 5.17a). Instead of waiting for the 

government to distribute the material, some growers had bought the material 

themselves, eager to see the results promised by the government that the 

mixture would provide a cure for the declining trees. No grower in Fatumnasi, 

Pollen, and Kuanfatu sub-districts had either received or bought the material. 

Among those who had applied the mixture, the majority concluded that the 

mixture was not effective and therefore stopped applying it (Figure 5.17b). 

Some growers considered California mixture provided only slight protection 

when applied on healthy trees as protectant. Indeed, California mixture has 

been recommended elsewhere only as protectant fungicide against diplodia rot 

and phytophthora gummosis (Radja, n.d; Semangun, 1991) and certainly not for 

diseases other than those caused by fungi. Desperate in their efforts to save 

their mandarin trees, most growers in each sub-district had tried local material 

to control pests and diseases, either by their own initiative or by following others 



224 

 

or the recommendation given by resident extension officers (Figure 5.17c). As 

with the use of California mixture, most growers in each sub-districts concluded 

that local material did not provide effective control (Figure 5.17d). Some 

growers, however, concluded that the use of local material was slightly effective 

against ants. 

 

  
(a) (b) 

  
(c) (d) 

 
Figure 5.17. Implementation of pest and disease control on mandarins in the 

highlands of West Timor: (a) Growers receiving material for 
California mixture from the government, (b) Response to 
effectiveness of California mixture application, (c) Growers using 
local material to control pests and diseases, and (d) Response to 
effectiveness of local material application. The black line on the 
right side of each bar indicates standard error. 

Source: Analysis of survey data 
 

 

To understand the reason for California mixture not being effective (i.e. because 

of it was used against the wrong target diseases or was being applied 

inappropriately) growers applying this control measure were observed. The 

mixture that was supposed to be applied as protectant on healthy trees was 

found applied on trees already severely diseased (Figure 5.18a). The 

application was carried out only once when growers received the material for 
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preparing the mixture from the government. The painted trees were found 

nearly dead one year later (Figure 5.18b). Even when applied correctly (i.e. as 

protectant on healthy trees) the mixture applied on tree trunks and branches 

was soon washed away by rains (Figure 5.18c). 

 

 
Figure 5.18. California mixture application: (a) Diseased trees applied with 

california mixture as bluish white paint on tree trunks and branches, 
(b) The same trees one year after application, and (c) Washed 
away paint of california mixture on healthy tree trunk. 

Source: Field photograph. 
 

 

5.2.5. Summary 

Section 5.2 presents and discusses results of the household biosecurity survey 

and field observation. These results confirm those of the in-depth interviews 

presented and discussed earlier in Chapter IV. First, review of available 

secondary data on climate and soil suggested that, in general, climate and soil 

in the highlands of West Timor were within the range of citrus requirements. 

During the last 30 years, annual rainfalls recorded in 26 rainfall stations in TTS 

and TTU districts have been within the range required by the mandarin. 

Moreover, the mandarin are cultivated mainly in the areas of udic and highland 

climate types and only those in TTS SMR are within areas of ustic climate type. 

Drought did occur in 1994, 1997, and lastly in 2001. With regard to soils in the 

region, only the light coloured vertic ustropepts sub-type, because of swelling 

when wet and cracking when dry, are unsuitable to mandarins. This ustropepts 
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sub-type was more limited in its areas compared to the other sub-types. 

Therefore, drought has not been the major factor contributing to mandarin 

decline in the region.  

 

As suspected by village and community leaders, the local government policy of 

distributing grafted seedlings has been more likely as the main contributing 

factor. Second, due to their limited root systems and less vigorous growth, trees 

planted from grafted seedlings require more intensive cultivation practices than 

those required by trees planted from seeds. Regardless of government efforts 

to intensify mandarin cultivation, no growers apply chemical fertilizers for 

mandarin. Many growers did apply manure by dumping it around the trunk base 

without providing irrigation to enable trees to take up the required nutrients. In 

addition, most growers dug out and turned over soil during the peak of the dry 

season, thereby increasing evaporation and damaging or even cutting off roots. 

Lack of proper cultivation practices has caused trees planted from grafted 

seedlings to become weak and, as a result, susceptible to infection by 

pathogens. Destructive pests and diseases were found during the field 

observation, among which were the asian citrus psyllid Diaphorina citri and 

symptoms of HLB. Finally, grafted seedling production and distribution were not 

supervised and inspected as strictly as was claimed by the government. The 

policy of the local governments promoting grafted seedlings and denying the 

presence of destructive diseases such as HLB and other graft transmissible 

diseases have contributed to the decline in mandarins.  

 

 

5.3. Cross-checking HLB and Its Vector 

5.3.1. Observed HLB Symptoms and Vector 

5.3.1.1. Observed Field Symptoms 

HLB is considered a disease difficult to diagnose based only on symptoms. 

However, according to Bové (2006), some symptoms are highly characteristic. 

The observed combination of such characteristic symptoms, such as sectoral 

shoot yellowing, asymmetrical blotchy mottle, small lopsided fruits, colour 

inversion, and aborted seeds provide a strong indication HLB infection.  
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Most mandarin and other citrus trees in the sample villages at the lower 

altitudes had been found to be severely diseased. As a result, finding trees at 

the early stage of HLB infection had become difficult. Infection by other 

diseases, especially tristeza, diplodia rot, phytophthora gummosis and root rot, 

and nutrient deficiencies, had also made this task even more difficult. In its later 

stage of development, HLB symptoms were difficult to distinguish from 

symptoms of other diseases and of nutrient deficiencies. Defoliation and 

dieback caused by diplodia rot and phytophthora gummosis and root rot looked 

similar to those of the late development of HLB. Various nutrient deficiency 

symptoms also compounded those deficiencies induced by HLB and other 

diseases. Locating trees with HLB symptoms was carried out with precaution by 

first examining symptoms of other diseases and of nutrient deficiencies. During 

the earlier introductory visit, relatively healthy mandarin and other citrus trees 

were found only in villages of higher altitudes or in isolated locations in villages 

of lower altitudes. Therefore, finding trees with early HLB symptoms was 

focused in these villages and locations.  

 

Trees with early HLB symptoms were found in Fatumnasi and in the higher part 

of Ajaobaki in TTS NMR and in Lemon in TTU NMR. Some relatively healthy 

trees were found in isolated locations in Oelbubuk and in villages around Soe, 

the capital of TTS District. Healthy trees were noticeable from a distance 

because they were dark green (Figure 5.19a). These were easily 

distinguishable from those infected trees showing distinct sectoral yellowing 

(Figure 5.19a for Keprok Soe mandarins and Figure 5.19b for Hickson 

mandarins) or from those with fully yellowing canopy (Figure 5.19c). According 

to Bové (2006), trees with sectoral yellowing are in the early stage of HLB 

development and trees with full yellowing canopy are in the later stages of HLB 

development. In the later stage of HLB development, die back affected part of 

the canopy (Figure 5.19e) or even the whole canopy (Figure 5.19f). At this later 

stage, HLB infected trees were hardly distinguishable from those infected by 

other diseases or from those experiencing nutrient deficiencies. 
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Figure 5.19. Healthy mandarin tree and tree with HLB symptoms: (a) Lush dark 

green healthy mandarin tree, (b) Sectoral yellowing on Keprok Soe 
mandarin tree at the early stage of HLB development, (c) Sectoral 
yellowing on Hickson mandarin tree, (c) Yellow shoots taking over 
the whole canopy of Keprok Soe mandarin tree, (e) Partial 
defoliation and die back, and (f) Whole canopy defoliation and 
dieback. 

Source: Field photograph. 
 

 

To assess HLB symptoms, photographs of HLB symptoms from Bové (2006) 

were used as a guide (Figure 5.20a to Figure 5.20c). As with finding trees at the 

early infection stage, finding leaves with clear-cut blotchy mottles was very 

much the same. This was also the case on severely diseased Tejakula 

mandarins in the lowlands in Bali, but not on trees at the early stage of disease 

development in the highlands (Bové et al., 2000). In the highlands of West 

Timor, most symptomatic leaves were found to have the whole blade turning 
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yellow, with only traces of asymmetrical green patches between the right and 

left side of the midrib as found on mandarins (Figure 5.20d), sweet oranges 

(Figure 5.20e), and rough lemons (Figure 5.20f). Leaves were found smaller 

than normal and rolling toward the upper surface (Figure 5.20g) or having 

uneven surface (Figure 5.20h). In many trees, presumably those in later stages 

of HLB development when foliar symptoms of zinc deficiency had developed, 

leaves were found in whorl and making a close angle with the shoot on which 

they were attached (Figure 5.20i). 

 

 
Figure 5.20. HLB symptoms on leaves according to Bové and observed in the 

field. According to Bové (2006): (a) On mandarin leaves, (b) on 
sweet orange leaves, (c) on rough lemon leaves, and as observed 
in the field: (d) Yellow mottle on Keprok Soe mandarin (e) Yellow 
mottle on sweet oranges, (f) Yellow mottle on rough lemon, (g) fully 
yellowing leaves seen from lower leaf surface, (h) irregular leaf 
surface due to uneven thickening of lateral leaf ribs, and (i) Yellow 
mottle on Hickson mandarin leaves,. 

Source: Bové (2006) and field photograph. 
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Fruits from healthy trees were spherical (Figure 5.21a), but fruits from diseased 

trees were ovoid or egg-shaped, asymmetrically elongating toward the direction 

of their axis (Figure 5.21b) or lopsided (Figure 5.21c). Fruits on healthy trees 

turned yellow first at the stylar end and moved later to the peduncular end. 

Whilst fruits on HLB-affected trees had colour inversion, i.e. the peduncular end 

of the fruit turned yellow/orange while the stylar end remained green (Figure 

5.21d). Abnormal fruit drop was found to be common on HLB-affected trees 

(Figure 5.21e), but was also found for trees severely affected by diplodia rot or 

phytophthora gummosis or root rot. When an abnormal fruit from HLB-affected 

trees was cut in half perpendicular to the fruit axis, brownish or black aborted 

seeds were observed (Figure 4.21f). This was not the case for fruits from trees 

affected by either diplodia rot or phytophthora gummosis and root rot. 

 

 
Figure 5.21. Healthy and diseased mandarin fruits: (a) Globose or spherical fruit 

from healthy trees, (b) Ovoid or egg-shaped fruit, (c) Lopsided fruit, 
(d) Fruit with colour inversion, (e) Fruit drop, and (f) brownish or 
black aborted seeds. 

Source: Field photograph. 
 

 

The combination of symptoms described above provided a strong indication that 

HLB is contributing to the mandarin decline in the highland of West Timor. 

Nevertheless, field iodine test and laboratory PCR was also performed to cross 

check this symptom-based diagnosis. The result of these tests is discussed 

later in Section 5.3.3. 
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5.3.2.2. Observed Vector 

The HLB vector, the asian citrus psyllid Diaphorina citri, had found only 

occasionally in 2009, but this was because the observation was carried out in 

May when mandarin trees were not at their flush period. The psyllid was found 

only on adventitious shoots growing on trees with diplodia rot and phytophthora 

gummosis. The psyllid was found to be abundant in the 2010 field observation 

carried out in late August when mandarin trees was at their flush period, but 

was again very few in 2011 when the field observation was carried out in May. 

Data on population density of asian citrus psyllid are presented in Appendix 5.9. 

Results of data analysis indicated that the psyllid population density was 

relatively low and no marked difference in its populations was observed 

between trees planted from seed (Figure 5.22a) and those grown from grafted 

seedlings (Figure 5.22b) (the full results are available on request). The 

percentage was higher in sub-districts of lower altitudes than on those of higher 

altitudes and was zero in Fatumnasi district in an altitude of more than 1500 m 

above mean sea level. These differences in the percentage of infested trees is 

the result of slower population growth of Diaphorina citri at higher altitudes (Hall 

(2008), the developmental period of D. citri becomes three times longer in 

higher than in lowers altitudes. The optimal temperatures for D. citri is within the 

range of 25-28oC (Halbert & Keremane, 2004). 

 

  
(a) (b) 

Figure 5.22. Percentages of mandarin trees infested by Diaphorina citri: (a) 
Trees planted from seeds and (b) Trees planted from grafted 
seedlings. 

Source: Analysis of survey data 

0 

20 

40 

60 

80 

100 

2009 2010 2011 

%
 T

re
e
s
 I
n
fe

s
te

d
 b

y
 D

. 
c
it
ri
 

Fatumnasi North Mollo 
Central Mollo South Mollo 
West Miomaffo 

0 

20 

40 

60 

80 

100 

2009 2010 2011 

%
 T

re
e
s
 I
n
fe

s
te

d
 b

y
 D

. 
c
it
ri
 

Fatumnasi North Mollo 
Central Mollo South Mollo 
West Miomaffo 



232 

 

 

 

In each field observation, eggs, nymphs, and adults were found. Clusters of 

yellow-orange eggs were found on the tips of growing shoots or in the crevices 

of unfolded flush leaves (Figure 5.23a). These egg clusters were also found 

together with nymphs of different growth stages (called instars), mostly in 

association with red fire ants (Figure 5.23b). Adults were found either solitary or 

aggregated also on young flushes or on the underside of fully expanded leaves 

(Figure 5.23c). 

 

 
Figure 5.23. The asian citrus psyllid Diaphorina citri found on Keprok Soe 

mandarins: (a) eggs, (b) nymphs with ants, and (c) imago. 
Source: Field photograph. 
 

 

5.3.3. HLB Incidence and PCR Test 

5.3.3.1. HLB Incidence Based on Symptoms 

Data on number of trees with HLB symptoms and the resulting area under the 

disease progress curves (AUDPCs) of HLB incidences are presented in 

Appendix 5.10 and the descriptive analysis of the resulting AUDPCs are 

presented graphically in Figure 5.24 (the full results are available on request). 

AUDPC is a measure of HLB progression over time, calculated by integrating 

HLB incidence across time of measurement. 
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(a) (b) 

Figure 5.24. Progress of HLB incidence on mandarin trees based on symptoms: 
(a) Progress of HLB incidence on trees planted from seeds and 
from grafted seedlings and (b) Progress of HLB incidence for each 
sub-district. The line on the right side of each bar indicates 
standard error. 

Source: Analysis of survey data 
 

 

HLB incidence progressed faster on mandarin trees planted form grafted 

seedlings than on mandarin trees planted from seeds (Figure 5.24a). In trees 

grown from grafted seedlings disease can come from both the budwood and the 

vector, whereas for trees planted from seeds  the disease can come only from 

the vector. Among all sub-districts, HLB incidence progressed fastest in Central 

Mollo sub-district, followed by South Mollo sub-district (Figure 5.24b). HLB 

incidences in other sub-districts progressed in almost similar rates. The highest 

rate of incidence progress in Central Mollo and South Mollo sub-districts may be 

due to the large number grafted seedlings planted in these sub-districts, 

considering villages in these sub-districts were the target of the site- and group-

based cultivation programmes.  

 

 

5.3.3.2. HLB Incidence Based on Iodine Test 

Data on number of trees providing positive results to iodine test and the 

resulting Area Under the Disease Progress Curves (AUDPCs) are presented in 

Appendix 5.11 and descriptive analysis on the resulting AUDPCs are presented 

graphically in Figure 5.25 (the full results are available on request).  
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(a) (b) 

 
Figure 5.25. Progress of HLB incidence on mandarin trees based on iodine test 

compared to that based on symptoms: (a) Progress of HLB 
incidence on trees planted from seeds and (b) Progress of HLB 
incidence on trees planted from grafted seedlings. The black line on 
the right side of each bar indicates standard error. The test was 
prone to false negative due to starch accumulation resulting from 
normal photosynthesis and from blocking of phloem vessels by 
other pathogens. 

Source: Analysis of survey data 
 

 

On average, HLB progress based on iodine test incidence was lower than that 

on symptom incidence (Figure 5.25a and Figure 5.25b). Iodine tests did not 

provide positive results for all symptomatic trees tested. However, HLB 

progress on trees planted from grafted seedlings in South Mollo and West 

Miomaffo sub-districts was an exception (Figure 5.25a). In these sub-districts, 

mandarin trees suffered severely from diplodia rot and phytophthora gummosis 

so that identifying HLB based only on symptoms had become difficult, making 

HLB incidence based on symptoms, less accurate that the incidence based on 

iodine test.  

 

 

5.3.3.3. PCR Test 

PCR (Polymerase Chain Reaction) test is currently the most recommended 

technique for accurate HLB detection (Bové, 2006; Garnier & Bove, 1996; Le & 

Nguyen, 2003). Samples for PCR test were taken only during the 2009 field 

observations. From 25 samples tested at Gadjah Mada University, Yogyakarta, 

seven yielded positive results. This positive result was given by samples of 

Keprok Soe and Hickson mandarins and sweet oranges. For Keprok Soe 
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mandarins, the positive result was given by samples taken from production 

trees, mother trees, and grafted seedlings, whereas for other citrus, the positive 

result was given only by samples from mother trees. Interestingly, a positive 

result was given for a sample taken from a Keprok Soe production tree planted 

from grafted seedlings at above 1,500 m above mean sea level where during 

the field observation HLB vector Diaphorina citri was not found (Section 

5.3.2.2). For Keprok Soe mother trees, the positive result was given by a 

population mother tree at a private nursery and a foundation mother tree at a 

nursery owned by TTS District government. For Hickson mother trees, the 

positive result was given by a foundation mother tree at a nursery owned by 

NTT Province government. For grafted seedlings, the positive result was given 

by sample taken from a private nursery. The distribution of these positive 

samples is presented in Table 5.4 and Figure 5.26. As seen in this figure, the 

distribution of positive samples indicates that HLB has spread independent of 

elevation.  

 

Regression analysis carried out between the elevation and the average AUDPC 

of trees planted from seeds and from grafted seedlings based on symptoms and 

on iodine test both produced non-significant results (results of regression 

analysis are available on request). These results suggested that HLB did 

progress independence of elevation. Since elevation determines temperatures 

and temperatures influence vector development, this further indicates that 

grafted seedlingsare the most likely factor contributing to the high HLB 

incidence in these districts. Temperature decreases as elevation increases so 

that at the elevation of 1,500 m above mean sea level temperature could drop 

to below 20oC. The optimum temperature for D. citri development ranges 25-

28oC (Halbert & Keremane, 2004). 

 

Table 5.4. Results of PCR test of mandarin specimens from TTS and TTU 
Districts, West Timor 
No. Citrus Species/ Mandarin 

Cultivar 
Latitude Longitude Altitude (m asl.) Test Results 

1 Mandarin ‘Keprok Soe’ 9.56514 124.34244 1004 (-) 

2 Mandarin ‘Keprok Soe’ 9.56194 124.32736 1102 (+) 

3 Mandarin ‘Keprok Soe’ 9.56945 124.32610 1145 (-) 

4 Mandarin ‘Keprok Soe’ 9.64025 124.31910 868 (-) 

5 Mandarin ‘Keprok Soe’ 9.73854 124.27315 1100 (+) 
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No. Citrus Species/ Mandarin 
Cultivar 

Latitude Longitude Altitude (m asl.) Test Results 

6 Mandarin ‘Hickson’ 9.73854 124.27315 1100 (-) 

7 Mandarin ‘Cleopatra’ 9.75577 124.26801 1066 (+) 

8 Mandarin ‘Hickson’ 9.75599 124.26885 1063 (-) 

9 Rough Lemon 9.75543 124.26812 1077 (-) 

10 Mandarin ‘Keprok Soe’ 9.75521 124.26867 1075 (-) 

11 Mandarin ‘Keprok Soe’ 9.64501 124.22099 1548 (+) 

12 Mandarin ‘Keprok Soe’ 9.69445 124.24914 1173 (-) 

13 Mandarin ‘Keprok Soe’ 9.87817 124.32108 772 (-) 

14 Mandarin ‘Hickson’ 9.87838 124.32040 768 (-) 

15 Oranges 9.87798 124.32084 768 (+) 

16 Mandarin ‘Keprok Soe’ 9.87867 124.32095 768 (-) 

17 Mandarin ‘Keprok Soe’ 9.87844 124.32069 770 (-) 

18 Mandarin ‘Keprok Soe’ 9.87861 124.32088 784 (-) 

19 Mandarin ‘Keprok Soe’ 9.85181 124.30299 738 (-) 

20 Mandarin ‘Keprok Soe’ 9.85215 124.30326 719 (-) 

21 Mandarin ‘Keprok Soe’ 9.84985 124.24733 826 (-) 

22 Mandarin ‘Keprok Soe’ 9.85005 124.24600 813 (-) 

23 Mandarin ‘Keprok Soe’ 9.87639 124.26497 727 (-) 

24 Mandarin ‘Keprok Soe’ 9.87358 124.26585 738 (-) 

25 Mandarin ‘Keprok Soe’ 9.94619 124.16386 162 (-) 

Source: 
PCR test carried out at the Laboratory of Agricultural Biotechnology, Faculty of 
Agriculture, Gadjah Mada University, Yogyakarta 
 

 
Figure 5.26. Results of PCR (Polymerase Chain Reaction) test for samples 

taken from various locations in the highlands of West Timor. 
Orange circles indicate locations with positive results and red line 
indicates main roads. In this case, the PCR test was prone to false 
positive due to specimens that were no longer fresh after long-
distant transportation. Top right: PCR results, positive results are 
shown with dark bar below the sample number. 

Source: Mapped based on data in Table 5.4 
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5.3.4. Summary 

This section presents and discusses the results of field examination and field 

and laboratory tests of mandarin trees for HLB. HLB symptoms were found on 

trees, leaves, and fruits of mandarins and on trees and leaves of sweet 

oranges, rough lemons, and pomelos. Sectoral yellowing and blotchy mottle 

were found, but these typical symptoms of early HLB development were 

uncommon because most trees had experienced severe defoliation and 

dieback. Leaves were smaller and in more upright-positions on HLB-diseased 

trees than on healthy trees. The HLB vector, the asian citrus psyllid Diaphorina 

citri, was also found but was abundant only during the flush period and in 

locations of lower altitudes. HLB incidence based on symptoms and on iodine 

test increased with varied rates among sub-districts, as indicated by the values 

of AUDPCs. Despite this difference, regression analysis showed that the 

AUDPC was independent of the altitude of sample sites, suggesting that HLB 

had spread in the region mainly by means of grafted seedlings produced using 

budwood taken indiscriminately from diseased trees. PCR (Polymerase Chain 

Reaction) tests further confirmed this as positive results were obtained not only 

from samples taken from production trees but also from samples taken from 

mother trees and grafted seedlings. 

 

 

5.4. Discussion and Synthesis 

This chapter presents results of two data collection sessions: the household 

biosecurity survey and field observation session, and the field measurement 

and test and the laboratory test session. From the result of the first data 

collection session, factors consisting of climate and soil, citrus species and 

planting material, cropping systems, cultivation practices, and harvest are 

presented. From the result of the second data collection section, the result 

includes observed HLB symptoms and Diaphorina citri, incidence of HLB based 

on symptoms and iodine test, and result of PCR test. These results suggest 

that:  
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1) Biophysical factors such as rainfall, soil, presence of other citrus species 

and planting material contribute to mandarin decline, more likely as indirect 

effects such as predisposing factors or dispersal factors for certain 

diseases;  

2) Cultivation factors such as cropping systems, cultivation practices, and 

harvest practices contribute as modifying factors to the physical 

environment and habitat suitability of pests and diseases; and 

3) Several pests and diseases have been found and each may have 

contributed to mandarin decline, and HLB has been positive and its vector 

Diaphorina citri is widely distributed. 

The biophysical environment and the cultivation factors are in fact interrelated in 

providing conditions favourable for the development of pests and diseases that 

directly contribute to the mandarin decline. This is further elaborated below. 

 

Among the three mandarin cultivation centres, the Kapan and Eban production 

centres are located within the cool and moist udic and highland climate, and 

only the Kuanfatu is located within the hot and dry ustic climate. In the udic and 

highland areas, the rains are within the range of requirements of the mandarin, 

except in very wet and very dry years. Water logging could become a problem 

in very wet years, but because mandarins are grown on hill slopes and soil is 

predominantly porous, trees would have beenwaterlogged only when the slope 

has been heavily terraced. Drought could also be a problem, but only in very dry 

years and especially for mandarins in Kuanfatu production centre located in the 

ustic climate. Unless conditions are extreme, it is very unlikely that water 

logging and drought alone are responsible for the decline of the mandarin. 

Instead, water logging and drought will be more likely to weaken the trees. The 

weak trees then become predisposed to weak pathogens such as the 

Botryodiplodia theobromae (current name Lasidiodiplodia theobromae), the 

causal agent of diplodia rot (Semangun, 1991).  

 

Other diseases and pests are affected directly by climate. Phytophthora 

gummosis and root rot prefer a wet climate, whereas powdery mildew thrives in 

a dry climate. For example, the lesion area caused by Phytophthora nicotianae 
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in different citrus scions is influenced by moderately warm temperature, relative 

high humidity, and high percentage of relative water content in the 24-month 

period of inoculations (Alvarez, Gramaje, Abad-Campos, & García-Jiménez, 

2009). Suek et al. (1998) found that the outbreak of phytophthora gummosis 

and root rot in the OECF project site in Tobu village in late 1990s and early 

2000s was associated more with excessive irrigation than with rainfalls. On the 

contrary, powdery mildew is a disease favoured by dry climate and therefore 

becomes severe when the weather is dry and cool. Aphids, mealy bugs, and 

psyllids are insects that also prefer a warm and dry climate. For example, brown 

citrus aphid development at 20oC is 1.5 days longer than that at 25oC and 2.7 

days longer than that at 30oC (Qureshi, 2010). Rains may wash the aphid 

population off the host (Silva-Vara et al., 2001), but rains also trigger flush 

growth on which the aphid feeds (Hall & Albrigo, 2007). For the asian citrus 

psyllid Diaphorina citri, as with aphids, temperature is the most important factor 

controlling its dynamics. Optimal temperatures for population growth of 

Diaphorina citri have been reported at 24-28oC (Fung & Chen, 2006; Liu & Tsai, 

2000). Fecundity is also significantly affected by temperature with the highest 

average number of eggs (748) laid at 28oC and declining rapidly thereafter (Liu 

& Tsai, 2000). These optimal temperature ranges for brown citrus aphid and 

asian citrus psyllid are common in lowers altitudes of the mandarin production 

centres in West Timor, especially during the end of the dry season (Crippen 

International, 1980a). 

 

The local governments have strong attempts to improve mandarin cultivation 

practices, but so far have been unsuccessful. Among efforts made by the 

government, programmes have focused on replacing planting of seeds with 

grafted seedlings and changing mixed-cropping into monocropping. Irrespective 

of uptake of these programmes, many growers continue to plant seeds instead 

of grafted seedlings and use mixed-cropping with annual and perennial crops 

instead of monocropping. Planting the mandarin using seeds is similar to 

planting local seeds for traditional swidden agriculture. Planting in mixed-

cropping instead of in monocropping is also part of swidden agriculture. 

Swidden agriculture has been practiced for generations and remains the most 
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dominant agricultural system in West Timor (Crippen International, 1980d; 

Messakh et al., 2010; Ormeling, 1955). Mixed-cropping is generally considered 

beneficial for pest and disease management, but the net effect will depend on 

the species of cops involved. After reviewing the mixed cropping literature, 

Poveda, Gomez, and Martinez (1979) found contradictory effects of mixed-

cropping on pests and their natural enemies and recommended the evaluation  

of the effect of the chosen crops on pests. Inter-planting guava on citrus has 

been found to be effective in protecting the mandarin from HLB (Holtzappel & 

Ramstedt, 2009; Zaka, Zeng, Holford, & Beattie, 2010), but its effectiveness for 

protection breaks down after one year (Ichinose, Nguyen , Doan, Do, & Le, 

2012). Mixed cropping the mandarin with perennial crops will shade out and 

out-compete the mandarin for water and nutrients, hence predisposing the 

mandarin to weak pathogens such as Lasiodiplodia theobromae, the causal 

agent of diplodia rot. Nevertheless, further experimental research is needed to 

understand the conditions under which the claim by the head of TTS AFSS is 

true, i.e. that mixed-cropping is responsible for making the mandarin susceptible 

to diplodia rot. 

 

Unlike planting using local seeds and in mixed-cropping, turning over the 

surface soil is not part of this traditional agricultural system of West Timor, but 

has been introduced only relatively recently. Being part of a traditional 

agricultural system, it is understandable if planting using seeds and in mixed-

cropping is hard to change. To most growers, grafted seedlings are considered 

as ‘kase’ (foreign) and for the Meto, being involved in doing something ‘kase’, 

according to Ataupah (1992), is against tradition. Turning over the surface soil 

for planting preparation was first introduced during the colonial time but then 

reinforced by force by the local government in 1980s. However, it was not the 

use of force that caused this practice to be widely adopted, but because it is the 

practice that was consistent with the tradition of planting different crops around 

the house. Digging the soil has been done only around the house and has 

never been part of swidden agriculture. The mandarin has been also planted 

mostly around the house and therefore digging the soil beneath mandarin trees 

becomes unavoidable. This practice damages mandarin roots and increases 
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evaporation, hence predisposing the mandarin to infection by soil-borne 

pathogens such as Phytophthora spp., the causal agents of gummosis and root 

rot. For example, wound resulting from feeding of the root weevil Diaprepes 

abbreviatus on fibrous and structural roots of citrus has found predisposing the 

injured root system to infection and girdling by Phytophthora spp. (Alm & Bahl, 

1999). 

 

The decline of mandarins in the highland of West Timor is therefore a complex 

phenomenon involving a number of factors. In addition to predisposing factors 

and the pests and diseases involved as discussed earlier above, other pests 

and diseases are also responsible. Within this pest and disease complex, HLB 

and its vector Diaphorina citri has been found positive on Keprok Soe 

mandarins and other mandarin and citrus species in the region. HLB symptoms 

were widespread on local mandarin, Hickson mandarin, the rough lemon (Citrus 

jambhiri) and Cleopatra mandarin (Citrus reticulata) rootstock trees, pomelo 

(Citrus maxima), and mock orange (Murraya paniculata) and HLB on the local 

mandarin has been confirmed using iodine and PCR tests. This finding agrees 

with earlier findings by Murdolelono, Yusuf, Bora, Nulik, & Bamualim (2000) and 

Murdolelono, Bora, & Dwiastuti, (2003), and the result of PCR test carried out 

by First Class Kupang Quarantine Station. Diaphorina citri was also found 

widespread, but its population was low because tree assessment was not 

carried out during the flush period. The finding of HLB indicates that the claim 

made by the local governments that Keprok Soe mandarin remains free of HLB 

is proven incorrect. The claim is therefore made without any scientific basis and 

made for political purposes rather than for securing an important economic 

asset of the local communities. 

 

How the disease and its vector were introduced to West Timor remains a 

question. Considering the result of the in-depth interview discussed in Chapter 

IV, both could have been introduced with grafted seedlings brought from outside 

the island for project planting during 1990s. The disease or the vector could 

have also been introduced along with seedlings of other citrus brought by 

individuals coming back from visiting their relatives or from holydays in other 
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islands. Quarantine check for seedlings brought by individual like this is difficult. 

In addition to entering the island through ports with quarantine checkpoints, 

people could enter the island through small seaports without quarantine 

checkpoints. 

 

In addition to the contribution of biophysical and cultivation factors, the 

contribution of local government policy warrants investigation. The policy of 

replacing planting using seeds to planting using grafted seedlings, promoting 

monoculture over mixed-cropping, and distribution of production inputs such as 

fertilizer without facilitation have been discussed as well as the contribution 

biophysical and cultivation factors. The policy on grafted seedling distribution to 

villages, and most importantly on refusing to acknowledge HLB as mentioned 

previously in Chapter IV, has contributed further to the decline of the mandarin 

in the region. These factors will be discussed along with the discussion of the 

result of the in-depth interview regarding grafted seedling production and 

distribution presented in the following chapter. 

 

 

5.5. Chapter Summary 

The results presented in Section 5.2 indicate that, contrary to what was 

suspected by the local governments, climate and soil are not the factors solely 

responsible for mandarin decline in West Timor. These factors, together with 

cultivation and harvest practices, have contributed only by predisposing the 

mandarins to different pests and diseases found in the region. Factors 

contributing directly to the decline of the mandarin are pests and diseases, the 

spread of which hasbeen promoted by current policy of the local governments. 

In addition to these bio-physical factors, social factors are also involved. These 

social factors include the policy of replacing planting using seeds to planting 

using grafted seedlings, promoting monoculture over mixed-cropping, 

distributing production inputs such as fertilizer without facilitation, distributing 

grafted seedlings to villages, and most importantly refusing to acknowledge 

HLB. These factors benefit certain pests or diseases either through modification 
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of the biophysical environment or creation of social environment allowing for 

certain pests and disease to develop and to spread unchecked.  
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VI. DISEASE SPREAD AND BIOSECURITY ENGAGEMENT FOR 

FUTURE BIOSECURITY – Qualitative studies of production and 

distribution of grafted seedlings and biosecurity engagement 

 

 

6.1. Introduction 

Citrus biosecurity, in terms of biophysical and cultivation factors and HLB and 

its vector Diaphorina citri, has been presented and discussed in Chapter VI. 

One issue that needs further cross-checking is the issue of grafted seedling 

production and distribution. Grafted seedling production and distribution play 

important roles as means of dissemination of graft-transmissible diseases and 

spread of various pests and diseases in citrus. HLB is just one of 15 diseases  

known to be graft-transmissible in citrus (Roistacher, 1991). In addition, grafted 

seedlings that are improperly produced, supervised and certified could harbour 

other pathogens and pests. Use of budwood from indiscriminately selected 

mother trees and improper supervision and distribution by UPTPSB (Unit 

Pelaksana Teknis Pengawasan dan Sertifikasi Benih or Technical 

Implementation Unit for Seed Supervision and Certification) officers create the 

risk of grafted seedlings being infected by graft-transmissible diseases. 

Production of grafted seedling in an open environment creates risks that grafted 

seedlings will become infested by certain pests and infected by certain 

pathogens in addition to those that are graft-transmitted. 

 

Practices of grafted seedling production and distribution are undertaken with an 

assumption that the region is free of HLB and its vector Diaphorina citri. Now 

that HLB and its vector have been confirmed, such practices are no longer 

justified. However, unless the local governments accept, and the local 

communities are aware of, the findings, such grafted seedling production and 

distribution practices will continue to serve as unseen vehicles for pests and 

diseases transmission and spread. For this reason, approaches need to be 

made to the local governments to communicate the findings and to local 

communities to raise awareness amongst the people. From these approaches, 
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the local governments are expected to acknowledge HLB and to review their 

policies regarding grafted seedlings production and distribution. On the other 

hand, growers are expected to be aware of the presence of HLB and to 

consider the risk associated with accepting grafted seedlings produced through 

improper processes of supervision and certification. 

 

To present and discuss the result of in-depth interviews on grafted seedling 

production and distribution and awareness raising activities, this chapter is 

divided into five main sections. Section 6.1 provides background introduction of 

the chapter. Section 6.2 presents and discusses the results of in-depth 

interviews on grafted seedling production and distribution. Results of awareness 

raising activities are presented and discussed in Section 6.3. Section 6.4 

presents general discussion and synthesis of the results presented in two 

preceding sections. The last section, Section 6.5, presents the chapter 

summary. 

 

 

6.2. Confirming Grafted Seedling Production and Distribution 

6.2.1. Attributes of Interview Participants and General Features of 

Transcripts 

Attributes of each interview participants for confirming grafted seedling 

production and distribution are presented in Table 6.1. For similar reasons as 

already described in Chapter IV, all names and addresses are not real names 

and real addresses. The brief description of the characteristics and views of 

each of the interview participants follows. 

 

Table 6.1. Attributes of interview participants for the grafted seedling production 
and distribution interviews 

Name
1)

 Age 
(Years) 

Sex Educati
on

2)
 

Marital 
Status 

Primary Occupation Category 
3)

 Address 

Yan 43 Male S1 Married Civil servant 2 TTS AFSS 

Bud 48 Male 3-year 
diploma 

Married Civil servant 2 TTS AFSS 

Sam 55 Male SMA Married Civil servant 2 TTS AFSS 

Anis 56 Male SMA Married Farmer, formerly a village head 1 & 3 TTS NMR 

Tinus 58 Male SD Married Farmer 1 & 3 TTS NMR 

Andre 54 Male SMA Married Farmer 1 TTS NMR 

Lexi 57 Male S1 Married Retired civil servant 1 & 3 TTS NMR 

Filipus 49 Male SD Married Farmer 1 TTS NMR 
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Name
1)

 Age 
(Years) 

Sex Educati
on

2)
 

Marital 
Status 

Primary Occupation Category 
3)

 Address 

Noh 56 Male SD Married Farmer 1 TTS SMR 

Oscar 49 Male SMA Married Small-scale businessman 3 TTS NMR 

Notes: 
1) Not real names 
2) SD=six-year elementary school, SMP=three-year junior high school, SMA=three-year 

senior high school, S1=four-year undergraduate, S2=two-year master 
3) 1=private nursery owner, 2=government officers and managers of government owned 

nurseries, and 3=seedling distributors 
Source: Interview transcripts 

 

 

Yan is an officer at TTS AFSS and had been acting as the representative of 

NTT Province UPTPSB for more than three years. He was the only 

representative of UPTPSB in TTS District, responsible for supervising both 

private and government owned nurseries in the district. He was a quiet person 

and very careful in answering every question. Owing to his long appointment as 

a UPTPSB representative, he was very knowledgeable about regulations 

regarding seeds and seed production, and very familiar with nurseries and 

seedling distributors in the district. However, because of his tenure as an officer 

at TTS AFSS, he seemed reluctant to provide opinions regarding the grafted-

seedling distribution programme launched by the local district government. 

 

All private nursery owners were knowledgeable of grafted seedling production 

practices, but only Anis, Lexi, and Tinus were willing to speak openly about the 

local government grafted seedling production policy and practices. Anis was 

formerly the head of the village where since his retirement he had established 

his nursery with support from his fellow villagers. Lexi, on the other hand, was 

formerly a local government officers involved in many citrus development 

projects. During his involvement in the projects, he learned grafting by doing. 

He had established his own nursery while he was an active officer. Meanwhile, 

Tinus had been involved in grafted seedling production since he was young 

when grafting was introduced into the district. He received a range of training in 

grafting and marketing of mandarin seedlings and initially had worked very 

closely with the local district government. He had also been a successful 

mandarin grower before the officially recognized disease diplodia rot destroyed 

his mandarin trees. According to him, this destruction happened as the result of 
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inappropriate policy regarding grafted seedling production and distribution and 

thereafter he kept his distance from the government. The other nursery owners, 

Andre, Filipus, and Noh were also knowledgeable about grafted seedling 

production practices, but as they were afraid that their seedlings would no 

longer be purchased by the government or by officers having private nurseries, 

they were reluctant to share any opinions regarding the local government policy 

on grafted seedling production and distribution. 

 

In addition to being owners of private nurseries, Anis, Lexi, and Tinus were also 

involved in seedling distribution. Anis and Lexi have involved, either alone or 

together, in grafted seedling distribution to other provinces and to East Timor 

before its separation from Indonesia. In addition to being active in grafted 

seedling distribution, Lexi had distributed the local mandarin fruits to Dili, the 

capital of the former East Timor Province, before the local mandarin was 

accepted as a national prime cultivar. Because of this involvement, he had been 

accused as being responsible for labelling the local mandarin fruits as Dili 

mandarins and for being involved in business activities and, consequently, as a 

civil servant, he faced disciplinary punishment. He managed to escape this 

accusation with help of a colleague who was at the time a close relative of the 

Head of NTT Province Food and Horticultural Crop Services. Among the 

interviewed seedling distributors, Oscar was the only one who did not own a 

nursery and relied on other nurseries for grafted seedling supplies. However, he 

distributed the greatest number of seedlings each year. Having been more than 

5 years in the business, he was very knowledgeable about seedling distribution 

practices, including involvement of government officers in the business. 

 

Each interview was carried out using the Indonesian language and was 

recorded using a digital voice recording after permission to do so was obtained. 

Each recorded interview was first transcribed as it was and only later was 

subject to editing for clearness in sentence structure and meaning. The 

summary features of the interviews and their resulting transcripts are given in 

Table 6.2 and additional features follow.  

 



248 

 

Table 6.2. Summary features of the grafted seedling production and distribution 
interviews and transcripts 

Name
1)

 Contact Span 
for Interview 

Place of Interview Date of Interview Interview 
Hours 

# Words in 
transcript 

2)
 

Transcript 
rechecking 

Yan Aug-Sep 2009 House 17 Sep 2009 1.01 7,040 Yes 

Bud Aug-Sep 2009 Office & nursery 18 Sep 2009 1.16 8,006 Yes 

Sam Aug-Sep 2009 Office & nursery 21-22 Sep 2009 0.67 7,048 No 

Anis Aug-Sep 2009 House 23 Sep 2009 1.45 9,590 Yes 

Tinus Aug-Oct 2009 House 1 Oct 2009 0.82 4,873 Yes 

Andre Aug-Sep 2009 House 25 Sep 2009 1.37 8,335 No 

Lexi Aug-Sep 2009 House & nursery 19 Sep 2009 1.82 14,704 Yes 

Filipus Aug-Oct 2009 Nursery 2 Oct 2009 0.67 3,390 Yes 

Noh Aug-Oct 2009 Nursery 3 Oct 2009 1.29 10,643 Yes 

Oscar Aug-Sep 2009 House 24 Sep 2009 0.91 5,935 Yes 

Notes: 
1) Not real names 
2) Number of words in the original transcripts 
Source: Interview transcripts 

 

 

The grafted seedling production and distribution interviews were carried out 

after the 2009 field observation. Appointments with interview participants were 

made during the field observation after information regarding locations of 

nurseries, names of nursery owners or managers, and distributor were obtained 

from an earlier introductory visit made with the representative of UPTPSB in 

TTS District. Interviews were finished in one session, except for the manager of 

one of the government owned nurseries which was carried out in two session 

because the first session was started late at night. With some interview 

participants, interviews were followed with visits to the nursery for examination 

of available rootstock, mother trees, or grafted seedlings. 

 

The hours spent in each interview and the resulting number of words in the 

transcripts depended primarily on the ways the interview participants responded 

during the interview. Longer hours were spent with informal, open, critical 

participants who tended to be elaborate in providing responses while shorter 

hours were spent with those formal and quiet interview participants who tended 

to be direct in providing responses. Longer hours were also spent with 

participants who spoke slower than in normal speech or with those who, for 

some reasons, needed to be very careful in answering questions considered 

being sensitive. Many times, questions needed to be reformulated because 

participants did not fully understand the original questions. Although all 
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interview participants were fluent in Indonesian language, their fluency varied 

and this caused difficulty in understanding the resulting transcripts of some 

interviews.  

 

 

6.2.2. Overview of and Collapsing Emerging Categories 

As mentioned in the methodology chapter (Chapter III), categories were 

identified from each interview transcript by means of thematic analysis and were 

stored as free nodes in NVivo. The list of emerging categories is given in 

Appendix 6.1. A large number of emerging categories was obtained, for reasons 

similar to number of categories emerging from transcripts of household 

biosecurity interviews (Chapter IV). The interviews were carried out informally 

and without any restriction on the scope of responses that could be provided by 

participants. In addition, categories were identified simply by slicing the 

transcript into any meaningful units, without reference to any underlying theory.  

 

The criteria used in this collapsing included similarity and dissimilarity, 

convergence and divergence, and the number of participants contributing to 

each category. In the process of collapsing, categories that share particular 

similarities were grouped and then examined with regard to convergence and 

divergence (Appendix 6.2). In the case that these categories were convergent, 

those that were tied with lower numbers of participants were simply ignored. 

This collapsing process was carried out by means of creating tree nodes and 

sets in NVivo. The result was five broad themes including nursery business and 

involvement of government officers, maintenance and acquisition of planting 

material, grafted seedling production, grafted seedling supervision and 

certification, and grafted seedling marketing and distribution. 
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6.2.3. Emerging Concepts and Themes 

6.2.3.1. Nursery Business and Involvement of Government 

Officers 

This theme is the result of collapsing three emerging concepts depicted in the 

first column of Table 6.3, namely nursery establishment and status, 

inappropriate government policy and lack of pressure from the community, and 

inappropriate nursery practices. Nurseries were established and owned by 

either the local government or members of the community. Nurseries 

categorized as government-owned nurseries were established and owned by 

the government and those categorized as private nurseries were established by 

a person or a group of people. These ownership categories have their own 

privileges and consequences with regard to government policy and practices. 

 

Table 6.3. Sample responses to questions regarding nursery business and 
involvement of government officers 

Concepts Sample Responses 

Nursery 
establishment 
and status 

This district nursery had existed much 
earlier than producing grafted seedlings for 
the first time in 2004. Because it is a district 
nursery, all facilities available here belongs 
to the district government here [TTS 
District]. Some of us [staff] have worked 
here since the beginning as contract 
workers. Since 2005, we are required to 
produce at least 20,000 grafted seedlings 
per year. The money from selling the 
grafted seedlings goes to the government 
[contribution to district government income] 
(Bud) 

At the beginning, as a junior staff I did the 
grafting only for the government. But later, I 
started up my own nursery, first from 
scratch around my house. The demand for 
grafted seedling was high back then in 
1990s and government nurseries were 
unable to meet. I offered grafted seedlings 
in my nursery to my boss and he agreed to 
take all of them. I was very happy and 
since then, while still working as an officer, 
I have produced grafted seedling until now 
(Lexi) 

TTS District government dedicates 
nurseries in Oenali and Oenunu

1)
 mainly to 

the Keprok Soe mandarin [grafted seedling 
production]. The provincial government 
also does the same for its nurseries in 
Oelbubuk

2)
 and in Nonbes

3)
 because the 

mandarin is now our identity (Yan) 

This nursery here is a group nursery, 
owned jointly by five people including 
myself as the leader. There are many other 
nurseries out there, some are even backed 
up by government officers (Andre) 

In the past, I worked alone, but recently I 
formed a group. The district agricultural 
services asked me to form a group nursery 
to be eligible for receiving the rolling fund 
provided by the government (Tinus)  

My nursery isn’t certified but I don’t care as 
long as I can sell grafted seedlings. Those 
who buy grafted seedlings from my nursery 
include owners of certified nurseries and 
government officers who own private 
nurseries (Oscar) 

Inappropriate 
government 
practices and 
lack of pressure 
from the 
community 

My nursery is one of five certified group 
nurseries that has received rolling fund 
from the district government. With this fund, 
I have been able to expand production. 
With more grafted seedlings I am able to 
produce now, I am expecting to be able to 
pay back the fund I received from the 
government. But with so many officers also 
take part in the business, competition from 
those officers has made us owners of 

Recently I was subjected to investigative 
auditing by auditors from the Ministry of 
Agriculture. The auditors scrutinized me 
regarding the number and price of grafted 
seedling I sold earlier to a project managed 
by TTS AFSS. I told them that the project 
purchased 28,000 grafted seedling from my 
nursery at a price of Rp 3,000

4)
 each. The 

auditors told me that the project price for 
each seedling was Rp 5,000. Later, the 
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Concepts Sample Responses 

private nurseries difficult to sell our 
seedlings. How then we get money to pay 
back the rolling fund we have received? 
(Lexi) 

project manager was mad at me because 
he was required to transfer the difference in 
payment back to the ministry (Anis) 

I have asked the district government to 
organize all private nurseries in an 
association since two years ago. The 
association was finally formed last year, but 
I don’t know how it was going right now. I 
hope that with this association UPTPSB

5)
 

will be able to serve the nursery owners 
and citrus growers better (Yan) 

Two years ago, an association was formed 
with Fery, a local businessman, as the 
leader. I refused to join the association 
because Fery was not a nursery owner. I 
was afraid that this was only a business 
trick for buying grafted seedling at lower 
prices. Later I heard it was true and I am 
happy for not joining (Lexi) 

Involvement of 
government 
officers in 
nursery business 

According to law, if I’m not wrong, senior 
officers with a certain position are not 
allowed to take part in business. If allowed, 
they will have opportunities to influence 
policy for their own benefits. But I don’t 
have any data if any officers here in this 
district are involved in seedling business. 
Of course, with their positions they could 
have been using names of other person as 
shadow owners as well (Yan) 

Well, a head of district agricultural services 
does not need to have a nursery to get 
involved in grafted seedling business. 
Recently he bought almost 30,000 grafted 
seedlings at only Rp 500 each and then 
raises these seedlings at the district 
nurseries. May be because of being aware 
of receiving much attention from the public, 
he transferred the seedlings into his official 
residence near his office (Oscar) 

Of course, they have their own nurseries. 
That is why they buy grafted seedling from 
other nurseries at low prices. They have 
good salaries but still want more ... they are 
truly giddy. Even the head of the district 
agricultural services come here to bargain 
for cheap grafted seedlings. I feel sorry to 
load his truck full with unlabelled grafted 
seedling from my nursery. The seedlings 
would bear labels with someone else’s 
name (Noh) 

Private nurseries like ours are required to 
meet many requirements to get the labels. 
What about private nurseries owned by 
government officers? Once I was asked to 
pick up additional grafted seedlings from a 
nursery owned by a government officers 
and found that the labelled grafted seedling 
there were much smaller than those 
rejected by UPTPSB supervisors at my 
nursery (Oscar) 

Notes: 
1) Nurseries owned by TTS District government located in Soe, the district capital, at about 

800 m above sea level. The TTS AFSS also owns a nursery in the lowlands, i.e. in 
Boentuka, along the main road from Kupang to Soe. 

2) A highland nursery owned by NTT Provincial government located at the region of TTS 
District, at around 900 m above sea level 

3) A lowland nursery owned by NTT Provincial government located at the region of Kupang 
District, at around 200 m above mean sea level 

4) Rp=Indonesian currency Rupiah at an exchange rate of Rp 9,500 equivalent to US$ 1 at 
the time of data collection. 

5) UPTPSB=Unit Pelaksana Teknis Pengawasan dan Sertifikasi Benih (Technical 
Implementation Unit for Seed Supervision and Certification), a provincial institution under 
NTT Province Agriculture and Estate Crop Services 

Source: English translation of interview transcripts 

 

 

Regardless of ownership category, all nurseries were commercial in their 

practices, but only private nurseries were subject to supervision and 

certification. Government nurseries produced grafted seedlings of mandarins 

and other citrus species and other crops. On the other hand, private nurseries 

produced only grafted seedlings of Keprok Soe mandarins. Government 

nurseries occupied large areas of land with office and production buildings and 
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other facilities provided by the local governments, as told by Bud. On the other 

hand, private nurseries were typically small-scale businesses set up from a low 

resource base, as told by Lexi. Although government nurseries generally had 

better facilities, screen houses of the foundation blocks owned by the provincial 

government and of the multiplication block owned by TTS District government 

were severely damaged (Figure 6.1a and Figure 6.1b). According to Suhariyono 

& Sugiyatno (2007), foundation blocks were required to provide budwood for the 

multiplication blocks and the multiplication blocks to provide budwood for 

commercial nurseries. The combined size of screen houses in the multiplication 

block owned by TTS District and the number of mother trees grown inside 

(Figure 6.1c) were barely enough to supply the demand for budwood from all 

commercial certified nurseries. 

 

 

Figure 6.1. Size and condition of screen houses at foundation block owned by 
NTT Province government and budwood multiplication block owned 
by TTS District government: (a) Size of a screen house in a district 
budwood multiplication block and (b) Damaged screen house at a 
provincial foundation block 

Source: Field photograph 
 

 

Within the private nursery category, many nurseries were owned by government 

officers. These government officers owned the nursery either as direct owners, 

like Lexi when he was an active officer, or as shadow owners, as told by Andre, 

by providing all the necessary capital for someone else to set up and manage 

the nurseries on their behalf. According to Government Regulation No. 44 

(1995), seeds can be produced by individuals, companies, or the government, 
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but not by government officers. As told by Yan, the UPTPSB representative in 

TTS District, this was to prevent government officers from influencing policy for 

their benefit. However, as told by Oscar, they did not have to own a nursery to 

get involved in the grafted seedling business. They could use their power to 

force nursery owners to sell grafted seedlings at low prices to them, raise the 

purchased grafted seedlings in government owned facilities, and sell the 

seedlings later at market prices. However, some government officers did have 

their own nurseries but, instead of growing rootstock and doing grafting by their 

own, they bought unlabelled grafted seedlings from other nurseries, as 

explained by Noh, for later labelling and selling at market prices. These 

practices are certainly against Government Regulation No. 44 (1995) 

concerning seed production and circulation and Decree of Minister of 

Agriculture No. 610/Kpts/TP.630/6/97 (1997) concerning production and 

distribution of citrus seedlings. 

 

Another interesting development was the establishment of group nurseries, 

those owned by groups, like those currently owned by Andre and Tinus. These 

group nurseries, discussed earlier in Chapter IV, were part of the mandarin 

development programme launched to produce quality grafted seedlings needed 

to revitalize existing centres of production or establish new centres of 

production by providing rolling funds. This programme aligned with the policy of 

the central government to modernize citrus production by allocating funds from 

the central government budget for the government of provinces producing citrus 

to fund programmes for development and revitalization of citrus production 

centres (Harrisona, Spiersa, Conevaa, Doziera, & Woodsa, 2013). The 

provision of this rolling fund was aimed at helping the nurseries to expand their 

capacity, but because of competition from government nurseries and private 

nurseries owned by government officers, as explained by Lexi, these nurseries 

were forced to become suppliers for low-priced grafted seedlings to nurseries 

owned by government officers. Government officers used private nurseries for 

personal benefits by various means, for example for mark up of grafted seedling 

prices for direct benefits, as told by Anis, or by using a third party for gaining 

indirect benefits, as told by Lexi. These inappropriate government practices 
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continued because private nurseries were not united, but instead competing 

among themselves for selling their grafted seedlings to the government. Instead 

of setting up an association to put pressure on the government, they 

established group nurseries to receive fund that made them even more 

vulnerable as victims of inappropriate practices by government officers involved 

in grafted seedling practices. 

 

 

5.4.3.2. Maintenance and Sources of Planting Material 

Maintenance and sources of planting material was a theme resulting from 

collapsing emerging concepts of policy regarding maintenance, certification, 

and use of planting material, inappropriate practices regarding supervision and 

certification of mother trees, and inappropriate practices regarding acquisition of 

budwood and use of rootstock. Sample responses are presented in Table 6.4.  

 

Table 6.4. Sample responses regarding maintenance and sources of planting 
material 

Concepts Sample Responses 

Policy regarding 
maintenance, 
certification, and 
use planting 
material 

According to regulations regarding 
production of certified seeds, the local 
governments, in this case NTT Province 
and TTS District governments, are required 
to maintain mother trees in budwood 
multiplication blocks. The multiplication 
blocks of the NTT Government are located 
in Oelbubuk and in Nonbes, while that of 
TTS district is in Oenali. Mother trees in the 
budwood multiplication block have to be 
grown in screen houses and strictly 
supervised by technical officers to prevent 
from infestation by pests and infection by 
pathogens (Yan) 

TTS District government has nurseries here 
in Oenali and in Oenunu. Only here we 
have screen houses as BPMT

1)
. But 

because screen houses are small, only few 
mother trees are grown inside. Most are 
grown outside screen houses as population 
mother trees, similar to those available at 
private nurseries. Well, as you can see 
later, the available screen houses are not in 
appropriate condition because the screen 
has been torn open here and there. We 
have submitted the proposal plan for 
rehabilitation, but I am not sure if it will get 
funded or not (Bud) 

The process for tagging production trees to 
become population mother trees is started 
with requests by owners. The request has 
to be done in writing, but for simplicity, we 
accept text messages. I write the request in 
the logbook and then go for the preliminary 
visit to assess morphological 
characteristics, ages, and health conditions 
of the proposed trees. Morphological 
examination is done to make sure that the 
proposed trees meet all the required 
characteristics of Keprok Soe mandarin. At 
harvest time, I will also take sample fruits 
for organoleptic and for sugar content test 
at our laboratory in Kupang (Yan)  

Private nursery owners are required to 
have tagged mother trees. To meet this 
requirement, once I was asked to pick five 
fruits from each tree I was proposing for 
tagging. As I was proposing many trees ... I 
forget the number ... two 50-kg rice sacks 
were needed to contain the fruits. Sample 
leaves were also asked. The officers told 
me that these sample fruits and leaves 
were for laboratory test to be done in 
Kupang. For these samples, I also included 
fruits and leaves from trees showing 
sectoral yellowing and blotchy mottle 
because I wanted to know what the disease 
was. To my surprise, all trees passed the 
test and got the tag (Frans) 

We recommend use of rough lemon as 
rootstock, known here as RL or lemon 

We are asked to use rough lemon as 
rootstock. I don’t know why, but trees of 
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Concepts Sample Responses 

asam
2)

. As with the mandarins, this rough 
lemon has been cultivated for generations 
and trees are available in almost every 
village (Yan) 

this lemon are available in almost every 
village around here. We the Meto people 
use fruits of this lemon to make the hot 
sambal we call sambal luat

3)
 (Tinus) 

Inappropriate 
practices 
regarding 
supervision and 
certification of 
population 
mother trees 

UPTPSB
4)

 officers came to look around my 
trees. They said to examine tree health but 
the examination was done only with naked 
eyes. They did not bring any equipment, 
say magnifying glass. I followed them when 
the examined my trees so I knew they did it 
with naked eyes. Although I have been with 
the district agricultural services for more 
than 20 years, I am only a private nursery 
owner now so I could not say anything. 
They all may be experts; they could 
examine trees only with naked eyes. As 
officers they have the authority to say 
whatever they want (Lexi). 

At the time of tagging, some trees did not 
pass the requirements as mother trees and 
remained untagged. Later these untagged 
trees showed sectoral yellowing with 
blotchy mottle leaves. I have reported the 
diseased trees to the officer tagging the 
mother trees and he asked me to cut down 
the diseased trees. I did cut down the 
diseased trees, but now the neighbouring 
tagged mother trees show similar 
symptoms. I want you to have a look at 
those trees and tell me what should I do to 
stop the disease from spreading to the 
tagged mother trees currently remain 
healthy (Andre) 

It is true that at the time of tagging, mother 
trees may look healthy. But it is just a 
matter of time that within a couple of 
months these looking healthy tagged 
mother trees may get diseased. Because 
tagging is eligible for one year, the 
diseased trees remain legal sources of 
budwood for the remaining time even after 
becoming diseased. Not to mention tagged 
mother trees that have never been re-
examined for more than one year after 
tagging, they are all legal sources of 
budwood no matter how severe they have 
been diseased (Lexi) 

We at UPTPSB have many limitations in 
doing our job. We have only few 
supervisors to cover such a huge area in 
which mandarin trees are grown here and 
there on difficult terrains. I am sure you 
have experienced this yourself because 
you have visited many villages. On the 
other hand, nursery owners do not have a 
long-term plan for their nursery activities 
but insist to have their mother trees to be 
supervised as soon as possible. I would not 
need to deny that in this situation we are 
unable to re-examine all tagged mother 
trees every year (Yan) 

What disease causes leaves to have 
asymmetrical blotchy mottle if not CVPD

5)
? 

I know blotchy mottle is the symptom of 
CVPD because when attending I showed 
photos of the symptom. The trainers also 
told me that grafted seedlings produced 
using budwood from diseased mother trees 
would also get the disease. But the officers 
here keep telling me that the mandarin 
trees here are declining not because of 
CVPD but of diplodia rot. How do they 
know CVPD if they have never seen the 
symptoms? The symptom I saw on many 
trees, including on mother trees, is similar 
to that I saw earlier in the training (Anis) 
 

One of those tagged mother trees in my 
nursery has yellowing branches with 
blotchy mottle leaves. The fruits are and 
taste sourer smaller compared to those of 
healthy trees. Usually, such a tree would 
late experience dieback before slowly 
dying. These are all CVPD symptoms. 
During more than 20 years of my tenure at 
TTS AFSS, I have read many brochures 
regarding CVPD. That is why, before 
mentioning a name, I mention symptoms 
first so you could be sure that I am serious. 
You may have also already seen many 
trees with similar symptoms so I don’t need 
to tell you whether the disease has been 
already here or not (Lexi). 

Inappropriate 
policy and 
practices 
regarding use of 
budwood and 
rootstock 

We have already had BPMT, but only since 
two years ago. When I was still in 
Boentuka, we used budwood collected from 
population mother trees owned by private 
nurseries for grafting, just like other private 
nurseries did (Bud)  

I had discussed with researchers form 
Lolitjeruk

6)
 when they did a research project 

here. They told me that even at Lolitjeruk 
population mother trees are still in use 
because mother trees in their BPMT are 
not yet able to meet the demand for 
budwood (Yan) 

Yesterday my colleagues from North Mollo 
drop by at my house on their way back 
home from doing the grafting as paid 
worker at the district nursery in Oenali. 
They told me that they have just finished 
grafting 11,000 rootstock seedlings. 
Because I know the nursery does not have 
enough mother trees, I asked them where 

I have only few tagged mother trees. The 
BPMT in Oenali doesn’t have either. So, 
the only thing I can do is to collect budwood 
from everywhere. Up there in Oelangkai, 
Kapan, I usually get it from trees owned by 
Agus Tangmau and Mateos and Ande 
Tualaka. Down in Oelekam, I get it from 
trees owned by Noh Lasfeto. At the border 
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Concepts Sample Responses 

did they get the budwood? They told me 
that they were required to bring budwood 
by their own. I was so surprised how was 
that possible. They said that they wanted 
the job done and the available mother trees 
down there could not provide them enough 
budwood they need. If a government 
nursery does not care about this sort of 
thing, what the government expects from 
us? (Lexi) 

of O’of, before the first crossing of the river, 
from trees owned by Takaeb. I also get it 
from the provincial nursery in Oelbubuk. In 
Kesetnana I get from Simon Sila. In Oelfau, 
further down from Soe, I get from the 
former OECF Project manager, Mr. Opat. 
In Oeklami, from Lexi’s nursery. Even 
further down, on the main road from 
Kupang to Soe, I get from Noh’s nursery in 
Boentuka (Anis) 

We use only rough lemon as rootstock 
because it is the only rootstock 
recommended by the government (Andre) 

I don’t know if other citrus can be used as 
rootstock for grafting of Keprok Soe 
mandarins. Government officers told us 
only RL (Felipus) 

Notes: 
1) BPMT=Blok Penggandaan Mata Tempel (Budwood Multiplication Blocks) 
2) Lemon asam literally mean sour lemon, but the common name in English is rough lemon 

and the scientific name is Citrus jambhiri 
3) Sambal luat is a kind of hot chilli sauce made by mixing grounded fresh fruits of local chilli 

with sliced fruit skin of rough lemon in vinegar 
4) UPTPSB=Unit Pelaksana Teknis Pengawasan dan Sertifikasi Benih (Technical 

Implementation Unit for Seed Supervision and Certification) 
5) CVPD=Citrus Vein Phloem Degeneration, HLB name used in Indonesia. 
6) Loka Penelitian Tanaman Jeruk (Experimental Station for Citrus Research), an 

experimental station under Research Institute for Citrus and Other Sub-tropical Crops in 
Batu, East Java 

Source: English translation of interview transcripts 

 

 

For production of high quality and healthy grafted seedlings, as explained by 

Yan, the local governments were required by law to maintain mother trees in 

BPMT (Blok Penggandaan Mata Tempel or budwood multiplication blocks). As 

explained by Bud, the provincial and the TTS District governments had their 

own BPMTs. However, the number of mother trees at BPMTs was insufficient to 

meet the demand for budwood because the available screen houses were too 

small and the remaining available space in the damaged screen houses was 

very limited. Instead of doing regular maintenance to the existing screen houses 

and building new ones, the local governments urged private nurseries to have 

their own mother trees. As explained by Yan, these mother trees were proposed 

from the available production trees for examination by UPTPSB officers “to 

make sure that the proposed trees meet all the characteristics of Keprok Soe 

mandarins”. Those trees passing this examination were then tagged and named 

population mother trees, inconsistent with Minister of Agriculture Regulation No. 

39/Permentan/OT.140/8/2006 (2006) stating that population mother trees are 

part of breeder mother trees for the purpose of producing breeder seeds. The 
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examination was neither carried out on symptoms of HLB infection nor on 

Diaphorina citri infestation because no law requires UPTPSB to examine pests 

and diseases. Even if the officers wanted to do the examination voluntarily, they 

may be unfamiliar with the disease and the vector or lack of the necessary 

equipment for detection. Alternatively, even if they did find the disease or the 

vector, they would simply take a safe position by not reporting something that 

was against the government policy. According to Frans, he “included fruits and 

leaves from trees showing sectoral yellowing and blotchy mottle” as samples 

but the result of laboratory test done by UPTPSB was “all trees passed the 

test”. For rootstock material, rough lemon (Citrus jambhiri) was recommended, 

as explained by Yan and agreed by Tinus. This lemon has been used 

elsewhere, but it was later found to be susceptible to phytophthora root rot and 

gummosis. 

 

Acceptance of production trees to become population mother trees was 

supposed to be performed by UPTPSB supervisors after site examination and 

laboratory tests. However, field examination was done using no equipment, 

even simple equipment such as magnifying glass for examining small insects 

such as the asian citrus psyllid. According to Lexi, “Examination was done with 

naked eyes because they did not bring any equipment”. This may have been 

acceptable practice if supervisors were knowledgeable about the HLB 

symptoms and vector. There was an unwarranted assumption that once a tree 

had been tagged it remained eligible as sources of budwood until the UPTSB 

officers designated otherwise. According to Andre, this assumption was 

unjustified because population mother trees could get infection from the 

neighbouring diseased production trees that did not pass the examination. 

According to Lexi, population mother trees in his nursery “have never been re-

examined for more than two years after tagging”. As long as trees remained 

tagged, he kept using the mother trees as budwood sources for his nursery, 

although he was certain that the trees had HLB symptoms (Figure 6.2a). 

Despite limitations faced by UPTPSB as explained by Yan, this is certainly a 

risky practice. As discussed earlier in Section 5.3.2, population mother trees 

have been found to be HLB positive not only in private nurseries but also in 
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government nurseries (Figure 6.2b). Diaphorina citri was also found on 

population mother trees in private and government owned nurseries (Figure 

6.2c). Maintaining disease-free mother trees is important in mandarin because 

Ca. Liberibacter asiaticus has been readily transmitted from an infected mother 

tree of this citrus species (Morales, 2002). 

 

 
Figure 6.2. Tagged population mother trees with HLB symptoms: (a) Tree in a 

private nursery with rootstock grown underneath, (b) Tree in 
government owned nursery, (c) Close up of blotchy mottle on a 
population mother tree 

Source: Field photograph 
 

 

Regardless of this risk, budwood for grafting continued to be taken from 

indiscriminate sources. Budwood from population mother trees was used by not 

only private nurseries, as told by Lexi, but also government nurseries, as 

admitted by Bud. If what was told by Yan that this practice was acceptable in an 

experimental station like Lolitjeruk, what more could have been expected from a 

district owned nurseries? According to Setiono & Supriyanto (2005) and 

Suharyono & Sugiyatno (2007; 2007), Lolitjeruk provided only budwood from 

BPMT to commercial nurseries. This was in accordance to the central 

government policy of integrated management for healthy citrus groves that 

budwood for commercial nurseries should be obtained only from BPMT (Izumi 

et al., 1992). Nevertheless, as explained by Yan, the local governments had 

allowed the use of population mother trees by referring to the similar practice at 

Lolitjeruk. In reality, as told by Anis, private nurseries obtained budwood for 

grafted seedling production from even far more indiscriminate sources as “I get 

budwood from wherever available”. Tagged mother trees existed in only a few 

of the places mentioned by Anis. With regard to rootstock, all nurseries, 

including government nurseries, used rough lemon despite Cleopatra mandarin 
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being available in one of government nurseries. This could be because, as 

explained by Andre, “it is the only rootstock recommended by the government”. 

In nurseries outside NTT, the JC1 (japansche citroen) is widely used. Rootstock 

may improve mandarin tolerance again HLB, especially when used in 

combination with different species of interstock such as found by Shokrollah 

(1994) in Malaysia. However, Albrecht, McCollum & Bowman (2012) found no 

improvement in tolerance to HLB, but only improvement in performance, with 

use of different species of rootstock. 

 

 

6.2.3.3. Grafted Seedling Production 

Grafted seedling production emerged as a broad theme from collapsing two 

more-specific themes, namely grafted seedling production capacity and 

inappropriate production practices and grafted seedling production practices 

and factors influencing such practices. Sample responses are shown in Table 

6.5. 

 

Table 6.5. Sample responses regarding grafted seedling production 
Concepts Sample Responses 

Grafted seedling 
production 
capacity and 
inappropriate 
production 
practices 

In one year my nurseries produces more or 
less 100,000 grafted seedlings, but many 
other nurseries produce more, may be 
even twice or three times (Tinus) 

My nursery has just started to produce this 
year. It is only 40,000 grafted seedlings. 
Other nurseries produce many more, some 
produce hundreds of thousands (Ande) 

Many senior officers at the district 
agricultural services have their own private 
nurseries but they do not produce grafted 
seedling by themselves. They buy 
unlabelled grafted seedlings at low prices 
from other nurseries and then raise them in 
their nurseries. When a project need 
grafted seedlings, of course they will 
recommend the bid-winning distributors to 
buy theirs (Noh) 

When a nursery get a big order but does 
not have enough [number of] grafted 
seedlings, the owner will buy [additional] 
seedlings from neighbouring nurseries. No 
matter whether they were owner of private 
nurseries or managers of government 
nurseries, they just do the same. It is an 
inappropriate practice, but as long as 
money is concerned, such a thing does not 
really matter (Sam) 

Why should I care about CVPD
1)

 if the 
government shouldn’t? One of my tagged 
mother trees has shown CVPD symptoms, 
but I still use it as source of budwood. Even 
if I collect budwood from mother trees 
owned by other people, there is also no 
guarantee that the tagged mother trees 
there are free of HLB. Besides, the 

No matter whether you obtain budwood 
from tagged or untagged mother trees, 
mandarin trees in this region have been all 
diseased anyway. The mandarins got the 
disease three years after the OECF 
Project

2)
 in Tobu phased out. Trees could 

get the diseases through budwood. But the 
disease could also spread by other means 

                                            
1
 The identity of citrus variety designated as ‘japansche citroen’ is unknown. Hogsdon(2000) 
considered it as similar to Rangpur lime Citrus limonia Osbeck and provided other common 
names including rangpur in India, canton lemon in South China, hime lemon in Japan, cravo 
lemon in Brazil, japansche citroen in Java, and rangpur lime or mandarin-lime in the United 
States. The scientific name in use for this citrus in Indonesia is Citrus reticulata. 
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Concepts Sample Responses 

government have told us that all mandarin 
tress in this district are free of CVPD 
although I have seen many trees with 
CVPD symptoms (Lexi) 

such as carried by ants
3)

. Once ants 
reached the tree canopy, the leaves would 
become yellow and soon the tree would be 
gone (Anis)  

Grafted seedling 
production 
practices and 
factors 
influencing 

Grafted seedlings production is started 
from preparing rootstock seeds. For this 
purpose, I prefer to buy fruits and then take 
the seedlings for drying at room 
temperatures. While waiting the seeds to 
get ready, I will prepare the germination 
bed. After 1-2 month at the germination 
beds, I will move the rootstock young 
seedlings to the transplantation bed where 
they will remain for 2-3 months. Here in the 
lowland rootstock seedlings grow faster 
than up there in the highlands (Noh) 

I started with preparing germination beds to 
sow the rootstock seeds. For the rootstock, 
I buy RL fruits or seeds. I sow the seeds in 
rows of some 15 cm apart in the 
germination beds. There the seeds will 
germinate in 1-2 weeks or so. After 2-3 
months in the germination beds, I will move 
the young rootstock seedlings into the 
transplantation beds where they will remain 
for further 4-6 months before some of them 
ready for grafting. Some smaller seedlings 
will be ready later (Felipus) 

I am not doing the grafting at once, but 
chose only taller seedlings first and graft 
the smaller ones later. Now I use the chip 
budding technique. First, I slice the bud 
with the wood beneath. Then I insert the 
sliced bud on top of the similarly sliced 
rootstock stem. Finally, I tie the bud tightly 
using a special plastic band. After one 
week, I will cut off the rootstock stem a few 
centimetres above the grafting point. In one 
day, I could graft up to 1000 rootstock 
seedlings with more than 90% success rate 
(Lexi). 

Grafting is carried out using the chip 
budding technique to the rootstock at the 
transplantation beds. All technical staff 
members here are already very skilful in 
doing the grafting using the technique 
because all of them have received training 
and experienced for more than three years. 
On average, each of them could graft 
around 1000 rootstock seedlings in one day 
at a more than 95% success rate. The 
rootstock stem is cut off a few cm above 
the grafting point to allow the bud grow 
faster (Bud) 

The grafted seedlings will remain at the 
transplantation beds for 2-3 months before 
being moved to the polybags. The 
seedlings will remain in polybags for an 
additional 3-4 months before being ready 
for sale. In the highland like here, getting 
grafted seedlings ready for sale require up 
to 18 months, but in the lowlands is much 
shorter (Anis) 

After being grafted, I will leave the seedling 
to remain in the transplantation bed for 2 
months. Meanwhile, I will get the growing 
media ready in the polybags for 
transplanting the grafted seedlings from the 
transplantation bed. I need to wait for 6 
more months for the seedlings before ready 
for sale. Meanwhile, I will apply for labelling 
so that I could sell the seedling on time 
(Ande) 

Rootstock seedlings usually get scab, but 
that is OK. I don’t know about other 
disease, but many seedlings have their 
leaves yellow although I have applied foliar 
fertilizers (Andre) 

There is no requirement to spray grafted 
seedlings regularly with fungicides or 
pesticides. I only spray them with foliar 
fertilizers to speed up growth and improve 
appearance (Lexi) 

Notes: 
1) CVPD=Citrus Vein Phloem Degeneration, HLB name used in Indonesia. 
2) OECF=Overseas Economic Cooperation Fund, the implementing agency for loan aid 

furnished by the Japanese government as the Japanese government's development 
financing arm that extends low-interest, long-term funds to support the self-help efforts of 
developing countries (Official Development Assistance Japan's Ministry of Foreign Affairs, 
2011) 

3) Ants mentioned here could mean nymphs of the asian citrus psyllid Diaphorina citri 
Source: English translation of interview transcripts 

 

 

Production capacity of each nursery was not large. For example, a private 

nursery owned by Tinus produced only 100,000 grafted seedlings annually and 

another nursery owned by Andre produced less. The number of certified private 
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nurseries, according to Yan and agreed by Lexi, was only five. However, private 

nurseries were a seasonal small-scale business because many growers were 

also skilful in grafting. As a result, uncertified nurseries instantly emerged as 

demand for grafted seedlings increased. This made the job of UPTPSB 

supervisors difficult and at the same time created opportunities for inappropriate 

practices to flourish. For example, as mentioned by Noh, government officers 

who owned private nurseries were able to “buy unlabelled grafted seedlings 

from other nurseries at low prices and raise them in their nurseries”. Such an 

inappropriate practice and abuse of power was not enacted only by government 

officers, but also by private nurseries obtaining a large order but did not “have 

enough grafted seedlings”, as mentioned by Sam. Other inappropriate nursery 

practices included the use of budwood from mother trees already showing HLB 

symptoms. This did not mean that nursery owners were not aware of the 

disease or of the risk of using such budwood. Lexi simply stated that “according 

to the government all mandarins in this district are free of HLB although I have 

seen many trees with HLB symptoms”, and other nursery owners abrogated 

responsibility because the disease is already present and so “the disease could 

also spread by other means”, as mentioned by Anis. 

 

Grafted seedling production is a lengthy and intricate process. It starts with 

preparation of germination beds and purchase of RL fruits from which rootstock 

seeds are extracted. The rootstock seeds are sown in the germination bed 

(Figure 6.3a). As told by Noh, 1-2 month was needed before rootstock 

seedlings were ready for transfer to the transplantation beds and another 2-3 

months before they are ready for grafting. The length of time required in the 

germination and transplantation beds was even longer in the highlands, as told 

by Felipus, 2-3 and 4-6 months, respectively. Grafting was done in the 

transplantation bed (Figure 6.3b) using the chip budding technique by “slicing 

the bud along with the wood beneath and then inserting the sliced bud on the 

similarly sliced rootstock stem” (Figure 6.3c), as mentioned by Lexi. The grafted 

rootstock seedlings remained in the transplantation bed (Figure 6.3d) before 

being transferred to polybags (Figure 6.3e). Growth of rootstock seedlings in the 

germination and transplantation beds, and of grafted seedlings while remaining 
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in the transplantation beds, was influenced by many factors other than just 

altitude. These factors included soil fertility, irrigation, and disease infection. 

Scab was a common disease on rootstock seedlings as mentioned by Andre. 

However, Andre did not know the disease that caused leaves of grafted 

seedlings to have blotchy mottle symptoms (Figure 6.3f) and Lexi did not apply 

insecticides to control Diaphorina citri, although he knew the disease and its 

symptoms. Insecticide applications are necessary in grafted seedling production 

in order to prevent seedlings from becoming infected with HLB through its insect 

vector Diaphorina citri (Kellner, 2011).  

 

 
Figure 6.3. Grafted seedling production: (a) Rootstock seedlings in germination 

bed, (b) Rootstock seedling in transplantation bed, (c) Scion 
growing on successful chip-budding technique, (d) Rootstock 
seedlings after grafting in transplantation beds, (e) Grafted seedling 
in polybags, (f) Grafted seedling with blotchy mottle symptom 

Source: Field photograph 
 

 

6.2.3.4. Grafted Seedling Supervision and Certification 

Seed supervision and certification in Indonesia are regulated based on 

Government Regulation No 44 (1995) concerning Crop Seeds and Minister of 

Agriculture Regulation No. 39/Permentan/OT.140/8/2006 (2006) concerning 

Production, Certification, and Distribution of Officially Released Seeds. 

According to Article 35 of Government Regulation No 44 (1995), seed 

certification is carried out by a government institution designated by the Minister 
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of Agriculture. In accordance with this regulation, seed certification was carried 

out in the past by an institution that was part of the Ministry of Agriculture. 

According to Article 12 Paragraph 1 of the decree, seed certification is carried 

out by an institution with functions and roles in quality supervision and seed 

certification. In NTT Province, this institution is now named UPTPSB (Unit 

Pelaksana Teknis Pengawasan dan Sertifikasi Benih or Technical 

Implementation Unit for Seed Supervision and Certification) under the Provincial 

Agriculture and Estate Crop Service. In line with the Minister of Agriculture 

Regulation No. 39/Permentan/OT.140/8/2006 (2006), two themes were 

identified from the interview regarding grafted seedling production and 

distribution: (1) institution, procedures, and requirements for grafted seedling 

supervision and certification and (2) inappropriate policy and illegal practices in 

grafted seedling supervision and certification. This broader theme was the result 

of collapsing these two themes. Sample responses regarding this broader 

theme are presented in Table 6.6. 

 

Table 6.6. Sample responses regarding grafted seedling supervision and 
certification 

Concepts Sample Responses 

Institution, 
procedures, and 
requirements for 
grafted seedling 
supervision and 
certification 

UPTPSB
1)

 is responsible for supervising 
the process of grafted seedling production 
to ensure that nurseries follow the required 
procedure for producing quality seedlings. 
UPTPSB is also responsible for delivering 
extension services regarding the standard 
procedure for production and certification 
processes as required by existing 
government regulation regarding 
production of healthy grafted seedlings 
(Yan) 

Supervising seedling production of 
vegetatively propagated crops like 
mandarins is far more difficult than 
supervising seed production of generatively 
propagated crops. I am the only UPTPSB 
representative here in this district [TTS 
District]. My responsibility is not only 
mandarins, but also other horticultural 
crops as well as food, and estate crops. I 
am also required to supports UPTPSB 
supervisors to do their jobs (Yan) 

Anyone who wants to start a nursery is 
required to submit an application to the 
district agricultural services. After receiving 
the application, I will do a preliminary visit 
to the proposed nursery for checking the 
available basic infrastructure. Once a 
permit is granted and the nursery starts its 
operation, the owner is required to submit a 
grafting plan for the rootstock seedlings 
that have grown. Then I will make a 
recommendation regarding budwood 
acquisition, whether from BPMT

2)
 or from 

population mother trees. The owner is also 
required to submit a certification application 
once his grafted seedlings have been ready 
for labelling. A supervisor from UPTPSB 
then will do the field examination to check 
for liability of the grafted seedlings granted 
certificates as labelled seedlings (Yan) 

For an already certified nursery like this 
group-owned nursery, we are required to 
report our grafting plan to the district 
agricultural service. The plan includes the 
number of rootstock seedlings we have, 
source of budwood, date of grafting, and so 
on. Once our grafted seedlings have been 
ready, we again required to submit a 
certification plan to UPTPSB through its 
representative at the district agricultural 
services. The plan is about the same things 
as in the earlier plan … number of grafted 
seedlings to be certified, the source of 
budwood, the date of grafting, and so on. 
The representative of UPTPSB at the 
district agricultural service will then contact 
UPTPSB office in Kupang to send a 
supervisor to examine our grafted seedling 
for certification (Andre) 
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Concepts Sample Responses 

Nurseries are required to own their own 
tagged mother trees. The tag code of the 
mother tree used as the source of budwood 
will be written in the issued labels for the 
seedlings (Lexi) 

For obtaining labels, grafting has to be 
done at least 30 cm from the base. The 
seedlings should have a single main stem 
with diameter of the size of cigarette, and of 
course, should be healthy (Bud) 

Inappropriate 
policy and illegal 
practices in 
grafted seedling 
supervision and 
certification 

UPTPSB officers accuse me of doing 
inappropriate practices because of having 
only 1-2 population mother trees but 
capable of producing grafted seedlings as 
many as 100,000 in a year. I would answer 
this accusation by saying, “As a nursery 
owner my job is to produce grafted 
seedlings. It is the responsibility of the 
government to provide us with an enough 
number of mother trees at BMPT. It is 
because the mother trees at BPMT are 
unable to provide enough budwood that 
make me waste my time wondering around 
to collect budwood from everywhere” 
(Tinus) 

A couple of months ago, after loading 1,500 
grafted seedling into a truck here, I was 
asked to stop by in Naukae, around Soe, to 
pick up other 500 grafted seedlings owned 
by a government officer. I was not going 
with the truck, but according to my workers, 
the seedling there was too small to get 
labels, much smaller than those rejected by 
UPTPSB supervisors at my nursery. 
Because of already labelled, these tiny 
grafted seedlings were loaded into the 
truck. If I were there, I would have picked 
one of them to as a prove to the head of 
TTS AFSS of unfair supervision practices 
(Oscar) 

The head of TTS AFSS once bought 
unlabelled grafted seedling from my 
nursery. Because grafted seedlings for 
distribution have to bear labels, this mean 
that he put labels he bought from my 
nursery with other person’s name, may be 
his name. I know this is against the rule, 
but what can I say? (Noh) 

The problem is the current procedure of 
grafted seedling supervision and 
certification has to involve district 
agricultural services. To be fair, this 
procedure need to be independent from 
district agricultural services so that we 
private nursery owners could avoid too 
much pressure from district government 
officers (Lexi) 

Notes: 
1) UPTPSB=Unit Pelaksana Teknis Pengawasan dan Sertifikasi Benih (Technical 

Implementation Unit for Seed Supervision and Certification) 
2) BPMT=Blok Penggandaan Mata Tempel (Budwood Multiplication Blocks) 
Source: English translation of interview transcripts 

 

 

The main responsibility of UPTPSB, as told by Yan, was “supervising the 

process of grafted seedling production to ensure that nurseries follow the 

required procedure for producing certified quality seedlings”. This is in line with 

Article 2 of the Minister of Agriculture Regulation No. 

39/Permentan/OT.140/8/2006 (2006) that the purpose of seed certification is to 

guarantee the availability of quality seeds in terms of species and/or cultivar 

purity and other quality standards. This institution, still according to Yan, also 

had additional responsibility in “delivering extension services regarding the 

standard procedure for production and certification processes as required by 

existing government regulation regarding production of healthy grafted 

seedlings”. The scope of responsibility covers not only citrus, but also other 

horticultural crops, food crops, and estate crops. In supervising grafted seedling 

production, UPTPSB appoints representatives officers in each district 
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agricultural service but, as told by Yan, “I am the only UPTPSB representative 

here in this district [TTS District]”. As the only representative officer for the 

district, he was responsible for almost everything, from office work to field visits, 

until finally, as explained by Andre, he had to “contact UPTPSB office in Kupang 

to send a supervisor to examine our grafted seedlings for certification”. For 

certification, grafted seedlings were required to meet several criteria, for 

example, the sources of budwood from tagged mother trees because, according 

to Lexi, “the tag code of the mother tree used as the source of budwood will be 

written in the issued labels for the seedlings”. According to Bud, “grafting has to 

be done at least 30 cm from the base. The seedlings should have a single main 

stem with a diameter of the size of a cigarette, and of course, should be 

healthy”.  

 

According to the standard procedure for grafted seedling production, the 

provincial and the district governments are required to maintain BPMT with 

enough mother trees to supply budwood for nurseries. However, instead of 

properly maintaining the existing and developing more budwood multiplication 

blocks (BPMT), the provincial and district governments allowed the use of 

tagged production trees known as population mother trees. This is certainly 

against the Minister of Agriculture Regulation No. 39/Permentan/OT.140/8/2006 

(2006) that designates population mother trees only as breeder mother trees. 

For Tinus, requiring private nurseries to have their own population mother trees 

while the local governments were unable to fulfil its responsibility in supplying 

budwood from their BPMT was unfair. This had made him, “waste my time 

wandering around to collect budwood from everywhere”. For Oscar however, 

the unfair practices of supervision and certification had even gone much further 

because when he was asked “to pick up other 500 seedlings owned by a 

government officer”, his worker found that “the seedling there was too small to 

get labels, much smaller than those rejected by UPTPSB supervisors at my 

nursery”. Even worse, as explained by Noh, the head of TTS District Agricultural 

and Food Security Service once bought a large number of unlabelled grafted 

seedlings from his nursery, making him suspect that “he put labels on grafted 

seedlings he bought from my nursery with other person’s name”. For Lexi, such 
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inappropriate practices were possible because “the current procedure of grafted 

seedling supervision and certification has to involve district agricultural services” 

that provided opportunities for district government officers to put too much 

pressure on nursery owners.  

 

According to Article 15 of the Minister of Agriculture Regulation No. 

39/Permentan/OT.140/8/2006 (2006), nursery owners are required to apply to 

UPTPSB to certify their seeds (grafted seedlings for citrus). Certification 

includes field assessment, laboratory tests, and labelling (Article 24). Field 

assessment is carried out to check documents, seeds, and equipment (Article 

25). In citrus, seed assessment is carried out for grafted seedlings with regard 

to their genetic purity as manifested in phenotypic performance, sources of 

rootstock and budwood, presence of off-types and other impurities. Laboratory 

tests are carried out to assess physical and physiological characteristics of the 

proposed seeds (Article 34) in accordance with the standard set by the 

International Seed Testing Association (ISTA Rules) (Article 35). With regard to 

labelling, nursery owners are required to produce their label as a requirement to 

obtain the serial code for the label. Labelling is done by the nursery owner on 

grafted seedlings that have already passed the certification (Article 39). The 

officially released seeds in Indonesia consist of four classes and for each of 

these classes, different colours are used to print the label, i.e. yellow for breeder 

seeds, white for foundation seeds, purple for stock seeds, and blue for 

extension seeds (Article 40). In producing grafted citrus seedlings as extension 

seeds, nurseries are required to obtain budwood from budwood multiplication 

blocks (BPMTs), whereas in producing stock seeds BPMTs are required to 

obtain budwood or grafted seedlings either from foundation blocks as 

foundation seeds or from breeder mother trees as breeder seeds. This is in 

accordance with Article 1 of the decree regarding different levels of seed 

production. From these procedures regarding seed certification, no article 

specifically mentions seed health testing, except laboratory tests in accordance 

with ISTA Rules. ISTA Rules include seed health testing, but unfortunately only 

laboratory testing for seed-borne pathogens (Rondinelli, 1981). Hence, the 

assessment of pests and diseases of grafted citrus seedlings in Indonesia is 



267 

 

solely the responsibility of the quarantine service with regard to articles 

concerning seed distribution. 

 

 

6.2.3.5. Grafted Seedling Distribution and Marketing 

The distribution of officially released seeds in Indonesia is regulated according 

to Chapter V of the Regulation of the Minister of Agriculture No. 

39/Permentan/OT.140/8/2006 (2006) concerning Production, Certification, and 

Distribution of Officially Released Seeds. For citrus, an earlier decree is also still 

in effect (Decree of the Minister of Agriculture No. 610/Kpts/TP.630/6/97, 1997) 

concerning grafted seedling circulation. Three specific themes were identified 

from the in-depth interviews by referring to these regulations: inappropriate 

policies and abuse of power in grafted seedling marketing and distribution, 

inappropriate practices in grafted seedlings marketing and distribution, and 

destinations of grafted seedling marketing and distribution. These three themes 

were collapsed to give this broader theme about grafted seedling distribution 

and marketing. Sample responses for this theme are presented in Table 6.7.  

 

Table 6.7. Sample responses regarding grafted seedling marketing and 
distribution 

Concepts Sample Responses 

Inappropriate 
policies and 
abuse of power 
in grafted 
seedling 
marketing and 
distribution  

The five certified nurseries plus the two 
district nurseries are simply unable to meet 
the demand for grafted seedling every year. 
But why only five of us are certified? Are 
the requirements for being a certified 
nursery too hard to meet? Not at all. 
Because this way those officers involved in 
grafted seedling business could buy grafted 
seedling even cheaper from myriad of 
uncertified nurseries (Tinus) 

It has been now no secret at all that 
government officers buy grafted seedlings 
indiscriminately as long as they get low 
prices. They then raise these seedlings 
irrespective of their origins and later put on 
labels written with their nursery name. Well, 
you may say that this is not right. Indeed, 
but they don’t care as long as they could 
get as much profit as they can from selling 
the grafted seedlings later (Lexi) 

I am sure that this district government [TTS 
District] won’t keep CVPD

1)
 secret if there 

is not for a reason. By not acknowledging 
CVPD, the government wants grafted 
seedlings from this district to remain eligible 
for distribution to any other provinces in this 
country. Who will benefit most from this? 
Well, we do, but government officers 
benefit much more. Many officers involved 
themselves in the business by buying our 
grafted seedling at very low prices and then 
selling them at much higher price (Lexi) 

The head of the dinas
2)

 here says that 
Keprok Soe mandarin is free of CVPD, but 
no test has been done to prove it. I don’t 
think that he doesn’t know what he should 
do. I think he is much smarter than that. 
Because if the district government accept 
that the Keprok Soe mandarin has been 
CVPD positive, he will no longer obtain 
central government funding for Keprok Soe 
development. For a guy like him, that 
funding is far more important than 
maintaining the mandarin HLB free (Sam) 

Inappropriate 
practices in 
grafted seedling 
marketing and 

Since the last two years, government 
procurement for grafted seedlings has been 
done through bidding. Earlier, grafted 
seedling procurement was done by direct 

Grafted seedlings are bought mostly by the 
district agricultural services. Whenever 
there is a mandarin project, the district 
agricultural services will procure grafted 
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Concepts Sample Responses 

distribution purchase from nurseries. Those who take 
part in the bidding are seedling distributors. 
Nursery owners could also take part, but 
only if has license as a distributor. If do not 
has the license, such nurseries can only 
supply grafted seedling to the distributor 
winning the bid (Yan). 

seedlings through bidding. This year, CV 
Apola

3)
 won the bidding for procurement of 

100,000 grafted seedlings and as one of 
partner suppliers my nursery supplied 
50,000 grafted seedlings. Of course the 
price was less than the bidding price 
because the company also wants to make 
profit (Oscar) 

According to the decree of the head of TTS 
District, the price for mandarin grafted 
seedlings now range Rp 3,000

4)
 to Rp 

5,000 each. The cost for almost two-year 
processes of producing grafted seedlings 
has now been becoming more and more 
expensive, but the price is not set fix. The 
market price is certainly lower than this 
range. During difficult times, for example at 
the starting of school year, we nursery 
owners have no other choice than selling 
our seedlings at low prices, sometimes less 
than Rp 1,000 each. This is because we 
need money for paying tuition fees and 
buying books for our children. It is during 
this time that those who have money come 
to us to buy our seedlings for later selling at 
much higher prices (Lexi) 

The price of mandarin grafted seedlings 
according to the decree of the Head of TTS 
District is at the range of Rp 3,000 to Rp 
5,000 each, but the current market price 
ranges Rp 3,000 to Rp 3,500. To supply 
grafted seedling to other districts, we have 
to pay for the recommendation letter issued 
by the district agricultural services [TTS 
AFSS]. The price is usually even lower if 
grafted seedlings are bought by 
government officers, sometimes as low as 
Rp 750 each. For purchase by individuals, 
the price depends on the number of 
seedlings to be purchased. At present I sell 
at Rp 3,500 each, but for buying a large 
number I will give a good discount (Noh) 

Destinations of 
grafted seedling 
marketing and 
distribution 

My nursery supplies grafted seedlings for 
Kupang District every year, mostly for 
Lelogama and for Batuplat. For TTU 
District, I have involved for several years in 
supplying grafted seedling to villages near 
the border with the Ambeno District of 
Timor Leste and to villages along the road 
from Kefamenanu to Wini in the northern 
area of TTU District. I have also involved in 
supplying grafted seedlings for villages in 
the southern area of Belu District. Every 
year I sell 20,000-30,000 grafted seedlings, 
this year I have sold 24,000 (Anis) 

5)
 

Once I supplied grafted seedling for 
distribution to Amfoang in Kupang District. 
The seedlings of mandarins now growing in 
Fatumonas village there also came from 
my nursery and so did those of already 
bearing trees in Oaem in the same sub-
district. In TTS District here, the seedlings 
from my nursery have been planted in 
villages wherever the district government 
has projects. I forget the names of the 
villages, but I am sure you have been 
visiting those villages because you have 
been wondering around in this district now 
(Oscar) 

5)
 

Grafted seedlings from TTS District have 
been shipped to Alor, Ende, and East 
Sumba. Nurseries in this district supply 
grafted seedlings for TTU, Belu, and 
Kupang districts. Once, in 1990 or 1991, a 
nursery here shipped grafted seedlings to 
Bali. The local mandarin here has been 
now designated a national cultivar, but as 
far as I know, demands from other 
provinces are still very limited. For more 
detail, you could ask nursery owners 
because they log all their shipments 
(Yan)6) 

If only in this province, I have been involved 
in the distribution of grafted seedlings to 
every district wherever Keprok Soe 
mandarin is grown, you mention it. All 
mandarin producing in this province 
districts have received grafted seedlings 
from my nurseries, Ende in particular. Alor 
also has received grafted seeling from me, 
also East Sumba and West Sumba. For 
shipment I use trucks that go directly to the 
ship or the ferry serving the route to the 
destination districts (Anis) 

6)
 

One of the heads of the district police here, 
I forgot his name, bought 4,000 grafted 
seedlings from my nursery for shipment to 
Bali. To be eligible for transportation using 
commercial planes, the seedlings have to 
be detached from their polybags and their 
root washed to remove the media before 
packing. In 1998 or 1999 I was asked by 
the Head of Agricultural Senior High School 
in Natarbora, East Timor, to send 600 
grafted seedling using commercial plane to 

Grafted seedlings from this district have 
been sent to all mandarin producing 
provinces in Indonesia. I myself have 
shipped grafted seedlings to Brastagi in 
North Sumatera and to Bali and Nusa 
Tenggara Barat (NTB). I am sure you have 
obtained other target destinations from 
other nurseries. Not surprising ... Keprok 
Soe mandarin is now a national cultivar. 
What should surprise you is that for 
remaining eligible to supply grafted 
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Concepts Sample Responses 

his home town Solo in Central Java (Lexi)7) seedlings, the local government keep 
denying the presence of CVPD (Frans) 

7)
 

My nursery was the supplier of grafted 
seedlings for East Timor during 1991-1995, 
before separation from Indonesia, with CV 
Sinar Dili Lestari

8)
 in Dili as partner 

distributor. During the 6-year period 
supplying grafted seedlings to this now a 
separate country, I had brought grafted 
seedling to Bobonaro, Ermera, Aileu, 
Viqueque, and Lautem

9)
. In one trip, I was 

used to go in a convoy of 20 trucks, each 
loaded with 2,000 seedlings. Once I was 
arrested because of bringing unlabelled 
grafted seedlings but then released with 
help from the head of BPSB

10)
 there who 

had visited my nursery earlier. In total, I 
brought no less than 1,000,000 grafted 
seedlings or 150,000-250,000 every year 
(Lexi) 

I was involved in mandarin grafted 
seedlings distribution to East Timor in 
1993-1005, before this former province 
became a separate country. I was involved 
in supplying grafted seedlings for 
distribution to Ermera, Baucau, Manufahi, 
and others9). I used to go in a convoy of 6-
7 trucks loaded with more than 2,000 
seedlings each. At that time, I kept my hairs 
and beard long, look a bit like Xanana

11)
. 

Once I was arrested by the army, not 
because of my look, but because of failing 
to show the necessary documents. Since 
then I always loaded some 300 extra 
grafted seedlings to each truck to earn 
additional money for buying them some 
packs of cigarettes or treat them beers 
(Anis) 

Notes: 
1) CVPD=Citrus Vein Phloem Degeneration, the name of HLB in Indonesia 
2) Dinas=government service, in this case the TTS District Agriculture and Food Security 

Services (TTS-AFSS) 
3) CV Apola is a company based in Kupang, East Nusa Tenggara, Indonesia 
4) Rupiah, the Indonesian currency, its exchange rate in 2008 when the interviews were 

carried out was Rp 9,500/1 US$ or Rp 8,000/1 A$. 
5) Names mentioned here refer to villages, sub-districts, and districts within West Timor, the 

approximate locations are shown in the map of Figure 5.27a. 
6) Names mentioned here refer to districts within NTT Province, for locations see map in 

Figure 5.27b. 
7) Name of provinces in Indonesia, for locations see map in Figure 5.27c. 
8) CV Sinar Dili Lestari is a company based in Dili, Timor Leste 
9) Name of districts in East Timor, for locations see map in Figure 5.27d. 
10) BPSB=Badan Pengawasan dan Sertifikasi Benih (Agency for Seed Supervision and 

Certification), the name of government body responsible for seed supervision and 
certification under the central government before regional autonomy. 

11) Xanana=Xanana Gusmão, a former militant then a politician who became the first President 
of East Timor, and then the fourth Prime Minister, referred here for his long hair and beard. 

Source: English translation of interview transcripts 

 

 

After being successful in proposing the local mandarin as a national prime 

cultivar in 1998 (named Keprok Soe), the local governments, TTS District 

government in particular, maintained a policy to promote the mandarin locally 

and regionally. As part of this policy, the local governments claimed to have 

made every effort to maintain the mandarin free of HLB. As discussed earlier in 

Chapter IV, the NTT Provincial Government had banned importation of grafted 

mandarin seedlings. To enforce this effort, the local governments also claimed 

to have strictly supervised the production of grafted seedlings by private 

nurseries. According to Yan, because of this strict procedure, only five nurseries 
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gained certification. Opinions for the reason for so few certified nurseries, 

however, differed between interview participants. According to Tinus, by 

certifying only few nurseries, “those officers involved in grafted seedling 

business could buy grafted seedling even cheaper from a myriad of uncertified 

nurseries”. According to Lexi, the only reason was “the government wants 

grafted seedlings from this district to remain eligible for distribution to any 

destinations in the country” whilst according to Sam, if it was revealed that 

Keprok Soe was HLB positive, the government would “no longer obtain central 

government funding for Keprok Soe development”. 

 

Grafted seedlings of Keprok Soe mandarin have been purchased mainly by the 

government. According to Oscar, “Whenever there is a mandarin project, the 

district agricultural services will procure grafted seedlings through bidding”. 

Through this process of procurement, the government openly announced the 

procurement procedures and asked grafted seedling distributors to submit their 

company profiles and their price offer based on which one distributor will be 

selected. However, as told by Yan, this bidding had been started only two years 

ago and earlier “grafted seedling procurement was done by direct purchase 

from nurseries”. Bidding is intended, among other things, to minimize corrupt 

practices involving government officers. To ensure that nursery owners received 

a fair price, the Head of TTS District had issued a decree to set the price of 

grafted seedlings within the range of Rp 3,000 to Rp 5,000 per seedling. 

However, according to Lexi, this price range did not allow nursery owners to 

gain much profit because “The cost for almost two-year process of producing 

mandarin grafted seedlings has been becoming more and more expensive” and 

“market prices are lower”. Nursery owners had no choice but to sell their 

seedlings at these low market prices because they were in desperate need of 

cash income for various immediate household needs. Government officers took 

this as an opportunity to bargain for cheap grafted seedlings, as explained by 

Noh, “sometimes as low as Rp 750 each”. This price was unbelievably low, less 

than US $ 0.08 per seedling. As discussed in the earlier sections, many 

government officers owned nurseries and had no problem with obtaining labels 

for grafted seedlings not produced in their own nurseries. These cheap grafted 
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seedlings were later sold at what Sam called “the project prices”, the negotiated 

price between the government and the bid-winning seedling distributor, in this 

case most likely Rp 5,000. This meant that government officer involvement in 

grafted seedling marketing and distribution provided a lucrative source of 

income in comparison to the salary of civil servants in Indonesia. 

 

Grafted seedlings of Keprok Soe mandarins have been marketed and 

distributed to districts outside TTS and TTU districts in West Timor and to other 

islands in NTT Province as well as to other provinces in Indonesia. In West 

Timor, grafted seedlings produced in TTS District had reached all other existing 

mandarin production centres in the region, including in TTU District. This latter 

district is part of the geographical distribution of this mandarin cultivar. Outside 

West Timor but still in NTT Province, grafted seedlings of Keprok Soe 

mandarins had been shipped to “every district wherever mandarins are grown”, 

as Anis put it, including Alor, East Flores, Ende, Ngada, East Sumba, and West 

Sumba. As now Keprok Soe mandarin had become a national prime cultivar, its 

grafted seedlings had also reached other mandarin production centres in 

Indonesia, including West Nusa Tenggara, Bali, East Java, Central Java, North 

Sumatera, South Sulawesi, and Maluku. Prior to separation from Indonesia, 

East Timor was the most important destination for distribution and marketing of 

Keprok Soe mandarin in terms of quantity. In Timor Leste, as mentioned by 

Andre, Anis, Lexi, Noh, Oscar, and Sam, Keprok Soe mandarin grafted 

seedlings had reached the districts of Bobonaro, Ermera, Liquica, Aileu, 

Manufahi, Viqueque, and Lautem. These destinations of Keprok Soe grafted 

seedling distribution and marketing are listed in Table 6.8 and depicted on maps 

shown in Figure 6.4.  

 

Table 6.8. List of Keprok Soe mandarin grafted seedlings marketing and 
distribution destinations mentioned by interviewed nursery owners 
and managers 

Name1) Destinations of grafted seedling distribution Total Annual 
Production 

Andre TTS, TTU, Ngada, Flores Timur, Sumba Timur, East Timor (Bobonaro, 
Liquisa, Aileu) 

 

Anis Alor, Kupang (Amfoang and West Kupang), TTU (Lulat and Wini), Belu 
(Betun), Ende, Sumba Timur, Ngada, Bali, West Nusa Tenggara, East Timor 
(Bobonaro, Maliana, Ermera, Manufahi) 

250,000 - 
500,000 

Bud Villages in TTS Districts, TTU, Kupang, South Sulawesi (Maros), Maluku  
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Name1) Destinations of grafted seedling distribution Total Annual 
Production 

Filipus TTS 8,000 

Lexi TTS, East Sumba, Bali, Central Java (Solo), East Timor (Bobonaro, Ermera, 
Aileu, Viqueque, Lautem) 

600,000 

Noh TTS, Alor, East Timor (Aileu)  

Oscar TTS and Kupang (Amfoang), East Timor (Ermera) 250,000 

Sam TTS, TTU, Belu, East Timor (Bobonaro)  

Tinus/Frans Villages in TTS, Amfoang in Kupang, Bali, West Nusa Tenggara, East Java, 
North Sumatera 

250,000 

Yan TTS, TTU, Bali, East Timor  

Source: Interview transcripts 

 

 
Figure 6.4. Destinations of Keprok Soe mandarin grafted seedlings marketing 

and distribution as mentioned by interviewed nursery owners and 
managers: (a) West Timor’s Sub-districts, (b) NTT’s and Timor 
Leste Districts, and (c) Indonesia’s Provinces 

Source: Interview transcript 
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In distributing grafted seedlings, seedling distributors must meet all the 

requirement of the Ministry of Agriculture Decree No. No. 610/Kpts/TP.630/6/97 

(1997). According to Article 2 of this decree, distributed grafted seedlings are 

required to bear labels issued by the institution responsible for certification in 

the places of origin of the grafted seedling (Paragraph 2) and to be transported 

from one of quarantine check points in the place of origin and to one of 

quarantine check points in the place of destination (Paragraph 5). In these 

quarantine check points, the distributed grafted seedlings are subject to 

quarantine procedures as required according to Act No. 16 (1992) concerning 

Animal, Fish, and Plant Quarantine and Government Regulation No. 14 (2002) 

concerning Plant Quarantine. An important quarantine requirement is that the 

distributed grafted seedlings have to be free of quarantine pests and diseases. 

This requirement is restated in Article 5 and Article 6 of the Ministry of 

Agriculture Decree No. 610/Kpts/TP.630/6/97 (1997). After passing the 

quarantine requirement, the distributed grafted seedlings are subject to 

assessment by the institution responsible for seed certification in the place of 

destination (Article 7 of the decree). The regulation concerning citrus grafted 

seedling distribution is strict, but minimal law enforcement, lack of quarantine 

facilities, and inappropriate practices make it possible for HLB infected grafted 

seedlings to be distributed. Considering the destination of grafted seedling 

distribution, West Timor could have been the source of HLB spread to many 

production centres in Indonesia and East Timor. This is particularly true for 

destinations in Indonesia because, for labelled grafted seedlings, there is no law 

requiring the quarantine service and the institution responsible for seed 

certification in the place of destination to reject the seedlings, unless the grafted 

seedlings show visible disease symptoms. 

 

 

6.2.4. Higher-Level Themes 

6.2.4.1. Reasons for Not Acknowledging HLB 

Further collapsing all themes discussed in Section 6.2.3, particularly in Section 

6.2.3.1 and Section 6.2.3.5, provides a higher-level theme regarding reasons for 
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not acknowledging HLB. From this collapsing, at least five main reasons for not 

acknowledging HLB have been identified. These include local identity and pride, 

political security and power relations, contribution to government income, 

means for receiving central government funding, and personal interests of 

government officers. 

 

The mandarin has been considered, as also already been discussed in Chapter 

IV, as part of local identity. “Because the mandarin is our identity”, as explained 

by Yan, the TTS District government had dedicated its nurseries mainly for 

production of Keprok Soe grafted seedlings. Having been accepted by the 

central government as one of the few national prime cultivars from NTT 

Province, this local mandarin had become the symbol of accomplishment for the 

local governments and pride for local people. However, for some local 

government officers, being able to keep the cultivar free of HLB was not only a 

symbol of accomplishment or a matter of pride, but also an opportunity for 

fulfilling personal interests. The fact that the disease has been responsible for 

the mandarin decline was not their main concern because they had the power 

and the authority to declare the mandarin in the region as officially HLB free. 

The fact that local people had suffered from the impacts of the disease was also 

not their concern because, as to be discussed later, for these officers political 

security was far more important than biosecurity. In this regard, it is true that 

decentralization is aimed at improving democracy and governance, but as in 

other developing countries, democracy in Indonesia is understood as obtaining 

power more for ruling people than for serving people (Hadiz, 2004; Kahkonen & 

Lanyi, 2001). 

 

Under Act No. 12 (1992), accepting the presence of a destructive disease such 

as HLB would have required the government to eliminate diseased trees. 

However, under the current political system in Indonesia, in which governors 

and heads of districts are elected on the basis of popular votes (Act No. 32, 

2004), asking people eliminate their trees would become a politically risky 

decision. Under this political system, elimination of diseased crops as a mean of 

biosecurity risk management is unlikely to be considered a priority. The local 
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governments will prefer to take the least risky policy such as banning 

importation of grafted seedling from outside the island but continue distributing 

grafted seedlings to villages, ignoring the fact that the disease is no longer 

threatening from somewhere else but from the local diseased mother trees. 

Distribution of mandarin seedlings to villages under the mandarin cultivation 

expansion programme falls also within this popular-oriented political strategy. 

The fact that grafted seedlings may transmit pathogens becomes of less 

concern than the message that the government has provided free grafted 

seedlings and the rolling fund that is much needed by people to be able to 

replace the declining trees. 

 

The production of grafted seedlings at the nurseries owned by the provincial 

and district governments is dedicated more to income generating purposes than 

to providing disease-free grafted seedlings. The nurseries are required to 

produce a minimum number of grafted seedlings annually; instead they just 

maintain BPMTs for provision of healthy budwood to private nurseries. For 

example, one of district government nurseries was required to produce at least 

20,000 grafted seedlings per year and according to the head of the nursery, 

“The money from selling the seedlings goes to the government as part of 

contribution to district government income”. This income contributes to the so-

called PAD (Pendapatan Asli Daerah or Regional Own-source Revenue). Under 

the current autonomy, provinces and districts in Indonesia struggle to generate 

their revenues from as many sources as possible to increase their PAD. 

According to Government Regulation No. 55 (2005), each autonomous region in 

Indonesia is entitled for Fiscal Equalization Funds consisting mainly of General 

Allocation Funds (Dana Alokasi Umum or DAU) and Special Allocation Funds 

(Dana Alokasi Khusus or DAK) from the central government. The amount of 

fiscal equalization fund to be received by a province or a district/city is 

calculated on the basis of a number of variables, among which is the size of 

PAD. 

 

For resource-poor autonomous district such as TTS District, an easier way to 

obtain central government funds is through special projects funded directly by 
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the central government. Each province or district in Indonesia is entitled to this 

funding based on special needs. For TTS district, among these special needs 

was certainly the need to promote Keprok Soe mandarin cultivation after the 

mandarin had been accepted by the central government as a national prime 

cultivar. However, for receiving such funding, the local government needed to 

convince the central government that the mandarin is worth further 

development. It was in this effort that both the provincial and the district 

governments had tried to keep the mandarin free of HLB. Having been 

unsuccessful in maintaining the mandarin free of such diseases, the local 

governments used their last resort, their power and authority, to appear to 

achieve this goal by officially declaring the mandarin in the region HLB free. 

 

The last reason for not acknowledging HLB was personal interests of some 

government officers. Being officially declared free of HLB, labelled grafted 

seedlings from the region were eligible for marketing and distribution to any 

other region in Indonesia without the need for assessment at the destination 

area as long as not showing observable pest damage or visible disease 

symptoms. This had made grafted seedling a lucrative business, by the local 

standard, attracting interest from not only people in the community but also 

government officers, including even the head of district agricultural services. 

Those government officers engaging in these seedling businesses used their 

office networks with nurseries and their power to get seedlings at low prices for 

later reselling to companies that had won the government bid at the 

government-endorsed price. 

 

These officers claimed to have devoted their time and energy to advancing the 

citrus industry in the district. In fact, however, they abused their power and 

authority for their personal interests. In declaring the mandarin remained free 

from HLB and other graft-transmissible diseases, the local governments had 

made mixed politics with business went along hand in hand at the expense of 

citrus biosecurity. In this respect, as in other developing countries, 

decentralization has had little bearing in terms of pushing forward a governance 

agenda based on transparency and accountability, but has been instrumental in 
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the development of newly decentralized, predatory networks of patronage. 

According to Hadiz (2004), this case shows that what ultimately matters is not 

decentralization itself, but the system of power relations within which it is 

undertaken. 

 

 

6.2.4.2. Grafted Seedlings as Primary Means of HLB Spread 

This higher-level theme emerges from further collapsing themes discussed in 

Section 6.2.3, particularly in Section 6.2.3.2, Section 6.2.3.3, Section 6.2.3.4, 

and Section 6.2.3.5. Grafted seedlings had become vehicles for dissemination 

of HLB and other graft-transmissible diseases because of the use of budwood 

from population mother trees rather than from properly maintained BPMTs, lack 

of facilities for healthy seedling production and early disease detection, 

limitations faced by UPTPSB, and government policy and programme regarding 

mandarin development. 

 

According to the standard procedure for seed production as required by Minister 

of Agriculture Regulation No. 39/Permentan/OT.140/8/2006 (2006), for a 

vegetatively propagated crop such as citrus, planting material for commercial 

purposes has to be obtained from mother trees maintained in strictly supervised 

budwood multiplication blocks (BPMTs). However, because the number of 

mother trees available in the existing BPMTs was unable to meet the increasing 

demand for budwood, the local governments legalized use of budwood obtained 

from tagged production trees called population mother trees, although this was 

against the Ministry of Agriculture Regulation No. 39/Permentan/OT.140/8/2006 

(2006). This use of population mother trees for budwood production was 

considered acceptable simply because, for the same reason, they were also in 

use at Lolitjeruk. As told by a representative officer of UPTPSB, “population 

mother trees are still in use there because mother trees in their BPMT are not 

yet able to meet the budwood demand”. Use of population mother trees as 

sources of budwood for commercial nurseries was risky because such mother 

trees could get infection at any times while supervision for eligibility of such 

mother trees, due to the limitation on the UPTPSB side, was done only once a 
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year or even more. This improper practice had made an infected mother tree a 

continuous source of inoculums for HLB spread because, according to Brlansky 

(2007), its budwood would remain infective for the rest of its life. 

 

Facilities for production of healthy grafted seedlings in all nurseries in both TTS 

and TTU districts were very basic. After grafting, grafted seedlings remained on 

open transplantation beds for months. It is true that there is no requirement for 

nurseries to keep their grafted seedlings in screen houses, but according to 

Supriyanto (1996), commercial nurseries should only be located outside the 

production centres. Because all nurseries in TTS and TTU districts were located 

in the production centres, grafted seedlings remaining in the transplantation 

beds after grafting were open for infestation by asian citrus psyllid and vectors 

of other graft transmissible diseases. In addition, soil and other additional media 

used for growing grafted seedlings in polybags were obtained indiscriminately 

and without sterilization. These practices made grafted seedlings also vehicles 

for disseminating destructive soil-borne pathogens such as Phytophthora spp. 

The local governments required private nurseries to have their own mother 

trees because government nurseries did not have enough screen houses for 

growing mother trees as required by the Regulation of the Minister of 

Agriculture No. 39/Permentan/OT.140/8/2006 (2006). The head of one of the 

district government nurseries mentioned that he had proposed to the district 

government the commencement of the necessary maintenance work on the 

damaged screen houses and to build additional screen houses, but so far, there 

had been no action. In addition to minimum nursery facilities, the district and 

provincial governments also did not have facilities for early detection and 

warning, even for doing tests as simple as the iodine test. That fact that the 

local governments do not prioritize improving facilities for production of healthy 

grafted seedlings and early detection and warning is difficult to understand, but 

is most likely because the governments have officially declared the mandarin 

HLB free so that investing in construction of screen houses was considered an 

unnecessary expense. Under the current regulation regarding the production 

and distribution of grafted citrus seedlings, screen houses are required as a 

means for preventing the spread of vector-transmitted diseases. 
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Strict supervision and certification of grafted seedlings by UPTPSB had not 

been possible because of the various limitations faced by this institution. As a 

provincial institution, UPTPSB did not have officers at the district level but 

appointed representative officers from among officers of district agricultural 

services. For TTS District, UPTPSB had only one representative officer 

responsible for arranging the supervision and certification of population mother 

trees and grafted seedlings owned by all nurseries in the district. This 

representative officer was also responsible for doing administrative work and 

preliminary site visits before supervisors from UPTPSB office in Kupang carried 

out their job. This limitation in number of officers meant that supervision of 

mother trees and grafted seedling could not be done in a timely way. However, 

what made supervision and certification unfair, according to many nursery 

owners, was the fact that the provincial UPTPSB representative officers were 

staff members of the district agricultural services. This dual status meant the 

representative officers had difficulty being strict with fellow officers involved in 

the grafted seedling business.  

 

Government policy and programme regarding mandarin development had also 

facilitated HLB spread. The policy to allow use of population mother trees, 

distribution of grafted seedlings for expanding mandarin planting area, and most 

importantly the policy of not acknowledging HLB had helped HLB to spread 

undetected for years. Allowing use of population mother trees as sources of 

budwood for commercial nurseries was a serious mistake made by the local 

governments. In a region where HLB and Diaphorina citri had been found, 

population mother trees were open to infestation by this vector to transmit HLB. 

In addition, allowing the use of population mother trees had made controlling 

nursery owners from indiscriminate collection of budwood difficult. On the other 

hand, the grafted seedling distribution programme helped to facilitate disease 

spread to areas where the disease had not yet been detected. This happened 

because strict supervision of grafted seedling production, for reasons discussed 

earlier, was impossible under the current system. Even worse, the policy of not 

acknowledging HLB had allowed the disease to develop and spread 
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undetected. Following the official declaration that the region is HLB free, the 

local governments have not provided enough training to make their field officers 

familiar with HLB symptoms. Although having acknowledged the asian citrus 

psyllid Diaphorina citri, the local governments did nothing to control this insect 

but focused only on controlling diplodia rot. In other countries, control of this 

psyllid has become a standard procedure for HLB management (National 

Research Council, 2010; L.P. Pedigo, S.H. Hutchins, & L.G. Higley, 1986; 

Technical Working Group, 2010). 

 

Grafted seedling distribution programme have become a mean of expanding 

areas of mandarin cultivation as well as of spreading HLB and other graft-

transmissible diseases. Considering the destinations of grafted seedling 

distribution and marketing from West Timor as discussed earlier in Section 

5.4.3.5, and the way supervision and certification of grafted seedling production 

were carried out, grafted seedlings had become vehicles of disease spread not 

only within the region but also from this region to other regions, especially to the 

eastern part of Indonesia where HLB is not yet reported. Grafted seedlings from 

the region have been most likely responsible for spreading HLB to East Timor. 

As discussed earlier in section 6.2.3.5, mandarin trees in this country had been 

planted from grafted seedlings distributed from West Timor when the country 

was part of Indonesia. The mandarins of East Timor have been found HLB 

positive by Weinert, Jackson, Grimshaw et al. (2004).  

 

 

6.2.4.3. Bridging and Linking Ties and Biosecurity Governance 

This higher-level theme is the result of collapsing themes discussed in Section 

6.2.3, particularly in Section 6.2.3.1, Section 6.2.3.2, Section 6.2.3.4, and 

Section 6.2.3.5. The collapsing is based on similarity with regard to relationship 

among nursery owners and between nursery owners and the local 

governments. Because the local governments were the largest buyers of 

grafted seedlings, nursery owners made every effort to win the competition 

among them for getting orders from the government. This competition 

jeopardized people’s trust and provided opportunities for those government 
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officers engaging in the business to abuse authority and power for their 

personal benefits. 

 

As discussed earlier in Chapter IV, people in the highlands of West Timor are 

used to living with alliance and conflict. They have for generations managed to 

accomplish difficult and tedious tasks such as opening a large track of forest or 

constructing a long fence to protect their crops by working together. Alliances 

have been formed, however, not just for helping each other. In the past, 

alliances had been also formed for waging wars between one tribe against 

another, sometimes for a reason as simple as unpaid dowry (Nordholt, 1971; 

Ormeling, 1955). Alliances, therefore, serve dual purposes for peoples in this 

region, for mutual help and for help in conflict. These dual purposes of alliances 

were apparent in  group nurseries aimed by the local governments to expand 

citrus cultivation. As discussed earlier, the government required nursery owners 

to set up group nurseries to be eligible for the provision of rolling funds. The 

idea behind this requirement was to build on the familiar practice of working in 

groups, and assuming group nurseries would perform better than nurseries 

owned by individuals. The promise of receiving rolling funds had convinced 

some individual nursery owners to form group nurseries, unaware that to 

receive the rolling fund, group nurseries were required to meet a number of 

criteria. When many such group nurseries finally did not receive the promised 

rolling funds, their leaders suspected that only group nurseries led by persons 

having close relations with the government received the funding. They 

complained that this practice had caused them to lose credibility and trust from 

their members. Thus, the formation of group nurseries, aimed initially to build 

and strengthen trust, had also created resentment and distrust between people 

and the government and between group members and their group leaders. 

 

This situation was made worse by some government officers who took 

advantage of this resentment and distrust. Some government officers saw 

group nurseries as providing better opportunities for their business interests. 

Because the fund received by group nurseries had to be returned through 

yearly instalments, being able to sell grafted seedlings every year had become 
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an urgent necessity for such group nurseries. The only buyer that bought 

grafted seedlings in a large quantity every year was the government. Leaders of 

group nurseries made every effort to win the government purchase and this 

included making a deal with government officers engaged in seedling business 

in return for winning the government purchase. This was clearly mentioned by 

one of group nursery leaders:  

I know I am not free to speak about this. But what worries me is that my 
group nursery owes government money that we should pay back by 
selling the seedlings we produce. What will happen if the government 
stops taking our seedlings? Here only the government buys grafted 
seedlings in a large quantity. 

Group nurseries receiving the rolling fund were only certified nurseries. 

Hundreds of uncertified nurseries were also scattered throughout the region. 

The government did not buy grafted seedlings produced by uncertified 

nurseries, but government officers did for their private businesses. These 

certified nurseries could afford to offer lower price because they did not have to 

cover the labelling cost. In addition, the pressure of operating against the law 

forced these nurseries to accept low prices. For winning the competition against 

these uncertified nurseries, the leader of certified group nurseries had to 

maintain ties with government officers by also offering a lower price for their 

certified grafted seedlings in return for obtaining an allocation for government 

purchase. These ties were of course merely for business and did not support 

biosecurity management. Instead, these ties, being based purely on business 

interests, had increased biosecurity risks resulting from distribution of 

improperly certified grafted seedlings. 

 

These increased biosecurity risks have resulted from the policy of allowing the 

use of population mother trees for grafted seedling production for distribution to 

villages as part of the programme to expand mandarin cultivation. This policy is 

acceptable only when the asian citrus psyllid is not present. However, what then 

become difficult to understand is that, despite acknowledging the presence of 

this HLB vector, the government continues to allow the use of population 

mother trees. With this vector already present, maintaining population mother 

trees remain free of HLB is impossible. In this case, mother trees have to be 
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grown in a strictly controlled environment (Holling & Meffe, 1996; Ray, 2004). 

Interestingly, the local governments have not given much attention to 

maintenance of the already damaged screen houses at their BPMT, and not 

constructed new screen houses. With this policy, nursery owners are left to 

struggle to obtain budwood because their mother trees have been already 

destroyed. Nursery owners are then forced to obtain budwood from wherever 

they can. As a result, their nurseries do not qualify for certification and their 

grafted seedling can only be sold to other nurseries affiliated with the 

government or to government officers engaging in seedling businesses. 

 

Private nursery owners and group nursery leaders were aware of these 

inappropriate policy and practices. However, they chose to remain silent. In a 

region where sources of cash income are scarce, grafted seedlings have 

become an important source. Private nursery owners and group nursery leaders 

agreed to sell their grafted seedlings at low prices to government officers, but 

certainly not for no-return. Owners and leaders of such nurseries would be 

given the privilege of being on the list of government purchase. In addition, they 

would be given priority for receiving other government programmes and 

services. A private nursery owner puts it very simply: 

Besides, we all need help from the government in time of need. If I am 
too outspoken, they [government officers] will be simply ignored me from 
anything the government provides to the community 

Another leader of group nursery put it in a different way: 

I have my close relatives working for the government. I do not want them 
to think of me as jeopardizing their careers. Besides, who knows some 
day my son also wants to join the government, and I will need their 
[relatives] help anyway. 

These all are examples of reciprocity where some benefits are foregone for 

perceived alternative and perhaps more preferable benefits. Private nursery 

owners and group nursery leaders understand that silence has benefits 

although these may not be readily seen. That such practices threaten citrus 

biosecurity is beyond their concerns because short-term personal interests 

matter more than long terms community benefits. 
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6.2.5. Summary 

Grafted seedling production and distribution have been found to be important 

factors associated with the mandarin decline. It is important not only to 

mandarin decline in the highlands of West Timor but also to other regions where 

grafted seedlings from this region have been distributed. The contribution of 

grafted seedling production and distribution to the mandarin decline has been 

discussed within five themes, including nursery business and involvement of 

government officers, maintenance and acquisition of planting material, grafted 

seedling production, grafted seedling supervision and certification, and grafted 

seedling marketing and distribution. Involvement of government officers in the 

grafted seedling business has made strict supervision and certification difficult. 

Local government policy to allow the use of population mother trees, instead of 

only mother trees maintained at BPMTs, has made budwood obtained from 

these mother trees a mean of pathogen transmission. On the other hand, 

supervision and certification have focused on agronomic performance rather 

than on screening for pests and diseases, and supervisors are unfamiliar with 

the symptoms of graft-transmissible diseases. Irrespective of these improper 

supervision and certification practices, grafted seedlings are eligible for 

distribution to any other regions once they have been labelled, bringing lethal 

diseases to other mandarin production centres, with the possibility of infection of 

other citrus species. Private nursery owners and group nursery leaders are 

aware that HLB and other graft-transmissible diseases threaten their business. 

However, instead of speaking up, they choose to remain silent for some 

reasons of importance to the livelihoods of themselves and their families. In a 

region where sources of cash income are scarce, being able to stay in the 

business was considered far more important than expressing concerns about 

biosecurity threats. Bridging and linking ties were sought primarily for purpose 

of remaining in business rather than of minimizing biosecurity risks. 
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6.3. Biosecurity Engagement 

6.3.1. Engaging the Government and the General Community 

As HLB had been found positive on Keprok Soe mandarin and other citrus, 

raising government and general community awareness became urgent. After 

the local mandarin was confirmed HLB positive by the PCR test, efforts were 

made to communicate the result to the central, the provincial, and the district 

governments. With the central government, communication was made with 

Kupang First Class Centre for Agricultural Quarantine (Balai Karantina Kelas I 

Kupang or Karantina Kupang) and with Naibonat Research Centre for 

Agricultural Technology Assessment (Balai Pengkajian Teknologi Pertanian 

Naibonat, BPTP Naibonat). With the provincial government communication was 

made with UPTPSB, and with both TTS and TTU District governments were 

made with senior officers at TTS District AFSS and TTU District FECS, 

respectively. Considering local government policy on citrus development in 

general and HLB in particular, communicating the result of PCR test was carried 

out with caution. As having discussed earlier in Chapter IV and in section 6.2 of 

this chapter, opposition was considered most likely to come from TTS District 

AFSS. Although opposition was considered less likely from the central 

government quarantine and BPTP as well as with the provincial UPTPSB, these 

agencies were also approached very carefully. 

 

Karantina Kupang and BPTP Naibonat are the only representatives of the 

national Ministry of Agriculture that remained in NTT Province after 

decentralization. Karantina Kupang is under the Agency for Agricultural 

Quarantine (Badan Karantina Pertanian) and BPTP Naibonat is under the 

Centre for Agricultural Technology Assessment and Development (Balai Besar 

Pengkalian dan Pengembangan Teknologi Pertanian) of the Agency for 

Agricultural Research and Development (Badan Penelitian dan Pengembangan 

Pertanian), both within the national Ministry of Agriculture (Figure 6.5). 

Karantina Kupang is responsible for quarantine inspection in all seaports and 

airports in West Timor and the island of Sumba, while BPTP Naibonat is 

responsible for testing research findings of agricultural crop-based research 

institutes for implementation in NTT Province. For example, research on all 
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aspect of citrus is carried out by Research Centre for Citrus and Other Sub-

tropical Crops (Balai Penelitian Jeruk dan Tanaman Sub-tropika Lain, 

Balitjestro) in Batu, East Java, and its findings are then implemented in NTT 

Province by BPTP Naibonat. Contrary to expectations, an understanding with 

each of these institutions, especially with Karantina Kupang, that HLB had 

become a serious threat to citrus biosecurity in the region was achieved after a 

few visits. 
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Figure 6.5. Organisational Structure of Indonesian Ministry of Agriculture and 

the position of Naibonat Research Centre for Agricultural 
Technology Assessment, and Kupang First Class Quarantine 
Centre within the structure 

Source: Simplified and drawn based on Ministry of Agriculture Regulation No. 
61/Permentan/OT.140/10/2010 (2010) 
 

 

Before decentralization UPTPSB was a central government agency named 

Agency for Seed Supervision and Certification (Badan Pengawasan dan 

Sertifikasi Benih or BPSB) under the Ministry of Agriculture. Under the current 

autonomy, UPTPSB is part of the provincial government under the provincial 

agricultural services. Its roles and functions remain unchanged, providing 

government services in the area of seed supervision and certification, but now 
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under the provincial agricultural services. As already described in Section 6.2, 

UPTPSB does not have officers at the district level, but appoints officers of 

district agricultural services as its representatives. Because UPTPSB is part of 

the provincial government, communication was less conducive. Officers at this 

office were aware that HLB had become a problem. However, officially they 

were required to adhere to the provincial government declaration that the 

mandarin in the province remains free of this disease. 

 

Under the current autonomy, the district government has overriding authority in 

many realms compared with the provincial government because the district 

government is the only government that has jurisdiction over region and people. 

In addition, to receive funding from the central government, the district 

government is not required to consult the provincial government. Within this 

government framework, the district agricultural service is responsible for setting 

policies and implementing programmes for agricultural development in the 

district. As discussed earlier in Chapter IV and in Section 6.2 of this chapter, 

between the two agricultural services in the research area, the TTS District 

Agriculture and Food Security Services (TTS AFSS) and the TTU District Food 

and Estate Crop Services (TTU FECS), officers at TTS AFSS were the most 

opposing to findings that the local mandarin had been found to be HLB positive. 

Officers at TTU FECS initially assumed a position of defending the provincial 

government policy of not acknowledging HLB, but after several discussions, 

agreed the disease could be associated with mandarin decline in the district. 

Some officers in this district seemed unhappy with the privilege obtained by 

TTS District from naming the local mandarin as Keprok Soe (Soe being the 

capital of TTS District) due to the fact that this mandarin had been historically 

cultivated also in TTU District. Because the local mandarin now bears Soe in its 

name, TTU District lose its bargaining position as the focus for central 

government projects on mandarin development. 

 

The meetings and discussions with head and officers of the above central, 

provincial and district government institutions, except with TTS District 

government, resulted in mutual understanding about HLB. It was agreed that 
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HLB had become a threat to citrus biosecurity in the region. It was also agreed 

that actions were needed to raise awareness about the threat among growers 

and the larger community. These understandings and concerns were followed 

up in a number of joint actions as listed in Table 6.9. 

 

Table 6.9. Follow up joint actions carried out as the result of engagement with 
the central, provincial, and district governments 

Institution 
involved 

Name of joint action Role in the joint action Venue 

Kupang First 
Class Centre for 
Agricultural 
Quarantine 

Exposé of 2009 HLB 
Monitoring

1)
 

Presenting result of PCR test 
that the mandarin has been HLB 
positive

2)
 

Kupang 

Monitoring HLB in TTS and 
TTU districts 

Part of the monitoring team TTS and TTU districts 

Exposé of 2010 HLB 
Monitoring

1)
 

Presenting result of quarantine 
monitoring that the mandarin has 
been HLB positive

3)
 

Kupang 

Monitoring HLB in East Sumba 
districts 

Part of the monitoring team
4)

 East Sumba 

Centre for 
Agricultural 
Technology 
Assessment and 
Development 

HLB Awareness raising among 
UPTPSB representatives  

Presenting paper on HLB 
detection using iodine and PCR 
test 

Kupang 

Field Visit to Mandarin 
Nurseries in TTS District 

Guiding participants in field 
identification of Diaphorina citri 
and HLB symptoms 

Provincial and district 
government nurseries 

TTU District 
Food and Estate 
Crop Services 

HLB Awareness Raising 
among Citrus Growers 

Guiding participants in field 
identification of Diaphorina citri 
and HLB symptoms 

West Miomaffo Sub-
district 

Note: 
1) Yearly event carried out to communicate results of monitoring quarantine pests and 

diseases with stakeholders at the provincial and district levels, including to representative of 
districts where the monitoring has been carried out. 

2) Results of PCR test carried out as part of this research (Section 5.3) 
3) Results of PCR test of samples taken during the monitoring, the test was carried out at the 

quarantine laboratory in Jakarta 
4) No sample was taken for PCR test, but HLB symptoms were not found 

 

 

For reasons already described and discussed in Chapter IV and in Section 6.2 

of this chapter, TTS District government was the only local governments that 

strongly refused to acknowledge HLB. Approaches had been made to discuss 

the result of the PCR test with the head and senior officers of TTS AFSS, but 

the position of TTS AFFS with regard of HLB was unlikely to change. The head 

of Kupang First Class Quarantine Centre had always invited the head of TTS 

AFSS to attend the yearly quarantine exposé events, but the head of TTS AFSS 

had never come nor sent a representative. The disease had also been 

mentioned in an informal meeting with the district head, but again, the response 
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was negative. Therefore, in an interview with Pos Kupang (Kupang Post, a 

regional newspaper published in Kupang) regarding the decline of the local 

mandarin, the result of the PCR test was revealed. When the interview was 

published, it received an immediate response, as expected, from the Head of 

TTS District AFSS. Wita, the Head of TTS District AFSS, responded by saying 

that the finding reported in the interview was “absurd because it was made by 

an incompetent researcher” and the PCR test was “unacceptable because it 

was not carried out in a government endorsed laboratory”. He also said that he 

would “only accept the test carried out by Balitjestro because this is the highest 

authority on everything regarding citrus in Indonesia”. In the following day, an 

interview article with the head of Karantina Kupang regarding the same result 

from a similar test carried out at the quarantine laboratory in Jakarta was 

published, but the head of TTS AFSS did not respond. 

 

The response of the head of TTS AFSS could have been motivated by a 

perception that his business interest in grafted seedlings was under serious 

attack. Nevertheless, his response had triggered Pos Kupang to publish 

investigative reporting about Keprok Soe mandarin. The result of this 

investigative reporting was published in three consecutive days, reporting the 

history of mandarin cultivation, local government programmes to expand and 

intensify the cultivation, and the decline of the mandarin. Meanwhile, the 

publication of HLB being associated with the decline of the local mandarin had 

received a positive response from a PhD Student from BPTP Naibonat studying 

at the University of Queensland who wrote an opinion article Jeruk Juara Soe 

Sekarat dan Terabaikan (Contest Winning Soe Mandarin Dying and Ignored) 

(Ngongo, 2010). In this article, the writer urged the local government to 

acknowledge HLB and to take immediate actions to save the local mandarin 

from being wiped out by the disease. The accusation of the Head of TTS District 

AFSS that the finding was done by an incompetent researcher received a 

response from a master student from a local university who wrote an opinion 

article Menyelamatkan Jeruk Keprok Soe atau ...? (To Save Keprok Soe 

Mandarin or ...?). The author of this article criticized the Head of TTS AFSS 
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saying that he merely defended his personal interests, instead of seeking public 

participation to save the local mandarin (Natonis, 2010).  

 

To conclude more than a week polemic about the decline of Keprok Soe 

mandarin, Pos Kupang launched a public awareness poll published in a one 

page rubric titled Ayo, Selamatkan Jeruk Soe (Let’s save Keprok Soe 

Mandarin). In the introduction, the editor wrote, “Keprok Soe mandarin is now at 

the brink of extinction. During the last three years, the mandarin has suffered 

from serious diseases, but the government does not take it seriously”. As with 

interview transcripts, thematic analysis was carried out on all comments to this 

poll. Samples of public comments representing each emerging theme are 

summarized in Table 6.10. 

 

Table 6.10. Sample comments to Pos Kupang poll of saving Keprok Soe 
mandarin 

Theme Sample comments 

Inappropriate policy The mandarin had been for generation 
propagated from seeds, but the 
government replaced it with grafted 
seedlings. The budwood could have been 
taken from diseased mother trees, 
making grafted seedlings a vehicle to 
spread diseases instead of to improve 
production (Sila, in Soe)

1)
 

The decline of Keprok Soe mandarin 
means project. More grafted seedling will 
be needed to do the replanting. More 
grafted seedling will need to be 
purchased. All are about project. And for 
the extension officers things are all fine as 
long as their monthly salary is paid (Boni, 
in Kapan) 

Anytime there is a problem, government 
officers and members of parliament go for 
a comparative study. Doing a 
comparative study has become a trend 
recently. Do we have to wait until they 
come back from another comparative 
study to do something for the declining 
mandarin? What a waste of people’s 
money (Charlie, in Atambua) 

TTS District government has to allocate 
budget for disease control, not just for 
planting. For the budget to be approved 
by the local parliament, the government 
has to acknowledge the disease first. The 
local parliament wouldn’t approve the 
budget if the government says that the 
mandarin is free of CVPD

2)
 

(085638734xxx)
3)

 

Control measures TTS Government needs to take the 
mandarin to the doctor to get a right 
medicine. The government give an aspirin 
while the problem is stomach ache. Of 
course, it won’t help. If an expert has 
mentioned the disease, ask for the cure. 
As an officer don’t pretend that you are an 
expert, but do something to save the 
mandarin (085253835xxx) 

The officers will need to set up a new 
project again. Then they will come up with 
purchasing and distributing chemical 
pesticides ... good for the officers, but not 
for us. As always, they mark up the price., 
but give us poisons. We don’t want that, 
we want alternative control measures, like 
use of natural enemies or botanical 
pesticides (038080157xxx) 

Public expectation We want the government to take an 
immediate response. Don’t wait too long 
because we don’t want Keprok Soe 
mandarin to follow the fate of Soe apple, 
become extinct because the government 
didn’t do anything (Yusuf, in Niki-niki) 

The government has to appreciate the 
finding and ask the researcher for a 
solution. Don’t just say the disease is not 
around, but do something. We want the 
government to do something, not just to 
talk nice things (Linda) 

Stop [government officers and members 
of local parliament from] doing 
comparative studies, but send mandarin 
growers for on-site training elsewhere 

Stop talking foolish things in the 
newspaper, invite the researcher, ask for 
the solution, and do something. We all 
know what happened to the mandarin (KL 
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Theme Sample comments 

(Stefie, in Lewoleba) in Waitabalun) 

Note: 
1) Not a real name as also in the original publication 
2) CVPD=Citrus Vein Phloem Degeneration, the Indonesian name for HLB 
3) Phone number, the last three digits are not revealed in the original publication 
Source: English translated Pos Kupang feature article 

 

 

At the bottom of the page, short interviews with three sources were published, 

two with members of the local parliament, one with an independent consultant 

of mandarin development project, and the last one with Wita, the Head of TTS 

District AFSS. According to the first MP: 

The government has been too late in dealing with the disease ... The 
government did not include budget for disease control in the budget 
proposal for mandarin development. We will ask the government why 
budget for disease control was not included. If the budget had been 
included, of course we would have approved. We at the parliament are 
committed to support the government in promoting the Keprok Soe 
mandarin (Pos Kupang, 2010). 

The second MP criticized the grafted seedling distribution program because the 

government had never reported the planting success rate of the distributed 

seedling: 

We [members of TTS District local parliament] had asked the Head [of 
TTS District AFSS] about the 2008 and 2009 grafted seedling distribution 
programmes. If the seedling had been planted in one location, we would 
have had a vast area of mandarin grove. But the government distributes 
the seedling to every village and has never reported the percentage of 
the seedlings that die because of diseases. We will ask these things 
again in the next meeting. We will also discuss the budget for the 
necessary control measures to be taken (Pos Kupang, 2010) 

The independent consultant mentioned that he had warned the TTS District 

AFSS about HLB, “I have found the disease [symptoms] since 12 years ago ... it 

will wipe out the mandarin within the next 10 to 15 years”. As always, Wita, the 

Head of TTS District AFSS, defended his policy: 

To save Keprok Soe mandarin we have done two things. First, control of 
pests and diseases using pesticides. Second, expand planting area to 
new locations. Each household has to open at least 0.5 ha land to plant 
200 seedlings to be eligible to receive funding from the government 
...distributing grafted seedling to individual growers has no longer done 
because it is too costly. Growers are given training on various aspects of 
mandarin cultivation, including pests and disease control. We have 
adopted a new scheme, we only provide grafted seedling to growers who 
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are willing to open at least 0.5 ha land. This is to make extension, 
supervision, and facilitation easier (Pos Kupang, 2010) 

 

The result of engagement with the government and the wider community as 

described above indicated three things. First, Karantina Kupang is concerned 

with HLB because the disease is a quarantine disease and therefore preventing 

the disease from spreading is its responsibility. Second, the provincial 

government and the TTU District do not oppose the finding as strongly as the 

TTS government. Because of regional autonomy, the officers of the provincial 

government have no more direct involvement in mandarin projects. The 

designation of the local mandarin as Keprok Soe has made TTU District 

government no longer interested in engaging in development of the mandarin 

because the central government focuses mandarin development on TTS 

District. Third, for the larger community, expectation remains high, regardless of 

the fact that the mandarin is at the brink of extinction. The majority of comments 

suggested the decline happened largely because of government ignorance. 

People urged the government and the local parliament to stop wasting 

government funds on doing comparative studies and to spend the money to 

take the necessary immediate actions to save the mandarin. 

 

 

6.3.2. Engaging the Local Community 

Local community engagement was carried out during the 2009 and 2010 field 

observations. In 2009, the engagement was carried with growers whose groves 

were selected as samples. The owner of each sample grove was asked, 

together with neighbours, to join the field observation and assessment of HLB 

symptoms and Diaphorina citri. During the joint field observation and 

assessment, symptoms of HLB and morphology of Diaphorina citri were shown 

first hand to those participating growers. Before finishing the observation, two 

colour brochures written in plain Indonesian language were distributed. The first 

brochure was about identifying symptoms of HLB and distinguishing them from 

symptoms of other diseases and of nutrient deficiencies. The second brochure 

was about identifying Diaphorina citri and distinguishing it from other similar 
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looking insects such as scales, aphids, and ants. The participating growers 

were asked to use the brochures to look for HLB symptoms and Diaphorina citri 

to be reported in an engagement meeting to be carried out in the following year. 

 

In 2010, community engagement was carried out by holding a focus group 

discussion meeting in each sample village for field observations. All growers 

who participated in the last year field observation and assessment were invited. 

In the discussion meeting, questions were asked about ability to identify HLB 

symptoms and Diaphorina citri, willingness to do monitoring and reporting, 

comments on HLB and on government refusal to acknowledge HLB, opinions 

on government programmes for mandarin development, and expectation for 

supports from governments and other institutions. Sample responses for each 

topic question are outlined in Table 6.11. 

 

Table 6.11. Sample responses to topic questions asked during the focus group 
discussion 

Topic Questions Village Sample Responses 

Ability to identify 
HLB symptoms 
and Diaphorina 
citri 

Oelbubuk It was easy when we did it with you. 
When we did it by our own, all trees 
looked yellow. At first, we found 
neither sectoral yellowing nor blotchy 
mottle. Only after very carefully 
examining the leaves did we find 
leaves with blotchy mottle 

Before you came here, we called all 
small insects ant. After we met you, it 
became in the opposite, we think all 
small insects were psyllid ... they are 
hard to distinguish. But then I 
remember what you had told us ... the 
adult psyllid were jumping 

Ajaobaki Mandarin trees here remain only in 
one dusun [settlement]

1)
, in other 

dusuns have died long ago. Well 
finding sectoral yellowing wasn’t that 
difficult, but finding blotchy mottle was. 
We also found lopsided fruits with 
black seed inside. 

We hardly found the psyllid, but the 
aphids. Now we know that these small 
insects are not the same. No one told 
us earlier, even the extension officer 
did not tell us. The extension officer 
here told us many things, but not the 
these insects 

Lemon Almost all remaining mandarin trees 
here have been planted from seeds. 
Only small trees have been planted 
from grafted seedlings. Some trees 
had sectoral yellowing, but most had 
turned all yellow. Finding blotchy 
mottle wasn’t difficult in trees that their 
leaves hadn’t yet all turned yellow. 
Lopsided fruits and fruits with colour 
inversion were also common 

We found different kinds of small 
insects, all look like ants at the first 
sight. That was why we call all of them 
ant, but now no more. But they live 
together with ants and sometimes 
ants move the psyllids to another 
branch. That is why we think they are 
ants. We found more aphids than 
psyllids, may be the psyllid does not 
like cool weather.  

Willingness to do 
monitoring and 
reporting 

Oelbubuk Doing monitoring is OK, but not 
reporting. I had reported the decline 
several times ... no one seemed to 
listen to me seriously. Besides, there 
is an extension officer. He has to 
come to us to take the data... he is 
paid to do the job. 

I think monitoring is the job of the 
extension officer. I don’t mind helping, 
but that is the job of the extension 
officer. The extension officer has also 
to do the reporting. Because going to 
the dinas

2
) in Soe need money 

Ajaobaki The extension officer here always 
does the monitoring and the reporting. 
But he did not do it like what you have 

I had done the monitoring even before 
you came here. But in the past I did 
not know anything about the CVPD 
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Topic Questions Village Sample Responses 

told us. He didn’t look for sectoral 
yellowing or blotchy mottle, but for 
diplodia rot and something else. I 
have shown him HLB symptoms, but 
he didn’t agree. He told me that there 
is no CVPD

3)
 here, just diplodia rot. 

and the psyllid, now I did. I don’t think 
I need to report to the government, 
because I have not planted grafted 
seedlings. Besides, the government 
won’t come to help because I refuse 
to plant grafted seedlings. 

Lemon It is OK to regularly do the monitoring 
and the reporting, but have to be done 
in groups. I was told that when I 
attended the farmer field school. 

I don’t think we will have enough time 
to do that. We have an extension 
officer here. He has to do those things 
because that is he is pad for 

Comments on 
HLB and on 
government 
refusal to 
acknowledge 
HLB 

Oelbubuk I found symptoms resembling those of 
CPVD. But I am confused which one 
is true. The government told us the 
disease on citrus is diplodia rot, not 
CVPD 

The government told us that the 
disease is diplodia rot. Now we know 
that it is not just diplodia rot. That is 
why California does not work, it is not 
for CVPD 

Ajaobaki According to the government that the 
disease causing the decline is diplodia 
rot. We have just found symptoms of 
CVPD. The symptoms may be of 
other diseases or nutrient deficiency 
as well. If CVPD is the cause, the 
government should have stopped us 
from planting mandarins 

I have mandarin trees with diplodia rot 
in my grove. It can be prevented by 
applying California mixture. If after 
applying California mixture

4)
 the 

decline continues it must be CVPD. 
The government does not tell us the 
disease because we have to plant 
their grafted seedlings. 

Lemon We have been told by the government 
about CVPD, but not about CVPD 
causing the decline 

CVPD may be involved, but other 
diseases as well. Gummosis and root 
rot are also widespread here 

Opinions on 
government 
programmes for 
mandarin 
development 

Oelbubuk Government programme on mandarin 
development is good. But it will be of 
no use if trees we have planted wiped 
out by CVPD 

The government has to be strict to 
nursery owners. Otherwise, they will 
produce diseased grafted seedling for 
us to plant for nothing 

Ajaobaki We have been able to have mandarin 
trees here because of government 
funded project. That is good for us. 
But the government also has to tell us 
how to get rid of this CVPD. That is far 
more important than just keep planting 
more grafted seedlings 

I don’t want to get involved in the 
government programme to plant 
grafted seedling. Because I know 
grafted seedlings get diseases from 
their mother trees. I saw by my own 
eyes budwood was taken by nursery 
owners from diseased mother trees 

Lemon We don’t get grafted seedling from the 
government anymore. If we want to 
plant mandarin, we have to buy 
grafted seedlings by our own money 
or plant from seeds 

May be because of the disease, the 
government has been no longer gave 
us grafted seedlings. Most remaining 
trees here have been planted from 
seeds  

Expectation for 
supports from 
governments 
and other 
institutions 

Oelbubuk We have spent our times and efforts 
to plant mandarins as asked by the 
government. Now we need help from 
the government to cope with the 
disease. Otherwise, what can we do? 
Only the government knows the 
disease, we know how to plant 
mandarins 

We have applied California mixture 
recommended by the government, but 
the decline continues. We expect the 
government gets along with experts to 
find out cure for the disease. 
Otherwise, we can only watch our 
mandarin trees dying without doing 
anything 

Ajaobaki We want the government do more 
efforts to get rid of diseases, whatever 
the causal agents are. We have been 
given and asked to plant grafted 
seedlings, we have never told how to 
identify such diseases and control 
them. As the decline has now become 
so severe, the government has to do 
something to help us 

We have been asked to plant grafted 
seedlings and have never told about 
the disease causing the decline. Every 
officer told us that the disease is 
diplodia rot and asked us to apply 
California mixture. It doesn’t work. We 
want the government to tell us what 
the disease really is and help us to 
control it 

Lemon We have found symptoms of CVPD 
but we want the government to come 
and check the symptoms with us 

We have used local ingredients to 
control the disease but none is 
effective. We desperately need help 

Note: 
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Table 6.11. (continued) 
1) Dusun=an administrative part of a village. In West Timor, most dusuns are formed from the 

existing traditional settlements, but some are formed as part of government resettlement 
programme 

2) Dinas=departments of local government providing services on certain development sectors. 
3) CVPD= Citrus Vein Phloem Degeneration, the Indonesian name for HLB 
4) California mixture=consisted of sulphur and lime mixed by boiling in water, an 

internationally non-standard chemical to control disease, especially diplodia rot. 
Source: English translated transcript of focus group discussions 

 

 

This community engagement showed that growers were willing to learn and if 

properly trained, they would be able to identify HLB symptoms and its vector 

Diaphorina citri. Although accuracy of identification by growers was not 

checked, the detail of their descriptions in distinguishing characteristics of pests 

as well as symptoms of pests and diseases indicated an acceptable level of 

skill. In addition, some growers were willing to do the regular monitoring and 

reporting as part of early detection. However, the local government only asked 

them to plant grafted seedlings. The local governments had never trained them 

in identifying pests and diseases. Even, the local governments had never 

provided any extension material to enable extension officers in target villages to 

better identify mandarin pests and diseases. Instead of providing training on 

pests and diseases to enable growers to do early detection, the local 

government refused to acknowledge a destructive disease such as HLB. 

Thereby, through the grafted seedling distribution programme, the local 

government had allowed HLB to spread. Because HLB develops slowly at the 

beginning (Gottwald, da Graça, et al., 2007c), trees planted from the distributed 

grafted seedlings could bear fruits, but only for the first and second harvest. 

Trees decline after the second harvest and then the local governments had 

reason to distribute more grafted seedlings for replanting. 

 

Some growers suspected that the government refused to acknowledge HLB for 

the benefit of officers who were engaged in the grafted seedling business. 

Although some growers knew that this was an inappropriate practice, they 

understood that it was a way for low-rank officers to earn additional income. 

What they did not understand was the fact that government officers engaged in 

the business include senior officers. They suspected this was the reason why 
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the government refused to acknowledge HLB. By acknowledging HLB, growers 

suspected, these senior officers would put their business at risk. The central 

government would ban the district from distributing grafted seedlings to other 

region and the demand for grafted seedling would decrease. However, because 

no one revealed these inappropriate practices, senior government officers 

continued to benefit from this policy, while mandarin growers were left to find 

out ways to save their main sources of cash income. In this case, mandarin 

growers have become the victims of the business interests of their own 

government. 

 

Growers expected the government to take immediate action to save the 

mandarin. The majority of growers expected the government to provide help to 

growers in controlling the disease. However, even if the government agreed to 

take the necessary actions, such actions would have become too late. The only 

control measure the government could take was elimination of diseased trees. 

However, this was unlikely because the government would then risk losing 

popular votes. The government took the safe alternative by developing new 

production centres outside the traditional centres justified as saving the local 

mandarin as the pride of the local people. Growers in the traditional centres of 

mandarin production would be left to decide whether to continue to grow 

mandarin or to shift to other crops. 

 

 

6.3.3. Summary 

Engagement with the representative of the central government has resulted in 

an understanding that HLB has become a serious threat to citrus biosecurity in 

the region. Engagement with the provincial and district government has been 

less successful. While the provincial government does not deny the finding that 

the mandarin has been found HLB positive, the district government, especially 

the TTS District government, has strongly refuted the finding. According to TTS 

District AFSS, the finding is valid only if the test is carried out in a government 

endorsed laboratory. On the contrary, the community are aware that the 

mandarin has been declining not only because of diplodia rot but of other more 



297 

 

destructive disease. Growers are similarly aware and able to identify HLB 

symptoms and Diaphorina citri after being involved in field observations and 

tree assessments. Growers are willing to do the regular monitoring and 

reporting as a mean of early detection. Growers expect the government to take 

immediate actions to save the mandarin. However, such actions have come too 

late because no control measure is available except eradicating diseased trees. 

The government will be very unlikely to take this action because of the risking of 

losing popular votes. 

 

 

6.4. Discussion and Synthesis 

As HLB had been found positive on trees at high altitudes where Diaphorina citri 

would have not survived (Chapter V), findings reported in this chapter confirmed 

that grafted seedlings could have played an important role in the spread of the 

disease. Various inappropriate practices in grafted seedling production, nursery 

supervision, and grafted seedling certification and distribution could make 

grafted seedlings the vehicle for the spread of the disease even over longer 

distances than could be possible with the spread by Diaphorina citri as the 

vector. Findings reported in this chapter also confirmed that community 

engagement is an important process in biosecurity management. The 

engagement had raised awareness not only among growers and the general 

public, but also among officers at central, provinces, and district government 

agencies.  

 

As all local governments initially did not acknowledge HLB, citrus growers and 

the general public had never received the necessary information regarding the 

disease. Many growers had complained about the difficulty in obtaining 

information regarding pests and diseases from the resident extension officers 

and from the local government officers visiting villages. Yet, after the 

engagement, some citrus growers were capable of describing morphological 

characteristics of some insect pests and symptoms of some diseases, including 

the morphological characteristics of the asian citrus psyllid and symptoms of 

HLB. Some growers did confuse this HLB vector with aphids and ants, but this 
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is understandable considering similarity in size and some general characteristic 

among these insects. This indicates that if the local governments have properly 

engaged growers since the beginning, some growers would have been familiar 

with the symptoms of the disease necessary for them to do early detection of 

the disease. However, contrary to the biosecurity management approach set for 

example by FAO (2007), it seemed that the local government did not carry out a 

proper risk assessment to determine the cause of the decline. Instead, risk 

management was implemented only to control the officially recognized disease 

diplodia rot, and in implementing this risk management, risk communication was 

simply neglected. Because HLB was not recognized and no information 

regarding its control measures were provided, many citrus growers applied 

locally available materials such as decoction of leaves and bark of trees and 

ash produced from burning certain trees to try to control the disease. Although 

none of these control measures was effective, it had produced lessons learnt for 

both the community and the government. Unfortunately, the local governments 

continued to assume that citrus growers know little, or nothing, which was 

contrary to the findings of the community engagement component of this 

research. 

 

The local government continued their programme of intensified and extended 

mandarin planting by distributing grafted seedlings to individual grower and 

funded group planting of mandarin monocropping. This policy ignored the fact 

that growers were aware of the possibility that the distributed grafted seedlings 

could be responsible for spreading pests and diseases and mandarin trees 

planted from seeds in mixed cropping were more capable of withstanding 

drought and thereby survived the incursion longer. Small-scale mandarin 

cultivation in many developing countries is still done by planting directly from 

seeds in mixed-cropping with other crops (Garnier, Jagoueix-Eveillard, Cronje, 

Le Rpux, & Bové, 2000). Planting in mixed cropping has been reported as 

providing better control to pests and diseases than planting in a mono-crop. For 

example, planting in mixed cropping with guava (Psidium guajava) has been 

reported by Zaka, Zeng, et al. (2010) to provide some degree of protection due 

to a repellent effect provided by guava leaves against the adult of Diaphorina 



299 

 

citri, although according to Ichinose, Nguyen, et al. (2012), the effectiveness of 

this protection breaks down after one year. 

 

Why the local governments continued their policy was, however, not without a 

reason. Under the current autonomy (Act No. 32, 2004), the central government 

has transferred the authority regarding all aspects of agricultural sector, except 

quarantine and research, to the district governments. This includes 

acknowledging a disease as being officially present or not. With regard to 

mandarins, acknowledging HLB as being present has a risk that the central 

government will stop funding mandarin development and stop allowing TTS 

District to market and distribute grafted seedlings to other districts and 

provinces. As discussed earlier by Mudita (2011), this can bring disastrous 

impacts to the district development budget. At present, government nurseries in 

TTS district are required to contribute to the district PAD by selling grafted 

seedling commercially instead of focusing on maintaining budwood 

multiplication blocks. The district government may also be afraid of losing 

central government funding for all site- and group-based citrus cultivation 

programmes and losing popular political support. However, as indicated by 

results of the engagement, many growers and members of the wider community 

want the government to acknowledge HLB. The problem here is again lack of 

communication between the district government and the growers. 

 

Other reasons may be inferred. For some government officers and local people, 

seedling production and distribution provided an opportunity for involvement in 

profitable business. The business was small on a national scale, but large and 

lucrative on a local scale. For the business to continue, the mandarin must be 

free of graft transmissible diseases, particularly HLB. For the business to thrive, 

keeping HLB officially absent was even more important. Being officially not 

present, the disease will have a greater chance to develop and spread because 

nothing can be done to control the disease. For those involved in the grafted 

seedling business, the more trees die, the more grafted seedlings are needed to 

replace the dead trees. Some private nursery owners and group nursery 

leaders were aware of the risk resulting from this ignorance to biosecurity 
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consequences of such practice. However, for these people, short-term personal 

benefits were far more important than the long-term community benefits 

resulting from paying attention to biosecurity issues. In addition, growers and 

nursery owners had learned from experience and observation that being too 

outspoken could put their ties with the government at risk. In this case, 

maintaining ties with the government means security for their business and their 

private business security is more important than community biosecurity. 

 

Maintaining ties with government officers was not without cost. In addition to 

remaining silent to inappropriate policy and practices, private nursery owners 

and group nursery leaders had to allow their grafted seedlings to be bought at 

low price by government officers engaging in the grafted seedling business. 

They were forced to accept lower prices to win the competition with fellow 

private nursery owners and group nursery leaders. This way, they jeopardized 

their bridging and linking ties with other private nursery owners and group 

nursery leaders in favour of maintaining good linking ties with government 

officers. In all, maintaining linking ties with these government officers does not 

necessarily mean improving citrus biosecurity. On the contrary, maintaining 

linking ties with government officers engaging in grafted seedling business can 

bring greater risk to citrus biosecurity. This is because the involvement of 

government officers in the business has meant that strict supervision and 

certification of grafted seedling by UPTPSB officers are unlikely, if not 

impossible, allowing grafted seedlings to serve as vehicles for spreading graft-

transmissible diseases to wherever they are distributed and planted. 

 

The rate of decline of the local mandarin in this region of West Timor could be 

much reduced if the local government were aware of the risk of not 

acknowledging HLB. In fact, HLB, although destructive (Bové, 2006), is a 

relatively slow developing disease (Gottwald et al., 2006; Gottwald, da Graça, et 

al., 2007c), and its spread to higher altitudes by its vector Diaphorina citri is 

limited by the fact that this psyllid requires warm climate for its development 

(Aurambout et al., 2009; Halbert & Anjunath, 2004; Halbert & Keremane, 2004). 

However, apart from the availability of susceptible hosts, the policy of the local 
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governments has provided a social environment that allows the disease to 

develop and to spread without recognition. This favourable social environment 

includes bridging ties with fellow nurseries and linking ties between nursery 

owners and local government officers. These bonding, bridging, and linking ties 

can have different meanings to different people that define the purpose of 

maintaining such ties. In addition, maintaining one type of tie can also bring the 

other type at risk because such maintenance requires resources. In deciding to 

maintain a particular type of tie, people may make their decision depending on 

their personal interests rather than on community benefits. Meanwhile, people 

also need to reserve their resources for coping with the decline of their 

mandarin trees. Because of the policy of the local governments, growers can 

only depend on their personal networks to gain the necessary resources to 

make such an effort possible. In summary, social capital can only improve 

community biosecurity if it is consciously nurtured for this specific purpose and 

with the support of other types of capital. This will be discussed in more detail in 

Chapter VII. 

 

 

6.5. Chapter Summary 

Thematic analysis showed that at least five themes of grafted seedling 

production and distribution are associated with mandarin decline in the region. 

These themes includednursery business and involvement of government 

officers, maintenance and acquisition of planting material, grafted seedling 

production, grafted seedling supervision and certification, and grafted seedling 

distribution and marketing. These five themes can be further collapsed into 

three broader themes, namely reasons for not acknowledging HLB, grafted 

seedlings as primary means of HLB spread, and relations between bridging and 

linking ties and biosecurity governance with biosecurity awareness. Local 

government policy to allow the use of population mother trees is based on 

refusal to acknowledge HLB. This refusal of HLB provides opportunities for 

some government officers to seek personal interests rather than serve the 

community. The local governments have created a social environment 

characterized by nurturing bonding, bridging, and linking ties more for the 
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purpose of personal interests than for serving the interest of the community at 

large. With such interests, the local governments cannot afford to listen to the 

voice of the most deprived in the community.  
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VII. EXPLAINING COMMUNITY BIOSECURITY- Mixed methods 

studies of potential factors contributing to community 

biosecurity 

 

 

7.1. Introduction 

Community and government views regarding citrus biosecurity in the highlands 

of West Timor have been discussed in Chapter IV and Chapter VI. According to 

the community, citrus has been severely declining because of pests and 

diseases, including HLB and its vector Diaphorina citri. Field observations, tree 

assessments, and laboratory tests have revealed that, as discussed earlier in 

Chapter V, citrus in the region is indeed HLB positive and infested by 

Diaphorina citri. Nevertheless, the local governments maintain that the decline 

have nothing to do with HLB. To the local governments, the decline has been 

controlled by the use of California mixture. On the other hand, growers 

suspected that the cause of the decline is not diplodia rot but the unrecognized 

and more destructive disease HLB. This disagreement between the local 

governments and growers has created a situation that provided a suitable 

environment for this disease to develop. Within this environmental context, the 

role of the biophysical environment has been discussed in Chapter V. The role 

of the social environment is more complex. This chapter is intended explain this 

complex social environment. 

 

For this purpose, this chapter is organized into five sections. It starts with the 

introduction (Section 7.1) to provide the outline of this chapter and background 

of the problem being addressed. The next section (Section 7.2) describes the 

construction of a biosecurity index from variables already presented and 

discussed in Chapter V. For this purpose, exploratory factor analysis was 

employed to extract the most relevant variables for constructing indices of 

community biosecurity. This multivariate analysis technique was used to select 

a subset of variables with large loading with respect to the resulting common 

factors which were then rotated orthogonally to facilitate easier understanding of 
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pattern loading. The factor explaining most variance in the dataset after rotation 

was then selected as a single-factor index of community biosecurity and the 

linear combination of all rotated factors was used as a composite community 

biosecurity index.  

 

In the next section (Section 6.3), the factor analysis was also used to extract 

factors from each dataset in a similar way to that used to extract common 

factors for constructing a community biosecurity index. The dataset in use 

included social capital, household characteristics, mandarin cultivation 

characteristics, and community characteristics. Regression analysis was then 

employed to determine the linear relationship between common factors 

resulting from each dataset with each index of community biosecurity. Factors, 

instead of the original variables, were used in the regression to solve the 

multicolinearity issues that become problematic when a large number of related 

variables are in use as independent variables. For the regression analysis, the 

resulting factors from the social capital dataset were first regressed against the 

community biosecurity index. Later, common factors from each of the additional 

datasets were added into the model. Finally, common factors of all datasets 

were regressed simultaneously. The discussion and synthesis of the findings is 

presented in the following section (Section 7.4). This chapter is ended with a 

chapter conclusion and summary (Section 7.5). Figure 7.1 presents the 

sequence of data analysis carried out in this chapter. 
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biosecurity 

variables

A large number of 

correlated 

biosecurity 
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Factor analysis

A smaller number 

of uncorrelated 

factors

Community 
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biosecurity index
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capital or other 

forms of capital
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capital index
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of social capital or 
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Household 
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Regression Analysis
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Input or output

Independent variables

Dependent Variables

Note:

 
Figure 7.1. The sequence of data analysis involving quantification of qualitative 

variables, factor analysis, and regression analysis. Details of each 
step are discussed in the following sections 
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7.2. Measurement for Explaining Community Biosecurity 

7.2.1. Unit of Analysis for Explaining Community Biosecurity 

Community means different things for different purposes. In this chapter, it is 

defined as community of place. According to Falk, Surata, Mudita et al. (2008a), 

community of place refers to people with multiple identities, roles, and 

aspirations who share networks of networks within their own shared place and 

with others. Within this concept of community, the place itself is the shared 

identity that unites people with multiple identities, roles, and aspirations. This 

shared place could be any geographical unit, but for West Timor the present-

day sub-village or the government administrative unit sub-village (dusun) is the 

unit into which people most likely to identify themselves. Most of these sub-

villages are historically derived from the traditional settlements called ‘kampung 

lama’ (old settlement) (Ormeling, 1955). Most of these sub-villages also have 

their names derived from names of locally recognised, prominent rocks or 

springs identified by Meto people from the sub-village as their ‘faut kanaf’ (rock 

names) or ‘oe kanaf’ (water names) (Ataupah, 1992). The Meto also link their 

lineage and history in and around these shared places (McWilliam, 2002). The 

present-day villages comprising 2-4 sub-villages, however, serve more as a 

formal administrative unit of the local government than as a shared identity. For 

these reasons, sub-village instead of village was chosen as the unit of analysis. 

 

Sub-village, and not household, was chosen as the unit of analysis for two 

reasons. First, it was consistent with the view that social and other forms of 

capital as mentioned above were community attributes. Brewer (2003) states 

that although social capital was originally conceived as a community-wide 

concept, it should be observable at the individual level. Baum & Ziersch (2003) 

disagree with this, arguing that Bourdieu identified it first at the individual level 

and later Putnam at the community level. Coleman argues that social capital is 

not an attribute of individuals but a context-dependent aspect of social structure 

(Hogan & Owen, 2000; Robinson, 2000). Glaeser, Laibson, & Sacardote (2002) 

identify that post-Coleman literature has almost universally viewed social capital 
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as a community-level attribute. Social capital and civil society are essentially 

social and collective property of social systems, not a characteristic of 

individuals (Newton, 2001). For explaining community biosecurity, social and 

other capitals need, therefore, to be considered as attributes of communities.  

 

Second, use of sub-village as the unit of analysis allowed transformation of 

interval data resulting from the household survey into sub-village ratio data by 

calculating the percentage of households falling into a particular interval scale. 

Answers to each question in both the household citrus biosecurity and 

household social capital questionnaires were categorized into three categorical 

scales. For example, the answer to the question regarding awareness of grafted 

seedlings as a means of disease spread was categorized into unaware, less 

aware, and aware and the answer for the question regarding willingness to 

share information was categorized into willing, less willing, and not willing. From 

these categories, the ‘willing’ and the ‘aware’ categories were selected, and the 

other categories were ignored, because these categories consistent with the 

theoretical assumptions of community biosecurity. The percentage of the 

respondents providing responses falling within this particular category was then 

calculated for each selected variable of community biosecurity and social 

capital. For example, when three out of five respondents per sub-village were 

aware of grafted seedlings as a means of disease spread and two out of these 

five respondents were willing to share information, the calculated ratio data 

were 0.6 and 0.4 for each of these variables, respectively. This was done as for 

parametric statistical analysis such as factor and regression analyses, ratio data 

is preferable to interval data. This is because within the quantitative data 

analysis techniques, factor and regression analyses are part of parametric 

statistical analysis in which ratio data are needed for the result of the analysis to 

be statistically valid (Steel, Torrie, & Dickey, 1996). 

 

The word ‘explaining’ in this chapter is used to mean being able to relate 

phenomena to or to predict phenomena. To explain community biosecurity 

means to relate this community phenomenon to other phenomena or predict 

this community phenomenon using other phenomena. Community biosecurity is 
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not a single isolated entity but, as with other phenomena in the community, is 

related to other phenomena. In other words, community biosecurity is a 

complex, dynamic, and interconnected phenomenon, similar to other social 

phenomena in forming a social-ecological system (Ostrom, 2009). According to 

Falk et al. (2008), community biosecurity relies on the capacity of the local 

community to respond to biosecurity threats. This capacity depends on the 

community identifying and investing in six forms of resources or capitals, 

namely natural, cultural, social, human, social, built, and financial (Flora, 2004, 

2008). According to Flora (2004), natural, cultural, and human capitals make up 

the ‘base’ of the community in terms of resolving environmental issues, whereas 

social, built, and financial capitals ‘enable’ the community to engage in 

development in a sustainable manner by transforming the ‘base’ capitals into 

higher levels. With all these in mind, explaining community biosecurity is to 

relate it to or predict it using these forms of resources or capitals. For this 

purpose, regression analysis offers a mean for establishing this relation or 

prediction. For this purpose, this quantitative analysis requires a single variable 

for community biosecurity to be established and variables of resources or 

capitals to be free of any relationship one to another. To meet these 

requirements, factor analysis was used to construct a single measure of 

community biosecurity and at the same time to extract uncorrelated factors for 

use as independent variables. Factor analysis provides the means for both 

constructing a single measure out of a number of observed variables and 

extracting distinct factors out of most closely inter-related variables (Henson & 

Roberts, 2006; Widaman, 1993). 

 

 

7.2.2. Biosecurity Concept and Variables 

To measure biosecurity at the community level, biosecurity needs first to be 

clearly defined. As already quoted in Chapter II, FAO (2007) defines biosecurity 

as a strategic and integrated approach for assessing, analysing, and managing 

relevant risks to human, animal and plant life and health, and associated risks 

to the environment. With regard to measuring biosecurity of citrus at the 

community level, biosecurity can be therefore defined as the capacity of the 
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community to assess, manage, and communicate risks posed by pests and 

diseases to citrus health. FAO (2007) uses risk as a mean of integrating 

biosecurity across sectors and defines it as “composed of three distinct but 

closely connected components – risk assessment, risk management and risk 

communication” (p. 6).  

 

The FAO further defines each of these risk analysis components as consisting 

of a number of processes. For risk assessment, the FAO follows the 

International Plant Protection Convention (IPPC) with risk assessment 

consisting of pest categorization, assessment of the probability of introduction 

and spread, assessment of potential economic consequences, and conclusion 

of the risk assessment. For risk management, the process consists of 

preliminary risk management activities, identification and selection of risk 

management options, implementation of control measures, and monitoring and 

review of implemented risk management activities. The FAO does not define a 

standard process for risk communication, but provides guidelines consisting of 

the establishment of a risk communication team, profiling risk communication 

needs, identification of relevant stakeholders, development of key messages, 

engagement with relevant stakeholder groups, and monitoring and evaluating 

effectiveness of risk communication. 

 

Some of the above processes of risk assessment, management and 

communications have been presented in Chapter V at sub-district district level. 

For measuring biosecurity at the community level, not all processes were 

included but only those relevant to biosecurity analysis at the community level 

and those that could be measured quantitatively. The full list of these candidate 

variables and the dataset for use in analysis are presented in Appendix 7.1a. 

 

 

7.2.3. Variable Selection 

Various approaches have been in use for combining variables to construct a 

composite index, but the most common technique is the use of multivariate 

statistical analysis techniques such as principal component analysis (PCA) and 
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exploratory factor analysis (EFA). These two multivariate statistical analysis 

techniques are similar with respect to their ability to extract a smaller number of 

uncorrelated subsets called factors out of a large number of variables which are 

highly correlated (DeCoster, 1998; Widaman, 1993). While both PCA and EFA 

can be used to find optimal ways of combining variables into a small number 

of subsets (L. I. Smith, 2002), EFA can also be used to identify the structure 

underlying such variables and to estimate scores to measure latent factors 

(Garson, 2011; Tucker & MacCallum, 1997). The main applications of these 

two techniques can be found in the analysis of multiple indicators, 

measurement and validation of complex constructs, index and scale 

construction, and data reduction. These approaches are particularly useful in 

situations where the dimensionality and structural composition of the data 

are not appropriately known.  

 

Factor analysis identifies the structure of a large number of variables, say a 

set of j measured variables, by extracting a smaller set of k latent factors 

capable of explaining a large portion of the variance in the original dataset. The 

pattern of the resulting k latent factors can be then examined to represent a 

particular set of observed variables based on their variable loading. This was 

the approach taken, for example, by Onyx & Bullen (2000b) in determining 

sources of social capital for five communities in Australia. In addition, EFA can 

also be used to estimate scores to measures of latent factors for later 

analyses. This approach was used by Krishna & Uphoff (1999), among others, 

to construct a composite index called Common Land Development Index (CLDI) 

and Collective Action for Development Index (DCAI) in their study on watershed 

conservation and development in India. In this chapter, both of these 

approaches were combined, first to understand the pattern structure of the 

candidate variables from which the factor explaining most variance in the 

dataset was selected as a single-factor index and later to combine the resulting 

factor scores to form a composite index. These single-factor and composite 

indices were both used as Community Biosecurity Indices (CBI). 
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The dataset for use in the construction of CBI was presented and discussed in 

Chapter V. This was done just to provide a descriptive account of the situation 

of citrus biosecurity in the region. For constructing CBI, the data were analysed 

using sub-village as the unit of analysis. By using sub-village as the analysis 

unit, the resulting single-factor and composite indices were expected to 

represent the biosecurity situation at the community level for reasons already 

explained in the introduction. 

 

 

7.2.4. The Resulting Community Biosecurity Indices 

A preliminary analysis was carried out on the dataset, consisting of all the 

candidate variables to determine the number of factors necessary to account for 

substantial variances among variables. This analysis used the maximum-

likelihood factoring method  and the result (available on request) indicated that, 

by assuming that common factors did exist among candidate variables, three 

factors were sufficient to explain variability as shown in the scree plot where the 

slope became less steep (Figure 7.2). The significance test indicated that 

common factors existed among variables (p<0.01) and three factors were 

sufficient for summarizing all candidate variables (p<0.01). However, as shown 

by their low Kaiser’s means of sampling adequacy (Kaiser’s MSA), some 

variables correlated poorly with the retained factors. As the remedial measure, 

variables with the lowest correlation were removed and the analysis was rerun 

with the same factoring method. The analysis was followed by varimax rotation 

by shifting the factoring from representing the most comprehensive data 

patterns to delineating the distinct groups of interrelated variables. Varimax 

rotation was performed to place variables in a three dimensional space as 

defined by a coordinate system formed by a pair of factors as axes in such a 

way that these axes would delineate similar variables into one particular corner 

much like slicing a partially rotten fruit to place the rotten part into one slice.  
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Figure 7.2. Scree Plot of the first ten eigenvalues resulting from factor analysis 

of candidate variables of community biosecurity 
Source: Result of primary data analysis 
 

 

The result of analysis after dropping some variables (available on request) 

shows that after removing some variables, all remaining variables are 

adequately represented as shown by their Kaiser’s MSA values. These 

remaining variables have varying prior and final communality, indicating the 

proportion of total variation of a particular variable being involved in the data 

patterns as represented by the retained factors before and after factoring, 

respectively. The loading of each variable into each resulting factors after and 

before rotation is presented in Table 7.1 and shown graphically in Figure 7.3. 

 

Table 7.1. Factor loading and final communality of 21 candidate variables 
before and after rotation 

Variable 
Code

1)
 

Before Varimax Rotation
2)

 After Varimax Rotation
2)

 

Factor1 Factor2 Factor3 Final Com-
munality 

CBI1: risk 
manage-
ment 

CBI2: risk 
assess-
ment 

CBI3: risk 
commun-
ication 

Final Com-
munality 

RAACD 0.25 -0.09 0.32 0.17 -0.12 0.31 0.25 0.17 

RAGBD 0.89 * -0.05 0.01 0.79 0.02 0.87 * -0.17 0.79 

RAGCD 0.99 * 0.01 0.01 0.98 0.08 0.97 * -0.18 0.98 

RAGSI 0.53 * 0.20 0.11 0.33 0.22 0.53 0.04 0.33 

RAKPD 0.24 * 0.14 0.21 0.12 0.13 0.27 0.18 0.12 

RAMDC 0.35 * 0.31 0.25 0.28 0.30 0.38 0.23 0.28 

RAMHL -0.02 0.18 -0.11 0.04 0.19 -0.05 -0.08 0.04 

RAPDG 1.00 0.00 0.00 1.00 0.08 0.98 * -0.19 1.00 

RAPDS -0.02 -0.49 0.18 0.27 -0.51 0.04 0.11 0.27 

RCAMT -0.17 -0.02 0.75 * 0.59 -0.14 -0.01 0.75 * 0.59 

RCGAR 0.24 0.75 -0.04 0.63 0.77 0.20 0.04 0.63 

RCGRA 0.19 0.56 0.16 0.38 0.55 0.19 0.21 * 0.38 

RCNMT -0.23 0.24 0.66 * 0.54 0.12 -0.10 0.72 * 0.54 

RCPMT -0.06 0.09 0.81 * 0.67 -0.04 0.10 0.82 * 0.67 

RMECM -0.11 0.18 0.68 0.51 0.07 0.02 0.71 0.51 

RMELM 0.05 0.82 * 0.03 0.67 0.80 * 0.01 0.15 0.67 

RMICM -0.13 -0.08 0.66 0.46 -0.19 0.01 0.66 0.46 
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Variable 
Code

1)
 

Before Varimax Rotation
2)

 After Varimax Rotation
2)

 

Factor1 Factor2 Factor3 Final Com-
munality 

CBI1: risk 
manage-
ment 

CBI2: risk 
assess-
ment 

CBI3: risk 
commun-
ication 

Final Com-
munality 

RMILM 0.29 0.91 * -0.08 0.91 0.93 * 0.23 0.02 0.91 

RMIOP -0.19 0.21 0.59 0.43 0.10 -0.08 0.64 0.43 

RMNML 0.22 0.78 * -0.09 0.67 0.80 * 0.16 0.00 0.67 

RMWAS -0.18 -0.20 0.15 0.10 -0.23 -0.14 0.15 0.10 
Variance 
explained 73.27 18.59 8.14 

 
21.86 78.13 11.98 

 Note: 
1) The full list of variables is given in Appendix 7.1a 
2) Values flagged with an asterisk (*) are common factor loading for each particular factor 
Source: Result of primary data analysis 

 

 

As shown in Table 7.1, as expected, final communalities before and after 

rotation remained similar. Before rotation, variables associated with one 

particular component of risk analysis loaded high on different factors. For 

example, some variables associated with risk assessment (coded with RA) 

loaded high on Factor 1, while the remaining variables on Factor 2 and factor 3. 

The pattern was also similar for variables of risk management (coded with RM) 

and risk communication (coded with RC). These patterns made assigning a 

particular meaning to the factors difficult. Rotation changed factor loading in 

such a way that most variables associated with risk management loaded high 

on Factor 1, most variable associated with risk assessment loaded high on 

Factor 2, and most variables associated with risk communication loaded high on 

Factor 3. While the dimension of the data was much reduced, the underlying 

concept was retained within the resulting new data pattern, i.e. Factor 1, Factor 

2, and Factor 3 representing risk management, risk assessment, and risk 

communication, respectively.  
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(a) (b) (c) 

   
(d) (e) (f) 

Figure 7.3. Plots of factor patterns of 21 community biosecurity variables: upper 
row (a, b, c, and d) before varimax rotation and lower row (d, e, and 
f) after varimax rotation between: Factor 1 and Factor 2 (left column, 
a and d), Factor 1 and Factor 3 (central column, b and e), and 
Factor 2 and Factor 3 (right column, c and f). The rotation moves 
the position of variables (red circles) closer toward either one of the 
two axes. 

Source: Result of primary data analysis 
 

 

Factor 2 explained most of variance in the dataset and to this factor was loaded 

highest with knowledge of budwood as means of disease transmission from 

diseased mother trees to grafted seedlings (RAGBD), grafted seedlings as 

means for disease spread (RAPDG), and grafted seedlings as important cause 

of mandarin decline (RAGCD). However, some variables of the same category 

did not load well on one factor. For example, ability to mention or describe HLB 

symptoms (RAMHL) and knowledge that pests and diseases could spread from 

one village to another (RAPDS) did not load on Factor 2, suggesting that these 

two variables were not important in predicting risk assessment of citrus 

biosecurity in the region. For risk management (Factor 1), similar accounts 

apply also to variables of requirement by the government for citrus growers to 

report incidence of pests and diseases (RMECM), provision of California 
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mixture by the government (RMICM), and agreement to carry out simultaneous 

joint action for effective control of pests and diseases (RMWAS). For risk 

communication, the variable requirement by the government for citrus growers 

to report incidence of pests and diseases (RCGAR) did not load high on Factor 

3. 

 

In addition to data reduction, i.e. the reduction of the large number of correlated 

variables into a smaller number of uncorrelated factors, exploratory factor 

analysis produced uncorrelated linear factor scores for use in the next level of 

analysis. In the case of variables analysed here, Factor 1, Factor 2, and Factor 

3 explained 22%, 78%, and 12% of variance, respectively, suggesting that 

Factor 2 alone was appropriate for use as a single-factor CBI. However, 

because the three factors were linearly structured in terms of their scores, a 

simple sum of scores of these three factors can also be used as a composite 

CBI. For this purpose, scores were produced for each sub-village and the 

resulting scores were rescaled within each factor to a maximum value of one so 

that each sub-village had an equal weight within the resulting composite index. 

The resulting factor scores and their rescaling to produce the composite index 

are presented in Appendix 7.1b.  

 

 

7.2.5. Summary 

Factor analysis retained 21 variables to form three distinct factors of biosecurity 

risk assessment, management, and communication. Most variables related to 

risk assessment loaded highly on Factor 2, whereas most variables related to 

risk management and risk communication loaded highly on Factor 1 and Factor 

3, respectively. Among these three factors, Factor 2 explained most variance in 

the dataset (78%), suggesting that this factor alone is appropriate for 

representing community biosecurity as a single factor measure. Use of this 

single-factor as a measure of community biosecurity has the advantage of use 

of only variables loaded high to this particular factor for explaining relationship 

with variables influencing community biosecurity. These high loading variables 

are knowledge of budwood as means of disease transmission from diseased 
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mother trees to grafted seedlings, grafted seedlings as means for spread of 

diseases, and grafted seedlings as an important cause of mandarin decline. In 

addition to this single-factor index, a composite index was also constructed by 

summing up the rescaled scores of these three factors. This composite index, 

despite lack of explanatory capacity, provided a one-for-all measure for 

community biosecurity encompassing risk assessment, management, and 

communication.  

 

 

7.3. Factors for Explaining Community Biosecurity 

7.3.1. Social Capital for Explaining Community Biosecurity 

7.3.1.1. Extraction of Factors and Construction of Indices of 

Social Capital 

The theory of social capital has now been applied in many disciplines, but its 

empirical measurement is still subject to debate. Part of the debate is due to the 

conceptualization of the theory as an attribute of individual, community, or 

region following the path taken by the founding fathers of the theory, i.e. 

Bourdieu, Coleman, and Putnam (Claridge, 2004; Winter, 2000). Despite many 

efforts already made to quantify social capital based on qualitative measures, 

the resulting measure remains qualitative in terms of measurement scale 

because of the use of scores for the analysis. The use of score in this case is 

just an extension of qualitative measurement because the measurement scale 

of scores is interval. An interval scale has its fundamental limitation with regard 

to mathematical operation and inferential statistical analysis. Only few social 

capital measurement use ratio scales, as presented in a review by Grootaert 

(2001), and of these few, most use secondary data. In this chapter, an effort 

was made to measure social capital at the community level, i.e. as an attribute 

of community, using percentage of households in the community engaging in a 

particular aspect of social capital or average number of a particular activity 

engaged by all households in the community. 

 

The questions in use for the measurement consisted of questions generated 

from topics and themes emerging from the in-depth interviews discussed earlier 
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in Chapter IV and Chapter VI. The detail of the methodology is described in 

Chapter III, whereas the summary of the variables and their measurement are 

presented along with the dataset in Appendix 7.2a. As with data of community 

biosecurity variables, data of social capital variables were subjected to 

exploratory factor analysis to reduce their dimension, assign meaning to the 

resulting factors, and produce scores for later analysis. First, the analysis was 

carried out by involving all variables (full results are available on request). The 

result indicated that four factors were sufficient, as shown in the scree plot as 

the inflection point before less steep decline (Figure 7.4). The significance test 

indicated that common factors existed among variables (p<0.01) and three 

factors were sufficient for summarizing all candidate variables (p<0.01). 

However, as shown by their low Kaiser’s MSA, some variables correlated poorly 

with the retained factors. As the remedial measure, variables with low 

correlation coefficients were dropped and the analysis was rerun with the same 

factoring method followed by varimax rotation.  

 

 
Figure 7.4. Scree Plot of the first ten eigenvalues resulting from factor analysis 

of candidate variables of social capital 
Source: Result of primary data analysis 
 

 

The result of analysis after dropping some variables (available on request)  

shows that all remaining variables are adequately represented, as shown by 

their Kaiser’s MSA values, by varying prior and final communality. These prior 

and final communalities indicate the proportion of total variation of a particular 

variable being involved in the data patterns as represented by the retained 
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factors before and after factoring, respectively. As shown in the table, change 

with regard to prior and final communality is negligible. The loading of each 

variable into each resulting factor after and before rotation is presented in Table 

7.2 and shown graphically for the first three factors in Figure 7.5. 

 

Table 7.2. Factor loading and final communality of 20 variables of social capital 
before and after rotation 

Variable 
Code 

1)
 

Before Varimax Rotation 
2)
 After Varimax Rotation 

2)
 

Factor1 Factor2 Factor3 Factor 4 Final 
Com-
munality 

SC1: 
network 
and 
engage-
ment 

SC2: 
Recipro-
city, ex-
change, 
and trust 

SC3: 
Connect-
edness 
and group 
relations 

SC4: 
personal 
relations 
and 
decision 
making 

Final 
Com-
munality 

EDCHG 0.26144 0.76677 -0.33701 0.17334 0.79991 0.87457 * -0.02844 -0.16853 -0.07635 0.26144 

EDFRE 0.37499 0.11454 -0.17406 0.51209 * 0.44628 0.39995 0.34618 -0.13503 0.38503 0.37499 

EDIMP 0.32647 0.81448 * 0.12535 -0.05178 0.78834 0.72842 * 0.18518 0.05339 -0.46969 0.32647 

GNCNT 0.25078 0.46942 0.14856 -0.36798 0.44072 0.29486 0.08950 -0.06968 -0.58388 0.25078 

GNDIG 0.20506 0.47783 0.48488 -0.10600 0.51671 0.29442 0.30926 0.28908 -0.50082 0.20506 

GNELD 0.33514 0.68534 * -0.06678 0.27565 0.66245 0.78166 * 0.21345 0.00002 -0.07677 0.33514 

GNFRD -0.74779 -0.17738 0.17277 0.35886 0.74927 -0.22774 -0.35649 0.64064 * 0.39988 -0.74779 

GNGOV -0.09619 0.30101 0.47746 0.37316 0.46707 0.24687 0.24572 0.58798 * 0.00518 -0.09619 

GNMEF -0.75302 0.43933 0.37463 0.06082 0.90409 0.15467 -0.43899 0.81094 * -0.17273 -0.75302 

GNMEG -0.70926 -0.39966 0.37563 -0.04730 0.80611 -0.60965 -0.31564 0.57364 * 0.07585 -0.70926 

GNNGJ 0.60345 * 0.00618 0.30351 0.15257 0.47959 0.09929 0.67617 * -0.07580 -0.08239 0.60345 

HCDIV 0.44118 0.72057 * 0.22449 -0.04978 0.76673 0.64356 * 0.34067 0.03910 -0.48474 0.44118 

HCTGT -0.24116 -0.32015 -0.20256 0.69901 * 0.69030 -0.03289 -0.02824 0.17317 0.81144 * -0.24116 

ICEXC 0.86453 * 0.14303 -0.15352 0.09991 0.80142 0.37519 0.60631 * -0.54004 -0.03743 0.86453 

ICMEA 0.46043 0.20410 0.26346 0.20816 0.36639 0.27386 0.53208 0.03860 -0.08244 0.46043 

JCPRI 0.24096 0.01132 -0.44891 0.15514 0.28378 0.23174 0.00200 -0.40015 0.26449 0.24096 

TSCTB 0.87651 * 0.07577 0.04430 -0.17781 0.80759 0.16969 0.64136 * -0.51797 -0.31489 0.87651 

TSENE 0.40652 -0.09291 -0.19997 -0.20451 0.25571 -0.01721 0.16339 -0.46637 -0.10591 0.40652 

TSGOV 0.07563 0.63050 * -0.06264 0.22312 0.45696 0.66195 * 0.00435 0.12194 -0.06244 0.07563 

TSNBR 0.87560 * -0.29111 0.29062 0.09912 0.94571 -0.12152 0.90884 * -0.32182 -0.03716 0.87560 

EDCHG 0.26144 0.76677 * -0.33701 0.17334 0.79991 0.87457 -0.02844 -0.16853 -0.07635 0.26144 
Variance 
explained 

57.20 25.84 10.36 6.61  23.70 38.93 25.98 11.38  

Note: 
1) The full list of variables is given in Table 6.4 
2) Values flagged with an asterisk (*) are high factor loading for each particular factor 
Source: Result of primary data analysis 
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(a) (b) (c) 

   
(d) (e) (f) 

Figure 7.5. Plots of factor patterns of the first three factors of 20 social capital 
variables: upper row (a, b, c, and d) before varimax rotation and 
lower row (d, e, and f) after varimax rotation between: Factor 1 and 
Factor 2 (left column, a and d), Factor 1 and Factor 3 (central 
column, b and e), and Factor 2 and Factor 3 (right column, c and f). 
The rotation moves the position of variables (red circles) only 
slightly closer toward either one of the two axes. 

Source: Result of primary data analysis 
 

 

As shown in Table 7.2, final communalities before and after rotation, as 

expected, were similar. Factor loading before and after rotation remained 

unchanged. After loading, variables of different characteristic were still loaded 

on a single factor. For Factor 1, variables loaded high included feeling of 

improved community life (EDCHG), role of local government in improving 

community life (EDIMP), having someone among community leaders to ask for 

help (GNELD), background of people most often contacted (HCDIC), and trust 

to local government (TSGOV). High loading on Factor 2 came from membership 

of local groups (GNNGJ), readiness to exchange information with members of 

community (ICEXC), willingness to contribute for the benefit of the community 

(TSCTB), and trust of neighbours (TSNBR). Factor 3 was loaded high by 

number of friends most often contacted (GNFRD), having someone among 
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district government officers to ask for help (GNGOV), frequency of interaction 

with friends (GNMEF), and frequency of attendance at group meetings 

(GNMEG). Frequency of getting together with members of community (HCTGT) 

was the only variable loaded high on Factor 4, but involvement in making 

decisions influencing community life (EDFRE) and number of close friends most 

often contacted (GNFRD) came next to this highest loaded variable. From these 

loading patterns, variables within Factor 1 appeared to reflect network and 

engagement. On the other hand, variables within Factor 2 appeared to 

represent reciprocity, exchange, and trust, while Factor 3 indicated 

connectedness and group relations. Factor 4 appeared to reflect personal 

relations and decision making. These patterns of factor loading differed from 

that obtained, for example, by Onyx & Bullen (2000a, 2000b) in their analysis of 

social capital in five communities in Australia. However, they are quite similar to 

that obtained by Pretty & Ward (2001) in their study regarding role of social 

capital on environmental management. In their analysis, environmental 

variables included some biosecurity variables. While the concern of first two 

authors was social capital in general, that of the latter authors was social capital 

in relation to issues  closer to community biosecurity. 

 

As with variables of community biosecurity discussed earlier, exploratory factor 

analysis was also used to produce uncorrelated linear factor scores of social 

capital for use in the next level of analysis. Accounting for 39% of variance in 

the dataset, Factor 2 was slightly higher than Factor 1, Factor 3, and Factor 4, 

which accounted for 24, 26, and 11% of the variance in the dataset, 

respectively. From this result, Factor 2 is not strong enough to represent social 

capital as a single factor index. As an alternative, a composite index of social 

capital called Social Capital Index (SCI) was calculated by summing the 

rescaled factor scores. The resulting factor scores and their rescaling to 

produce a single factor and composite SCI are presented in Appendix 7.2b.  
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7.3.1.2. Regression Analysis between Social Capital and 

Community Biosecurity 

Data analysis described in Section 7.2 indicated that the single-factor score for 

risk assessment was sufficient for representing community biosecurity in the 

highlands of West Timor. On the other hand, data analysis described in Section 

7.3.1 showed that the single factor-score of reciprocity, exchange, and trust was 

slightly better than other factors of social capital. The composite index of 

community biosecurity and social capital was also constructed. The single-

factor and composite indices of social capital, together with other factors that 

explained slightly less variance, were used to explain community biosecurity by 

means of regression analysis.  

 

This analysis technique has been used for explaining the role of social capital in 

diverse development sectors by many authors. For example, in explaining 

household welfare and poverty in Bolivia, Burkina Faso, and Indonesia by 

Grootaert (2001), community-driven rural and urban development in Indonesia 

by Beard &Dasgupta (2006), and most recently, in predicting self-evaluated 

health in Taiwan by Yang, Kuo, Lai, et al. (2011). Use of regression analysis to 

explain social factors influencing plant biosecurity has never been done, but has 

been commonly used in various areas of pest and disease management to 

explain influences of physical and biological factors. For example, Coakley, 

Scherm, & Chakraborty (1999) used regression analysis to explain the influence 

of climate change on plant disease management. Similarly, Jeger (2004) used 

regression analysis to explain factors influencing disease management 

practices and Savary, Willocquet, Elazegui, et al. (2000) used it to find factors 

influencing yield loss caused by pests in a range of production situations. 

Finally, Fergusona, Klukowskia, Walczaka et al. (2003) also used regression 

analysis to explain spatial distribution of pest insects in oilseed rape. In applying 

regression analysis to social capital, most authors used secondary data, and 

the social capital data in use were mostly scores. In this work, primary data in 

the form of ratios were used for both the dependent and the independent 

variables of the regression analysis. 
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Regression analysis is a quantitative analysis technique for predicting values of 

the dependent variables based on observed values of the dependent variables 

(Chatterjee & Hadi, 2006; Kleinbaum et al., 2008). It differs from correlation 

analysis that only examines relationships (J. Cohen, 2003). It also differs from 

EFA that only infer the relationship from the resulting factor loading. In this 

section, indices and factors of social capital were regressed against the single-

factor and composite indices of community biosecurity to obtain significant 

explanatory factors. Because of its ability to account for a large portion of 

variance, the single-factor index of risk assessment was first examined as the 

dependent variables before examining use of the composite index. As 

independent variables, the single-factor index, the composite index, and the 

factors that explained less variance were used as the regressors, both to the 

single factor index and to the composite index of community biosecurity. Before 

running each analysis, data were first plotted to examine the presence of 

outliers to be excluded from the dataset prior to analysis. Results of these 

analyses are given in Table 7.3 (full results are available on request) 

 

Table 7.3. Summary of regression analysis between community biosecurity and 
social capital 

Model 
1)

 n 
2)

 Calc. 
Stat. 

3)
 
Model Sig-
nificance

4)
 

Parameter values 
5)

 Calc. 
Stat.

6)
 
Parameter 
significance

4)
 
Partial 
R

2 7)
 

Model 
R

2 8)
 

CBI2 vs SCI2 50 0.96 0.3325 ns Intercept 0.29476 3.24 0.0022 ***   

SCI2 0.13477 0.98 0.3325 ns 0.0196 na 

CBI2 vs SCI1, SCI2, 
SCI3, and SCI4 

50 7.75 0.0077 *** Intercept 0.23401 15.20 0.0003 ***   

SCI4 0.45925 7.75 0.0077 *** 0.1389 0.1389 

CBI2 vs SCI 50 3.60 0.0639 * Intercept 0.05858 0.34 0.7339 ns   

SCI 0.14709 1.90 0.0639 * 0.0697 na 

CBI vs CBI2 50 9.66 0.0032 *** Intercept 0.56783 3.94 0.0003 ***   

SCI2 0.67775 3.11 0.0032 *** 0.1675 na 

CBI vs SCI1, SCI2, 
SCI3, and SCI4 

50 9.66 0.0032 *** Intercept 0.56783 15.52 0.0003 ***   

SCI2 0.67775 9.66 0.0032 *** 0.1675 0.1675 

CBI vs SCI 50 2.76 0.1032 ns Intercept 0.50149 1.69 0.0978 *   

SCI 0.22327 1.66 0.1032 ns 0.0544 na 

Notes: 
1) Refer to Appendix 7.1a, Appendix 7.2a, Table 7.1, and Table 7.2 for codes used in the 

model 
2) Number of observations after outliers, when present, was dropped 
3) Calculated statistic for Pr> F 
4) Value flagged with single asterisk (*) was significant at 0.10, flagged with double asterisk 

(**) at 0.05, and flagged with triple asterisk (**) at 0.01 levels 

5) Based on general linear model Y =  + X1 + X2 + ... + Xn + , where Y=either CBI2 or 

CBI, X=variable, =intercept, , , ..., =regression parameters, =random error 
6) Calculated statistic for Pr> | t | for the simple linear model or for Pr> F for the multiple linear 

model 
7) Variance accounted for each time a variable entered the model 
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Table 7.3 (continued) 
8) Accumulated variance accounted for after a variable entered the model, na=not applicable 

for the simple linear model 
Source: Result of primary data analysis 

 

 

As shown in Table 7.3, the single factor index (CBI2) of risk assessment was 

not significantly explained by the single-factor index of reciprocity, exchange, 

and trust (SCI2) of social capital (p>0.10). However, the single factor index 

(CBI2) of risk assessment was significantly explained by the factor of personal 

relation and decision-making (SCI4) as part of the multi-factor variables 

(p<0.01) and by the composite social capital index (SCI) (p<0.10). On the other 

hand, community biosecurity as a composite index (CBI) was significantly 

explained by the single-factor social capital index of reciprocity, exchange, and 

trust (SCI2) (p<0.01) and by the same factor (SCI2) as part of multi-factor 

variables (p<0.01), but not by the composite index of social capital (SCI) 

(p>0.10). Network and engagement (SCI1), reciprocity, exchange, and trust 

(SCI2), and connectedness and group relation (SCI3) failed to explain the 

single-factor risk assessment (CBI2) of community biosecurity. These factors 

also failed to explain the composite index of community biosecurity (CBI). 

Failure of social capital to provide a coherent explanation of both the single-

factor index and the composite index of community biosecurity could be 

attributed to two reasons. The fact that each factor of social capital variables 

accounted for almost similar portion of variance in the dataset suggests that 

each variable does not have enough differentiating ability in terms of explaining 

the total variance in the dataset. The failure could be because additional factors 

are required for social capital to provide a better explanation of community 

biosecurity. 

 

The social capital factor of personal relations and decision-making (SCI4) was 

not the factor explaining the most variance in the dataset. The variance in the 

dataset accounted for was less than that accounted for by other factors, but the 

difference was small. This small difference explained its ability to appear as a 

significant explaining factor when regressed against risk assessment of 

community biosecurity (CBI2) in combination with other factors. As shown in 
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Table 6.1, knowledge of budwood as a means of disease transmission from 

diseased mother trees to grafted seedlings (RAGBD), grafted seedlings as a 

means for spread of diseases (RAPDG), and grafted seedlings as an important 

cause of mandarin decline (RAGCD) were variables that loaded high on risk 

assessment as the single-factor index of community biosecurity. The disease 

most likely to get transmitted through budwood and spread by means of grafted 

seedling is HLB. Because the disease is not recognized by the local 

governments, the only way for nursery owners and citrus growers to know that 

budwood could transmit HLB, grafted seedlings could spread diseases, and 

grafted seedlings causes mandarin decline is through personal contacts. 

Knowledge acquired through such personal contacts determines the decision 

growers and nursery owners could make regarding what to do to their diseased 

trees and to grafted seedlings distributed by the government. 

 

Reciprocity, exchange, and trust appear as a significant factor in explaining 

community biosecurity as a composite index. This composite biosecurity index 

obtained high combined loads from variables of ability to mention Diahorina citri 

(RAMDC), effectiveness of California mixture (RMELM), and government 

responses to reports regarding pests and diseases (RCGRA) (Appendix 7.1c). 

This suggests that reciprocity, exchange, and trust explain the most variance in 

these variables. As with HLB, its vector Diaphorina citri was also not widely 

known. On the other hand, California mixture, despite having been distributed 

for free by the local governments to control the officially recognized diplodia rot, 

was received only by few growers. In responding to reports regarding pests and 

diseases, most growers considered the local governments as not responsive. 

With these variables loaded high, it became clear that the composite index of 

reciprocity, exchange, and trust could explain the composite index of community 

biosecurity. Because Diaphorina citri was not widely known, growers depended 

on others to be able to identify the insect. Because only few growers received 

California mixture, growers who received it had to share the mixture with other 

growers who did not receive any. These relations are possible because 

reciprocity and exchange were highly valued in the local community (Ataupah, 

1992; Ormeling, 1955). These reciprocity and exchange are only possible 
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because of trust. As trust continues to changes, reciprocity and exchange are 

also dynamic. In the past, citrus growers used to report pests and diseases to 

the local governments. When such reports did not receive the expected 

responses, growers are not willing to do the reporting anymore. 

 

As already indicated by its factor loading, community biosecurity was in fact a 

complex phenomenon. To explain this complex phenomenon, use of a single 

factor such as social capital was inadequate, no matter that the latter is also a 

complex phenomenon. In shaping community biosecurity, it is possible that 

social capital has its influence only in combination with other capitals. Based on 

their work in Bali, Falk & Surata (2007) have showed that social capital 

functions through close relationships with other capitals. Similarly, Flora (2008) 

argues that in addition to social capital, other capitals determine the capacity of 

local communities to arrive at a practical problem solution.  

 

To check whether this was also the case with community biosecurity in the 

highlands of West Timor, community biosecurity was regressed using the 

multiple regression method against other forms of capitals in addition to social 

capital. The data for this analysis consisted of three sets: the household 

characteristics, the mandarin cultivation characteristics, and the community 

characteristics. First, factor analysis was carried out on each dataset to find out 

whether or not a single factor could be used to represent each dataset. This 

was followed with conducting multiple regression analysis between either the 

single factor or the composite index of community biosecurity and factors 

resulting from each dataset in addition to those of social capital. Finally, 

community biosecurity was regressed with the combination of factors resulting 

from all three datasets in addition to those of social capital. The results are 

discussed in Section 7.3.2. 

 

7.3.2. Other Factors for Explaining Community Biosecurity 

7.3.2.1. Household Characteristics as an Additional Factor 

Household characteristics have been found by various authors to be factors 

influencing many aspects of social-ecological systems. For example, Krishna & 
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Uphoff (1999) have found these characteristics to be factors influencing 

community participation in collective action for conserving and developing 

watersheds in India. In another example, Berkes & Jolly (2001) argued that 

various household characteristics determined the adaptive capacity of a 

Canadian Western Arctic community with respect to climate change. More 

recently, Abel, Cumming & Anderies (2006) have found in their case study in 

Australia and Zimbabwe that the patterns of change and relative importance of 

household investment in natural, human, social, and physical capitals and 

access to financial capital during reorganization varied widely. However, the 

importation of resources from broader scales is often a key to recovery for local 

communities in coping with collapse of a social-ecological system.  

 

To test whether the addition of household characteristics will improve social 

capital factors and indices in explaining community biosecurity, factor analysis 

was first carried out on variables of household characteristics. The resulting 

factors were then added to social capital indices and factors and both were then 

regressed against either the single-factor or the composite index of community 

biosecurity. The list of variables and the dataset of household characteristics in 

use are presented in Appendix 7.3. The results of factor analysis (available on 

request) indicated that two factors were sufficient, as shown in the scree plot as 

the ceased drop toward less steep decline (Figure 7.6). However, due to their 

low Kaiser’s MSA values, variables with low values were removed, the data 

were again subjected to the same analysis. The latter result (available on 

request) suggested that elimination of such variables resulted in better Kaiser’s 

MSA and improved final communality (as could be seen in the latter two 

appendices). This result also showed that factors existed in the data (p<0.05) 

and two factors were sufficient for representing the data (p<0.05). To obtain a 

more easily understood pattern of factor loading, the resulting factors were 

rotated using a varimax orthogonal rotation. Variable loading on these two 

factors before and after rotation is presented in Table 7.4 and the patterns of 

the position of variables after and before varimax rotation is shown in Figure 

7.7. 
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Figure 7.6. Scree Plot of the first ten eigenvalues resulting from factor analysis 

of candidate variables of household characteristics 
Source: Result of primary data analysis 
 

Table 7.4. Factor loading and final communality of five variables of household 
characteristics before and after rotation 

Variable Before varimax rotation After varimax rotation 

  Factor1 Factor2 Final Com-
munality 

HC1: primary 
source of 
cash income 

HC2: 
household 
food security 

Final Com-
munality 

HCFCP 0.44943 0.27210 0.27603 0.32698 0.41123 * 0.27603 

HCICA -0.13678 0.17254 0.04848 -0.18818 0.11430 0.04848 

HCNAS 1.00000 * 0.00000 1.00000 0.93777 * 0.34725 1.00000 

HCSIZ -0.13491 -0.30809 0.11312 -0.01953 -0.33577 0.11312 

HCWAG 0.19636 0.62496 * 0.42913 -0.03287 0.65426 * 0.42913 

Variance 
explained 

29.48719 70.51281 *   14.27496 85.72504 *   

Notes: 
1) The full list of variables is given in Appendix 7.3a 
2) Values flagged with asterisk (*) are high factor loading for each particular factor 
Source: Result of primary data analysis 

 

 

As shown in Table 7.4, Factor 1 explained only 14% whereas Factor 2 

explained 86% of variance in the dataset. Factor 1 had only one variable loaded 

high, namely domestic animal as the primary source of household income 

(HCNAS), whereas Factor 2 had two variables, namely amount calories 

produced from food crop cultivated by the household (HCFCP) and ages of 

wives (HCWAG). From this factor-loading pattern, Factor 1 can be interpreted 

as representing the primary source of cash income for the household, whereas 

Factor 2 as representing the household food security. This latter factor 

confirmed that, as found five decades earlier by Ormeling (1955), women in 

West Timor still play a vital role in household food security. In this case, age 

determines their ability to fulfil this role. This result also indicated that by 
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explaining a large amount of variance in the dataset, Factor 2 served as a 

single-factor index for household characteristics. However, for later testing, a 

composite index was also calculated by summing the rescaled scores of both 

factors. The resulting factors scores are presented in Appendix 7.3d. 

 

  
(a) (b) 

Figure 7.7. Plots of factor patterns of the two factors of five variables of 
household characteristics: (a) before varimax rotation and (b) after 
varimax rotation. The rotation moves the position of variables (red 
circles) closer toward Factor 2 than Factor 1. 

Source: Result of primary data analysis 
 

 

To test household characteristics as an additional factor influencing community 

biosecurity, the single-factor index, the composite index, and all factors of 

household characteristics were added to those of social capital in the regression 

analysis against the single-factor and the composite indices of community 

biosecurity. The regression was carried out using the stepwise selection 

technique. Results of these regression analyses are given in Table 7.5 (full 

results are available on request). 
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Table 7.5. Summary of regression analysis between community biosecurity and 
social capital and household characteristics 

Model 
1)

 n 
2)

 Calc. 
Stat. 

3)
 
Model Sig-
nificance

4)
 

Parameter values 
5)

 Calc. 
Stat.

6)
 
Parameter 
significance

4)
 
Partial 
R

2 7)
 

Model 
R

2 8)
 

CBI2 vs SCI2 and 
HC2 

50 nms                   

CBI2 vs SCI1, SCI2, 
SCI3, SCI4, HC1, 
and HC2 

50 6.54 0.0009 *** Intercept -0.09290 0.58 0.4494 ns     

SCI2 0.21847 3.23 0.0788 * 0.0493 0.2989 

SCI4 0.37464 5.84 0.0197 ** 0.0910 0.2497 

HC1 0.51387 9.04 0.0043 *** 0.1587 0.1587 

CBI2 vs SCI and HC 50 3.67 0.0330 ** Intercept -0.11410 0.36 0.5519 ns     

SCI 0.13238 3.04 0.0880 * 0.0559 0.1351 

HC 0.19227 3.55 0.0656 * 0.0793 0.0793 

CBI vs SCI2 and 
HC2 

50 9.66 0.0032 *** Intercept 0.56783 15.52 0.0003 ***     

SCI2 0.67775 9.66 0.0032 *** 0.1675 0.1675 

CBI vs SCI1, SCI2, 
SCI3, SCI4, HC1, 
and HC2 

50 6.85 0.0025 ** Intercept 0.27651 1.75 0.1928 ns     

SCI2 0.76146 12.29 0.0010 *** 0.1675 0.1675 

HC1 0.56346 3.53 0.0010 *** 0.0582 0.2256 

CBI vs SCI and HC 50 2.76 0.1032 ns Intercept 0.50149 2.85 0.0978 *     

SCI 0.22327 2.76 0.1032 ns 0.0544 0.0544 

Notes: 
1) Refer to Appendix 7.1a, Appendix 7.3a, Table 7.1, and Table 7.4 for codes used in the 

model 
2) Number of observations after outliers, when present, was dropped 
3) Calculated statistic for Pr> F, nms=no variable met the significance level for entry into the 

model 
4) Value flagged with single asterisk (*) was significant at 0.10, flagged with double asterisk 

(**) significant at 0.05, and flagged with triple asterisk (**) significant at 0.01 levels 

5) Based on general linear model Y =  + X1 + X2 + ... + Xn + , where Y=either CBI2 or 

CBI, X=variable, =intercept, , , ..., =regression parameters, =random error 
6) Calculated statistic for Pr> | t | for the simple linear model or for Pr> F for the multiple linear 

model 
7) Variance accounted for each time a variable entered the model 
8) Accumulated variance accounted for after a variable entered the model 
Source: Result of primary data analysis 

 

 

As shown in Table 7.5, adding household characteristics into the models did not 

contribute greatly to making social capital a better single-factor index for 

explaining the single-factor community biosecurity of risk assessment (CBI2). 

Against this single-factor community biosecurity index, the single-factor social 

capital of reciprocity, exchange, and trust (SCI2) and the most variance-

explaining factor of household food security (HC2) did enter into the model. 

Instead, reciprocity, exchange, and trust together with personal relations and 

decision-making (SCI4) and household primary source of cash income (HC1), 

each as part of multiple variables, significantly explained this single-factor 

community biosecurity index. This suggested that to explain community 

biosecurity as the single-factor index of risk assessment, the social capital 

reciprocity, exchange, and trust (SCI2) needed personal relations and decision 
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making (SCI4) in addition of household primary source of cash income (HC1) 

into the model. On the other hand, in explaining community biosecurity as a 

composite index, household food security did not add to reciprocity, exchange, 

and trust as the only significant factor. Nor did factors of household 

characteristics add to the composite index of social capital. Household 

characteristics did add to reciprocity, exchange, and trust as part of multiple 

variables, but in the form of primary source of household cash income (HC1) 

instead of in the form of household food security (HC2). 

 

Cash income indicates market orientation and according to Van Huis & 

Meerman (1997), market oriented growers are likely to be more aware of pest 

and disease issues than subsistent farmers. In West Timor, farmers engaging 

mandarin cultivation are more market oriented than those focusing on swidden 

agriculture (Suek et al., 1998). In fact, for poor farmers in many developing 

countries, mandarin provides five times more cash income than any other single 

crop (Shrestha et al., 2007). For these market oriented mandarin growers, 

reciprocity, exchange, and trust became important only within the context of 

personal relations, including those for business purposes, based on which 

decisions are most likely to be made. However, for explaining community 

biosecurity index as a composite index (CBI), reciprocity, exchange, and trust 

did not need personal relations and decision-making. This composite index was 

defined by variables different from those explaining the single factor index. The 

single factor index was largely defined by knowledge of budwood as a means of 

disease transmission from diseased mother trees to grafted seedlings 

(RAGBD), grafted seedlings as means for spread of diseases (RAPDG), and 

grafted seedlings as an important cause of mandarin decline (RAGCD). On the 

other hand, the composite index was defined largely by ability to mention 

Diahorina citri (RAMDC), effectiveness of California mixture (RMELM), and 

government responses (RCGRA). For the first three variables, personal network 

beyond the community boundary is certainly needed. For the last three, 

however, reciprocity, exchange, and trust are sufficient. 
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7.3.2.2. Mandarin Cultivation Characteristics as an Additional 

Factor 

Mandarin cultivation characteristics reflect current policy of the local 

government with regard to promoting Keprok Soe mandarin as a recently 

recognized national cultivar. Core to this policy is the replacement of seeds with 

grafted seedlings as the planting material. For implementing this policy, the 

local governments provided direct financial support to nursery owners and to 

farmers who are willing to become members of farmer groups set up by the 

government. The government also distributed grafted seedlings for planting by 

individual farmers. However, some farmers refused to join the farmers groups 

and others refused to plant the grafted seedlings distributed by the government. 

These mandarin cultivation characteristics therefore reflect not only political 

capital but also human, natural, and financial capital of the community. For 

example, the decision by mandarin growers to apply a particular pesticide in the 

Mekong Delta, Vietnam, depend on farmer level education, source of 

information regarding the pesticide and the target pest, and the perceived profit 

they could obtain from their mandarin trees (van Mele, Hai, Thas, & van Huis, 

2002).  

 

To test that these mandarin characteristics can add to social capital in 

explaining community biosecurity, factors and indices of mandarin 

characteristics were added to those of social capital for regression against the 

single-factor index and the composite index of community biosecurity. For this 

analysis, the list of variables and the dataset of mandarin characteristics are 

presented in full in Appendix 7.4. The result of factor analysis (available on 

request) indicated that two factors were sufficient, as shown in the scree plot as 

the ceased drop toward less steep decline (Figure 7.8). However, due to their 

low Kaiser’s MSA values, some variables were dropped, and the remaining 

variables were subject to the same analysis. This later result (available on 

request) suggested that variables elimination resulted in better Kaiser’s MSA 

and improved final communality (as shown in the latter two appendices). This 

result also showed that factors were significant (p<0.05) and two factors were 

sufficient for representing the data (p<0.05). To obtain a more easily understood 
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pattern of factor loading, the resulting factors were rotated using a varimax 

orthogonal rotation. Variable loading on these two factors before and after 

rotation is presented in Table 7.6 and the position of variables in relation to the 

two factors is shown in Figure 7.9. 

 

 
Figure 7.8. Scree Plot of the first ten eigenvalues resulting from factor analysis 

of candidate variables of mandarin cultivation characteristics 
Source: Result of primary data analysis 
 

 

Table 7.6. Factor loading and final communality of 10 variables of mandarin 
cultivation characteristics before and after rotation 

Variable Before varimax rotation After varimax rotation 

Factor1 Factor2 Final 
Communality 

MC1: 
Cropping 
pattern, 
watering, 
sanitation 

MC2: Disease 
incidence and 
proper crop 
maintenance 

Final 
Communality 

MCBLD 0.16656 0.61709 0.40855 0.35820 0.52938 * 0.40855 

MCCAC 0.53406 0.38972 0.43710 0.63177 * 0.19485 0.43710 

MCCBT 0.57095 0.49898 0.57497 0.70220* 0.28617 0.57497 

MCCWP 0.17900 0.35063 0.15498 0.28330 0.27336 0.15498 

MCDNT -0.03574 0.35299 0.12588 0.08101 0.34542 * 0.12588 

MCMAC 0.21806 0.92145 0.89663 0.50588 0.80045 * 0.89663 

MCNBT -0.17805 0.69313 0.51212 0.05705 0.71335 * 0.51212 

MCNNT -0.16493 0.51090 0.28823 0.01019 0.53677 * 0.28823 

MCPCC 1.00000 0.00000 1.00000 0.94564 * -0.32522 1.00000 

MCWAT 0.41318 0.57982 0.50690 0.57929 * 0.41392 0.50690 

Variance 
explained 

15.86739 84.13261   37.41502 62.58498   

Notes: 
1) The full list of variables is given in Appendix 7.4a 
2) Values flagged with asterisk (*) are high factor loading for each particular factor 
Source: Result of primary data analysis 
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(a) (b) 

Figure 7.9. Plots of factor patterns of the two factors of 10 variables of mandarin 
cultivation characteristics: (a) before varimax rotation and (b) after 
varimax rotation. The rotation repositions variables (red circles), but 
neither closer toward Factor 1 nor toward Factor 2. 

Source: Result of primary data analysis 
 

 

Table 7.6 shows that rotation did not change the final communality. Factor 1 

explained 37% and Factor 2 63% of variance in the dataset. Factor 2 was 

therefore appropriate for representing the dataset. Four variables loaded high 

on Factor 1, namely corralling animals on citrus trees to obtain manure 

(MCCAC), cutting dead mandarin branches and trees to reduce amount of 

inoculums (MCCBT), mixed-cropping mandarins with other annual and 

perennial crops (MCPCC), and watering young trees during the peak of the dry 

season when water was available (MCWAT). On the other hand, variables 

loaded high on Factor 2 included burning litter and debris along with cut dead 

trunks and branches (MCBLD), clearing weeds and pruning trees (MCCWP), 

applying manure whenever available (MCMAC), number of living non-bearing 

trees (MCNNT), number of dead non-bearing trees (MCDNT), and number of 

total dead and living bearing trees (MCNBT). This loading pattern showed that 

rotation did not delineate variables well. Two variables related to each other in 

terms of providing manure (MCMAC and MCCAC) loaded into different factors. 

Nevertheless, the resulting pattern indicated that Factor 1 related to  cropping 

pattern, sanitation, and watering, whereas Factor 2 dealt with disease incidence 

and crop maintenance. 

 

Factors and indices of mandarin cultivation characteristics were also added to 

factors and indices of social capital for explaining community biosecurity. 
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Results of multiple regression analysis with adding factors and indices of 

mandarin cultivation characteristics are presented in full in Appendix 7.4e and in 

summary in Table 7.7. 

 

Table 7.7. Summary of regression analysis between community biosecurity and 
social capital and mandarin cultivation characteristics 

Model 
1)

 n 
2)

 Calc. 
Stat. 

3)
 
Model Sig-
nificance

4)
 

Parameter values 
5)

 Calc. 
Stat.

6)
 
Parameter 
significance

4)
 
Partial 
R

2 7)
 

Model 
R

2 8)
 

CBI2 vs SCI2 and 
MC2 

50 5.90 0.0189 ** Intercept 0.25162 17.28 0.0001 ***   

MC2 0.28791 5.90 0.0001 *** 0.1095 0.1095 

CBI2 vs SCI1, SCI2, 
SCI3, SCI4, MC1, 
and MC2 

50 7.67 0.0003 *** Intercept -0.10332 0.68 0.4132 ns   

SCI4 0.56874 14.11 0.0005 *** 0.1389 0.1389 

MC1 0.33104 2.57 0.1155 ns 0.0373 0.3333 

MC2 0.35701 11.29 0.0016 *** 0.1571 0.2960 

CBI2 vs SCI and 
MC 

50 5.30 0.0084 *** Intercept -0.14284 0.63 0.4318 ns   

SCI 0.13219 3.22 0.0790 * 0.0560 0.1840 

MC 0.26538 6.58 0.0135 ** 0.1281 0.1281 

CBI vs SCI2 and 
MC2 

50 16.16 <.0001 *** Intercept 0.43848 12.03 0.0011 ***   

SCI2 0.31718 2.43 0.1257 ns 0.0306 0.4075 

MC2 0.80205 19.04 <.0001 *** 0.3769 0.3769 

CBI vs SCI1, SCI2, 
SCI3, SCI4, MC1, 
and MC2 

50 16.16 <.0001 *** Intercept 0.43848 12.03 0.0011 ***   

SCI2 0.31718 2.43 0.1257 ns 0.0306 0.4075 

MC2 0.80205 19.04 <.0001 *** 0.3769 0.3769 

CBI vs SCI and MC 50 12.53 <.0001 *** Intercept -0.05329 0.04 0.8482 ns   

SCI 0.18224 2.59 0.1140 ns 0.0360 0.3477 

MC 0.73093 21.14 <.0001 *** 0.3118 0.3118 

Notes: 
1) Refer to Appendix 7.1a, Appendix 7.4a, Table 7.1, and Table 7.6 for codes used in the 

model 
2) Number of observations after outliers, when present, was dropped 
3) Calculated statistic for Pr> F 
4) Value flagged with single asterisk (*) was significant at 0.10, flagged with double asterisk 

(**) significant at 0.05, and flagged with triple asterisk (**) significant at 0.01 levels 

5) Based on general linear model Y =  + X1 + X2 + ... + Xn + , where Y=either CBI2 or 

CBI, X=variable, =intercept, , , ..., =regression parameters, =random error 
6) Calculated statistic for Pr> | t | for the simple linear model or for Pr> F for the multiple linear 

model 
7) Variance accounted for each time a variable entered the model 
8) Accumulated variance accounted for after a variable entered the model 
Source: Result of primary data analysis 

 

 

As shown in Table 7.7, the addition of the single factor of mandarin cultivation 

characteristics (MC2) caused the removal of the single factor of social capital 

(SC2) in the model for explaining the single-factor index of community 

biosecurity (CBI2). Instead, the single factor of mandarin cultivation 

characteristics (MC2) was the only factor that significantly explained this index 

of community biosecurity (CBI2). When the multi-factor variables were added, 

both factors of mandarin cultivation characteristics (MC1: cropping pattern, 
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watering, sanitation and MC2: disease incidence and proper maintenance) 

prevented the single factor of social capital (SC2) from staying in the model for 

explaining the single-factor index community biosecurity (CBI2). Instead, these 

two factors of mandarin cultivation characteristics were added with the personal 

relations and decision making of social capital multi-factor variables (SC4). To 

explain the single-factor index of community biosecurity, the composite index of 

mandarin cultivation was added to the composite index of social capital. On the 

other hand, to explain the composite index of community biosecurity, the single 

factor mandarin cultivation was added to the single factor of social capital, when 

regressed both as a single factor and as multi-factor variables. The composite 

index of mandarin cultivation characteristics was also added to the composite 

index of social capital. As with the addition of household characteristics, the 

addition of mandarin cultivation characteristics did not result in social capital 

providing a consistent explanation of community biosecurity as was the case for 

both the single factor and the composite index. This happened because the 

single factor and the composite index of biosecurity had different factor loading 

patterns. This inconsistent explanation may also indicate the need for adding 

other factors into the model. 

 

Disease incidence and crop maintenance did not add to reciprocity, exchange, 

and trust in explaining biosecurity risk assessment. However, this disease 

incidence and crop maintenance factor added to personal relations and 

decision-making in the presence of cropping patterns, watering, and sanitation. 

As mentioned previously earlier, knowledge of budwood as a means of disease 

transmission from diseased mother trees to grafted seedlings (RAGBD), grafted 

seedlings as a means for spreading diseases (RAPDG), and grafted seedlings 

as an important cause of mandarin decline (RAGCD) determined most of the 

capacity of the community to assess biosecurity risk. To have this capacity 

requires more than just reciprocity, exchange, and trust within the community 

itself, but also requires personal relations with outsiders and ability to make 

decisions. This capacity was determined by cropping pattern because those 

who knew the means of disease spread would refuse to accept the distributed 

grafted seedlings and planted mandarins in the traditional way directly from 
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seeds along with annual and perennial crops. Disease incidence and crop 

maintenance were added to determine this capacity as self-explaining evidence 

for those growers who had built extensive personal relations allowing them to 

obtain knowledge regarding disease spread. This knowledge provides the basis 

for decision-making regarding cropping pattern, watering, and sanitation. On the 

other hand, the composite index of mandarin cultivation characteristics added to 

the composite index of social capital explained this knowledge. Being composite 

in their nature, these indices summarize all these factors in a single index. 

 

Table 7.7 also shows that in explaining the composite index, the single-factor 

mandarin cultivation characteristics of disease incidence and crop maintenance 

were added to the social capital single factor index of reciprocity, exchange, and 

trust. The single factor index was largely defined by knowledge of budwood as a 

means of disease transmission from diseased mother trees to grafted seedlings 

(RAGBD), grafted seedlings as a means for spread of diseases (RAPDG), and 

grafted seedlings as an important cause of mandarin decline (RAGCD). On the 

other hand, the composite index was defined largely by ability to mention 

Diaphorina citri (RAMDC), effectiveness of California mixture (RMELM), and 

government responses to reports regarding the presence of pests and diseases 

(RCGRA). The single factor of disease incidence and crop maintenance is 

additive to the single factor of reciprocity, exchange, and trust because the 

vector has been recognized by the government, allowing members of the 

community to share knowledge about this insect. Similarly, the distribution of 

California mixture by the government and responses of the local government 

reports regarding pests and disease are also shared on the basis of trust. For 

the single factor index determined mostly by the first three variables, personal 

network beyond the community boundary is certainly needed. Similar 

explanation applied also to the significance of the single factor index of disease 

incidence and crop maintenance as being additive to the single factor social 

capital for explaining the composite index of community biosecurity. 

 

 



336 

 

7.3.2.3. Community Characteristics as an Additional Factor 

Investments in roads, electricity, telecommunications and other infrastructure 

services are crucial for stimulating growth in agricultural and rural areas. 

According to Rasul & Thapa (2003), the change from shifting to permanent 

cultivation does not take place automatically with increasing population 

pressure, but takes place when the favourable conditions created by population 

growth are reinforced by other appropriate measures, including ownership rights 

to land, development of infrastructure and provision of necessary support 

services and facilities. Among all types of rural infrastructure, rural transport is 

the most crucial. Fan & Hazell (2007) and Douangsavanh, Polthanee, & 

Katawatin (2005) argue, for not only reducing the costs of inputs in the 

production process and the delay in the sale of harvested crops but also for 

improving access to information. In addition to rural transport, mobile 

communication made possible by advances in information and communication 

technologies brings direct and indirect benefits for promotion of rural livelihoods 

through changes in the investment of capital assets including human, financial, 

physical, natural and social capital, and transformation process of social 

relations, institutions and organizations (Nie, Zhang, & Qu, 2010).  

 

To test whether these community characteristics add to those of social capital in 

explaining community biosecurity, factor analysis was carried out and the 

resulting factors from various community characteristic variables were then 

regressed against the single-factor index and the composite index of community 

biosecurity. The list of variables and the dataset of community characteristics 

for this test are presented in full in Appendix 7.5. The result (available on 

request) indicated that three factors were sufficient, as shown in the scree plot 

as the ceased drop toward less steep decline (Figure 7.10). Due to their low 

Kaiser’s MSA values, some variables were dropped, and the remaining 

variables were subjected to the same analysis. This latter result (available on 

request) suggested that elimination of variables resulted in better Kaiser’s MSA 

and improved final communality (as shown in the latter two appendices). This 

result also showed that factors were significant (p<0.05) and three factors were 

sufficient for representing the data (p<0.05). To obtain a more easily understood 
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pattern of factor loading, the resulting factors were rotated using a varimax 

orthogonal rotation. The loading of each variable into each resulting factors after 

and before rotation is presented in Table 7.8 and shown graphically in Figure 

7.11. 

 
Figure 7.10. Scree Plot of the first ten eigenvalues resulting from factor analysis 

of candidate variables of community characteristics 
Source: Result of primary data analysis 
 

Table 7.8. Factor loading and final communality of 16 variables of community 
characteristics before and after rotation 

Variable Unrotated Rotated 

Factor1 Factor2 Factor3 Final Com-
munality 

CC1: 
efforts to 
improve 
education 
and health 
care 

CC2: 
Factors 
influencing 
community 
economic 
prosperity 

CC3: ac-
cessibility 
and quality 
of basic 
infrastruct
ure 

Final Com-
munality 

ACARS 0.05225 0.19129 0.76056 0.61778 0.38278 -0.07074 0.68283 * 0.61778 

ACTPT -0.21300 0.52792 0.50250 0.57658 -0.06166 -0.30011 0.69478 * 0.57658 

ECAVT 0.19968 -0.28210 0.41281 0.28986 0.50405 * 0.13937 0.12793 0.28986 

ECEGE 0.26772 -0.52383 0.10459 0.35701 0.47649 * 0.25979 -0.24995 0.35701 

ECEGJ 0.27002 -0.23733 0.57089 0.45516 0.58536 * 0.18330 0.28091 0.45516 

ECEGS -0.04280 -0.41896 0.42822 0.36073 0.59215 * -0.09946 0.01407 0.36073 

ECNET 0.30794 0.80324 0.08869 0.74789 -0.49620 0.27252 0.65376 * 0.74789 

ECTGE 0.13644 0.49548 -0.35411 0.38951 -0.58894 0.17874 0.10349 0.38951 

HCDID -0.07389 -0.34331 0.28630 0.20529 0.43778 * -0.10981 -0.03972 0.20529 

HCPGF -0.29343 -0.17633 0.44605 0.31615 0.40505 * -0.35515 0.16111 0.31615 

HCPPH 0.21997 -0.58967 0.31281 0.49395 0.66166 * 0.18177 -0.15202 0.49395 

HCTPH 0.38104 0.54739 0.22374 0.49489 -0.21159 0.32943 0.58446 * 0.49489 

PCDAI 0.93388 0.01927 -0.05525 0.87555 0.03298 0.93047 * 0.09323 0.87555 

PCDAM 0.98276 -0.02975 -0.00245 0.96670 0.10899 0.97163 * 0.10371 0.96670 

RCCSC 0.19887 0.29993 0.37736 0.27191 0.05642 0.13115 0.50153 * 0.27191 

RCHAE -0.11628 0.49490 -0.01804 0.25877 -0.38287 -0.12302 0.31153 0.25877 

Variance 
explained 

77.31029 13.60943 9.08028   12.03736 75.63366 12.32898   

Notes: 
1) The full list of variables is given in Appendix 7.5a 
2) Values flagged with asterisk (*) are high factor loading for each particular factor 
Source: Result of primary data analysis 
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(a) (b) (c) 

   
(d) (e) (f) 

Figure 7.11. Plots of factor patterns of 16 variables of community 
characteristics: upper row (a, b, c, and d) before varimax rotation 
and lower row (d, e, and f) after varimax rotation between: Factor 1 
and Factor 2 (left column, a and d), Factor 1 and Factor 3 (central 
column, b and e), and Factor 2 and Factor 3 (right column, c and f). 
The rotation moves the position of variables (red circles) slightly 
closer toward either one of the two axes. 

Source: Result of primary data analysis 
 

 

Table 7.8 shows that rotation did not change the final communality. Factor 1, 

Factor 2, and Factor 3 explained 12, 76, and 12% of variance in the dataset, 

respectively. Factor 2 alone was therefore enough for representing the dataset. 

This factor had only two high-loading variables, namely domestic animal as the 

main product of the sub-village (PCDAM) and domestic animals as the main 

source of income in the sub-village (PCDAI). Factor 3 had five variables with 

high loading. They were access to sub-village by cars during the rainy season 

(ACARS), access to sub-village by public transportation within 20 minutes walk 

(ACTPT), presence of elementary schools in the village with enough teachers 

(ECNET), access to the nearby community health centre within 10 minutes of 

public transportation (HCTPH), and well maintained neighbourhood sanitation 

(RCCSC). The least variance explaining factor, Factor 1, had high loading 
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variables that included presence of residents having attended vocational 

training (ECAVT), most elementary school graduates continued to junior high 

school (ECEGJ), most junior high school graduates continued to senior high 

school (ECEGS), and most people went to the nearby public health centre when 

having health problem (HCPPH). From these loading patterns, Factor 2 

appeared to be a factor influencing community economic prosperity. The 

second factor in terms of ability to explain variances, Factor 3, appeared to 

dealing with accessibility and quality of basic infrastructure, education and 

health in particular. Factor 1, the less-variance explaining factor, appeared to 

deal with efforts to improve education and health care. 

 

For the purpose similar to adding factors and indices of household 

characteristics and adding factors and indices of mandarin cultivation 

characteristics, factors and indices of community characteristics were also 

added to factors and indices of social capital for explaining community 

biosecurity. Results of the multiple regression analysis with adding factors and 

indices of community characteristics are in summary in Table 7.9 (full results 

are available on request). 

 

Table 7.9. Summary of regression analysis between community biosecurity and 
social capital and community characteristics 

Model 
1)

 n 
2)

 Calc. 
Stat. 

3)
 
Model Sig-
nificance

4)
 

Parameter values 
5)

 Calc. 
Stat.

6)
 
Parameter 
significance

4)
 
Partial 
R

2 7)
 

Model 
R

2 8)
 

CBI2 vs SCI2 and 
CC2 

50 nms          

CBI2 vs SCI1, SCI2, 
SCI3, SCI4, CC1, 
CC2, and CC3 

50 5.16 0.0094 *** Intercept 0.39400 10.78 0.0019 ***     

SCI4 0.50480 9.31 0.0037 *** 0.1389 0.1389 

CC1 -0.23851 2.35 0.1320 ns 0.0410 0.1799 

CBI2 vs SCI and CC 50 3.60 0.0639 * Intercept 0.05858 0.12 0.7339 ns     

SCI 0.14709 3.60 0.0639 * 0.0697 0.0697 

CBI vs SCI2 and 
CC2 

50 9.66 0.0032 *** Intercept 0.56783 15.52 0.0003 ***     

SCI2 0.67775 9.66 0.0032 *** 0.1675 0.1675 

CBI vs SCI1, SCI2, 
SCI3, SCI4, CC1, 
CC2, and CC3 

50 9.66 0.0032 *** Intercept 0.56783 15.52 0.0003 ***     

SCI2 0.67775 9.66 0.0032 *** 0.1675 0.1675 

CBI vs SCI and CC 50 2.76 0.1032 ns Intercept 0.50149 2.85 0.0978 *     

SCI 0.22327 2.76 0.1032 ns 0.0544 0.0544 

Notes: 
1) Refer to Appendix 7.1a, Appendix 7.5a, Table 7.1, and Table 7.8 for codes used in the 

model 
2) Number of observations after outliers, when present, was dropped 
3) Calculated statistic for Pr> F, nms=no variable met the significance level for entry into the 

model 
4) Value flagged with single asterisk (*) was significant at 0.10, flagged with double asterisk 

(**) significant at 0.05, and flagged with triple asterisk (**) significant at 0.01 levels 
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Table 7.9. (continued) 

5) Based on general linear model Y =  + X1 + X2 + ... + Xn + , where Y=either CBI2 or 

CBI, X=variable, =intercept, , , ..., =regression parameters, =random error 
6) Calculated statistic for Pr> | t | for the simple linear model or for Pr> F for the multiple linear 

model 
7) Variance accounted for each time a variable entered the model 
8) Accumulated variance accounted for after a variable entered the model 
Source: Result of primary data analysis 

 

 

As shown in Table 7.9, the single factor community economic prosperity of 

community characteristics (CC2) and the single factor reciprocity, exchange, 

and trust of social capital (SCI2) did not enter into the model for explaining 

community biosecurity as a single-factor index (CBI2). In fact, efforts to improve 

education and health care (CC1) was the only factor of community 

characteristics that added to the single factor reciprocity, exchange, and trust of 

social capital (SCI2) in explaining community biosecurity in the form of the 

single factor index (CBI2). This variable, however, was added with a negative 

non-significant parameter. No community variables of community characteristic 

entered into the model for explaining community biosecurity as a composite 

index (CBI). To this composite index of biosecurity, the single factor reciprocity, 

exchange, and trust of social capital (SCI2) was the only significant factor.  

 

 

7.3.3. Household, Mandarin Cultivation, and Community 

Characteristics as Additional Factors 

In Section 7.3.2, each of household, mandarin cultivation, and community 

characteristics was added individually to social capital in explaining community 

biosecurity. In the real world, this individual addition is very unlikely but, instead, 

all factors are added simultaneously. To test this simultaneous addition, the 

single factor and index of these three additional factors of household, mandarin 

cultivation, and community characteristics were added to the single factor and 

composite index of social capital for explaining community biosecurity. The 

summary of the results is presented in Table 7.10 (full results are available on 

request) 
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Table 7.10. Summary of regression analysis between community biosecurity 
and social capital by simultaneously adding household, mandarin 
cultivation, and community characteristics 

Model 
1)

 n 
2)

 Calc. 
Stat. 

3)
 
Model Sig-
nificance

4)
 

Parameter values 
5)

 Calc. 
Stat.

6)
 
Parameter 
significance

4)
 
Partial 
R

2 7)
 

Model 
R

2 8)
 

CBI2 vs SCI2, HC2, 
MC2, and CC2 

50 5.90 0.0189 ** Intercept 0.25162 17.28 0.0001 ***     

MC2 0.28791 5.90 0.0189 ** 0.1095 0.1095 

CBI2 vs SCI1, SCI2, 
SCI3, SCI4, HC1, 
HC2, MC1, MC2, 
CC1, CC2, and CC3 

50 9.01 <.0001 *** Intercept -0.27618 4.58 0.0377 **     

SCI4 0.48864 11.80 0.0013 *** 0.1303 0.4041 

HC1 0.45272 9.03 0.0043 *** 0.1587 0.1587 

MC1 0.34600 3.30 0.0759 * 0.0407 0.4448 

MC2 0.35429 13.06 0.0008 *** 0.1152 0.2738 

CBI2 vs SCI, HC, 
MC, and CC 

50 5.18 0.0036 *** Intercept -0.32248 2.74 0.1050 ns     

SCI 0.11692 2.67 0.1094 ns 0.0433 0.2526 

HC 0.19690 4.22 0.0456 ** 0.0812 0.2093 

MC 0.26907 7.23 0.0100 ** 0.1281 0.1281 

CBI vs CBI2 50 16.16 <.0001 *** Intercept 0.43848 12.03 0.0011 ***     

SCI2 0.31718 2.43 0.1257 ns 0.0306 0.4075 

MC2 0.80205 19.04 <.0001 *** 0.3769 0.3769 

CBI vs SCI1, SCI2, 
SCI3, SCI4, HC1, 
HC2, MC1, MC2, 
CC1, CC2, and CC3 

50 16.17 <.0001 *** Intercept 0.45202 14.18 0.0005 ***     

MC2 0.81968 20.87 <.0001 *** 0.3769 0.3769 

CC3 0.29931 2.44 0.1249 ns 0.0308 0.4077 

CBI vs SCI, HC, 
MC, and CC 

50 12.53 <.0001 *** Intercept -0.05329 0.04 0.8482 ns     

SCI 0.18224 2.59 0.1140 ns 0.0360 0.3477 

MC 0.73093 21.14 <.0001 *** 0.3118 0.3118 

Notes: 
1) Refer to Appendix 7.1a, Appendix 7.2a, Appendix 7.3a, Appendix 7.4a, Appendix 7.5a, 

Table 7.1, Table 7.2, Table 7.4, Table 7.6, and Table 7.8 for codes used in the model 
2) Number of observations after outliers, when present, was dropped 
3) Calculated statistic for Pr> F 
4) Value flagged with single asterisk (*) was significant at 0.10, flagged with double asterisk 

(**) significant at 0.05, and flagged with triple asterisk (**) significant at 0.01 levels 

5) Based on general linear model Y =  + X1 + X2 + ... + Xn + , where Y=either CBI2 or 

CBI, X=variable, =intercept, , , ..., =regression parameters, =random error 
6) Calculated statistic for Pr> | t | for the simple linear model or for Pr> F for the multiple linear 

model 
7) Variance accounted for each time a variable entered the model 
8) Accumulated variance accounted for after a variable entered the model 
Source: Result of primary data analysis 

 

 

Table 7.10 shows that the addition of factors and indices of household, 

mandarin cultivation, and community characteristics forced the single factor 

index of social capital, reciprocity, exchange, and trust (SCI2) to be removed 

from the model for explaining the single-factor model of community biosecurity 

(CBI2). Instead, this addition replaced reciprocity, exchange, and trust with 

disease incidence and crop maintenance (MC2) of mandarin cultivation 

characteristics when all the single factors were added. This addition also 

replaced reciprocity, exchange, and trust with personal relations and decision 

making (SCI4), main sources of cash income of household characteristics 
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(HC1), and cropping pattern, watering, and sanitation (MC1) and disease 

incidence and crop maintenance (MC2) of mandarin cultivation characteristics 

when factors were added as multi-variables. The addition of indices of 

household, mandarin cultivation, and community characteristics allowed only 

the composite index of household and of mandarin cultivation characteristics 

(HC and MC) to be added to the composite index of social capital (SCI) for 

explaining the single-factor index of community biosecurity.  

 

In explaining community biosecurity as a composite index (CBI), on the other 

hand, the addition of single factors and indices of household, mandarin 

cultivation, and community characteristics added only disease incidence and 

crop maintenance of mandarin cultivation characteristics (MC2) to the single-

factor index of reciprocity, exchange, and trust of social capital (SCI2). When 

factors and indices were added as multi-variables, instead of being additive, 

disease incidence and crop maintenance (MC2) of mandarin cultivation 

characteristics and accessibility and quality of basic education and healthcare 

infrastructure (CC3) of community characteristics replaced reciprocity, 

exchange, and trust (SCI2) from the model. From among the composite indices, 

only the composite index of mandarin cultivation (MC) added to the composite 

index of social capital for explaining community biosecurity as a composite 

index (CBI). 

 

The replacement of reciprocity, exchange, and trust by other factors when either 

the single-factor or the multi-factor variables of household, mandarin cultivation, 

and community characteristics were added into the model suggested that this 

single-factor index of social capital was not strong enough in explaining the 

single-factor index of community biosecurity. As mentioned previously, the 

single-factor index of community biosecurity was determined largely by 

knowledge of budwood as a means of disease transmission from diseased 

mother trees to grafted seedlings (RAGBD), grafted seedlings as a means for 

spread of diseases (RAPDG), and grafted seedlings as an important cause of 

mandarin decline (RAGCD). Disease incidence and crop maintenance (MC2) 

was more directly related than reciprocity, exchange, and trust in explaining this 
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single-factor community biosecurity index. However, when the multi-factor of 

household, mandarin cultivation, and community characteristics were added 

simultaneously to multi-factors of social capital, primary sources of household 

cash income (HC1), cropping pattern, watering, and sanitation (MC1), and 

disease incidence and crop maintenance (MC2) emerged as being additive to 

the less variance explaining personal relations and decision making (SCI4) of 

social capital. This suggested that the addition of these multi-factor variables of 

household and mandarin cultivation characteristics allowed for this less 

variance explaining personal relations and decision making (SCI4) to explain 

the single-factor index of community biosecurity. As already explained, the 

factor loading pattern of the single-factor index of community biosecurity made 

the variable of personal relations and decision making (SCI4) a significant factor 

when other factors were added into the model. In this case, both cropping 

pattern, watering, and sanitation (MC1) and disease incidence and crop 

maintenance (MC2) of mandarin cultivation characteristics need personal 

relations beyond the community border.  

 

In explaining community biosecurity as a composite index, disease incidence 

and crop maintenance (MC2) was the only single-factor index that stayed in the 

model when all single factor indices of household, mandarin cultivation, and 

community characteristics were added to the model. The composite index of 

community biosecurity was defined largely by ability to mention Diaphorina citri 

(RAMDC), effectiveness of California mixture (RMELM), and government 

responses to report of pests and diseases (RCGRA). Since the local 

governments have acknowledged Diaphorina citri and have distributed 

California mixture to control diplodia rot but have not appropriately responded to 

reports about pests or diseases, any increase in disease incidence and need for 

crop maintenance will make people more likely to exchange information, labour, 

equipment, and other things necessary for better assessment of biosecurity risk.  

 

When all factors of household, mandarin cultivation, and community 

characteristics were added, no social capital factor stayed in the model except 

disease incidence and crops maintenance (MC2) of mandarin cultivation 
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characteristics and accessibility and quality of education and healthcare 

infrastructure (CC3). The replacement of reciprocity, exchange, and trust by 

disease incidence and crops maintenance of mandarin cultivation 

characteristics (MC2) can be explained with regard to more direct relation 

between the latter with the most variance-explaining variable in the composite 

index dataset. The replacement of reciprocity, exchange, and trust by 

accessibility and quality of education and healthcare infrastructure is possible 

because accessibility will allow growers not only to sell their mandarin fruits to 

the nearby markets but also to access information. The availability of good 

quality education and healthcare infrastructure will allow growers to not worry 

about education of their children and health of their family and thereby to focus 

more on the biosecurity of their mandarins. 

 

Simultaneous addition of the composite indices of household, mandarin 

cultivation, and community characteristic to the composite index of social capital 

did not replace the latter in the model for explaining both the single-factor index 

and the composite index of community biosecurity. Composite indices of 

household and mandarin cultivation characteristics were both additive to the 

composite index of social capital for explaining the single-factor index of 

community biosecurity, but only the composite index of mandarin cultivation 

characteristics was additive to the composite index of social capital for 

explaining the composite index of community biosecurity. The composite index 

of household characteristics was determined largely by domestic animals as the 

primary source of household cash income (HCNAS) and household food 

production (HCFCP), while that of mandarin cultivation characteristics was 

determined by prevalence of manure application (MCMAC), prevalence of 

watering during the dry season (MCWAT), and prevalence of weeding and 

pruning (MCCWP). The last three variables improved reciprocity, exchange, 

and trust in explaining the single factor index of community biosecurity. This 

happened because this single-factor index was determined by knowledge of 

budwood as a means of disease transmission from diseased mother trees to 

grafted seedlings (RAGBD), grafted seedlings as a means for spread of 

diseases (RAPDG), and grafted seedlings as an important cause of mandarin 
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decline (RAGCD). This improvement was further enhanced by domestic 

animals as the primary source of household cash income (HCNAS) and 

household food production (HCFCP). However, in explaining the composite 

index of community biosecurity, this enhancement was not needed as this 

composite index was determined largely by ability to mention Diaphorina citri 

(RAMDC), effectiveness of California mixture (RMELM), and government 

responses to reports regarding presence of pests and diseases (RCGRA). 

These composite index variables depend more on the service provided by the 

government than on own household efforts. The composite indices of 

household and mandarin cultivation characteristics both added to the composite 

index of social capital in explaining the single-factor index of community 

biosecurity, but only the composite index of mandarin cultivation characteristics 

added to the composite index of social capital in explaining the composite index 

of community biosecurity. 

 

 

7.3.4. Summary 

The ability of the single factor, the multi-factor variables, or the composite index 

of household, mandarin cultivation, and community biosecurity in explaining 

each of the community biosecurity measures depended on whether the single 

factor, the multi-factor variables, or the composite index was added individually 

or simultaneously. Under real field situation, however, simultaneous addition of 

all factors is more likely than individual addition of a single factor. In this 

situation of simultaneous addition of all factors, the social capital single-factor 

index was additive only to the factor of personal relations and decision-making 

of mandarin cultivation in explaining the single factor of community biosecurity. 

Under the same situation, the disease incidence and crop maintenance was 

additive to reciprocity, exchange, and trust, but this factor together with 

accessibility and quality of education and healthcare infrastructure replaced 

reciprocity, exchange, and trust in explaining the composite index of community 

biosecurity. These results suggested that the ability of social capital in 

explaining community biosecurity depends on whether the community 

biosecurity is measured as a single factor index or as a composite index and on 
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addition of other factors. The single-factor and the composite index differed 

because each of these two indices of community biosecurity was explained by 

different set of variables. The variables explaining the single-factor index were 

knowledge of budwood as a means of disease transmission from diseased 

mother trees to grafted seedlings, grafted seedlings as a means for spread of 

diseases, and grafted seedlings as an important cause of mandarin decline. On 

the other hand, variables explaining the composite index were the ability to 

mention Diaphorina citri, effectiveness of California mixture, and government 

responses to reports regarding presence of pests and diseases. In influencing 

each index of community biosecurity, social capital was not always the 

strongest factor but would be replaced by more direct and closer related factors. 

In most cases, social capital alone does not explain community biosecurity. 

 

 

7.4. Discussion and Synthesis 

Community biosecurity is part of a complex social-ecological system. Scientific 

knowledge is certainly needed to enhance efforts to improve this social-

ecological system, but according to Ostrom (2009) science and social science 

do not combine easily in providing explanations of this complex system. He 

further argued that scholars have tended to prescribe universal solutions based 

on models developed to analyse aspects of this complex system. For example, 

pest and disease management has been based mainly on the models focusing 

on the complexity of interaction between pests, or pathogens with their natural 

enemies, but ignorant to that of people (Vayda, 2009). Results presented in this 

chapter indicate that both ecological and social factors were complementary in 

explaining community biosecurity. The results also confirm the findings of Falk 

& Surata (2007) and Falk et al. (2008a) that a single analytical category (e.g., 

‘social capital’, ‘human capital’, ‘natural capital’ or even ‘identity’) is inadequate 

in explaining a complex, dynamic, and interconnected real situation. As shown 

in this chapter, even when social capital factor alone provided explanation of 

community biosecurity, the explanation provided was inconsistent with regard to 

whether a single-factor or a composite index is appropriate to measure 
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community biosecurity. In all, the explanation was improved when factors 

comprised of other characteristics were added.  

 

However, it is worth noting that addition of more analytical categories can also 

replace a category already providing a significant explanation. In a complex real 

situation, various interacting components compete in acquiring the available 

resources. Depending on what resources are available, one particular 

component may get an advantage of being more prominent over others. These 

phenomena of complementarity and competition are inherent characteristics of 

biological components of a particular ecosystem (Hooper, 1998). Results in this 

chapter show that in a complex social-ecological system these phenomena 

apply not only to the biological but also to the social components. For example, 

simultaneous addition of single-factor indices of household, mandarin 

cultivation, and community characteristics replaced reciprocity, exchange, and 

trust with disease incidence and crop maintenance for explaining the single-

factor index of community biosecurity. However, adding all factors of household, 

mandarin cultivation, and community characteristics caused personal relation 

and decision-making, household sources of cash income, cropping pattern, 

watering, and sanitation, and disease incidence and crop maintenance to 

emerge as the replacement of reciprocity, exchange, and trust. These results 

indicated that the dynamic nature of social-ecological systems allow for one 

explaining factor to be replaced by others when categories are added 

simultaneously to explain a particular phenomenon.  

 

More than just confirming, the results also provided quantitative evidence as an 

alternative means of viewing such a complex, dynamic, and interconnected real 

situation. In terms of methodology, this provided a way of improving the quality 

of inference in mixed method research. Significance factors explaining 

community biosecurity obtained through regression analysis provided what 

Miller (2003) calls “inference to the best explanation”, i.e. by evaluating in a 

quantitative way which factors, among possibly competing ones, offered the 

best explanation of the phenomenon under study. The results in this chapter 

also offered a measure of validity or trustworthiness in terms of qualitative 
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research, in this case, of qualitative results discussed in Chapter IV and 

Chapter VI. With regard to the level of explanation, the results provided a way of 

predicting actions needed to improve community biosecurity. The significance of 

both reciprocity, exchange, and trust and personal relation and decision making 

provided enough evidence, of the importance of knowledge and knowledge 

acquisition in the management of community biosecurity.  

 

As noted by Falk et al. (2008b), local, traditional, and indigenous knowledge has 

been proven capable of providing unique solutions for a specific environmental 

and geographical setting. However, in the case of a newly arriving disease such 

as HLB and its vector Diaphorina citri, traditional and indigenous knowledge 

specific to this disease does not exist and local knowledge exists only in its 

infancy. It does not mean, however, that traditional and indigenous knowledge 

regarding pests and diseases is non-existent. Local knowledge regarding long-

established pests had been described for example by Abate, van Huis & 

Ampofo (2000) and that regarding diseases by Bentley & Thiele (1998). Local 

knowledge of a newly arriving pest or disease certainly is developed as without 

it growers will not be able to help themselves (Bentley, 1999). This development 

can be enhanced if a means for local and outside knowledge to engage with 

each other is available. This explains the role of such analytical categories as 

personal relations, reciprocity, exchange, and trust in explaining community 

biosecurity because to acquire knowledge people need to learn through 

networks in which they are actively involved.  

 

Results in this chapter also brought highlighted that not only the physical and 

biological environment are important in disease development. In plant disease 

pathosystems, the development of any disease requires the presence of a 

virulent pathogen, a susceptible host, and a suitable environment (Agrios, 1988; 

Escobar & Dandekar, 2003; Francl, 2007; Zadoks & Schein, 1979). However, 

the environment angle in this triangle is understood largely as being physical 

and biological. Plant disease forecast and management are mostly based on 

predictions using factors related to these physical and biological environments 

(Campbell & Madden, 1990). Results in this chapter, and also Chapters IV and 
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VI, suggest that such physical and biological environments are important do not 

account for all factors influencing disease incidence and spread. As discussed 

in Chapters IV and V, local government policy of not acknowledging HLB on 

citrus in West Timor has allowed the disease to develop and spread unchecked. 

Policy has indeed become an important concern for social ecologists (Botkin, 

1990), but in plant disease management it has not been considered as a 

tangible management tool. As early as 1970s, plant pathologists have come up 

with an idea of adding a fourth dimension to the disease triangle. For example, 

Zadoks & Schein (1979) suggested what they called a ‘disease tetrahedron’ to 

include man as the fourth dimension, turning the disease triangle into the base 

of a tetrahedral pyramid in which man is placed on the top. However, results in 

this chapter clearly suggest that it is not man as an individual that has greatest 

impact but his interaction with others. Even human capital such as education 

becomes important only when individuals are willing to share their knowledge 

through personal relations and networks. It is clear that the fourth dimension is 

not simply man but social environment. 

 

Results in this chapter also indicate that the idea of social environment as a 

fourth dimension applies not only to diseases but also to pests. The role of the 

environment has been considered of paramount importance to pest 

development and outbreaks, but again, environment is simply viewed as being 

physical and biological. For example, in their classical textbook on animal 

ecology, Andrewartha & Birch (1984) put forward a theory of environment as 

consisting of webs of resources, mates, ‘malentities’ or unfortunate accidents, 

and predators as influencing animal survival and abundance, revising the 

environment consisting of weather, food, other organisms, and place in their 

earlier version (Andrewartha & Birch, 1954, 1960). Despite their definition of the 

environment as consisting of everything that could influence an animal’s chance 

to survive and reproduce, again, the four components of environment they 

envision are all either physical or biological. This environmental theory is slightly 

different from the disease triangle of the pathosystem, but the components are 

the same. Instead of being viewed as an angle, animals, that could also include 

insect pests, are viewed as the centre of the web and host as resources. 
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Results in this chapter suggest that with regard to pest problems, as with 

diseases, environment is not only physical and biological but also social. 

 

For community biosecurity dealing with plant pests and diseases, the concept of 

a disease triangle could be expanded to form a community biosecurity 

tetrahedral system. On the base of the tetrahedron is a triangle consisting on 

biosecurity hazards, crops, and bio-physical environment and on the top of the 

tetrahedron is the social environment. Each component of the tetrahedron 

interacts with the others in dynamically determining the current situation of 

community biosecurity in a particular location and time. Incorporating social 

environment as a component of the biosecurity system allows for repositioning 

local communities not as merely objects but as active subjects of biosecurity 

management. In this way, members of local communities can actively 

participate in assessment, management, and communication of biosecurity risk. 

Community assessment, management, and communication may often be 

imprecise and qualitative, but they are nevertheless valuable because they are 

based on observations over long time periods, incorporate large sample sizes, 

are inexpensive, invite the participation of growers, and sometimes incorporate 

subtle multivariate cross checks for environmental change. Science can 

sometimes offer better tests of potential causes of biosecurity problems by 

research on larger spatial scales, precise quantification, and evaluation of pest 

and pathogen population change. However, science is expensive and may not 

always be trusted or welcomed by local growers. Most importantly, however, 

this community management approach is adaptive in its nature, similar to the 

adaptive management cycle used in environmental management (e.g. Gregory 

et al., 2006; Holling, 1978), in the sense that it allows for flexible modification, 

as circumstances may require. It will also allow most of those citrus growers 

who under the current policy of the local government are ignored in decision 

making to regain their pride at least by being heeded. 
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7.5. Chapter Summary 

This chapter presents results of factor and regression analyses intended to 

explain the current situation of community biosecurity of citrus in the highlands 

of West Timor. Biosecurity provides an approach in coping with risk posed by 

living organisms through assessing, managing, and communicating risk in a 

pre-border, border, and post border continuum. In this chapter, biosecurity is 

viewed as an inherent part of the struggle by local communities to maintain 

citrus health from threats posed by pests and diseases, particularly from the 

destructive HLB and its vector Diaphorina citri, that until recently have not been 

acknowledged by the local government. Results of data analyses showed that, 

despite receiving little help from the government, the community was able to 

asses such risk. This ability was possible because of either common practices 

of reciprocity, exchange, and trust or personal relations to support decision-

making. Reciprocity, exchange, and trust allowed people to use the available 

resources for the mutual benefit of the community while personal relations 

allowed people to seek resources beyond their village borders. These social 

capital factors do not however work alone but either in complementarity or 

competition with factors of human, natural, cultural, financial, and political 

capital blended within household, mandarin cultivation, and community 

characteristics. It is clear that community biosecurity is a complex social-

ecological system within which physical, biological, and social components are 

inter-related.  
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VIII. GENERAL DISCUSSION AND SYNTHESIS 

 

 

8.1. Introduction 

Chapter IV presents and discusses conflicting views on the nature of citrus 

biosecurity in the highlands of West Timor. According to local communities, the 

decline of mandarin trees in the region started when the government started to 

introduce grafted seedlings to replace seeds as planting material and was very 

likely caused by pests and diseases that had never existed before. Some 

community leaders and growers indicated a disease with symptoms resembling 

those of HLB and an insect which morphological characteristics were similar to 

those of Diaphorina citri, the vector of HLB. To the government, however, 

diplodia rot, a widespread but minor disease of citrus, was the cause of the 

decline. The local governments, NTT Province government and TTS District 

government in particular, maintained that they had made every effort to prevent 

the disease from being introduced. In defending their effort, these governments 

refused to acknowledge that HLB occurs in West Timor, despite results of 

quarantine monitoring and a number of other studies proving that the mandarin 

was HLB positive. 

 

To understand the field conditions of citrus biosecurity, a survey followed by 

field and laboratory testing was carried out and the results are presented and 

discussed in Chapter V, and followed by results of interviews regarding grafted 

seedling production and community engagement in Chapter VI. The result 

showed that HLB and its insect vector Diaphorina citri had spread to most 

mandarin production centres in the region. The result also showed that climate 

and soils did not account for the decline of the local mandarin. Many other pests 

and diseases were found, but the only one that had significant impact was 

phytophthora gummosis and root rot. The policy of local governments aimed at 

intensifying and expanding mandarin cultivation through free distribution of 

grafted seedlings while refusing to acknowledge HLB made a major contribution 

to the increasing rate of mandarin decline during the last five years. The local 

governments justified their policy in terms of improving production, but this 
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policy provided opportunity for some government officers to get involved in the 

lucrative seedling business. 

 

Despite the local governments’ refusal to acknowledge HLB, some growers and 

nursery owners were aware that HLB was most likely to be responsible for the 

decline. Other growers and nursery owners did agree with the government that 

the cause of the decline was diplodia rot and lack of maintenance by growers. 

These mixed opinions about citrus biosecurity have been summarized in a 

single factor and composite indices of community biosecurity through factors 

analysis as described in Chapter VII. Regression analysis indicated that additive 

factors of social and other capitals determined this community biosecurity. This 

result confirmed the results of earlier qualitative analysis that physical and 

biological factors were not the only causal factors, and that social factors were 

also involved. This led to a new perspective for viewing biosecurity as a social-

ecological system by adding social environment as the fourth factor (with the 

pathogen, the host, the physical environment as the other three factors) 

responsible for the development of a pathosystem. 

 

This chapter aims to provide interconnected, higher-level insights about the 

above-highlighted findings. The chapter is organized into five sections. The 

introduction provides background and justification. The next section presents 

discussion and synthesis related to methodology through which an alternative 

view of biosecurity is presented. The section is followed with discussion and 

synthesis regarding community biosecurity in relation with governance. The 

following section discusses and provides a synthesis of sources of community 

biosecurity and ways to engage community biosecurity. The last section 

provides the summary. 

 

 

8.2. An Alternative Approach to Biosecurity 

8.2.1. New Understanding of Biosecurity Issues 

Citrus biosecurity in the highlands of West Timor was initially viewed as simply 

threats posed by pests and diseases. More specifically, according to the local 
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governments, such threats were mainly posed by diplodia rot, a relatively minor 

disease caused by the fungus Botryodiplodia theobromae (current accepted 

name Lasiodiplodia theobromae). The local government later accepted citrus 

gummosis and root rot caused by fungi Phytophthora spp. as other important 

threats. The provincial and the district governments of the region refused to 

acknowledge the presence of HLB, despite findings that both the disease and 

its vector Diaphorina citri occur in the region (Murdolelono et al., 2000). These 

provincial and district governments maintained that banning of the importation 

of grafted seedlings had excluded the disease. However, as already presented 

and discussed in Chapter IV, community leaders suspected that the recent 

decline of mandarin is most likely caused by HLB and not by diplodia rot. As 

presented and discussed in Chapter V, results of field observations, iodine and 

PCR tests confirmed the earlier findings that both the disease and its vector do 

exist in the region. Positive trees occurred at elevations unsuitable for the 

vector, which provided a strong indication that the disease had most likely 

spread through grafted seedlings. Despite evidence from laboratory tests, the 

local governments maintained that high elevation enabled mandarins in the 

highlands of West Timor to escape infection by HLB, and that diplodia was the 

only disease accepted as the cause of the decline. In addition, the local 

governments considered the decline was also caused by the reluctance of 

growers to cultivate the mandarin and apply California mixture as 

recommended. 

 

Citrus, the mandarin in particular, has been cultivated for generations in the 

highlands of West Timor. Written sources about the origin and cultivation of the 

crop in this region are rare, but it was very likely that the Chinese brought the 

mandarin during their quest for sandalwood in the 15th century. Since then the 

local people, the Meto, have propagated the mandarin from seeds and planted 

around their houses as a home garden crop. The in-depth interviews indicated 

that the local governments introduced grafting in 1970s as part of a national 

programme on district and township agricultural development (Inpres Kabkodya 

or Presidential Instruction concerning District and City Development). Following 

this programme, the local governments had gradually adopted grafting as an 
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alternative mean for mass propagation of mandarin to support mandarin 

cultivation programmes in the region. Ever since, grafted seedlings have been 

distributed to all villages in an effort to replace trees planted directly from seeds 

in the highlands and expand planting areas to areas of lower altitudes. 

 

With this intensified and expanded cultivation, pests and diseases have become 

increasingly important constraints to productivity. There have been many 

examples in which intensified and extended planting of a particular crop trigger 

outbreaks of pests or diseases. For example, rice intensification through the 

BIMAS/INMAS (agricultural extension for mass intensification) programme led 

to brown plant hopper outbreaks in Indonesia during the 1980s (Soedjitno, 

1999). From results already presented and discussed in Chapter V and in 

Chapter VI, it is clear that the mandarin intensification has followed a similar 

pattern. First, diplodia rot, originally a minor disease, emerged as an important 

disease. Phytophthora gummosis and root rot followed with an outbreak in the 

late 1990s (Suek et al., 1998). As demands for grafted seedlings increased, the 

government established additional nurseries in lower altitudes, such as in 

Nonbes, near Oekabiti, at about 330 m above mean sea level. This altitude 

provided a suitable environment for both Diaphorina citri and HLB to develop 

(Halbert & Anjunath, 2004; Hall, 2008; Y. Yang et al., 2006). The government 

ban of the importation of grafted seedlings was imposed only after the 1990s, 

but the disease and its vector could have been introduced earlier. Even after the 

import ban, introduction of HLB and Diaphorina citri was still possible through 

grafted seedlings of other citrus species brought from outside the island. This is 

because both HLB and Diaphorina citri can develop in other species of citrus 

and can be transmitted from one species to another (da Graça, 2008; Tsai, 

2007; Y. Yang et al., 2006). 

 

With all these findings, biosecurity can no longer be seen as simply a biological 

issue. These findings agree with those of Falk, Surata, Mudita et al. (2008a) 

that for managing biosecurity, science is important but not enough. The 

government refused to acknowledge HLB because acknowledging this disease 

could threaten the government policy of promoting the local mandarin. More 
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specifically, the local governments would no longer be considered legitimate by 

the central government to receive funding for mandarin planting programmes. 

Hence, governance became an important issue that resulted in HLB remaining 

unacknowledged, and control measures being unsupported. This status of no 

official recognition is similar to the status that afflicts some poor people who 

because do not have ID card are considered as being not eligible for receiving 

either RASKIN (beras untuk keluarga miskin or rice for the poor households) or 

BLT (bantuan langsung tunai or direct cash assistance). A consequence of this 

lack of official recognition is that some poor people become poorer because of 

government ignorance. Similarly, HLB remained unacknowledged and spread 

and destroyed more mandarin trees. This government ignorance has allowed 

the disease to spread not only in the region, but also to other islands in the 

province, throughout Indonesia and possibly beyond. 

 

 

8.2.2. An Alternative Approach to the Issue 

In studying a plant disease, the current mainstream approach is to gather 

biophysical evidence on the presence of the disease as the basis for developing 

an appropriate control strategy. Such bio-physical evidence includes 

epidemiological characteristics of the disease and physical factors influencing 

disease progression in space and time (Campbell & Madden, 1990; Zadoks & 

Schein, 1979). With regard to HLB, the recommended approach is to identify 

the disease through field observations of its symptoms (e.g. Bové et al., 2000) 

and laboratory tests (e.g. Garnier & Bové, 1978). The study would then continue 

with host identification (e.g. Hung, Wu, & Su, 2000), pathogen transmission 

(e.g. Lallemand et al., 1986; McClean & Oberholzer, 1965a, 1965b) and 

epidemiology of the disease (e.g. Gottwald, Aubert, & Zhao, 1989). For 

diseases transmitted by vectors, such as HLB and citrus tristeza, the study 

would also include pathogen-vector relationships and vector bionomics (e.g. 

Halbert & Nunez, 2004; Sutton et al., 2005). Evaluation of various control 

measures and strategies (e.g. Beattie, 2009; Beattie et al., 2010; Lopes et al., 

2007) and development of surveillance, contingency and strategic plans (e.g. 

Barkley & Beattie, 2008; Bruening et al., 2010; Davis, Jacobson, Rahamma, & 
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Gunua, 2000) would be the final stage of the study. In many cases, control 

measures were applied because in other areas such measures have been 

proven effective and so, evaluation is not considered necessary, ignoring the 

possibility that social factors could affect the performance of such control 

measures. Vayda (2009, p. 123) calls an approach that places too much 

emphasis on biophysical factors in explaining ecological phenomena as "Seeing 

nature's complexity but not people's". 

 

With HLB in the highlands of West Timor, reiteration of this mainstream 

approach is not needed. The science and technology underpinning the 

management of the disease and its vector are known. What is needed for HLB 

in this region is a governance regime that allows growers to receive the 

information regarding the disease and its vector, and control measures. This 

information provision is part of the risk communication component of biosecurity 

management as proposed by FAO (2007). However, instead of improving their 

policy regarding mandarin development in the region, the local governments 

continued distributing grafted seedlings; a policy that can help the disease 

spread further and faster, considering that healthy seedling production is not 

guaranteed. When most of the distributed grafted seedlings died after planting, 

growers were blamed for being unable to follow the recommended cultivation 

procedures. This situation indicated that in the highlands of West Timor, the 

social aspect of citrus biosecurity is more important than the physical aspects. 

The approach taken in this study is to focus on the complexity of those 

interactions involving people, instead of focusing attention only on the technical 

aspects of HLB and its vector Diaphorina citri. 

 

 

8.2.3. Summary and Synthesis on Methodology 

With the new understanding on biosecurity issues and the alternative approach 

of giving attention to complexity of interactions involving people, this research 

used both qualitative and quantitative data. During the course of the research, 

two qualitative data collection sessions carried out in the first year were followed 

with two mixed data collection sessions in the second year. However, after 
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conducting the first data collection session, it was clear that quantitative data 

were needed to confirm the finding from the first qualitative data collection 

session with a finding that some community leaders suspected that HLB and its 

vector Diaphorina citri were the cause of mandarin decline. In addition, the 

finding of the need to adequately engage the community in order to make 

growers more aware of the problem of mandarin decline was also addressed. 

For these purposes, two data-collection sessions were added, a quantitative 

data collection in the first year and another mixed data collection session in the 

second year. 

 

The use of quantitative data to confirm the qualitative findings agreed with the 

definition of mixed methodology according to Moon & Moon (2004) and Jones 

(2004) as a methodology with methods that have comparisons between 

quantitative and qualitative data. In this way, a full and rich description of the 

phenomenon can be derived. It also allows cross validation by using data from 

one method to check data from another method for their congruency and 

comparability, i.e. an epistemological triangulation according to Moebius (2002). 

However, mixed methods are used in this research in all phases of the research 

design, including the underlying philosophy. Although from a pragmatist view 

the "paradigm wars" are over (Howe, 1988), there is a view that mixed method 

studies have yet to articulate a proper paradigm or theory (Datta, 1994; 

Mertens, 2003, 2007, 2010). For this purpose, meta-inferences are made on the 

basis of the confirmatory and disconfirmatory nature of results from all of the 

data collection sessions for transforming the current top-down biosecurity 

approach into a more participatory approach. This allows mixed methods used 

in this research more than as merely a qualitative-quantitative epistemological 

triangulation, but as a transformative worldview. 

 

 

8.3. Community Biosecurity and Biosecurity Governance 

8.3.1. Local Communities and Community Biosecurity 

Interactions involving people and threats to citrus biosecurity are the focus of 

this research. For this reason, community is the unit for different purposes of 
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analyses. To meet these purposes, in this research community is presupposed 

as what Falk et al. (2008a) call 'community of place'. According to this concept 

of 'community of place', a community comprises people with multiple identities, 

roles and aspirations who engage in complex networks spanning within their 

own community and others. This definition assumes that an attachment to 

place, as put forward by Falk & Balatti (2004), influences an individual's identity 

and behaviour. These shared identity and behaviours determine the willingness 

of the individual to participate in various joint actions and cooperation involving 

members of the community. Results of this research support this definition of 

community, but have specific characteristics with respect to understanding 

regarding emotional and functional attachment to place, the nature of networks 

interconnecting people, and the way these factors shape people's awareness 

and motivation to participate. 

 

For the Meto, the dominant ethnic group in the research site, emotional and 

functional attachment to place is shaped by traditional concepts of 'kanaf' 

(sacred name), 'suf' (common-law land right), and 'kuan' (traditional settlement) 

(Ataupah, 1992; Messakh et al., 2010; Nordholt, 1971; Udak et al., 2003). 

'Kanaf' could be in the form of 'faut kanaf' (sacred-rock name) and 'oe kanaf' 

(sacred-water name). These 'faut kanaf' and 'oe kanaf' emotionally attach 

people of a particular clan to a particular rock outcrop or spring in a particular 

traditional settlement 'kuan'. According to Ataupah (1992), this concept causes 

people to identify themselves as part of a community in a place where they find 

their clan rock or clan water even if they no longer live in that particular 'kuan'. 

This attachment is functionally maintained through the concept of 'suf' that allow 

certain people, regardless of their current residence, to have traditional right to 

a piece of land defined according to identified geographical features. This 

allows people from the village of Fatumnasi, for example, to have traditional 

right to land in Noebesi, another village in a river valley tens of kilometres away 

across a mountain in the headwater of Noel Mina. Because of this land right, 

people from Fatumnasi are required to participate in traditional ceremonies held 

in the latter village. However, the concept of 'kuan' is the actual place where 

people continuously negotiate their multiple identities, roles, and aspirations 
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through complex networks within a set of common rules and boundaries. This is 

because 'kuan', as a social, cultural, and political unit of traditional government, 

continues to exist mostly as a current sub-village. 

 

This traditional concept of community is currently modified by the government 

structure of administrative units. Under the current law on regional autonomy, 

place is structured in hierarchical units of provinces (provinsi), districts/city 

(kabupaten/kota), sub-districts (kecamatan), villages/municipalities 

(desa/keluarahan), and sub-villages/neighbourhood associations (dusun/rukun 

warga/tetangga). When the Dutch structured its colonial government according 

to the traditional government structure of the Meto, and then Indonesian 

government absorbed the structure, only some of the existing traditional 

settlements gained a village status (Udak et al., 2003). This becomes more 

complex under the current law of regional autonomy because the local 

governments allow sub-villages to split from their mother village, making a 

particular 'kuan' formerly recognized only at sub-village level to gain new status 

as a village. It is by considering this complexity that ‘community’ is defined in 

this research on the basis of practical purposes of data collection and analysis 

as consisting of people living either in a village or in a sub-village, depending on 

purposes of analysis and inference in which community serves as the unit. 

 

As discussed earlier, people in a particular community continuously negotiate 

their multiple identities, roles, and aspirations within a set of common rules and 

boundaries. This continuous negotiation results in a set of shared identities, 

roles, and aspirations that allow people to have access to various forms of 

capitals and networks. This access facilitates information flow that determines, 

as described and discussed in Chapter VI, people's understanding and 

awareness of biosecurity. This results in people from one community having 

different understanding and awareness of risk assessment, management, and 

communication, irrespective of being under similar legal and policy frameworks 

of the local governments. This varying form of understanding and awareness, 

as results of this research suggest, underpins community biosecurity. Because 

community biosecurity is a product of continuous negotiation of identities, roles, 
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and aspirations, it is dynamic with respect to place and time. Although 

community biosecurity evolved through community networks, it can also be 

influenced by the government. Such government influences are discussed in 

more detail in the next section. 

 

 

8.3.2. Decentralization, Local Government Autonomy, and Biosecurity 

Governance 

Under the current law of regional autonomy, provincial and district governments 

are autonomous in policy-making related to agricultural development, including 

policy on priority crops. In this case, policymaking is the process by which 

governments translate their political vision into programmes and actions to 

deliver outcomes. This autonomy status allows the TTS District government to 

name the local mandarin as the leading priority crop for agricultural 

development in this district. The policy includes proposing to the central 

government to name the local mandarin as a national superior cultivar, 

intensifying mandarin cultivation in the existing cultivation centres, and 

extending mandarin cultivation to new areas outside its traditional cultivation 

areas. The central government designated the local mandarin as a national 

cultivar in 2005 and named it Keprok Soe mandarin (Citrus reticulata ‘Keprok 

Soe’). In an effort to protect the mandarin from HLB, the provincial parliament 

passed in 2002 a provincial law on banning import of grafted seedling from 

outside the province (Provincial Act No. 52, 2002). To intensify and extend 

mandarin cultivation, the provincial government designated TTS District as the 

district centre for mandarin development (Muga, 2003). TTS District government 

responded to this designation by launching programmes for farmer groups 

based on mandarin intensification, grafted seedling distribution, and nursery 

improvement (Nope, 2003a). 

 

Initially, these local-government policies succeeded in increasing mandarin 

population and production. However, this effect was short-lived because soon 

after the mandarin experienced severe decline. Despite evidence that HLB was 

responsible for the decline, both the provincial and district government refused 
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to acknowledge that the local mandarin had been HLB positive and instead 

attributed the decline to diplodia rot. In line with this policy of not acknowledging 

HLB and attributing mandarin decline to diplodia rot, the provincial and district 

governments recommended the use of California mixture as a control option. By 

not acknowledging HLB, TTS District government continued to receive central 

government funding, despite the decline of the local mandarin, for intensifying 

and extending cultivation and increasing grafted seedling production for the 

purpose of marketing to other districts and provinces. Meanwhile, TTU District 

government received no funds from the central government because the 

mandarin’s name referred to the capital of TTS district, thus not acknowledging 

TTU District as also the origin of the newly designated national mandarin 

cultivar. Farmers showed a range of responses to the problem of citrus decline. 

Some refused to join farmer groups formed by the district governments, others 

refused to plant grafted seedling distributed by the district governments. It is 

evident (as described in Chapter IV and Chapter V) that the issue is not merely 

about the incidence of HLB, but also about governance. 

 

Governance refers to the institutional arrangements, including rules, norms, and 

organizations, which shape actors' decisions and behaviour, including the 

exercise of authority within groups or organizations (Hatfield-Dodds et al., 

2007). This implies that governance operates at multiple levels and relies on 

different underlying sources of authority (Burris, Drahos, & Shearing, 2005; 

Lebel et al., 2006). At any level, institutional arrangements is required to 

coordinate the resources necessary to achieve collective goals through 

mediating the formal and informal negotiation of decisions between actors with 

different forms and degrees of influence. Governance is, therefore, either good 

or bad depending on the degree to which mediation throughout the process of 

institutional arrangements achieves a particular set of collective goals. In the 

context of biosecurity, governance involves various levels of institutional 

arrangements that shape decision-making activities with regard to assessment, 

management, and communication of risks posed by foreign life-threatening 

organisms. Considering ways in which the NTT provincial government and the 

TTS district government responded to mandarin decline, it becomes obvious 
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that the biosecurity governance has exacerbated the decline and also 

threatened citrus biosecurity in other regions. 

 

There was potential for a coordinated response to biosecurity if both the 

provincial and the district governments acknowledged HLB and together with 

other concerned stakeholders sought to find a negotiated solution. Instead, the 

local governments argued that because they had banned importation of grafted 

seedlings, it was impossible for HLB to enter the region. The government 

ignored the possibility that the disease could have existed well before the 

banning of grafted seedling importation. Because HLB development is slow 

(Gottwald, da Graça, et al., 2007c), and infected trees can be symptomless or 

show uncharacteristic symptoms (Bové, 2006; Bové et al., 2000), the presence 

of the disease may simply be unnoticed. In addition, despite acknowledging the 

presence of the HLB vector Diaphorina citri, the government has never carried 

out a regular surveillance programme as part of its policy for intensifying and 

extending mandarin cultivation. In cases where Diaphorina citri has been found, 

regular surveillance is the recommended standard practice to prevent HLB from 

spreading (Barkley & Beattie, 2008; Davis et al., 2000; Shokrollah, Abdullah, 

Sijam, & Abdullah, 2009; Technical Working Group, 2010). Another standard 

practice is the production of grafted seedlings in enclosed screen houses using 

budwood obtained also from carefully maintained foundation blocks (National 

Research Council, 2010). Many citrus producing countries also publish 

screening aids to help growers to do routine monitoring (H. Gomez, 2009) and 

publish a coordinated strategic plan for providing future directions on 

surveillance, management, and research and management of both the disease 

and its vector (Gottwald, da Graça, et al., 2007c; National Research Council, 

2010). Despite being autonomous in issuing a similar policy or directive, both 

the provincial and the district governments have done none of their own or 

followed none of the directives of the central government. These are all 

evidence, in addition to that from forestry and other sectors of natural resources 

management (see for example Barr et al., 2006; Larson & Soto, 2008; Yasmi, 

Guernier, & Colfer, 2009), that decentralization does not necessarily improve 

governance albeit in theory. 
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This is not to suggest that decentralization is in itself counterproductive. HLB 

and its vector Diaphorina citri may have been present in West Timor since 

before decentralisation and in this case the local provincial and district 

governments alone are not responsible. Grafted seedlings of the local mandarin 

were distributed to other provinces long before decentralization. The main target 

province was East Timor, before this province separated into the now 

independent country East Timor. However, this took place before HLB and its 

vectors Diaphorina citri had been found in the 2000s. The recently found HLB in 

East Timor could have originated from West Timor, brought with grafted 

seedlings mass-distributed to this former province during the late 1990s. If this 

is true, then HLB must have been present in West Timor before this time. The 

central government quarantine and the then central government Agency for 

Seed Supervision and Certification (now the provincial Technical 

Implementation Unit for Seed Supervision and Certification) is therefore 

responsible for the spread of HLB to East Timor. 

 

This indicates that biosecurity governance is not just a recent issue, but an 

issue perpetuated beyond decentralization and autonomy domains. What 

makes decentralization important in this case is that it allowed the local 

governments to become too powerful, despite lack of technical capacities. 

According to Larson & Soto (2008), Indonesia represents one of the few cases 

of decentralization in which substantial powers have been transferred to local 

governments. However, decentralization in Indonesia occurred at such a pace 

that those receiving powers are not ready to accept accountability, neither to the 

central government nor to local populations (Larson & Soto, 2008; Usman, 

2001). Those receiving power in local governments are politicians who, as 

discussed in Chapter V and in Mudita (2011), take an active interest in 

mandarin development initiatives because of potential financial and/or political 

benefits. Decentralization has enabled district governments to freely pursue 

local priorities, but because of insufficient downward accountability, there is 

opportunity to abuse these emerging priorities for personal interests. This 

downward accountability becomes a problem because the decentralization is 
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seen more as top-down measures aimed at transferring responsibilities and 

powers to lower levels of government than the gradual opening of spaces for 

participation from below that challenge the traditional (centralized) way in which 

public policy decisions have been made. 

 

Abuse of emerging opportunities for personal interests takes place not only at 

the district level, but also at the village level. Albeit being targeted to the 

community at large, village elites are those who benefit most from the 

programmes related to district government policy on mandarin development. 

Most group leaders of farmer-group based intensified cultivation and owners of 

nursery improvement programmes are village elites who, because of their 

lineage, are able to use their traditional influences on the people on whom then 

district politicians count for popular supports. This is partly because, despite 

changes in institutional arrangements at the provincial and the district levels, 

changes have not occurred at the village level with decentralization. Local 

institutional arrangements often reflect culturally charged struggles for power as 

well as culturally motivated efforts to gain access to power, but current 

discussions around decentralization (Bebbington et al., 2004) pay little attention 

to this nexus, at best reducing power to questions of material difference, but 

overlooking the ways in which governance arrangements are contested. Results 

of this research indicated that institutional arrangements at the village level still, 

despite decentralization, tend to weaken bridging social capital, a phenomenon 

similar to that observed by Bebbington et al. (2006). In this case, the formation 

of farmer groups for mandarin intensified cultivation serves as an example. 

 

 

8.3.3. Summary: Community Biosecurity as Social-Ecological System 

This section discusses that citrus biosecurity in the highlands of West Timor not 

only has biophysical, but also social dimensions. It is true that diseases such as 

diplodia rot, phytophthora gummosis and root rot, and even HLB are attributable 

to citrus decline in the region, but what makes the decline worse is the policy of 

the local governments in promoting mandarin intensified and extended 

cultivation. In doing so, for reasons not understood from the perspective of 
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decentralization and autonomy, both the provincial and the district governments 

refuse to acknowledge the presence of a much more destructive and 

threatening HLB and instead focus on a less destructive and threatening 

diplodia rot. While the local government provided attention only to the officially 

recognized disease diplodia rot and phytophthora gummosis and root rot, HLB 

was free to spread without official recognition. This occurs because by not 

recognizing HLB, the local governments are legally free to distribute infected 

grafted seedlings in the region and to other districts in NTT Provinces and to 

other provinces in Indonesia. 

 

However, grafted seedlings from West Timor have been distributed to other 

provinces since much earlier time, suggesting that in this case decentralization 

and autonomy are not the only factors responsible for this biosecurity 

governance issue. The concern here is that decentralization, expected to 

improve governance, has in fact made it worse. The strong autonomy of the 

provincial and the district government has reduced the power of the local office 

of the central government so that it has insufficient power to intervene with the 

policy of these local governments. Decentralization and autonomy have made it 

possible for the provincial and the district agricultural service to ignore 

regulations and directives currently issued by the central ministry of agriculture 

on citrus grafted seedling production and distribution. In addition, autonomous 

provincial and district governments focus their efforts on income generating 

exercises. Although these are important for allowing the autonomous provincial 

and district government to generate revenue for delivering better public 

services, lack of downward accountability have turned such exercises into 

providing benefits to a small group of the elite, both in the community and in the 

government, rather than benefiting the community at large. 

 

All these findings suggest that biosecurity can no longer be seen as a merely 

isolated pathogen-crop-biophysical environment interaction. As results 

discussed in Chapter IV, Chapter V, and Chapter VI suggested, interactions 

involving people are far more complex. Decentralization, as discussed in the 

earlier section, has transferred substantial powers to local governments. 
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However, this transfer of power occurred without the development of 

mechanisms for accountability to the central government or to local populations. 

In addition to several weaknesses in the government, there are also factors 

related to the community that contribute to the current biosecurity state. Results 

discussed in Chapter IV and Chapter V indicated that current practices in 

implementing decentralization pay little attention to culture-bound governance 

arrangements contested at the community level. Local communities consisted 

of numerous groups of people with different backgrounds, each competing with 

the other in pursuit of their own interests. The elite manoeuvre to stay on top of 

the power hierarchy in the community. 

 

Community biosecurity is a concept proposed to accommodate community 

awareness and participation in assessing, managing, and communicating 

biosecurity risk. As discussed in Chapter VII, it consists of several component 

measures, each indicating different degrees of interactions involving bio-

physical and social components. As a result, not all citrus pests and diseases 

have become important and among those important ones, not all becomes 

officially recognized. Bio-physical interactions determine which pests and 

diseases develop and become severe, but regardless of their severity, their 

recognition by the local governments and local community is finally bound to 

social interactions. This leads to a need of a new categorization of pests and 

diseases into officially- and unofficially- recognized and unrecognized, in 

addition to the currently existing categorization in integrated pests management 

textbooks such as major versus minor, key versus non-key, pests and diseases 

(e.g.: Dent, 1995; Hill, 2009; Radcliffe et al., 2009; Zalom, Ford, Frisbie, 

Edwards, & Telle, 1992). The results discussed in the previous three chapters 

clearly indicate that HLB is globally a key disease of citrus, but not considered 

so in West Timor. On the contrary, diplodia rot is not globally a key disease of 

citrus, but it is officially so in West Timor. This finding suggests that citrus 

biosecurity is part of, or even itself, a social-ecological system. According to 

Berkes (1998), Holling (2001), and Folke (2006), a social ecological system 

consists of both ecological and social components, each interact with the other 

to define the whole system performance. In the case of citrus biosecurity 
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discussed here, the interactions involving bio-physical components are 

ecological and those involving government policy and culture-bound institutional 

arrangement are social. More discussion on the complexity of such interactions 

and their implications will follow in the next section. 

 

 

8.4. Sources and Engagement of Community Biosecurity 

8.4.1. Complex Measure of Community Biosecurity 

Community is inherently complex, and so it is not possible to create a simply 

measure for community biosecurity. As discussed in Chapter VII, the complex 

nature of community biosecurity has resulted in no single adequate measure for 

its state. First, the concept of biosecurity itself encompasses assessment, 

management, and communication of biosecurity risk. Consequently, a measure 

of community biosecurity has to be able to represent all these components. 

Second, measuring community biosecurity involves community as the 

measurement unit and for this purpose this unit has to be clearly defined. Third, 

irrespective of the measurement unit, measuring community involves people 

both as the subject and the object of the measurement. Ideally the 

measurement would be easy to make. However, measurement of biosecurity 

becomes difficult because it includes awareness and perception. This aspect 

has been discussed in detail in Chapter VII. 

 

For constructing a measure of community biosecurity, a number of variables 

were arbitrarily selected for each component of risk assessment, management, 

and communication. However, exploratory factor analysis suggested that 

among four retained factors, one factor accounts for more than 78% of variance 

in the dataset, suggesting that this factor alone is sufficient to represent the 

data. Unfortunately, variables that loaded high to this factor do not belong to a 

particular category. Among those factors that loaded high to this factor, 

knowledge of budwood as a means of disease transmission from diseased 

mother trees to grafted seedlings, grafted seedlings as a means for disease 

spread, and grafted seedlings as an important cause of mandarin decline 

belong to the assessment component of risk analysis, but other variables of risk 
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assessment did not load high to this factor. As a result, in addition to this factor 

as a single-factor measure, a composite measure constructed by summing the 

scores of the four retained factors was also used as another measure of 

community biosecurity. 

 

In addition to the complexity of measuring community biosecurity, defining the 

unit of analysis brings another challenge. Owing to the tradition and history of 

settlement in West Timor, defining a community solely on the basis of social 

interaction is almost impossible. Traditionally, people are always interconnected 

through the concept of 'kanaf’ (sacred name) and 'suf' (common-law land right) 

through which social interaction is constantly maintained across physical and 

administrative borders. Historically, the concept of 'kuan' (traditional settlement) 

has evolved from merely a settlement of people originating from a single 

genealogy to become a present-day settlement for people of mixed origins and 

from a traditional and colonial administrative unit of the static hierarchy to 

become an administrative unit of dynamic hierarchy under the current law of 

decentralization and autonomy. Considering these difficulties, the community for 

unit of analysis was defined based on serving practical purposes. For the 

analysis of community biosecurity, sub-village was chosen as the unit of 

analysis because within a village the mandarin is cultivated only in those sub-

villages where soil is suitable and where sources of irrigation water are 

available. Another determining factor that was also considered was membership 

of farmer groups and interaction that is mainly confined to a particular sub-

village. 

 

 

8.4.2. Sources of Community Biosecurity as a Social-Ecological 

System 

In Chapter VII, measures of community biosecurity were regressed against 

factors of social capital and other capitals. The measure consisted of the single-

factor index and the composite index of community biosecurity. Here, factors 

were groups of variables resulting from exploratory factor analysis. The purpose 

of this analysis was not only to investigate correlations between factors, but also 
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to explain the current state of community biosecurity. It was similar to the use of 

exploratory factor analysis by Onyx & Bullen (2000a, 2000b) in finding sources 

of social capital. In this research, however, exploratory factor analysis was used 

to explore and group variables, whereas regression analysis was used for 

confirming relationships involving variables in a similar manner it was used by, 

for example, Grootaert (1999, 2001) and Krishna & Uphoff (1999). Both the 

exploratory factor analysis and the regression analysis enabled exploration of 

possible sources of the current state of community biosecurity. Exploring such 

potential sources of community biosecurity is important for being able to offer a 

management solution. Before proceeding with management options, however, a 

synthesis of the results of the analysis is outlined. 

 

As discussed in Chapter VII, social capital is an important source of community 

biosecurity, but only one of several sources. The importance of social capital as 

a source of community biosecurity depends on at least two conditions. First, the 

significance of social capital as a source of community biosecurity depends on 

the way community biosecurity is measured, whether as a single-factor index, a 

combination of factor variables, or a composite index. Second, the significance 

of social capital as a source of community biosecurity depends also on the other 

capitals involved. For the first, the difference in the significance of social capital 

is due to variables contributing most strongly to each measure of community 

biosecurity. Variables that contributed most to the single factor index included 

knowledge of budwood as a means of disease transmission from diseased 

mother trees to grafted seedlings, grafted seedlings as a means for disease 

spread, and grafted seedlings as an important cause of mandarin decline. On 

the other hand, variables contribute most for the composite index include ability 

to mention Diaphorina citri, effectiveness of California mixture, and government 

responses to reports about the presence of pests and diseases. For the second, 

to become a significant source, social capital needs other capitals, but other 

capitals can replace social capital as a significant source. All these 

characteristics confirmed the earlier proposition of community biosecurity as a 

social-ecological system. According to Holling (2001) and Gunderson & Holling 

(2002), the complexity of living systems of people and nature emerges not from 
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a random association of a large number of interacting factors, but from a 

smaller number of controlling processes. These controlling processes 

determined which variables contributed most to the measures of community 

biosecurity. 

 

Within the domain of ecological systems, plant biosecurity is concerned with 

threats posed by organisms to plant health. Such threats are possible because 

organisms with destructive potential come into contact with plants under 

environmental conditions that are suitable for biosecurity threatening organisms 

to thrive, but unsuitable for plants to defend themselves. For citrus in the 

highlands of West Timor, such threats come from different pests and 

pathogens. Within this multitude of pests and pathogens, HLB bacterium Ca. 

Liberibacter asiaticus and its vector Diaphorina citri become more threatening 

than any other pests and pathogens because of the availability of different 

species of citrus and citrus relatives as hosts and the suitability of 

environmental conditions for their development. In addition to the mandarin, 

other susceptible citrus, such as sweet oranges and pomelos, are widespread 

in the region. Orange jasmine, an alternative host for both the bacterium and its 

vector, is also widespread, either wild or cultivated. Both the bacterium and its 

vector prefer warm rather than cool conditions to develop and the shift of 

planting the mandarin from the higher to the lower altitudes provides these 

necessary higher temperatures for both the disease and the vector. This shift to 

lower altitude is possible because of the use of grafted seedlings to replace the 

traditional use of seeds as planting material currently still in use in the higher 

altitudes. In addition to allowing planting in lower altitudes, use of grafted 

seedlings also provided a means for the HLB bacterium to spread. All these 

changes can be measured by using various conventional techniques for 

monitoring pests and diseases and their environment (Kranz & Rotem, 1988; 

Madden, Hughes, & van den Bosch, 2007; Southwood & Henderson, 2000). 

 

To this domain of ecological systems add social linkages, ranging from 

governance policy, decentralization, and governance to community's social and 

other capitals. The local government policy of not acknowledging HLB allows 
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the disease to develop largely unnoticed. The policy of mass distribution of 

grafted seedlings without strict supervision of their production and distribution 

processes provides a means for the pathogen to spread to new areas, not only 

in West Timor, but also outside NTT Province. The central government has 

produced directives for disease-free grafted seedling production, but autonomy 

has provided power to the provincial and district government to ignore such 

directives for reasons of political and financial benefits. This happens because 

not enough attention is given to institutional arrangements to make the local 

government accountable to people and even less attention to cultural 

dimensions of governance at the village and the sub-village levels. In addition, 

democracy is enacted simply as allowing people to vote for their leader, but not 

assured by providing means for the people to check accountability of the 

elected leaders. As a result, growers and their social networks attempt to cope 

with the decline of the local mandarin while government officers and community 

elites pursue their own political and financial agendas regardless of the struggle 

of these unfortunate voters. 

 

The above characteristics of ecological and social domains of community 

biosecurity agree with what Holling (2001) and Gunderson &Holling (2002) call 

system properties: potential, connectedness, and resilience. These properties, 

as Holling (2001) further argues and has been discussed earlier in brief in 

Chapter II, are maintained through four dynamic functions or processes: 

exploitation (r), conservation (K), release (Ω), and reorganization (α). Social-

ecological systems are dynamic, alternate between long periods of slow 

accumulation and transformation of resources (from exploitation or r to 

conservation or K) with shorter periods that create opportunities for innovation 

(from release or Ω to reorganization or α). In this case, the potential includes 

accumulated physical, human, social, and cultural capitals as well as 

unexpressed chance of changes and inventions. During the slow sequence 

from exploitation to conservation, connectedness and stability increase and 

capital is accumulated. For the social domain, the accumulating potential could 

as well derive from the skills, networks of networks of human relationships, and 

mutual trust, as already describer in Chapter VII, that are developed 
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incrementally and integrated during the progression. As the progression to the K 

phase proceeds, the accumulating potential in the various forms of capitals 

become more and more tightly bound within a particular component of the 

system, preventing other components from utilizing them. That is, the system's 

connectedness increases, eventually becoming over-connected and 

increasingly rigid in its control, becoming what Holling (2001, p. 394) calls “an 

accident waiting to happen”. When an accident does happen, the 

connectedness becomes low, the control becomes weak, and in this condition, 

system resilience provides opportunity for novel re-assortments of elements that 

are previously tightly connected to others in isolated sets of interactions. For 

community biosecurity of citrus in the highland of West Timor, this is a phase 

that provides opportunity for transformation. More will be discussed regarding 

this opportunity in Section 8.4.4. 

 

Viewing community biosecurity as a social-ecological system provides a basis 

for revisiting the current theory of pest and disease progression as simply a 

result from interactions involving pests/pathogens, hosts, and biophysical 

environments. As discussed in Chapters IV, V, and VI, HLB develops not only 

because of the availability of susceptible hosts and suitable biophysical 

environments for the pathogen to infect and spread. Instead, transfer of power 

from the central government to local governments that are not accountable to 

their people has resulted in biosecurity governance that is contradictory to that 

expected to happen from decentralization. This adds another dimension to the 

conventional way of viewing pest and disease development as a 'pest/disease 

triangle' and changes the triangle into a tetrahedron in which the social 

environment becomes the fourth angle at the apex of the triangle which then 

serves as the base. Being on top of the tetrahedron, the social environment 

dictates every corner of the triangle: the pathogen, the host, and the biophysical 

environment. In the case of community biosecurity of citrus in the highland of 

West Timor, the policy of the local governments and the struggle of local 

communities are parts of this peak of the tetrahedron. However, the policy of 

the local governments is on top and the struggle of the local communities is 
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floating up and down along the axis connecting the peak to the centre of the 

triangle in the base of the tetrahedron (Figure 8.1). 

 

 
Figure 8.1. Community Biosecurity Tetrahedron. The tetrahedron consists of the 

pests and disease triangle ABC as the base in which A is host, B is 
pest/pathogen, and C is biophysical environment. Social 
environment adds a fourth corner D to the triangle, changing the 
triangle into a tetrahedron with ABC, ABD, ACD, and BCD as the 
four surfaces of the tetrahedron. DF is the height axis of the 
tetrahedron along which the point E, the struggle of the local 
communities, floats up and down. This tetrahedron is part of the 
three dimensional space of social-ecological systems with potential, 
connectedness, and resilience as the x, y, and x axes each pair of 
which defines the four dynamic functions or processes of social-
ecological systems: exploitation (r), conservation (K), release (Ω), 
and reorganization (α). 

 

 

In the community biosecurity tetrahedron, ABC is the pest/disease triangle in 

which pests/pathogens interact with crops for host and pests/pathogens and 

crops with the biophysical environment (including natural enemies of pests and 

pathogens). All three elements of the triangle are necessary for any pests or 

diseases to develop. A fourth corner, D, changes the pests/disease triangle into 

a tetrahedron, the community biosecurity tetrahedron. This fourth element 

consists, among others, of the policy of the local governments and the struggle 

of local communities in coping with the developing pests or diseases. However, 

the relative positions of the points representing the policy of the local 

governments and the struggle of local communities can change. In the case of 

community biosecurity of citrus in the highlands of West Timor, the policy of the 
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local governments is on top, at point D, subordinating the position of the 

struggle of local communities at point E. The line DA represents the policy of 

intensifying mandarin cultivation using grafted seedlings, the line DB represents 

the policy of not acknowledging the presence of HLB and recommending the 

use of California mixture to control diplodia rot, and the line DC represents the 

policy of expanding mandarin cultivation to areas in lower altitudes. On the 

other hand, the line EA represents the persistence of the community in using 

seeds as planting material, the line EB represents the effort of the local 

community in using local material to control pests and disease, and the line EC 

represents the refusal of local communities in planting the distributed grafted 

seedlings. The distance between point D and point E is critical in determining 

the current status of community biosecurity. In the case of community 

biosecurity of citrus in the highland of West Timor, the distance is longer than 

that represented in Figure 8.1, pushing point E down closer to point F. This way 

of viewing community biosecurity applies not only to HLB and its vector on 

citrus, but also to any other pests and diseases on any crops and even to any 

threats posed by living organisms to plant, animal, and human health. 

 

 

8.4.3. Mixed Methods as a Methodology for Researching Community 

Biosecurity Tetrahedron 

As argued in the previous section, conceptualizing community biosecurity as a 

social-ecological system provides the basis for revisiting the current concept of 

the pest/disease triangle. The findings regarding influences of social 

environments on transmission of HLB pathogen Ca. Liberibacter asiaticus from 

infected mother trees to grafted seedlings, on the role of grafted seedlings as a 

means for disease spread, on the role of shifting from using seeds to using 

grafted seedlings as planting material, all provide evidence for a need to change 

the way of viewing pest and disease progression from simply an ecological into 

a social-ecological process. The local government policy to extend mandarin 

cultivation to areas in lower altitudes coincidentally provides a more suitable 

environment for the vector of the disease to develop and hence to spread the 

pathogen from an infected tree into the neighbouring healthy trees. More 
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importantly, however, the policy of not acknowledging the existence of a 

destructive disease such as HLB has provided an opportunity for the disease to 

spread without being recognized. All these findings are possible as a result of 

integration of both qualitative and quantitative data collection and analyses in a 

mixed methods methodology. 

 

Researchers in the domain of social-ecological research claim that ecosystems 

and environmental dynamics are complex and such complex systems are best 

understood from multiple perspectives and methods (Lele & Norgaard, 2005). 

This sounds promising from an integral perspective, as the humanities 

recognize subjective and inter-subjective perspectives. However, what initially 

appears as integral science turns out, according to Esbjörn-Hargens (2008), to 

be primarily objective and inter-objective integrative science. This is because, 

Esbjörn-Hargens (2008) further argues, in many published social-ecological 

research articles, methodologies are seldom integrated, despite recognition by 

many theorists and practicing ecologists of the need for such integration. 

Through mixed methods research, the subjective (experience) and inter-

subjective (culture) approach of qualitative method is compromised with the 

objective (behaviour) and inter-objective (systems) approach of quantitative 

method to make room for dialogues for transformation. 

 

With regard to the community biosecurity tetrahedron as depicted in Figure 8.2, 

quantitative methods are appropriate for researching interactions involving 

points A (host), B (pest/disease), and C (biophysical environment). However, 

giving too much attention to these interactions means inclining toward 

championing objectivity (behaviour) and inter-objectivity (systems). On the other 

hand, qualitative methods are appropriate for exploring point D (including E) 

and leaving the triangle ABC incomprehensible. This is because qualitative 

methods are inclined toward subjectivity (experience) and inter-subjectivity 

(culture). With data from a large number of respondents, quantitative 

researchers seek to avoid outliers and to make conclusions generally based on 

average. On the contrary, with pages of transcripts, qualitative researchers seek 

to find patterns and to make conclusions based on these patterns and the 
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presence of outliers. Biosecurity is, however, not just only about average, nor 

just only about outliers. This research shows that mixed methods provide an 

avenue for allowing these two approaches to converge in providing a more 

comprehensive understanding on what Nairn (1996) calls shared responsibility. 

 

 

8.4.4. Transformative-Emancipatory Biosecurity Engagement for 

Managing Community Biosecurity Tetrahedron 

Results that have been presented and discussed in earlier chapters show that 

citrus in the highlands of West Timor has experienced changing biosecurity 

threats, from diplodia rot to phytophthora gummosis and root rot and recently 

from this later disease to HLB and its vector Diaphorina citri. These threats 

change not only over time, but also over space. Despite these changing threats, 

the local governments remained largely static in their approach. That is, once a 

pest or a disease has been successfully intercepted, the region will always 

remain considered free from such a particular pest or disease. For the local 

governments, the enactment of a provincial law on banning of grafted seedling 

importation has been enough to prevent HLB from being introduced. By 

claiming that their regions are free of this citrus disease, the local governments 

are allowed, under the current law of decentralization and regional autonomy, to 

continue intensifying and expanding the local mandarin cultivation through 

various programmes. The local governments argue that these programmes are 

all for the benefit of the community, however such programmes provide 

opportunities for some government officers and community elites to seek their 

own interests over the struggle of the rest of the community in dealing with the 

continuing decline of the mandarin. Some community leaders, nursery owners, 

and citrus growers suspected that HLB is responsible for the decline. Results of 

this research confirmed that HLB was involved, but the local governments 

responded by claiming the findings was illegal because the PCR test was not 

carried out in a laboratory endorsed by the government. 

 

Regardless of not being recognized by the local government, the laboratory 

where the PCR test was conducted was among the best of its kinds in the 
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country. The laboratory, the Laboratory of Agricultural Biotechnology in a 

nationally and internationally renowned university, has a well equipped facility 

for conducting both conventional and real time PCR. Nevertheless, under 

decentralization and regional autonomy, the local governments have the right to 

decide their own official laboratory. The issue is that decentralization alone is 

not enough to bring changes in the way the local governments engage the 

community. Autonomous local governments that are expected to better engage 

local communities for detection and surveillance respond negatively, not only to 

the result of the PCR test, but also to other reports regarding pest and disease 

problems by members of local communities. In other words, instead of 

embracing local communities, the local governments take a distant position of 

issuing policies that leave the majority of their own people unsupported. In the 

community biosecurity tetrahedron, the local governments maintain position at 

point D by issuing policies that push the position of local communities E down 

toward point F to cope with problems regarding the mandarin at point A, the 

pests and pathogens at point B, and the biophysical environment at point C. 

 

The concern here is, therefore, to shorten the distance DE in the community 

biosecurity tetrahedron. For this purpose, biosecurity engagement becomes a 

central issue. However, contrary to Kruger, Stenekes, Clarke & Carr (2010), 

biosecurity engagement here needs neither to be initiated nor to be carried out 

by the government. Biosecurity engagement need to be initiated, designed, and 

implemented by an independent institution acceptable to both the local 

communities and the local governments. Under the local situation of West Timor 

as already described and discussed in earlier chapters, such an institution could 

be a council whose membership consists of stakeholder representatives, a 

university, or a regional NGO. Because community biosecurity is dynamic, the 

first task of this institution is to identify community structures and processes that 

could function as drivers, barriers, and social enablers. The next task is to 

identify key stakeholders and to find key resources. All these tasks are 

necessary to make 'the engagement engine' of formation, design, and 

implementation work. The approach of the current research  followed that 
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proposed by Kruger et al. (2010), but because of the conditions of local 

community biosecurity, it differed in emphasis as follows: 

1) Biosecurity engagement should focus on improving the bargaining power of 

those marginalized in the community. 

2) Biosecurity engagement should promote sense of place toward community 

of place. 

3) Biosecurity engagement should emphasize learning and accountability 

throughout its whole process. 

These emphases are necessary to make biosecurity engagement 

transformative-emancipatory in responding to the current conditions. 

 

Transformative-emancipatory community biosecurity engagement is based on 

the transformative-emancipatory paradigm that assumes: (1) “knowledge is not 

neutral but is influenced by human interest”, (2) “all knowledge reflects the 

power and social relationship”, and (3) “an important purpose of knowledge 

construction is to help people improve society” (2003, pp. 139-140, numbering 

added). Under the current community biosecurity situation in West Timor in 

which knowledge is owned and used by the local governments to enhance their 

power over people instead of improving society, assuming the local government 

to be responsible for community biosecurity engagement is certainly not a 

choice. A council consisting of stakeholder representatives is the best choice, 

but a university or a regional NGO can be alternatives. Whichever is the choice, 

the responsible institution should be capable of identifying structures and 

processes in the community to make ‘the engagement engines’ work. 

 

As already described and discussed in Chapter IV and Chapter VI, different 

structures and processes exist within local communities in West Timor. The task 

of community engagement is to find structures that function from within the 

community (Boxelaar et al., 2006; Kruger et al., 2010; Thompson et al., 2009). 

On the contrary, the local governments relied on establishing project-oriented 

structures such as farmer groups or other community groups to receive 

government funding. Such established structures competed with the existing 

'function-from-within' community groups consisting of traditional groups such as 
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swidden work groups (kelompok kerja kebun), community saving groups 

(kelompok arisan), etc. Even worse, the government considered such traditional 

groups as uncooperative because they refused to plant the distributed grafted 

seedlings. Labelled as being so, such groups of 'outliers' were marginalized in 

the current 'average-based' approach of government-sponsored mandarin 

development. Growers in such marginalized groups may have developed their 

own knowledge system, but in terms of access to other resources, these are 

people on whom community biosecurity engagement should focus. In doing so, 

community biosecurity engagement should be able to identify and use the 

available social enablers such as personal relations and decision making as 

well as reciprocity, exchange, and trust as described and discussed in Chapter 

VII. 

 

Community biosecurity engagement should also promote the sense of place 

that still exists among individual members of the community toward community 

of place. As already described in Chapter IV, villages and even sub-villages 

have become less ethnically homogeneous. Within a village or a sub-village, 

some people are labelled as native while others as new-comers or even 

outsiders ('kase'). Because of improving accessibility and changing economic 

opportunities, it is a common trend that people are increasingly transient. In an 

increasingly dynamic community like this, the sense of place is becoming more 

and more fluid. The challenge for community biosecurity engagement is first to 

identify this dynamic and then to find internal and external supports for 

promoting the existing sense of place toward community of place. Internal 

supports can be found among various types of leaders in the community, 

whereas outside supports among those who live outside the village, but share a 

traditional sense of place with those who live in the village. As argued by Falk et 

al. (2008a), sharing networks of networks among people with multiple identities, 

roles, and aspirations within their own shared place, and with others, defines a 

community of place. Thereby, while bonding ties are nurtured, bridging ties and 

even linking ties are also maintained. 
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The ‘engagement engines’ in community biosecurity engagement indicates that 

continual on-going flow of information between stakeholders is required to 

improve the ‘engine’ performance (Kruger et al., 2010). In the transformative-

emancipatory research paradigm, this information flow is necessary to place 

central importance on the life and experiences of marginalized groups by 

consciously analysing asymmetric power relationships, seeking ways to link 

research results to action, and linking the research results to wider questions of 

social inequality and justice (Mertens, 2003, 2007, 2010). The transformative-

emancipatory community biosecurity engagement is a way to link research 

results to action and to wider questions of social inequality and justice. Such 

links provide the marginalized groups in the community access to accrue 

knowledge and resources necessary for fostering identity. Therefore, 

transformative-emancipatory community biosecurity engagement should 

emphasise learning and accountability throughout its whole processes by 

maintaining dialogue and reporting between stakeholders in the formation and 

design stages and monitoring and evaluation between stakeholders in the 

design and implementation stages. 

 

Finally, focusing on the marginalized groups does not mean excluding the 

government. As already argued by Nairn (1996), biosecurity is a shared 

responsibility. According to Beale, Fairbrother, Inglis, & Trebeck (2008), it is 

neither exclusive to the community nor to the government. In the community 

biosecurity tetrahedron concept, reducing the distance DE is the requirement for 

biosecurity engagement to be transformative-emancipatory. For the current 

situation of community biosecurity in West Timor, lowering point D toward E is 

difficult without change. This is why biosecurity engagement should focus on 

those growers marginalized from the current government programmes for 

intensifying and expanding mandarin cultivation areas. Marginalized groups 

may be empowered to improve their bargaining power toward the government if 

the focus is carried out through promotion of community of place and emphasis 

on learning and accountability. Only then the local communities and the local 

government can share biosecurity responsibility in an equal partnership. 
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8.4.5. Summary 

In this section, sources of community biosecurity were discussed and a new 

concept of community biosecurity and a transformative-emancipatory approach 

of community biosecurity engagement was synthesized. Different ‘factors’ 

contribute to community biosecurity, but the contribution of these ‘factors’ also 

depends on the way community biosecurity is measured. ‘Factors’ in this 

context refer to a combination of variables that explain most of the variance 

within the dataset of social capital and other capitals. These variables of 

capitals (social and other forms of capital) represent the social components of 

community biosecurity that together with the crop, the pest/pathogen, and the 

biophysical environment form a social-ecological system. Within this social-

ecological system framework, community biosecurity is visualised as a 

tetrahedron resulting from an overarching position of social environment on top 

of a triangle depicting an interacting processes involving host, pest/pathogen, 

and biophysical environment along a pre-border, border, and post-border 

continuum. The social environment consists of government policy and 

community struggles that are supposed to occupy one point of position, but as a 

result of current biosecurity governance, the government distances its position 

from that of the community. 

 

Under this community biosecurity situation, biosecurity engagement needs to 

focus on improving the bargaining power of those marginalized in the 

community, to promote sense of place toward community of place, and to 

emphasize learning and accountability throughout its whole processes of 

formation, design, and implementation. These emphases are necessary to 

improve the capacity of the local communities through providing access to 

information and resources. Biosecurity is indeed neither the responsibility of the 

community nor the responsibility of the government alone, but a shared 

responsibility. As such, community biosecurity engagement needs to be 

inclusive. These principles define a new approach to community biosecurity 

engagement: collaborative but putting the interests of those marginalized first, 

adaptive but seeking to foster identity, and participatory but giving a way for that 
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from within the community over that imposed from the top. This is a 

transformative-emancipatory community biosecurity engagement approach 

needed to narrow down the distance that currently exists between the policy of 

the local government and the struggle of local communities in coping with 

mandarin decline in West Timor. This is the approach needed wherever power 

relations are asymmetric, and social inequality and injustice prevail.  

 

 

8.5. Chapter Summary 

Citrus biosecurity in the highlands of West Timor is understood by local 

communities with respect to mandarin decline taking place and the local 

governments requiring growers to plant the grafted seedlings. To the local 

governments, planting grafted seedling is required to improve mandarin 

production while to local communities it provides vehicle for disease spread and 

makes the mandarin prone to pests and diseases. In defending their policy, the 

local governments argue that strict supervision and certification of grafted 

seedling processes and enactment of provincial law to ban grafted seedling 

importation prevents destructive pests and diseases being introduced into the 

region. Contrary to this argument, it is found that the supervision and 

certification are not as strict as claimed by the local governments and that 

mandarin grafted seedlings, mother trees, and production trees have been 

infested by the HLB vector Diaphorina citri and are also HLB positive. This 

conflicting understanding has left the local communities to struggle by relying on 

their own networks, based on trust and reciprocity, to access information and 

other necessary resources for coping with the decline. These trust- and 

reciprocity-based community networks define citrus biosecurity at the 

community level as community biosecurity. Under this community biosecurity 

situation, engagement needs to focus on the local communities to lay a 

foundation toward equal partnership with the government. 

 

All these answers can be conceptualized into community biosecurity as a 

tetrahedron and into biosecurity engagement as transformative-emancipatory 

biosecurity engagement. Community biosecurity takes the form of a 



384 

 

tetrahedron, with social environment determining the course of a triangle 

through which biosecurity risk development is currently understood which is 

comprised of interactions involving host, pest/pathogen, and biophysical. This 

community biosecurity tetrahedron is part of a social-ecological system that is 

dynamic over time and space through processes of exploitation, conservation, 

release, and reorganization in maintaining its potential, connectedness, and 

resilience. At some point, its potential can be unequally shared and its 

connectedness can be too rigid. At this point, a situation of ‘an accident waiting 

to happen’ can at any time break the system up. This system theory notes that 

not all system components are necessary for the system to recover. Similarly, 

for community biosecurity, focus needs to be given to those marginalized in the 

community through transformative-emancipatory community biosecurity 

engagement.  
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IX. KEY FINDINGS, CONCLUSIONS AND IMPLICATIONS 

 

 

9.1. Overview 

In an attempt to make the local mandarin the leading crop for agricultural 

development, the local provincial and district governments have launched 

various development programmes. However, in the late 1990s, as cultivation 

intensified and expanded, the mandarin started to decline. According to the 

local governments, the decline was caused by diplodia rot and has been put 

under control by the use of a mixture of lime and sulphur. Nevertheless, the 

decline continued and a research team later found that HLB was associated 

with the decline. Surprisingly, the local governments refused to acknowledge 

the finding, arguing that every effort had been made to prevent the disease from 

being introduced. Meanwhile, citrus growers were not provided with any support 

to understand the causes of the decline or to find a solution. The refusal by the 

local governments was the catalyst for this research given that the government 

was not responsive to local issues and the attempts by citrus growers to cope 

with the decline of their mandarin crops. An introduction to this biosecurity issue 

is presented in Chapter I and the theoretical framework for researching the 

issue are discussed in Chapter II. 

 

Qualitative and quantitative data were collected in a mixed methods 

methodology during two years of field work in two districts, TTS and TTU 

Districts, NTT Province, Indonesia. The qualitative data were subject to 

thematic analysis, first to identify themes and then to collapse related themes 

into key themes. Results of this thematic analysis were used as the basis for 

designing the quantitative and mixed data collection procedures. The 

quantitative data were subjected to descriptive statistical analysis. Results of 

these qualitative and quantitative analyses were combined to identify variables 

for mixed models exploratory factor analysis, and the results of this analysis 

were subjected to regression analysis. The methodology of data collections and 

analyses is presented in Chapter III. The results of these data analyses are 

presented and discussed in Chapters IV to VII. Chapter IV presents the results 
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of qualitative analysis of exploring biosecurity issues. Chapter V presents the 

results of quantitative data household biosecurity survey and crop assessment 

and filed and laboratory tests for confirming the finding from qualitative data 

analysis. Chapter VI presents the result of in-depth interview regarding grafted 

seedlings production and distribution and of biosecurity engagement with the 

local government and the local communities. Finally, Chapter VII presents 

mixed analysis of variables derived from results of the previous analysis and 

variables of social and other capitals. 

 

Chapter IV presents and discusses answers to research questions: (1) What 

was the status of citrus biosecurity and the extent of local government policy to 

promote intensified and extended planting? and (2) How was such biosecurity 

status understood by both the local communities and the local governments? 

Citrus in the region, especially the local mandarin, is currently experiencing 

severe decline. Despite this decline, the local governments continued to 

promote planting using grafted seedlings and to expand planting to areas of 

lower altitudes. The local communities understood that the current condition of 

citrus biosecurity is the consequence of the local government policy of 

distributing unhealthy grafted seedlings. Some growers suspected that these 

grafted seedlings may have spread HLB and other graft transmissible diseases 

that were responsible for the decline. The local governments, on the contrary, 

maintained that UPTPSB (Unit Pelaksana Teknis Pengawasan dan Sertifikasi 

Benih or Technical Implementation Unit for Seed Supervision and Certification) 

had strictly supervised and guaranteed that every distributed grafted seedling 

had passed certification. According to the local government, the decline 

occurred because growers did not follow government recommendations on 

using California mixture to control diplodia rot and on crop maintenance to 

improve tree survival during the dry season. In dealing with grower refusal to 

plant grafted seedlings, the local governments introduced a programme of 

group-based intensification by including only those who agreed to plant grafted 

seedlings. Growers in these project-based farmer groups received the privilege 

of funding, field facilitation, and training, while those who did not agree to plant 
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grafted seedlings were unsupported by the government in coping with the 

decline.  

 

Chapter V presents and discusses quantitative evidence to confirm findings 

already presented and discussed in Chapter IV. To do so, the chapter is divided 

into three sections, namely confirming mandarin cultivation and decline, 

confirming the presence of HLB, and confirming seedling production and 

distribution issues. Review of secondary data clearly indicated that during the 

past 30 years, the local mandarin has grown on the same ustropepts soil under 

a climate that has tended to become slightly wetter. Results of the follow-up 

household survey revealed pests and diseases are the cause of the decline. 

However, these pests and diseases did not work alone, but the policy of the 

local governments to promote grafted seedlings provided a social environment 

that allowed the decline to become worse. Contrary to the claim of the local 

government that citrus in the region is HLB free, careful field examination 

revealed that mandarin trees exhibited typical symptoms of HLB, namely 

sectoral yellowing and blotchy mottle. The field examination also found 

abundant eggs, nymphs, and adults of Diaphorina citri, the vector of HLB, on 

trees in villages of lower altitudes, especially in September when the mandarin 

was flushing. PCR (Polymerase Chain Reaction) test indicated that production 

trees were HLB positive, and also mother trees and certified grafted seedlings.  

 

Chapter VI presents and discusses the results of in-depth interviews with 

private nursery owners and government nursery managers and revealed that 

strict supervision and certification had been imposed on private nurseries 

owned by ordinary people, but not on those owned by the provincial and district 

governments or on those owned by government officers who are involved in 

grafted-seedling business. Inappropriate practices in grafted seedling 

production, supervision, and certification, coupled with indiscriminate use of 

mother trees as budwood sources, has made grafted seedlings the primary 

mean of HLB spread in the region and beyond. 
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Chapter VII presents and discusses answers to research question: (3) In terms 

of what factors could such understanding by the community be explained 

quantitatively to convince the local government? and (4) What implication does 

such understanding and influence have on citrus biosecurity both at local and 

regional levels? Results of factor and regression analyses showed that, despite 

not receiving much help from the local governments, the local communities 

were able to assess, manage, and communicate biosecurity risk. Such ability 

was possible because of either common practices of reciprocity, exchange, and 

trust or personal relations to support decision-making. Reciprocity, exchange, 

and trust allowed people to use the available resources for the mutual benefit of 

the community while personal relations allows people to seeks resources 

beyond their village borders for decision making in dealing with this destructive 

disease and its vector. These social capital factors did not however work alone 

but in complementarity and competition with factors of human, natural, cultural, 

financial, and political capital blended within household, mandarin cultivation, 

and community characteristics. All these factors imply that community 

biosecurity is in fact a complex social-ecological system within which physical, 

biological, and social components are inter-related in determining the dynamic 

of community biosecurity over time and space. 

 

Finally, Chapter VIII discusses the interconnection of findings already presented 

in the four earlier chapters to provide synthesis that led to answering question 

(5) How local communities could become aware of the problem they are facing 

and capable of taking the necessary action for improving citrus biosecurity? In 

terms of analysis, this chapter serves the third level of analysis after the four 

earlier chapters deal with the first and the second levels. This third level of 

analysis conceptualizes all findings already presented in the four preceding 

chapters into a conceptual community biosecurity tetrahedron by placing the 

social environment on top of a triangle involving interactions among host, 

pest/pathogen, and biophysical environment. This community biosecurity 

tetrahedron represents a social-ecological system that continuously dynamic 

over time and space through processes of exploitation, conservation, release, 

and reorganization in maintaining system potential, connectedness, and 
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resilience. As the system evolves over time and space, its potential can be 

unequally shared and its connectedness can be too rigid, resulting in a situation 

of ‘an accident waiting to happen’. For the system to recover, not all system 

components are necessary to function although key components are. With 

community biosecurity, this leads to the need to focus community engagement 

on those marginalized in the community through a transformative-emancipatory 

approach. 

 

 

9.2. Key Findings and Conclusions 

9.2.1. Key Findings 

The previous section provides an overview of justification, methodology, and 

discussion of the results of this research. The overview serves as an 

introduction to presenting the following key findings: 

 

Key Finding 1: Citrus in West Timor is declining and, by not openly 

communicating the biosecurity risk, the local governments 

allowed the decline to continue unchecked 

Citrus in West Timor is declining, despite efforts by the local governments to 

promote intensified and expanded cultivation of the local mandarin. According 

to the local governments, the decline occurs because growers do not follow 

government recommendations on using California mixture to control diplodia rot 

and on crop maintenance to improve tree survival during the dry season. Some 

community leaders and growers suspect that local government policies to 

increase grafted seedling production and to distribute grafted seedlings are 

responsible for spreading graft-transmissible diseases, most likely HLB, the 

currently most destructive disease of citrus. Despite earlier reports that the local 

mandarin was HLB positive (Murdolelono et al., 2000), the local governments 

refused to acknowledge the occurrence of the disease, arguing that they have 

taken the necessary measures to prevent the disease from being introduced. 

Instead of openly communicating the risk posed by HLB, the local governments 

provided no information regarding the disease and its control. Growers were left 

to use their own networks to find the necessary information about the decline. 
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Community networks are helpful, but while the local communities struggled to 

access information through their networks, destructive diseases developed and 

spread rapidly. Confirming the presence of the disease is important, but 

communicating with stakeholders is also necessary. This finding is in line with 

FAO (2007) and Kruger et al. (2010) that biosecurity management requires 

open communication and engagement with stakeholders. 

 

Key Finding 2: HLB threatens citrus biosecurity, and refusal by the local 

governments to acknowledge the occurrence of HLB have 

led to more devastating results 

Changes in rainfall and variation of soil from one location to another contribute 

to growth and production of the local mandarin, but drought and soil fertility do 

not account for mandarin decline in the region. Trees planted from grafted 

seedlings produce less vigorous trees and require intensive cultivation practices 

compared with trees planted from seeds. Regardless of government policy to 

intensify mandarin cultivation, growers do not apply the necessary chemical 

fertilizers and irrigation for these trees to survive the dry season. As a result, 

trees planted from grafted seedlings become prone to infection by various 

pathogens. These all indicate the complex nature of citrus decline in West 

Timor. However, the decline is exacerbated by refusal by the local government 

to acknowledge HLB, despite results of field observation and PCR tests that 

production trees, mother trees, and grafted seedlings are HLB positive. 

Meanwhile, results of in-depth interviews with nursery owners and managers 

revealed that involvement of some high level government officers in the 

seedling business led to departure from strict supervision and certification of 

grafted seedlings. By not officially acknowledging the disease and with the 

current status of the local mandarin as a national prime cultivar, the local 

governments are allowed to distribute grafted seedlings throughout the country. 

However, because strict supervision and certification are not fulfilled, refusal by 

the local governments to acknowledge HLB allows grafted seedlings to serve as 

a vehicle for the disease to spread all over West Timor and to other currently 

remaining disease-free regions in Indonesia. In responding to biosecurity 

threats, Beale (2008), Nairn (1996), and Thompson (2009) concluded that the 
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failure of the government to set up a policy framework for early detection and 

containment may result in more devastating implications.  

 

Key Finding 3: Decentralization increased the power of local 

governments, but because biosecurity is cross-border, 

powerful autonomy without clear hierarchical authority 

and downward accountability does not necessarily 

improve biosecurity governance 

Under the current law of decentralization, provincial and district governments 

have become autonomous in many sectors, especially in the sector of 

agriculture. In this sector, only quarantine and research and development are 

still under the authority of the central government. All other subsectors, 

including developing a policy framework for agricultural development, are 

currently controlled by the district government. Decentralisation allowed TTS 

and TTU district governments to develop different policy frameworks in 

responding to citrus decline. While the TTS district government refused to 

acknowledge HLB, the TTU district government responded by requiring growers 

to remove all citrus trees showing specific symptoms of HLB. By refusing to 

acknowledge HLB, TTS district government continued to receive central 

government funding for intensifying and expanding cultivation. This is possible 

because after the local cultivar recognized as national prime cultivar and named 

it Keprok Soe, TTS district gained the privilege for developing the cultivar (Soe 

being the name of the district capital). However, while the district governments 

have been allocated budgetary control, there is no institutional framework to 

allow the provincial government to set up a binding umbrella policy regarding 

biosecurity and to require each district government to respect this umbrella 

policy. For effective cross-border biosecurity such as an effective response to 

HLB, an umbrella policy is required so that the disease receives complementary 

treatments across district boundaries, with district policies most appropriate for 

each district.  There is also no institutional framework to require each level of 

government to be accountable to growers and other stakeholders. Meanwhile, 

at the community level, various cultural barriers prevent this governance 

arrangement from working at the grass-root level. As a result, without 
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improvement in governance arrangements, as pointed out by Larson &Ribot 

(2005) and Larson & Soto (2008) for the forestry sector, decentralization does 

not necessarily improve biosecurity. 

 

Key Finding 4: Place attachment and the local mandarin are part of 

community identity that determines community struggles 

in maintaining citrus biosecurity 

Results of factor analysis produced different factor scores of community 

biosecurity among sub-villages/villages. These different factor scores indicated 

the role of sub-villages/villages as place attachment in determining the current 

citrus biosecurity as measured as a single-factor index, a combination of 

variables, or as a composite index. These current sub-villages/villages have 

their origins derived from the traditional Meto’s settlement ‘kuan’. For the Meto, 

‘kuan’ is not simply a place of residence, but a place of social and cultural 

interactions centred on ‘faut kanaf’ (sacred-rock name) and ‘oe kanaf’ (sacred-

water name) within which another concept of ‘suf’ (common land right) is 

exercised. When the local mandarin was brought by the Chinese, it was 

cultivated only around houses in the ‘kuan’ compounds. Thereby, the ‘kuan’, 

‘faut kanaf’, ‘oe kanaf’, and ‘suf’ concepts bound together to internalize the 

introduced mandarin to become a locally-shared identity. This shared identity 

strengthened the position of the concept of ‘kuan’ as place attachment already 

in place because of the internalizing concepts of ‘faut kanaf’, ‘oe kanaf’, and 

‘suf’. The difference in measures of community biosecurity among sub-

villages/villages reflects this place attachment in determining community efforts 

in maintaining the current citrus biosecurity. An earlier study by Williams & 

Stewart (1998) indicates that place attachment provides people with a sense of 

emotional and functional attachment, as in this research ‘faut kanaf’ and ‘oe 

kanaf’ provided an emotional attachment and ‘suf’ and the local mandarin 

provided a functional attachment. Lewicka (2005) confirmed these emotional 

and functional roles of place attachment along a social-emotional path, in which 

the relationship between place attachment and civic activity is mediated by local 

social capital (bonding neighbourhoods ties), and along cultural path, consisting 

of cultural capital and interest in own roots. Manzo & Perkins (2006) also 
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suggested that place attachment motivates cooperative efforts for community 

improvement. 

 

Key Finding 5: Local government policies that marginalize growers who 

refuse to plant grafted seedlings weakens citrus 

biosecurity 

Factor analysis that resulted in different factor scores of community biosecurity 

among sub-villages/villages also indicated that in implementing different 

programmes of mandarin development, the local governments favoured one 

sub-village/village over another. Among sub-villages within a village, the local 

governments favoured sub-villages where growers, with the traditional elite as 

mediators, agreed to plant grafted seedlings. Among villages, the local 

government targeted rather isolated villages where mandarins have never been 

cultivated for their project to make distance a barrier for pest and disease 

incursion. Not having any experience in cultivating mandarins, people in such 

villages agreed with the requests made by the local governments. This policy 

resulted in an increase in the population of mandarin trees for a time. Trees 

grown from the distributed grafted seedling acted as stepping stones for the 

vector to spread from one village to the next. Favouring those who accepted the 

seedlings over those who refused to plant grafted seedlings by providing 

agrochemicals and funding, the local governments created distrust in the 

community, making even neighbouring growers no longer trust their neighbours. 

This growing distrust later acted as a barrier for cooperation and information 

sharing. In the long run, this mandarin development policy will weaken citrus 

biosecurity at the community level. Regarding these, Karetji (2008) argued that 

to improve biosecurity, the government should issue policies that seek to 

increase participation from otherwise marginalized groups by upholding the 

various principles of good governance. 
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Key Finding 6: Community ability to assess, manage, and communicate 

biosecurity risks indicates that citrus biosecurity in West 

Timor is community driven 

Factor analysis suggested that among the three resulting factors, one factor 

explained more than 78% of the variance in the dataset, suggesting that this 

factor alone provided a legitimate measure for community biosecurity. High 

loading variables to this factor consisted exclusively of those of biosecurity risk 

assessment, namely knowledge of budwood as a means of disease 

transmission from diseased mother trees to grafted seedlings, grafted seedlings 

as a means for spread of diseases, and grafted seedlings as an important 

cause of mandarin decline. Variables of risk management and risk 

communication explained the remaining variance in the dataset. Nevertheless, 

the rescaled factor scores of all three factors provided a one-for-all measure for 

community biosecurity, encompassing risk assessment, management, and 

communication. Every variable in use in this factor analysis is based on 

community ability to assess, manage, or communicate biosecurity risks. 

Therefore, these results showed that citrus biosecurity in West Timor is 

community driven. This finding provided an empiric to the community 

biosecurity concept proposed by Falk, Surata, Mudita et al. (2008a) and Falk, 

Wallace, Ndoen et al. (2011). In this concept, biosecurity was depicted as 

dependent upon structures and processes within a particular community that 

determine the capability of people in the community to assess, manage, and 

communicate biosecurity threats. 

 

Key Finding 7: Community-driven citrus biosecurity depends on social 

capital, but failure of social capital to provide a coherent 

explanation indicated that citrus biosecurity and social 

capital are indirectly and non-linearly related 

Results of regression analysis indicated that community biosecurity, both as a 

single factor index and as a composite index, was influenced differently by 

social capital. Community biosecurity as a single factor index of risk 

assessment was not significantly explained by the single-factor of reciprocity, 

exchange, and trust (elements of social capital), but was significantly explained 
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by the factor of common personal relation and decision making as part of the 

multi-factor variables and by the composite social capital index. On the other 

hand, community biosecurity as a composite index was significantly explained 

by the single-factor social capital index of reciprocity, exchange, and trust and 

by the factor of common personal relation and decision making as part of the 

multi-factor variables, but not by the composite index of social capital. This 

incoherent explanation of citrus biosecurity by social capital indicated that citrus 

biosecurity and social capital could be also related to other factors. Biosecurity, 

as defined by FAO (2007) consist of risk assessment, risk management, and 

risk communication, each again consists of a number of sub-components. A 

similar situation also applies for social capital as Falk & Surata (2007) argue 

that social capital in a ‘real’ world might vary from that as described in ‘the 

literature’. As a result, the relationship between community-driven biosecurity 

and social capital is likely also mediated by other factors. This finding provided 

a quantitative explanation to earlier qualitative findings by Falk et al. (2008a) 

that social capital plays an important role in maintaining biosecurity at the 

community level. 

 

Key Finding 8: The dependence of community-driven citrus biosecurity on 

social capital is mediated by other forms of capitals 

With only factors of social capital as independent variables, community 

biosecurity is significantly associated with social capital. Although these social 

capital factors do not provide a coherent explanation to different measures of 

community biosecurity, significant relationships with certain variables do exist. 

However, this significant relationship changes when factors of other forms of 

capital are simultaneously added. In explaining citrus biosecurity as a single 

factor index, the significance of social capital factors remains, but factors of 

other forms of capitals are also significant. In explaining citrus biosecurity as a 

composite index, however, simultaneous addition of factors of other forms of 

capital changed the significance of social capital factors and replaced some 

significant factors. Addition of factors of other forms of capital to the relationship 

or replacement of significant social capital factor from the relationship indicates 

that social capital is just one among sources of citrus biosecurity that reside in 
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the local communities. As a complex phenomenon, community-driven citrus 

biosecurity is similar in its behaviour to that of small water systems identified by 

Flora (2004). As with such small water systems, community-driven citrus 

biosecurity is a social-ecological system.  

 

Key Finding 9: The efficacy of biosecurity engagement and risk 

communication mediated the approach taken in 

negotiating with the local communities 

The concept of community biosecurity is proposed to explain that biosecurity at 

the community level is interlinked with various social factors. Results of this 

research showed that social capital and other forms of capital are among such 

social factors that were significantly related, although not directly and linearly, to 

community biosecurity. Such underlying factors explained the efficacy of 

biosecurity engagement and risk communication carried out by the local 

governments and of those carried out during the course of this research. In 

engaging the local communities, the local governments established farmer 

groups through a top-down approach by including only growers who agreed to 

plant grafted seedlings. The rest of the growers who for reasons of local identity 

continued planting mandarins from seeds were simply ignored. In addition, in 

communicating biosecurity risks with growers, information was provided mainly 

to safeguard the interests of the local governments. During the course of this 

research, biosecurity engagement and risk communication were carried out by 

carefully considering aspects of social capital and other forms of capital. 

Approaches were made according to Aslin & Brown (2004) as an ongoing 

process of convincing growers and institutions to take the necessary action. 

Through this ongoing process, information was shared, rather than provided, 

with an understanding that, as put forward by Kruger et al. (2010), everyone 

(communities and institutions) has prior knowledge, networks, and skills about 

issues in their area and that these can be enhanced to achieve more 

strategically shared outcomes. 
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9.2.2. Conclusions 

The previous chapter on discussion and synthesis has highlighted findings of 

this research. The above key findings were then scrutinised to identify possible 

overlaps, synergies, and potential for further collapsing. This process results in 

three conclusions. The first conclusion reflects the complex structure of citrus 

biosecurity in West Timor. The second conclusion identifies processes involved 

in citrus biosecurity, leading to a new understanding of citrus biosecurity as a 

tetrahedron of social-ecological system. The final conclusion highlights the need 

of a new approach for community engagement. These conclusions are 

discussed below in more detail. 

 

Conclusion 1:  Citrus biosecurity in West Timor is a complex of 

interactions of host, pathogen, and biophysical 

environment as well as the policy of the local governments 

and the struggles of the local community 

This conclusion is derived by collapsing key findings one and two. For any pest 

or disease to pose a biosecurity threat, a particular population of pest or 

pathogen needs a susceptible host population and a suitable biophysical 

environmental condition for the pest or the disease to develop. Interactions 

involving these three components form the so-called pest or disease triangle 

(Agrios, 1988; Zadoks & Schein, 1979). Results of this research showed that a 

fourth component, the social component, has a significant role in determining 

the performance of biosecurity at the community level. This fourth component, 

that includes biosecurity governance and social capital and other forms of 

capital, has turned the disease triangle into a disease tetrahedron. Regardless 

of this, current biosecurity management approaches taken by the local 

governments are mostly aimed at manipulating one or more of these 

components. 

 

The current law of decentralization does not encourage consistency among 

district governments in the development of policies on issues which are 

common to a number of districts. While TTS district government refuses to 

acknowledge HLB, TTU district government requires growers to destroy the 
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citrus trees that show specific symptoms of HLB. After the local mandarin 

cultivar was recognized as a national prime cultivar and named Keprok Soe, 

TTS district government was granted the privilege for developing the cultivar 

(Soe being the name of the district capital). TTS district government continued 

to receive central government funding for intensifying and expanding cultivation. 

However, while privileging the development of the local mandarin, there was no 

institutional framework to require the district government to be accountable to 

growers and other stakeholders. In addition, various cultural barriers existed in 

the community regarding allowing governance to work at the grass-root level. 

As a result, some senior government officers took the emerging opportunity for 

their own benefits by taking part in the booming grafted seedling business. This 

involvement of senior government officers in the seedling business resulted in 

departure from strict supervision and certification, and as a result, grafted 

seedlings have become a vehicle for HLB spread. Instead of openly 

communicating the risk posed by HLB, the local governments have left growers 

to use their own networks to find the necessary information about the decline. 

Community networks are helpful, but while the local communities struggle to 

access information through their networks, HLB develops and spreads 

unrecognized. 

 

Meanwhile, the local communities have relied on their own resources without 

obtaining the necessary assistance they need to cope with the advancing 

biosecurity threats. The resources available to the local communities are social 

capital and other forms of capital resources that have a vital role in shaping 

ways through which the community becomes aware, know, and act based on 

knowledge and resources they share for managing biosecurity threats. Various 

components of social capital and other forms of capital are embedded in the 

field of relationship called interactivity. Therefore, focusing merely on the 

biophysical components of the disease tetrahedron as a cause or solution to a 

real biosecurity problem or issue is simply inadequate. The local communities 

decided on their responses, but such community efforts would have been more 

successful if the local governments provided support instead of simply requiring 

growers, for example, to form farmer groups for planting grafted seedlings or 
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asking growers to apply California mixture without openly communicating the 

cause of the decline. 

 

Conclusion 2:  The important role of social components in citrus 

biosecurity leads to a new understanding of biosecurity at 

the community level as a tetrahedron of a social-ecological 

system 

This conclusion is derived by collapsing key findings six, seven, and eight, and 

is the consequence of conclusion one. Conclusion one relates to the importance 

of community processes in citrus biosecurity at the community level. This 

conclusion relates to processes involved in keeping the structure of community-

driven citrus biosecurity functional. Such processes include local government 

programmes that have resulted in the local mandarin in West Timor to increase 

production and market value. This process increased connectedness and 

stability in the community and accumulated capital (all forms of capital). In the 

social domain, the increasing connectedness and stability and the accumulating 

capital could also be derived from the skills, networks of networks of human 

relationships, and mutual trust that accumulated and integrated during the 

course of these processes. These all took place in a slow sequence from 

exploitation (r) to conservation (K). 

 

As the conservation process proceeded, the accumulating potential in the 

various forms of capital became more and more tightly bound within a particular 

component of the system, preventing other components from utilizing them. 

Increasing connectedness between government officers and community elites 

prevented the rest in the local communities from enjoying a share in the grafted 

seedling business. As the connectedness of a system inclined toward particular 

system components, these particular components eventually became over-

connected and increasingly rigid, turning the system into a state of what Holling 

(2001, p. 394) called “an accident waiting to happen”. Accidents could take 

various forms, in this case the form was HLB incursion and spread. When an 

accident did happen, the connectedness decreased, the control weakened, and 

the process of release (Ω) took place. This was a situation when the decline of 
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the local mandarin started. This provides an opportunity for novel re-

assortments of elements that were previously tightly connected to particular 

components in isolated sets of interactions through a reorganization process 

(α). 

 

This sequence of processes from exploitation through conservation, release, 

reorganization, and back to exploitation took place within the tetrahedron of 

community biosecurity. In the biophysical domain, the sequence took place 

through interactions among pathogen, host, and biophysical environment. In the 

social domain, the sequence took place through interactions connecting the 

pathogen, the host, and the biophysical environment with the social 

environment. This new understanding allowed for the tetrahedron of community 

biosecurity to be viewed as a social-ecological system, a concept proposed by 

Gunderson & Holling (2002) and Holling (2001) to provide ecology with social 

insights. This concept is expanded here to include biosecurity for the same 

reason. For citrus biosecurity in the highlands of West Timor, the current citrus 

decline is the release process that happens not only because of pests or 

diseases that find susceptible hosts under suitable biophysical environment, but 

also because of the policy of the local governments that leaves the majority in 

the local communities to attempt to cope with citrus decline unsupported. 

 

Conclusion 3:  The new understanding of community biosecurity provides 

the basis for transformative-emancipatory biosecurity 

engagement for managing community biosecurity 

This conclusion results from collapsing key findings three, four, five, and nine 

and follows from conclusion two. Decentralization has made district 

governments very powerful, but because there is no local institutional 

framework requiring the district government to be accountable to growers and 

other stakeholders, such decentralization does not necessary improve 

governance. Favouring those who agree over those who not agree to plant 

grafted seedlings provides reasons for neighbouring growers to no longer trust 

their neighbours. This growing distrust later acts as barrier for cooperation and 

information sharing. Under such a situation, place attachment mediated by 



401 

 

social capital results in those marginalized from the mainstream local 

government policy remaining connected in coping with citrus decline. To 

properly manage community biosecurity of citrus in West Timor, emphasis 

should be given, therefore, to those marginalized in the local communities to 

first reclaim their rights to speak about their aspiration. For this purpose, 

biosecurity engagement needs to be carried out with a transformative-

emancipatory approach. 

 

This transformative-emancipatory approach of biosecurity engagement 

combines the transformative-emancipatory paradigm of mixed methods 

research proposed by Mertens (2003, 2007, 2010) with the concept of 

biosecurity engagement proposed by Kruger et al. (2010). With the 

transformative-emancipatory paradigm, researchers consciously analyse 

asymmetric power relationships within a community and seek ways to links the 

findings to address social inequality and injustice. In the concept of biosecurity 

engagement, finding the right enablers is important to keep the engagement 

‘engine’ running. Among various kinds of enablers, social capital and other 

forms of capitals help those marginalized from the mainstream policy of the 

local government in coping with citrus decline. Transformative-emancipatory 

approach in biosecurity engagement is basically aimed at helping those growers 

marginalized from the policy mainstream to identify such enablers. 

 

 

9.3. Implications 

9.3.1. Implications for Biosecurity Policy 

One key finding arising from this research is that powerful autonomy allows 

each district government to develop its own policy for citrus development and 

for addressing biosecurity issues resulting from this development. In 2012, an 

integrated national biosecurity policy did not yet exist in Indonesia, but 

biosecurity-related laws did exist and allowed the central government to issue 

national directives and guidelines for responding to emerging cross-border 

biosecurity issues (Ditjen Hortikultura Deptan, 2008, 2009, 2010). Unfortunately, 

no institutional arrangement is available to require the lower level governments 
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(province and district/township) to follow the directives or guidelines. As a result, 

despite the cross-border nature of citrus biosecurity issues (Falk, Wallace, & 

Ndoen, 2011), each district government developed its own policy without any 

coordination with the neighbouring governments. This finding has some critical 

implications for both regional and local biosecurity policy. 

 

It is critical for each level of government to understand that biosecurity is cross-

border. For this reason, biosecurity policy needs to be developed along a pre-

border, border, and post-border continuum. This means that an umbrella policy 

is required to allow risk assessment, management, and communication work 

along this continuum instead of focusing merely on post-border issues. In the 

case of citrus biosecurity in West Timor, such an umbrella policy needs to be 

developed and an institutional arrangement to require each district government 

to follow the policy needs to be established at the provincial level. At the district 

level, each district government could then set up a more specific policy in 

accordance to the existing umbrella policy, but also by taking into account place 

attachment and the mediating social capital and other forms of capitals specific 

to each particular district. This district government policy should provide the 

navigation for piloting the provincial government policy toward the specific route 

of each particular district (Mudita, 2011). 

 

In developing biosecurity policy at the district level, each district government 

should provide opportunities for participation from stakeholders and set up the 

necessary institutional arrangement for such participation to take place. For a 

biosecurity issue in which a highly contagious and destructive disease such as 

HLB is involved, early detection is critical (Davis et al., 2000; National Research 

Council, 2010; Technical Working Group, 2010), and for making early detection 

possible, participation from members of local communities is indispensable 

(Delane, 2001). Providing opportunities for wider public participation is part of 

developing more participatory governance (Baiocchi, 2003; Gaventa, 2004). 

Therefore, instead of embedding refusal to acknowledge HLB in policy, district 

governments should respond to any report of potential occurrence of disease as 

a valid form of participation. The district governments should develop a 
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mechanism that allows wider public participation through use of currently 

available communication technology such as mobile phones and global 

positioning system to text observations of characteristic HLB symptoms from 

anywhere and then instantly map the observations to aid decision-making 

process (Wallace, Mudita, & Natonis, 2011). 

 

 

9.3.2. Implications for Biosecurity Practices 

The results of this research have showed that some growers refused to plant 

grafted seedlings distributed by the government because of fear that such 

grafted seedlings are responsible for spreading diseases causing the current 

citrus decline. This suspicion has been proven correct as PCR test showed that 

not only production trees were HLB positive but also mother trees and grafted 

seedlings. Therefore, for biosecurity practices of a crop that is vegetatively 

propagated like citrus, efforts should be focused on production and use of 

healthy seedlings. For this purpose, the province should focus on developing 

the foundation blocks and the district governments on developing the 

multiplication blocks for budwood production. This focus is necessary to 

guarantee that budwood in use in grafted seedlings production meets the 

existing national and international phytosanitary standards (Ditjen Hortikultura 

Deptan, 2009; FAO - Committe on Agriculture, 2003; FAO - Committe on 

Commodity Problems, 2003; Frison & Taher, 1991; Menteri Pertanian Republik 

Indonesia, 1997b). For mother trees in these foundation and multiplication 

blocks, laboratory tests should be carried out periodically to guarantee that all 

mother trees are free of all graft-transmissible diseases. In line with this 

development of foundation and multiplication blocks, use of population mother 

trees as budwood sources should be ended.  

 

A similar focus should also be given to grafted seedling production at the 

nursery level. So far, there is no requirement for nurseries to produce grafted 

seedlings in an enclosed environment to prevent the seedlings from being 

infested by vectors of graft-transmissible diseases. There is also no requirement 

for nurseries to apply eradicative insecticidal sprays. Production of grafted 
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seedlings in an enclosed environment and application of eradicative sprays 

have currently become standard practices in the production of vegetative 

propagation material such as grafted seedlings (National Research Council, 

2010). These requirements should be adopted as part of current requirements 

in use by the provincial UPTPSB in supervising grafted-seedling producing 

nurseries. Building screen houses will require additional cost, but the district 

government can provide a rolling fund for this particular purpose, similar to the 

rolling fund that is currently provided to nurseries without any specification of its 

use.  

 

Biosecurity practices at the grower level should recognize the existing 

institutional arrangement and the existing knowledge and technology, instead of 

establishing new institutional arrangements and introducing technology to 

completely replace the existing ones. Results of this research have shown that 

different sorts of group arrangement exist in the community, among which 

swidden work groups (‘kelompok kerja kebun’) is the most active. There are 

also growers who refuse to accept grafted seedling and want to plant mandarins 

directly using seeds. In delivering any project related to mandarin development, 

the district government should take this response into consideration. Priority 

should be given to already existing groups over establishing new groups 

intended specifically for project delivery. This is in accordance to the Decree of 

the Minister of Agriculture No. 93/Kpts/OT.210/3/1997 (1997) concerning 

Facilitation of Farmer-Fisherman Groups. Local knowledge such as use of 

seeds instead of grafted seedlings as planting material should also be included 

in government intensification programmes. Citrus has been planted in the 

highland of West Timor for generations (Crippen International, 1980d; Ormeling, 

1955), allowing local knowledge of the use of seeds as planting material to 

accumulate and enable some experienced growers to distinguish apomictic 

from fertilized seeds. According to Verheij (2006), mandarins are well known 

among citrus species for their ability to produce seeds apomictically (i.e. without 

fertilization), resulting in trees growing from such seeds to have characteristics 

similar to those of their progenitors. 
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9.3.3. Implications for Biosecurity Research 

This research showed that citrus in the highlands of West Timor is currently 

declining and local communities struggle to cope with the decline. This struggle 

is possible because people have emotional and functional attachments to the 

local mandarin and to places where the mandarin is grown. Such emotional 

attachments develop as people have a long history of association with this crop 

(Ormeling, 1955). On the other hand, functional attachments to the mandarin 

shift from use of fruits merely for luxurious consumption to use of fruits as an 

alternative source of household and district government income (Pellokila, 

Wiendiyati, & Reku Raya, 2004; Suek et al., 1998). In fact, district government 

programmes on mandarin intensified and expanded cultivation are aimed at 

improving this later use (Nope, 2003a, 2003b). The very fundamental reason 

that makes biosecurity important is its contributions to local and regional 

economy (Lovett, 2008). Results of this research have shown that the current 

mandarin decline significantly reduced mandarin production in the region. 

Further research is needed to determine how this reduction in mandarin 

production affects household income and livelihood. Results of such research 

will provide the basis for selecting feasible control measures against the 

decline. 

 

Results of this research have also indicated that reasons for the refusal of the 

governments to acknowledge HLB are also related to economics. Both the 

provincial and the district government are afraid that acknowledging HLB will 

have negative impacts on the household and local economy. This is because 

according to the Decree of the Minister of Agriculture of the Republic of 

Indonesia No. 610/Kpts/TP.630/6/97 concerning Circulation of Citrus Seedlings 

(Menteri Pertanian Republik Indonesia, 1997b), the quarantine agency could 

reject citrus seedlings if the seedlings are found not to be disease free, 

especially from graft-transmissible diseases including HLB. As results of this 

research also indicate, grafted seedlings have increasingly become an 

important product. Further research is needed to verify to what extent this local 

government argument is justifiable. This justification is particularly important to 
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improve biosecurity governance. Results of such research will show whether 

income generated from grafted seedlings is distributed among members of local 

communities or accumulated among these government officers and some 

community elites. 

 

This research opens up ways for further applied research within the domain of 

biosecurity as part of social-ecological systems. Categorization of mandarin 

trees planted from grafted seedling as ‘kase’ (outsider) is interesting from both 

ecological and social perspectives. Biologically, trees planted from grafted 

seedlings and planted from seeds are the same; they both belong to the same 

citrus species Citrus reticulata. However, they could differ with respect to local 

ecological systems or to local tradition. As a result, trees planted from seeds 

could be better than trees planted from grafted seedlings, as believed by most 

growers, in their defence against pests and pathogens. This better defence is 

certainly not because of genetic traits, but because of interaction with the local 

biophysical and social environments. These biophysical and social 

environments includes, local soils and climate, local cropping systems, and 

place attachment. For example, instead of planting as a monocrop, the 

mandarin could have better defence against pests and diseases if it is planted 

together with other crops. According to Beattie et al. (2010), mandarins have 

better defence against HLB if they are planted with guava (Psidium guajava), a 

widespread fruit tree growing wild in West Timor. As is now becoming very 

common in other parts of Indonesia and also in other Asian countries and the 

Pacific (FAO, 2004; Manner, Buker, Smith, Ward, & Elevitch, 2006; Verheij, 

2006), mandarins are cultivated in small-scale mixed cropping with a variety of 

crops. In this case, the mandarins are planted in close plantings as they are 

expected to produce fruits only twice or three times before they decline and die 

out because of HLB. This is possible because HLB takes some time before 

showing its first symptom and causing decline (T.R. Gottwald, J.V. da Graça, & 

R.B. Bassanezi, 2007b). To investigate cultivation practices, there is a need for 

multi-locations, on-farm experiments involving growers throughout their 

processes.  
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Results about social capital and other forms of capital as sources of community 

biosecurity are obtained with no a priori theoretical assumption concerning the 

relationship between community and social capital. Such relationship is 

explorative and empirical, relying on factor analysis and regression analysis. In 

this case, explorative factor analysis is a theory-generating procedure (Stevens 

(1996). For Gorsuch (1983, p. 134), exploratory methods should be “reserved 

only for those areas that are truly exploratory, that is, areas where no prior 

analyses have been conducted”. In this research, exploratory factor analysis 

was used because no prior research relating community biosecurity with social 

capital and other form of capital had been conducted. This theory-generating 

procedure was used to establish social environment as a fourth factor of the 

community biosecurity tetrahedron. However, Stapleton (1997, p. 2) agrees with 

Nunnally (1978) that exploratory methods are “neither a royal road to truth, as 

some apparently feel, nor necessarily an adjunct to shotgun empiricism, as 

others claim”. He further argues that after a priori factors are specified from 

exploratory factors analysis, the "goodness of fit" of these factors needs to be 

tested through confirmatory factor analysis. This is a different level of research 

in which a theory-testing model as opposed to a theory-generating method like 

exploratory factor analysis is used. With confirmatory factor analysis as the 

method, research started with a hypothesis or model prior to the analysis by 

specifying which variables will be correlated with which factors and which 

factors are correlated. By specifying a priori factors through use of exploratory 

factor analysis, this research opened up ways for further research on theory 

testing through the use of a theory-testing model. 

 

 

9.4. Chapter Summary 

Nine key findings emerged from this research, from which three conclusions 

were subsequently derived. The first conclusion is about the complex nature of 

citrus biosecurity in West Timor as a result of the interacting host, pathogen, 

and biophysical environment as well as the policy of the local governments and 

the processes in the local community. This is because, by not openly 

communicating the biosecurity risk, the local governments both allowed the 
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decline to become worse, and also made the decline more threatening. The 

second conclusion was about a new understanding of community biosecurity as 

a tetrahedron of a social-ecological system. Community ability to assess, 

manage, and communicate biosecurity risks indicated that citrus biosecurity in 

West Timor was community driven. This community-driven citrus biosecurity 

depended on social capital, but failure of social capital to provide a coherent 

explanation indicated that both citrus biosecurity and social capital were both 

complex and dependent on other forms of capitals. This situation led to a new 

understanding of citrus biosecurity as a community biosecurity tetrahedron in 

which social environment acted as a determining element for the interacting 

pest/pathogen, host, and biophysical environment. The third conclusion is about 

the need of transformative-emancipatory engagement for managing community 

biosecurity. If autonomy is too powerful and has no clear hierarchical authority 

and downward accountability, biosecurity governance may not be improved. As 

a result, local communities rely on social capital and other forms of capitals to 

attempt to maintain citrus biosecurity. However, local government policies that 

marginalize growers who disagree to join government programs weaken the 

responses to disease. Any efforts to improve community biosecurity therefore 

need to give attention to these marginalized growers for such efforts to be 

successful.  

 

This research has a number of implications for biosecurity policy, biosecurity 

practices, and biosecurity research. Because biosecurity is cross-border, 

biosecurity policy needs to be developed along a pre-border, border, and post-

border continuum. This means that an umbrella policy is required to allow risk 

assessment, management, and communication work along this continuum 

instead of focusing merely on post-border issues. Within this umbrella policy 

each district government should provide opportunities for participation from 

stakeholders and set up the necessary institutional arrangement for such 

participation to take place. Biosecurity practices for a crop that is vegetatively 

propagated like citrus; efforts should be focused on production and use of 

healthy seedlings. For this purpose, the local governments need to develop 

foundation and multiplication blocks to replace use of population mother trees 
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as budwood sources. In delivering various citrus-related development 

programmes, the local governments need to recognize the existing institutional 

arrangements and the existing knowledge and technology, instead of 

establishing new institutional arrangements and introducing technology to 

completely replace the existing local knowledge. To support these biosecurity 

policies and practices, further biosecurity research is needed. Such further 

research include topics such as economic impacts of the current citrus decline, 

economic consequences of acknowledging and not acknowledging HLB, socio-

ecological aspects of community biosecurity, and testing the resulting 

community biosecurity model.  
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Appendix 3.1. The translated general information sheet originally printed in 
Bahasa Indonesia 

 
Principal Researcher 

I Wayan Mudita 
 
Purpose of the study 

For many years, mandarin has been an important crop in the highlands of West Timor. It is both a source 
of cash income and an identity crop for the dry land farmers in the region. In the beginning, the mandarin 
was cultivated traditionally but later, in an effort to promote the crop as the leading crop of the region, the 
local government introduced grafting to replace planting using seeds and monocropping to replace mixed 
cropping. Unfortunately, in promoting the crop, the local governments have focused their efforts in 
improving cultivation practices without paying enough attention to biological incursion that may arise as 
part of the intensified cultivation programmes. 
 
The phrase biological incursion primarily means an invasion and/or infestation by animals, pathogens, or 
plants that potentially could impede the growth of or incur a significant damage to local crops –in this study 
mainly any citrus and the local mandarin in particular– and/or the local ecosystems, thereby threatening 
the biosecurity of the crop, and therefore poses negative impacts to the livelihood of local communities. 
The term biosecurity refers to the condition of being secure from threats posed by any such destructive 
animals, pathogens, or plants that can potentially damage local crops and domestics animals and the 
ecosystem that support the life of such crops and domestic animals and even the surrounding natural 
ecosystems. 
 
Since the last decade or so, the mandarin in the region has experienced severe decline. Despite reports 
that the decline is caused by HLB, the local governments refuse to acknowledge the disease as the cause, 
but instead point to diplodia rot as the cause. Meanwhile, some growers and nursery owners suspect that 
HLB is involved in the decline. This study is aimed at finding the cause of the decline, reasons for the local 
governments to not acknowledging HLB as the cause, and impacts of government refusal to citrus 
biosecurity to the local community in general and to citrus growers in particular. 
 
Benefits of the study 

The community in the highlands of West Timor is made up of people from a wide range of backgrounds, 
professions and general interests, but consists mostly of Meto people whose main occupation is peasant 
farmer. In addition to engaging in swidden agriculture during the rainy season, they also work on 
permanent cultivation at and around their house yards where they plant fruit, estate, and vegetable crops, 
an important element of which is mandarin and other citrus. 
 
At present, only limited information about biosecurity is presented, amid government programmes to 
intensify and extend mandarin cultivation beyond house yards. The local governments acknowledge only 
the presence of minor diseases such as diplodia rot, but refuse to acknowledge the occurrence of the 
more devastating disease huanglongbing (HLB). Because of this refusal, no information regarding this 
disease is available to growers and to the community at large. Therefore, this study aims to understand the 
manner in which people access information and new knowledge of this disease through their local 
networks.  To do this, a significant amount of information will be collected through interviews, group 
discussions, conversations and observation to better understand the manner in which individuals, groups 
and organisations gather new knowledge about this disease and its impacts. 
 
This research will not try to find out cure to the current decline of the mandarin in the region. Instead, this 
research will develop new approaches so biosecurity information can be shared more effectively 
throughout the community, thereby providing an alternative approach to biosecurity engagement and 
governance in the region. 
 
What would be expected of you? 

If you agree to take part in this study, you will be interviewed for approximately one to two hours by the 
principal researcher or by others involved in the project with the possibility of follow-up discussions.  You 
will be able to stop or finish the interview at any time and have the opportunity to provide further 
information by phone, email, fax or personal discussion if need be. 
 
As the researcher and others involved in the study are interviewing a significant number of people, it would 
be helpful if you would allow him/her to digitally record interviews to ensure your viewpoint is documented 
as accurately as possible.  All recordings will be anonymous and specifically coded so no one can identify 
any one interviewee. 
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Discomfort and risk 

There is risk associated in participating in this study. The participating growers may be stopped from 
receiving government funding when the local government officers find such growers reveal the occurrence 
of HLB. The participating local government officers may face risk of their promotion being delayed. To 
minimize this risk, every effort is taken to make the participating growers and officers remain anonymous. 
Beyond this, there is no risk associated with this study except discomfort that may be felt during the 
interview processes.  
 
Confidentiality 

The researcher and others involved in the study will keep all information confidential and will in no way 
reveal your name, the names of others or job titles in the interview transcripts or any other written material 
associated with this study. 
 
Your participation 

It would be great if you did participate so we can design alternative ways to improve citrus biosecurity can 
be developed.  If you choose to take part, you are however free to withdraw or cease participation at any 
time.   
 
Results of the study 

A summary of your transcript can be made available to you and all further comments or feedback will be 
considered for inclusion in the data material.  If you wish to see the full transcript of your interview or audio 
recording, arrangements can be made to accommodate your request. 
 
Contacts 

If you have any questions about this project, please contact the principal researcher, I Wayan Mudita on 
081339 xxx xxx

*)
 or mudita.undana@gmail.com.  

 
If you have concerns before, during or after the completion of this project, you are invited to contact the 
Executive Officer of the Human Research Ethics Committee at Charles Darwin University on (08) 8946 
6498 or email xxx.xxx@cdu.edu.au

*)
.  The Executive Officer will pass on any concerns to other appropriate 

staff members at Charles Darwin University. 
 
This is a joint project between the Cooperative Research Centre for National Plant Biosecurity and 

Charles Darwin University. 

 
*) some items have removed from this version of the general consent form to ensure privacy 
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Appendix 3.2. The translated general consent form originally printed in Bahasa 
Indonesia 

 
This consent form relates to interviews, group discussions, questionnaires and other related activities 
associated with the PhD study being undertaken by I Wayan Mudita from Charles Darwin University and 
others involved in the study. 
 
This biosecurity project is a community based initiative that aims to involve local residents in reducing the 
risk of a biological incursion occurring in ..... (name of village/sub-village)

*)
.  A significant part of this will be 

a research project that will involve a range of people sharing their views on how they deal with the decline 
of citrus and gather information and new knowledge within their local networks (friends, families, 
neighbours, “experts”, the internet etc.) in their efforts in facing the decline.  To obtain such information, a 
series of interviews, group sessions and conversations is scheduled to commence in October 2008 and 
continue through until to September 2010. 
 
This study has been approved by the Human Research Ethics Committee at Charles Darwin University, 
which ensures that all research activity will be undertaken in an ethical manner that respects the privacy 
and confidentiality of all those involved (and the information they share). All interviews, group sessions and 
conversations will be held at a time and place most suitable to the participant.  Before any formal 
proceedings can commence, permission has to be granted by each potential participant in the research 
project. 
 
Some interviews may be recorded by audio tape while the researcher may also photograph some 
activities.  Further permission will be sought before any photographs are used in newspaper articles, 
newsletters, journals or other associated publications.  However, photographs of participants will only be 
used in publications relevant to this project. 
 
Similarly, information provided by the participants will only be used for this project and assist the 
researcher gain a general view of how local people gather information and transfer knowledge through 
informal, formal and experiential learning practices.  This in turn, will enable new ways of providing 
biosecurity information to be developed that are more appropriate and relevant to different groups living in 
and visiting the region.   
 
Therefore, I …………………………..…

*)
 of…...………………………………

*)
 consent to participate in this 

project being conducted by Paul Royce from Charles Darwin University.  In doing so, I acknowledge that: 

 The aims, methods and expected benefits of the research project have been explained to me by 
the researcher; 

 I voluntarily and freely give my consent to participate in this research project; 

 Information provided by me will not be released to any other source and the combined results of 
this research will be included in an academic thesis as well as possibly being presented at 
conferences and/or in academic and scientific journals; 

 Full confidentiality will be kept by the researcher (and others assisting with the study) to ensure 
my name or identity (or that of others) will not appear in this research project; 

 Some interviews may be recorded by audio tape, which will be used to ensure an accurate 
depiction of the information provided, while photography may also be used to record specific 
events or activities; 

 I am free to withdraw my consent to participate in this research project at any time in which case, 
any information offered by me will be returned or destroyed at my request. 

 
……………………………………    ………………………........... 
signature      date 
 
If you have concerns before, during or after the completion of this project, you are invited to contact the 
Executive Officer of the Human Research Ethics Committee at Charles Darwin University on (08) 8946 
6498 or via email on xxx.xxx@cdu.edu.au

*)
.  The Executive Officer will pass on any concerns to other 

appropriate staff members at Charles Darwin University. 
 
If you have any further questions about this project, please contact the researcher, I Wayan Mudita on 
081339 xxx xxx

*)
 or email mudita.undana@gmail.com.  

 
This is a joint project between the Cooperative Research Centre for National Plant Biosecurity and 

Charles Darwin University. 

 
*) some items have removed from this version of the general consent form to ensure privacy 
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Appendix 3.3. Topic questions for in-depth interviews with provincial and district 
government officers, village government officers, community 
leaders, and leading citrus growers 

 
1) Please mention your name, age, and occupation. (If you are a government officer, what is the name of 

your office and what are your office and your main responsibilities?) 
2) Please mention name of this village/office. Could you tell me something about this village/sub-village? 
3) What species of citrus are cultivated in this village/district/province right now? What about the local 

mandarin? What is the name of the local mandarin and why that name? Where did the mandarin first 
cultivated? 

4) How people in this village/district/province plant the mandarin right now? Do they plant seeds or grafted 
seedlings? How about in the past? Do people still plant seeds? What make people still plant seeds? 
When was planting grafted seedling introduced and for what reasons? 

5) Who have nurseries for producing grafted seedlings? What about the rootstock and the budwood? 
What species of rootstock are in use? Where do they get the budwood from? Are there any 
requirements for a tree to be the source of budwood? Does the district/provincial government here 
maintain budwood multiplication blocks? 

6) Does the government supervice grafted seedling production? Please describe how the supervision is 
carried out. Which office is responsible for carrying out the supervision? Which nurseries are subject to 
supervision? Are government owned budwood multiplication blocks and nurseries also subject to 
supervision? 

7) Are private nureseries required to obtain budwood from the government owned budwood multiplication 
blocks? If not, what are the reasons and how they get the budwood from? 

8) Where do nursery owners here sell their grafted seedlings and to whom? Could you list of places 
where grafted seedling from this village/district/province have been sold to? Do you have any idea 
about the number of grafted seedling produced and sold by each nursery every year? Does the 
government buy grafted seedling from nurseries? What is the price of grafted seedlings right now? 

9) Does the provincial/district government have programmes/projects specifically targeted for mandarin 
development? Is grafted seedling distribution part of government programmes/projects? What other 
programmes/projects do the government have for the local mandarin? What districts/sub-
districts/villages are the target of such programmes/projects?  

10) Could you please describe in detail one of government programme/project on mandarin that you most 
familiar with? What do you think about the programme/project? What is role in the programme/project? 
Where is it located? How successful do you think the programme/project? 

11) When did people in this province/district/village start to grow mandarin? How do you think people in this 
province/district/village learn to grow mandarin? Does the government has resident extension officers 
specifically targeted for mandarin extension? Has the government published brochures on mandarin 
cultivation? 

12) Why most mandarin trees are found around houses within the settlement? What make growers do not 
plant mandarin away from their houses? Does this practice encouraged by the government or because 
of other reasons? 

13) What do you know about mandarin cultivation practices in this province/district/village? Do o growers 
plant mandarin trees as a monocroping or a mixed cropping? How about digging the soil and 
terracering? How common are these practices? What about use of fertilizers, does the government 
provides fertilizers as part of mandarin development programmes/projects? Do growers use manure 
and how? Do you know something about irrigation? Do you think drought is a serious problem to 
mandarin trees? Does the government do something to cope with water shortage for irrigation? 

14) While mandarin trees need more attention during the dry season when people are busy preparing their 
swiden, how do you think growers give enough attention to their mandarin trees? Does the government 
have specific programmes/projects to keep growers give their mandarin trees enaouh attention during 
this critical period? What programmes/projects? 

15) What do you think the cause of mandarin decline in this province/district/village? Does it has something 
to do with pests and diseases or with something elese? If it is because of pests and diseases, which 
pests and which diseases. If you think something else are also involved, what are they? 

16) Have you heard about CVPD? What do you know about the disease (its symptoms and signs, its 
means of spread, the causal agent, etc.)? Do you think this disease has contributed to the decline of 
mandarin trees in this province/district/village? What support you to say that CVPD has contributed? 

17) How you compare the number of mandarin trees before and after the decline? What about the 
government effort to do replanting every year? Can this replanting slow down the decrease in the 
number of mandarin trees? How about mandarin production, does it increase or decrease? 

18) What the government does in facing the decline? Does the government has special 
programmes/projects to cope with this problem? What programmes/projects have the government 
launced to cope with this problem. What about California mixture? What make the government decide 
to use this mixture? Is it effective? 
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19) Does the government provide information about pests and diseases and their control as part of various 
programmes/projects for mandarin development? Is CVPD part of the information given? How the the 
government deliver such information to growers? Do you think the residen extension officers are 
competent enouh in doing this job? 

20) What do you think the role of mandarin in the village economy? Do people find the mandarin as an 
important source for cash income? If so, what happed after the decline? Is there any crops that have 
replaced the role of mandarin as the source of cash income? Does the government promote other 
crops to anticipate that someday the mandarin will no longer the primary source of cash income? 
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Appendix 3.4. Topic questions for in-depth intervies regarding grafted seedling 
production and marketing 

 
1) Please mention your name, age, and occupation. (If you are a government officer, what is the name of 

your office and what are your office and your main responsibilities?) 
2) Since when have you been in this grafted seedling business? What have made you involved in this 

business? Do you consider grafed seedling buisness provitable enough? How if it is compared to the 
fruit production business? 

3) Have you got any supports from the government for this business? What supports have you got? How 
to be eligible for such government supports? Do you required to sell your grafted seedling to the 
government for getting such supports? 

4) Do you need a government permit to produce grafted seedlings? Where do you have to go to get the 
permit? Are any specific requirement you have ti meet to be eligible for applying for the permit? Do you 
have to pay to get the permit? What will hapen if you do not have a permit? Will you be required to 
close your nursery? Will you get a fine? Or does such permit matter at all? 

5) Tell me the first step to do to produce grafted seedling? Do you have to prepare the germination bed or 
look for rootstock seeds first? How do you prepare the germination bed and what is the size of each 
bed? What citrus do you use as the rootstock? Are you required to have rootstock trees to be eligible 
for applying for a nursery permit? If not, where do you go to get the seeds? What is the price for the 
seeds? 

6) How do you sow the rootstock seeds on the germination bed? How long it takes for the seeds to 
germinate? What do you do after the seeds germinate? How long the rootstock seedlings remain in the 
germination bed? 

7) What is the next step after growing the rootstock seeds on the germination bed? Do you need to 
transplant the seedlings to transpantation beds to plant them in a wider spacing? What do you do to 
the rootstock seedlings in these beds? Do you apply fertilizers? How often do you need to irrigate and 
where do you get the water from? How long do you have to wait the seedlings to get ready for grafting? 

8) Can you show me how you do the grafting? Is there a name for the technique you are using? Who 
thought you to lean this technique? How many rootstock seedlings can you graft per day using this 
particular techniques? Are there any other techniques? If there are, why do you use this particular 
technique? Do you graft all rootstock seedling in one bed at once? Do you do the grafting yourself or 
have workers to do the job? What do you do to rootstock seedlings you have grafted? 

9) Where do you get the budwood for grafting your rootstock seedlings? Are you required by the 
government to get the budwood from the government-owned multiplication blocks? Can you tell me 
where the nearby multiplication block is located? Are you required to have your own mother trees? If 
so, what does the government do to guarantee that your mother trees are free from graft-transmissible 
diseases? Have you ever got budwood from somewhere else in case you could not get enough from 
the nearby multiplication blocks and from your own mother trees? 

10) When do you transfer the grafted rooctock seedlings to polybags? What planting material do you use to 
fill the polybags? Are you required to do any particular treatment to the material? How long does it take 
for the grafted rootstock seedlings until you can transfer them to the polybags? How do you transfer the 
grafted rootstock seedlings to the polybags? Do you do the transfer yourself or have workers to do the 
job? 

11) Is supervision and certification needed for you to be eligible for producing grafted seedlings? Who 
supervise you in producing your grafted seedlings? What goverment office is responsible for 
supervising grafted seedling production? How do you apply for the supervision? What the officers do in 
supervising your grafted seedling production processes? Do they look for disease symptoms and 
damage made by pests? Do they take samples? Do you have to pay for the service and for how much? 
What do you do to the garfted seedling that do not pass the supervision? Can you apply for 
suppervision later for the rejected seedlings? 

12) What is the next step after the supervision? How about the label? Where do you get the label from and 
do you have to pay for it? Ho much do you have to pay? Who put the label on the grafted seedlings? 

13) What if the nursery is owned by the government, does it also subject to the same supervision and 
labelling processes? How fair do you think the supervisor can do his/her job in doing such supervision? 

14) Do you know why grafted seedling production needs supervision? What are the purpose of it? Do you 
know that such supervision and labelling are required by law? Have the supervising officer told you 
about the law and expleined it to you? Or have the officer gave a copy of it for you to read? 

15) Do you know any government programmes/projects targeted specifically to improve grafted seedling 
production? 

16) What is the current price for grafted seedling here? Are you able to always sell your grafted seedlings 
at that price? What force you to sell your grafted seedlings at a lower price? 

17) To whom do you sell most of your grafted seedlings? Do you sell more of your grafted seedling to the 
government or to private buyers? To whom do you prefer to sell your grafted seedling and what are the 
reasons? Have you ever sold your grafted seedling to government officers to make a particular deal? 
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What deal do you get from selling grafted seedling to government officers? What is the purpose for a 
government officer to buy grafted seedlings? 

18) If you want to sell grafted seedlings out of your district of residence, are you required to apply for a 
permit? From what office do you have to apply for the permit? How about quarantine? Are you also 
required to get a permit from the quarantine office? In what cases are you required to apply for such 
permits? 

19) Where do you sell most of grafted seedlings to? Can you name the places where you have sold your 
grafted seeedlings? What have made you to sell your grafted seedlings to such places? 

20) What do you think about disease spread through grafted seedlings? Do you think grafted seedling play 
an important role in spreading diseases? In what cases can grafted seedling play such role? Do you 
think grafted seedlings have something to do with the current mandarin decline? What do you think the 
government need to do to minimize the possibility of grafted seedlings act as means of disease 
spread? Do you think the government has done enough to do that? 

21) Can you recommend another nursery owner for me to interview to get more detailed information? 
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Appendix 3.5. Survey questionnaire for collecting data on citrus cultivation and 
citrus biosecurity profile 

 
General Guideline 

1) Ask thevillage headtoprovide names of people who once had or now still havemandarin 
treestochoose from at randomas the sample. 

2) Take the sample proportional to the number of persons who once had in the past and who now still 
have mandarin trees 

3) Come to each sample household and ask politely for permision to carry out the interview and after 
finishing the interview do not forget to thank all person in the house before leaving. 

4) If the owner of the house refuse to be interviewed, say thank you and leave the house politely, and go 
the the neighboring house to check if the owner is available for the interview. 

5) Conduct each of the interview without the presence of persons other than those in the house to 
prevent external intervention that may prevent the interviewee from expressing his or her own 
opinions. 

 
Guideline for Filling in and Checking the Filled-in Qustionaires 

1) Put the check sign () in the box of the corresponding to the most appropriate choice of answers to 
close-ended questions and write down the answer to open-ended questions. 

2) Close-ended questions can be answered by checking more than one choice only if a writen request is 
given to do so. 

3) When asking questions with multiple-choice answers, do not reveal the choice of answers but let the 
interviewee explain his/her own answer and then match the explanation to the choice provided in the 
questionaire. 

4) When asking questions with numeric answer, leave the interviewee enough time to remember the 
closes estimate he/she could provide. Do not ever attempt to force the interviewee to provide the 
answer if he/she could not but leave it blank instead. 

5) At the end of each interview, please check each question and provide the check sign () at the right 
side of each question if the question has been answered correctly. 

 
000. Identity of the Interviewee 

    
001. Name of household head :  

002. Name of interviewed person :  

003.  Mobile number (write 0 if the 
respondence does not have a 
mobile phone) 

  

004. Residence   
 Settelement/Sub-village :  

 Village :  

 Sub-district :  

 District :  

005. Name of the interviewer :  

 
100. Profile of Citrus Growers 

    
101.  For questions No. 101-110, please provide information about your household 

Note for the interviewer: 
Please write answers of Questions 101-110 on another sheet by using apporpriate codes as 
provided in the sheet 

 

111.  From the three crops provided bellow, which one do you cultuvate mainly as source of staple 
food for the household and in what season? (Choosing more than one crop is allowed, please 
write with number 1, 2, and 3, in the box corresponding to ecah crop depending on the rank of 
importance) 

  Wetland rice, on season   

  Dryland rice, on season   

  Maize, on season   

  Grain legumes, on season (list the 
name of grain legumes) 

  

    
112.  Do you cultivate your staple food crops on one or more than one piece of land? 

  One piece of land  

  Two piece of land  

  Three piece of land  
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  More than three piece of land  

113.  Where isthe location of the largerst fiece of land you usually allocate for cultivating your staple 
food crops? 

  Within the settlement   

  Outside the settlement, but still within the village, name of 
settlement 

  

  Within the village and the sub-district, name of village   

  Outside the sub-district, but still within the district, name of sub-
district 

  

  Outside the district, name of district   

114.  If the location of land for cultivating staple food crop is far from your house, have you ever left 
your house for more than one day? 

  Yes  

  No  

115.  If you do leave your house for an extended period, in what month do you do that, for how many 
days in each leave, and for how many leaves in one growing season? 

 Number of months leaving the house (name of months)    

 Duration of leaving the house  days  

 Number of leaves during the growing season  times  

116.  During the period of leaving the house, is there someone who stay and take care of your 
house? 

  None  

  Child or childeren of school age  

  Parents or in-laws  

  Other relatives  

  Other (please mention his/her relation with you)  

    
117.  Ho do you go to the location of your swidden site and how long it takes to reach the location 

from your house? 

  On foot, for  hours  

  Riding a horse, for  hours  

  By public transport (ojek, rural transport, bus, truck), for  hours  

118.  When do you usually harvest your staple food crops mentioned above (Question 118) and how 
do you bring the harvest home? 

  Harvested in  month  

  On shoulder  

  By horses  

  By public transports (ojek, bemo, pickup trucks, etc.)  

119.  What is the average annual production of each category of staple food crops (Question 112) 
from all pieces of land you cultivate from year to year? 

  Wetland rice, production  unit of measuremen (UoM)    

  Dryland rice, production  unit of measuremen (UoM)    

  Maize, production  unit of measuremen (UoM)    

  Grain legumes, production  unit of measuremen (UoM)    

120.  Do you sell portion of the production and if you do, what portion, when, and for what price? 

  Wetland rice, month  portion  price Rp  UoM   

  Dryland rice, month  portion  price Rp  UoM   

  Maize cobs, month  portion  price Rp  UoM   

  Maize grains, months  portion  price Rp  UoM   

  Grain legumes, months  portion  price Rp  UoM   

121.  What crops do you cultivate mainly to obtain cash income by selling the yield? 
    
122.  When do you usually sell the yield of these cash crops (Question 121), what is the quantity, and 

for what price? 

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

   month  quantity  UoM  price Rp   

123.  What domestic animals do you raise to obtain cash income by selling the animals? 
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124.  During last year, when did you sell these animals (Question 123), how many heads, and for 

what price each head? 

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

   month  heads  price Rp   

125.  Apart from your spending for child education, house construction, house equipments, and health 
care, what is the estimate of your daily, weekly, and monthly spending? 

 Daily estimate Rp    

 Weekly estimate Rp    

 Monthly estimate Rp    

 
200. Citrus Cultivation Profile 

    
201.  When did you start cultivating citrus and of whose initiative? 
 Started in Year   

 Initiative of  You yourself/your group 

   The government 

   Others (NGO, church, etc., please list) 

     

202.  Please describe the nature of the initiative of this first citrus cultivation (what was the purpose, 
what was the name of the project, wether succesful or not, etc.) 

  

203.  Are the remaining mandarin trees or those that died recently part of the trees that you panted 
first or planted later? 

  All are part of trees that planted later, in the year of   

  Some are part of trees planted first and and some are part of trees planted laterin 
the year of 

  

  All are part of trees that planted first  

204.  Which trees have died more, those planted from seeds or from grafted seedlings? 

  Trees planted from grafted seedling than trees planted from seeds  

  Trees planted from grafted seedling similar to trees planted from seeds  

  Trees planted from grafted seedling less than trees planted from seeds, but most trees 
planted from seeds died because of age 

 

205.  How many living mandarin trees do you have now and what is the average number of trees died 
each year? 

 a) Number of remaining living trees 
 Bearing trees     

 Non-bearing trees     

 b) Average number of trees died each year  
 Bearing trees  since year   

 Non-bearing trees  since year   

206.  What was the average age of your mandarin trees when they died? 
 a) Average age of trees planted from seeds  years  

 b) Average age of trees planted from grafted seedlings  years  

207.  Could you please meantion names of three persons in this village who currently own the largest 
number of mandarin trees. In what sub-village do they live? 

 1)   

 2)   

 3)   

208.  In what age do your mandarin trees start bearing fruits and bear fruits most abundant? 
 a) Trees planted from seeds 
 Trees start to bear fruits  year, number of fruits  per tree  

 Trees bear fruits most abundant  year, number of fruits  per tree  

 b) Trees planted from grafted seedlings 
 Trees start to bear fruits  year, number of fruits  per tree  

 Trees bear fruits most abundant  year, number of fruits  per tree  

209.  How did you sell your mandarin fruits from the last harvest, to whom do you sold them and what 
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was the price? 

 Last harvest in year   

 Sold by mean of:   

  On trees when fruits have not yet matured, price Rp  Per tree  

  On trees when fruits have matured, price Rp  Per tree  

  Harvested fruits, price Rp  unit   

 Sold to:   

  Middle men/women from outside the village  

  Middle men/women from the village  

  Buyers in nearby markets  

210.  How did you get the grafted seedlings for planting your currently remaining trees? 

  Buy using own money  

  Buy using money provided by the government  

  Provided free by the government  

  Others (please describe)  

    

211.  Are you yourself capable of producing grafted seedlings and if you are, have you ever produced 
grafted seedlings for sale? 

  Yes, but not for sale  
  Yes, for sale since year  to year   

  No (Skip Wuestion 212, proceed to Question 213)  
212.  If you are capable of producing grafted seedlings, have you always used budwood from taged 

mother trees or sometimes used budwood from indiscriminate mother trees? 

  Always from tagged mother trees  

  Sometimes from indiscriminate mother trees  

  More often from indiscriminate mother trees  

213.  Please mention three persons who produce grafted seedlings for sale and their village of 
residence 

 1)   

 2)   

 3)   

214.  Where do you grow your mandarin trees and with what other crops? 

  Around the house with other annual and perennial crops  

  Away from the house with other annual and perennial crops  

  Away from the house with other annual crops only (skip Question 215, proceed to 
Question 216) 

 

  Away from the house with other perennial crops only (go to Question 215, skip Question 
216, and proceed to Question 217) 

 

  Around or away from the house as a monocropping (skip Question 215 and Question 216, 
procced to Question 217) 

 

215.  In case that you planted your mandarin trees together with perennial crops, did you plant the 
mandarin earlier or later and what perennial crops did you mostly plant? 

  The mandarin earlier  

  The perennial crops earlier  

 Perennial crops planted with the mandarin (please list) 
    

216.  In case that you planted your mandarin trees together with annual crops, did you dig up the soil 
and what annual crop did you mostly plant? 

  Soil was dig up every year for the preparation of planting the annual crops  

  Soil was dig up only when time was available from preparing land for swidden cultivation 
far away from home 

 

  Soil was not dig up, but only weeds were cleared  

 Annual crops planted with the mandarin (please mention) 
    

217.  During the years that you are busy with preparing land for shifting cultivation in locations far 
away from home, do you still have time to take care of your mandarin trees? 

  Not at all so that weeds outcompete mandarin trees  

  Have time only to do the weeding on some spots  

  Hard to find time to do the weeding  

218.  Have you ever provide your mandarin trees with fertilizers and/or manure and if you have, how 
do you apply the fertilizer/manure? 

  Piling the manure on the trunk base  
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  Broadcast the fertlizer/manure on the ground surface below the canopy  

  Put the fertilizer/manure on the ditch dug encircling the trunk below the outter canopy   

  Put the fertilizer/manure on a hole dug near the trunk  

  Never provided fertilizer/manure  

219.  Instead of applying manure, have you ever corraled cattle or other domestic animals on site in 
your mandarin grove? 

  Have tied cattle or other domestic animals on the mandarin trunks  

  Have tied cattle or other domestic animals on a post or the trunk of other trees  

  Have never corraled cattle or other domestic animals on site  

220.  Have you ever cut off died or dried branches of your mandarin trees? 

  Have cut off died or dried branches at least once every year  

  Have cut off died or dried branches, but only now and then  

  Have never cut off died or dried branches  

221.  Have you ever provided irrigation water to your mandarin trees during the dry season, 
particularly after harvest? 

  Have provided irrigation only to trees that look wilting  

  Have provided irrigation only when water is available  

  Have never provided irrigation because water is hardly available  

222.  Have you burned dried leaves and other available dry material on site in your mandarin grove? 

  Have always burned dried material, but away from tree trunks  

  Have burned dried material occasionally  

  Have never burned dried material, but leaving the material spread over the ground 
surface 

 

223.  In addition to the local mandarin, what other citrus do you also currently have in your grove, how 
many trees remain, and when did you plant them? 

 Oranges, number of trees remain  planted in   

 Rough lemon (RL), number of trees remain  planted in   

 Kisar oranges, number of trees remain  planted in   

 Limes, number of trees remain  planted in   

 Kaffir lime, number of trees remain  planted in   

 Pomelo, number of trees remain  planted in   

 Other citrus (please list), number of trees  planted in   

      

 Other mandarins (please liest), number of trees  planted in   

      

 
300. Citrus Biosecurity Profile 

For questions 301-325, those printed in italic are probing questions that should be asked depending 
on the answer provided to the preceeding question. 
  
301.  Are you aware that your mandarin trees decline because of pests or diseases? 

  Yes  

  No (skip Questions 302 and 303, proceed to Question 304)  

302.  If you are aware that the decline is because of pests or diseases, do you know what pests or 
diseases are they? 

  Yes, I know  

  Do not know (skip Questions 303, proceed to Question 304)  

303.  If you know that pests or diseases are the causal agents, can you give the name of the the most 
destructive pest and the most destructive disease? 

 The most destructive pests   

 The most destructive disease   

304.  If you do not know the pest or the disease causing the decline, what do you think make you not 
know? 

  No goverment officer, university lecturer, or NGO activist has provided information  

  Goverment officer, university lecturer, or NGO activist has provided information but not 
sure what it is 

 

  Goverment officer, university lecturer, or NGO activist has provided information, but was 
not available to attend the meeting 

 

305.  Based on your experience, do you think that pests or diseases can move from one grove to 
another and from one village to another? 

  Yes, they spread  

  No, they do not spread (skip Questions 306-309, proceed to Question 310)  

306.  If you think that pests or diseases are capable of moving, which of the following means of 
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movement do you think most likely to take place? 

  From one individual tree to another  

  From one individual grove to another  

307.  If you think that pests or diseases are capable of moving, from where do you think your 
declining trees get pests or diseases? 

  From trees in another grove in the village  

  From trees in another grove in another village, i.e. the village of   

  From trees in another village, but do not know whichvillage  

308.  If you think that pests or diseases are capable of moving from one tree to another and from one 
grove to another, which of the following means of movement do you think most likely to take 
place? (More than one answer is possible) 

  Carried away by wind (skip Question 308 and proceed to Question 309)  

  Carried away by rain water or irrigation water (skip Question 308 and proceed to Question 
309) 

 

  Carried along with agricultural equipment (skip Question 308 and proceed to Question 
309) 

 

  Carried along with soil for filling the polybag in grafted seedling production (skip Question 
308 and proceed to Question 309) 

 

  For certain diseases, carried inside parts of planting material (proceed to Question 308)  

  For certain diseases, carried inside the body of insect pests feeding on mandarin trees 
(skip Question 308 and proceed to Question 309) 

 

  Other means, namely (please list) (skip Question 308 and proceed to Question 309)  

    

309.  If you think that certain diseases can be carried inside parts of planting material, how do you 
think this could happen? 

  Planting material gets infected by diseases carried by wind  

  Planting material gets infected by diseases carried along with soil for filling the polybag  

  Planting material gets infected by diseases carried along inside the budwood taken from 
diseasd mother tree 

 

  Can not determine which of the above means  

310.  Do you think that diseases carried along with grafted seedlings are the primary cause of the 
decline of the mandarin? 

  Yes  

  No  

311.  Do you think that the government has tagged mother trees appropriately to prevent certain 
diseases from moving along with grafted seedlings? 

  Yes  

  Not  

312.  Do you think that a pest or disease control measure has to be carried simultaneously by all 
growers for the control measure to be successful? 

  Yes (skip Question 313, proceed to Question 314)  

  No  

313.  If a control measure can not be applied simultaneously by all growers, what do you think will 
happen? 

  Pests and diseases will move from groves where a control measure has applied to groves 
where no control measure has applied 

 

  Pests and diseases will not move from groves where a control measure has applied to 
groves where no control measure has applied 

 

  Do not know  

314.  To succesfully control pests or diseases, do you agree to cut down dead trees, dig out their 
roots, and burn them? 

  Agree  

  Do not agree (skip Question 315, proceed to Question 316)  

315.  In what condition doyou agree to cut down dead trees, dig out their roots, and burn them? 

  The government does the job after providing conventation  

  The government does the job without necessarily providing convensation   

  Growers do the job with convensation and wage provided by the government   

316.  For preventing pests or diseases from being introduced, which of the following do you think 
need to be done? 

  The government must ban both introduction of grafted seedlings from and distribution to 
outside West Timor 

 

  The government must ban either introduction of grafted seedlings from or distribution to  
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outside West Timor 

317.  In banning grafted seedling introduction and/or distribution, which of the following do you think 
the government need to focus more? 

  Introduction from and/or distribution to other islands  

  Introductionfrom and/or distribution from other villages/sub-districts/districts within an 
island 

 

318.  Do you think that appying fertilizers, supplying irrigation, and doing prunning will help mandarin 
trees to better withstand damages caused by pests and diseases? 

  Will help  

  Will not help  

319.  Do you think that the local goverment must inform growers regarding pests and diseases and 
their control? 

  Yes  

  No  

320.  To help growers doing pests and disease control, do you think the local government must 
provide pesticides and application equipment? 

  Yes  

  No (skip Question 321, proceed to Question 322)  
321.  If you think that the local government must provide pesticides and application equipment, has 

the government done it or not? 

  Has done, in the form of   

  Has not done  

322.  Have you used or known other growers using local material or means to control pests or 
diseases on mandarin? 

  Have used or known other growers using  

  Have not used or known other growers using (skip Question 323, proceed to Question 
324) 

 

323.  If you have used and known other growers using such material and means (Question 322), 
could you mention names of and means of appying the material? 

 Material in use   

 Means of application   

324.  Do you think reporting pests or diseases to the government is necessary and will be helpful to 
you and other growers? 

  Necessary and helpful  

  Not at all  

325.  If you think that reporting pests and diseases to the government is necessary, how do you 
prefer to do the reporting? 

  Talk with the resident extension officer in the village  

  Talk with government officers visiting the village  

  Come to the government office or send a sort message (text)  

 
Notes on the Interviewee 

Please write down a short note abot the interview and the interviewee regarding place of interview, 
presence of outsiders, willingness to participate and provide information, ability to speak Bahasa 
Indonesia, etc. 

 

 

 
 _________, date__month_____year____ 
Sub-village Head, 
 
 
 
__________________________ 
Mobile Number:______________ 
(only if owns mobile phone) 

Interviewer, 
 
 
 
_______________________________ 

Village Head, 
 
 
 

____________________________ 
Mobile number:________________ 
(only if owns mobile phone) 
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Appendix 3.6. Questionnaire for Collecting Data on Social and Other Forms of 
Capital 

 

General Guideline 

1) You should take the household for interview from the list of those already interviewed last year as 
provided in the List of Sample Households. Give the list along with the permit for doing the research to 
the village head and his/her staff and discuss with them the strategy for carrying out the interview. 

2) Visit each sample household and ask for permission to do the interview. If the household head is not at 
home, ask to do the interview with his wife. In case that the wife does not feel convenient to do so, ask 
when her husband will be available for the interview. 

3) Before starting the interview, explain that the information provided by the interviewee will be used for 
research purpose only and to guarantee that all requirements are met for such purpose, read Bahasa 
Indonesian version of the ethic consent and ask him/her to sign the English version.  

4) Conduct each of the interview without the presence of persons other than those in the house to prevent 
external intervention that may prevent the interviewee from expressing his or her own opinions. 

5) For questions that need a particular option as the answer, provide attention on which of the following 
question/questions to skip and which of the following question to continue. 

 
Guideline for Filling in and Checking the Filled-in Qustionaires 

1) Put the check sign () in the box of the corresponding to the most appropriate choice of answers to 
close-ended questions and write down the answer to open-ended questions. 

2) Close-ended questions can be answered by checking more than one choice only if a writen request is 
given to do so. 

3) When asking questions with multiple-choice answers, do not reveal the choice of answers but let the 
interviewee explain his/her own answer and then match the explanation to the choice provided in the 
questionaire. 

4) When asking questions with numeric answer, leave the interviewee enough time to remember the 
closes estimate he/she could provide. Do not ever attempt to force the interviewee to provide the 
answer if he/she could not but leave it blank instead. 

5) At the end of each interview, please check each question and provide the check sign () at the right 
side of each question if the question has been answered correctly. 

 
000. Identity of the Interviewee 

001. Name of household head :  

002. Name of interviewee :  

003.  Mobile number (write 0 if the 
respondence does not have a mobile 
phone) 

  

004. Residence   
 Settelement :  

 Village :  

 Sub-district :  

 District :  

005. Name of the interviewer :  

 
100. Social Capital 

101.  Could you mention all sorts of groups in which either you or your family is currently a member? 
102.  Do you think joining those groups is beneficial for you and your family? 
103.  How diverse are those groups you or your family joining with regard to ethnic, origin, religion, sex, 

education and job? 
104.  How many meetings or group activities did you attend in the last three months? 
105.  Do those groups you and your family joining maintains contacts with other groups and the 

government? 
106.  How many friends do you have to share, discuss, and ask for information and things related to job? 
107.  How diverse are your friends with regard to ethnic, origin, religion, sex, education and job? 
108.  Do you have someone among village elders and leaders who you can talk about your problems? 
109.  Do you have someone in the village, sub-district, or district government who you can talk about 

your problems? 
110.  How many times have you met your friend within the last three months? 
111.  According to your own experience, could you trust your neighbours? 
112.  Do you believe most people here will not do something that could put other in difficult situation? 
113.  How do you trust government officers, local parliament members, extension officers, and NGO 

activists? 
114.  Are you willing to contribute labour, material, and money to a community project not supported by 

the government? 
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115.  Are you willing to contribute even in a case that you and your family do not have enough to share? 
116.  Have you joined community actions within the past year? 
117.  How often have you joined such actions? 
118.  If there two joint actions that you are required to attend at the same time, which one will you attend, 

that involving relatives and neighbours or that involving people from the whole villages? 
119.  How easy do you think people in this community to get involved in joint actions? 
120.  Do you think people in this village will act voluntarily in case of disaster? 
121.  Have you exchanged information with other people in this village within the past year? 
122.  How often have you exchanged information within the past three month? 
123.  In a situation that you to choose to share information either with your relatives or with anyone in the 

community, which one do you choose to share? 
124.  Could you mention what means usually do you use to get information? 
125.  In the past three months, how many time did you get together with other in a party or things like 

that? 
126.  How diverse are those people attending the party with regard to ethnic, origin, religion, education, 

job? 
127.  Regardless of being diverse in terms of ethnic, origins, religion, education, and job, do you think 

people here live in harmony? 
128.  Regardless of being diverse in terms of ethnic, origins, religion, education, and job, do you think 

living here safe? 
129.  Regardless of wealth you own, do you think your life here happy? 
130.  In general, do you think your life has changed as you are expecting? 
131.  In the last three months, how often have you made decisions to make changes in your community? 
132.  Do you agree that the government have worked hard to improve the community? 
 
200. Household Characteristics 

201.  How old are you now? 
202.  What school have you finished? 
203.  Since when have you stayed in this village? 
204.  How old are you and your wife? 
205.  Please mention those who live with you and with whom you share food together 
206.  Please mention names of household members and their sex 
207.  Please mention crops you produce for staple food and their production 
208.  What crop do you sell, how many kilos and at what price? 
209.  What kind of domestic animals do you sell, how many heads and at what price? 
210.  How much money do you spend on average every month? 
 
300. Citrus Cultivation Characteristics 

301.  Since when have you planted mandarins until now? 
302.  Do you plant your mandarins with or without other crops? 
303.  Please mention with what perennial crops your mandarins are currently growing? 
304.  Please mention what annual crop do you usually plant with mandarins? 
305.  Have you ever clear weed in your grove and prune your mandarin trees? 
306.  Have you ever applied manure to your mandarin grove? 
307.  Have you ever corralled animal on your grove? 
308.  Have you ever cut dead branches and trees in your grove? 
309.  Have you ever watered your mandarin trees? 
310.  Have you ever burn litter and debris in your grove? 
311.  Please mention other citrus species currently you also own 
312.  Please mention other mandarin cultivar currently you also own 
313.  How many bearing trees do you have right now? 
314.  How many non-bearing trees do you have right now? 
315.  When did you plant your now-bearing trees? 
316.  When did you plant your now-non-bearing trees? 
317.  How many bearing trees have died from once the total trees number trees you own? 
318.  How many non-bearing trees have died from once the total trees number trees you own? 
319.  How many fruit do you harvest from each remaining bearing trees this year? 
 
400. Community Characteristics 

401.  What portion of houses in this sub-village is semi-permanent? 
402.  What portion of households in this sub-village receives clean water from pipeline distribution 

network? 
403.  How do you describe sanitation in your neighbourhood? 
404.  What portion of household in this sub-village has semi-permanent sanitary facility? 
405.  What portion of households in this sub-village has access to electricity? 
406.  What portion of households in this sub-village owns mobile phone? 
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407.  Can cars reach this sub-village during the rainy season? 
408.  Do people in this sub-village have access to public transportation? 
409.  How long people n this sub-village have to walk to get access to public transportation? 
410.  How often people in this sub-village go to market? 
411.  What portion of people in this sub-village gets daily groceries from the nearby market? 
412.  Can elementary school children in this sub-village get to their school in 10 minutes or less on foot? 
413.  Do you consider the building of the nearby elementary school in good condition? 
414.  Do you consider the nearby elementary school here has enough number of teachers? 
415.  What portion of elementary school age children in this sub-village go to school? 
416.  What portion of elementary school graduates in this sub-village continues their study to junior high 

school? 
417.  Can junior high school children in this sub-village get to their school in 20 minutes or less on foot? 
418.  What portion of junior high school age children in this sub-village go to school? 
419.  What portion of junior high school graduates in this sub-village continues their study to senior high 

school? 
420.  Can elementary school children in this sub-village get to their school in 5 minutes or less by public 

transportation? 
421.  What portion of senior high school age children in this sub-village go to school? 
422.  Is action to combat illiteracy present in this cub-village? 
423.  What portion of people in this sub-village has attended vocational training? 
424.  What disease is most prevalent among children in this sub-village? 
425.  Is community health centre present in this village? 
426.  Can people in this sub-village get to the nearby community health centre within 10 minutes or less 

by public transportation? 
427.  What portion of people in this sub-village goes to the nearby community health centre when they 

get ill? 
428.  Is there football field, basketball or volleyball court or general purpose field present in this village? 
429.  What portion of people in this sub-village engages in sport regularly? 
430.  Is this village the centre of production for cereal and root crops? 
431.  Is this village the centre of production for fruit crops? 
432.  Is this village the centre of production for vegetable crops? 
433.  Is this village the centre of production for domestic animals and their derived products? 
434.  Are cereal- and root-crops the main source of cash income for most households in this sub-village? 
435.  Are fruit crops the main source of cash income for most households in this sub-village? 
436.  Are vegetable crops the main source of cash income for most households in this sub-village? 
437.  Are domestic animal and their derived products the main source of cash income for most 

households in this sub-village? 
438.  Is forest present in this village? 
439.  How did the climate change in this village within the last three years? 
440.  How did floods change in this village within the last three year? 
441.  How did landslides change in this village within the last three year? 
 
500. Notes by the Interviewers 

This part is not to be asked to the interviewee, but for the interviewer to fill in to provide description 
regarding the interviewee and the way he/she respond to questions being asked (1=yes, 0=no) 
501.  Place of interview 
502.  Ability of the interviewee to understand and communicate effectively in Bahasa Indonesia 
503.  Willingness of the respondent to be interviewed 
504.  Presence of a third party 
505.  Questions that are hard for the interviewer to ask or for the interviewee to answer 
 
 _________, date__month_____year____ 
Sub-village Head, 
 
 
__________________________ 
Mobile Number:______________ 
(only if owns mobile phone) 
 

Interviewer, 
 
 
_______________________________ 

Village Head, 
 
 
____________________________ 
Mobile number:________________ 
(only if owns mobile phone) 



462 

 

Appendix 3.7. Topic questions of focus group discussion for community 
engagement 

 
1) How do identify HLB symptoms and Diaphorina citri? What other symptoms confuse you? What other 

insects confuse you? How do you distinguish HLB symptoms from symptoms of other diseases and 
nutrient deficiencies? How do you distinguish Diaphorina citri from other insects? 

2) Do you agree to monitor HLB and its vector? When you find HLB symptoms and vector on your 
mandarin trees, do you agree to report to the nearby government office?  

3) What do you know about HLB and its vector? Where do you get information about this disease and its 
vector? Why the government refuse to acknowledge and provide information about this disease and 
its vector? 

4) What do you know about government programmes on mandarin development? What do you think 
about grafted seedling distribution programme and group-based planting programme? Do you think 
the government will be successful in bringing back the mandarin to thrive with these programmes? 

5) In addition to programmes that have so far launched by the government, what else do you think the 
government better do to bring back the mandarin to thrive? 
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Appendix 4.1. Summary of emerging categories from transcripts of biosecurity 
issue scoping interviews 

 
Categories Particip-

ants 
Refer-
ences 

Sources of planting material in the history of citrus cultivation 1 2 

Planting direct from seeds in citrus cultivation history 4 7 

Planting from grafted seedlings in citrus cultivation history 14 26 

Role of sonaf Tobu in citrus cultivation history     

Choice of species or varieties in citrus cultivation practices 7 13 

Choice of planting materials in citrus cultivation practices 7 10 

Choice of planting sites in citrus cultivation practices 4 5 

Cropping system in citrus cultivation practices 8 10 

Fertilizer and other agrochemical uses in citrus cultivation practices 8 11 

Irrigation provision in citrus cultivation practices 4 5 

Soil preparation in citrus cultivation practices 4 5 

Weeding and pruning in citrus cultivation practices 2 4 

Inappropriate government policy regarding citrus cultivation 2 6 

Influence of climate to current citrus condition 15 28 

Influence of diplodia rot to current citrus condition 3 4 

Influence of other diseases to current citrus condition 11 22 

Influence of pests to current citrus condition 10 17 

Influence any pests and diseases to current citrus condition  9 20 

Influence of inappropriate pest and disease management recommendations to current 
citrus condition 

3 6 

Influence of planting grafted seedlings and seeds direct on current citrus condition 12 27 

Influence of planting grafted seedlings, disadvantages 4 10 

Influence of planting seeds direct, advantages and disadvantages 10 24 

Influence of age of trees to current citrus condition 6 10 

Influence of inappropriate maintenance practices to current citrus condition 10 21 

Influence of community adherence to traditional practices and values to current citrus 
condition 

8 11 

Influence of inappropriate harvest practices to current citrus condition 4 9 

Influence of other government projects to current citrus condition 1 3 

Achievements of government programme on citrus cultivation 2 5 

Goals of site- and group-based citrus cultivation programme 1 1 

Goals of government programme on citrus cultivation 2 3 

Centre of citrus production 1 1 

Goals of grafted seedling distribution programme 5 10 

Success rate of grafted seedling distribution programme 5 9 

Characteristics of grafted seedling distribution programme 15 48 

Number of grafted seedlings and other inputs provided with grafted seedling distribution 
programme 

9 21 

Protest and refusal by community members and leaders regarding grafted seedling 
distribution programme 

5 6 

Reasons for protest and refusal by community members and leaders regarding grafted 
seedling distribution programme 

3 4 

Request and acceptance by community for grafted seedling distribution programme 5 6 

Rolling fund provision for site- and group-based citrus cultivation programme 4 13 

Projects and funding sources for site- and group-based citrus cultivation programme 5 17 

Sources and procurement of grafted seedlings for site- and group-based citrus 
cultivation programme 

6 8 

Locally produced grafted seedlings for site- and group-based cultivation programme to 
prevent diseases 

1 2 

Planting size of site- and group-based citrus cultivation programme 1 2 

Cultivation recommendation and practices for site- and group-based citrus cultivation 
programme 

4 9 

California mixture provision for site- and group-based citrus cultivation programme 1 1 

Infrastructure development for site- and group-based citrus cultivation programme 5 8 

Years of important events in citrus development programme 11 17 

Citrus harvest quantity 2 2 

Citrus harvest season 2 2 
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Categories Particip-
ants 

Refer-
ences 

Years first bearing fruits for trees planted direct from seeds 2 5 

Citrus marketing and prices 5 7 

Citrus contribution to household income 6 12 

Grafted seedlings and other means of introduction and spread of pests and diseases 15 30 

Grafted seedlings as potential sources of introduction and spread of pests and diseases 9 26 

Routes and year of introduction and spread of pests and diseases 12 30 

Unawareness of introduction and spread of pests and diseases 7 9 

Impacts of pests and diseases on trees: suffering 13 48 

Impacts of pests and diseases on trees: decreased production 1 1 

Impacts of pests and diseases on trees: death 2 2 

Impacts of pests and diseases on trees: wiped out as on apple 3 3 

Impacts of pests and diseases on trees: shift to other crops 4 5 

Impacts of pests and diseases on income 11 18 

Impacts of pests and diseases on trees: unaware of 2 3 

Denial of presence of HLB 1 7 

Denial of presence of HLB vector 1 1 

Acknowledgement of presence of HLB 9 17 

Acknowledgement of presence of HLB vectors 4 4 

Acknowledgement of presence of disease on apple 2 2 

Knowledgeable of pest and disease symptoms only 13 28 

Acknowledgement of presence of 7 most destructive diseases 1 1 

Acknowledgement of presence of 7 most destructive diseases, examples 7 12 

Acknowledgement of presence of diplodia rot 9 11 

Acknowledgement of presence of mealy bugs 1 1 

Acknowledgement of presence of upas 2 3 

Unknowledgeable of HLB symptoms 1 1 

Unknowledgeable of other pests and symptoms 3 4 

Engagement with local communities trough FFS 5 7 

Engagement with local communities trough FFS field visit 5 12 

Provision of no explanation and brochures in engagement with local communities 3 3 

Provision of no pest and disease monitoring in engagement with local communities 2 2 

Provision of information regarding control measures in engagement with local 
communities 

2 2 

Visits by resident extension officers in engagement with local communities 5 9 

Level of participation to engagement with local communities 1 2 

Years and frequency of engagement with local communities 3 7 

Focus on diplodia rot for key message delivery 1 1 

Dependency on FFS for key message delivery 2 3 

Community initiative in identification and selection of control measures 4 7 

Identification and selection of control measures by government only for target diseases 1 1 

Identification and selection of control measures by government: chemical 7 11 

Identification and selection of control measures by government: cultural 2 3 

Identification and selection of control measures by local communities: traditional 3 7 

No identification and selection of control measures by local communities 2 2 

Collective actions by community to control pests and diseases 8 17 

Individual actions by community to control pests and diseases 8 19 

No control measure implementation by community 5 9 

Ban of seedling import by government to control pests and diseases 1 9 

Insecticide mass spraying by government to control pests and diseases 5 9 

Provision of insecticides and California mixture by government to control pests and 
diseases 

3 4 

Efficacy and effectiveness of control measures 4 9 

Inappropriate control measures and timing 8 12 

Plan for PCR test by the local government 1 2 

Government blames the community as difficult to act in group 3 5 

Government dominant role in establishment of farmer groups 6 27 

Willingness of local communities to establish groups 1 1 

Freedom to express concerns and disagreement to government 7 27 

Freedom to express expectation and proposal 7 20 

Purposes of local communities to form farmer groups 3 5 

Purposes of government to form farmer groups 9 12 
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Categories Particip-
ants 

Refer-
ences 

Purposes of NGO to form farmer group 1 2 

Establishment of farmer groups by community, NGO, and government 13 35 

Varieties of networks available for local communities and governments 5 9 

No provision of access to information provided by government 4 9 

Partial provision of access to information provided by government 6 8 

Full provision of access to information provided by government 14 40 

Means of provision and access to information 7 23 

No to low efforts to access information by community 6 8 

No trust to government because never provided follow ups 5 9 

Trust to government only because of having relatives 3 5 

Trust and solidarity to neighbours and strangers 1 2 

Commitment to mandarin but denial of HLB despite evidence of its presence 4 9 

Commitment to mandarin but lack of research commitment 2 4 

Commitment to mandarin but not community facilitation through extension officers 6 14 

Commitment to mandarin but not providing appropriate control measures 3 3 

Commitment to mandarin but not providing enough information regarding pests and 
diseases 

8 14 

Government elected on the basis of popular vote 1 2 

Regional autonomy provided too much power and authority to local government 3 5 

Import of apple budwood by government from centre of production already destroyed by 
disease 

2 2 

Biosecurity engagement and government, access to information, provision of information 
that suits the government 

3 4 

Abuse of power and authority for business interests 5 16 

Abuse of government aid by local communities 4 4 

Source: First-level analysis of interview data 
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Appendix 4.2. Collapsing of categories into concepts and themes of biosecurity 
issues 

 
Emerging Category

1)
 P

2)
 R

3)
 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Citrus origins and role of 
sonaf Tobu in history 

1 1 Retained, 
divergent with 
regard to origins 

Citrus origins and 
role of sonaf Tobu in 
history 

Similarity in 
terms of seeds 
as planting 
material but 
divergent with 
respect to 
origins 

Oringin and 
Cultivation of 
Citrus in West 
Timor Sources of planting 

material in the history of 
citrus cultivation 

1 2 Similarity as 
propagation 
material 

Role of generative 
propagation in 
history 

Planting direct from seeds 
in citrus cultivation history 

4 7 

Planting from grafted 
seedlings in history 

14 26 Retained, large 
sources and 
references 

Planting from grafted 
seedlings in history 

Choice of species or 
varieties 

7 13 Similarity in terms 
of planting material 
environmental 
condition 

Choice of plant, 
planting site, and 
cropping system 

Similarity in 
terms suitable 
environmental 
condition and 
cultivation 
practices 
required by 
planting 
material in use 

Choice of 
cropping 
system and 
cultivation 
practices 

Choice of planting 
materials 

7 10 

Choice of planting sites 4 5 

Cropping system 8 10 

Fertilizer and other 
agrochemical uses 

8 11 Similarity with 
regard to inputs 
required to 
maintain plant 
growth 

Crop maintenance 
practices 

Irrigation provision 4 5 

Soil preparation 4 5 

Weeding and pruning 2 4 

Government programme 2 6 Retained, 
divergence with 
regard to opinion 
by sources 

Government 
programme 

Influence of climate 15 28 Retained, large 
number of sources 
and references 

Influence of physical 
environment 

Similarity as 
factors 
influencing 
citrus 
cultivation 

Factors 
influencing 
citrus 
cultivation 

Influence of diplodia rot 3 4 Similarity with 
regard to 
organisms as the 
influencing factors 

Influence of 
biological 
environment Influence of other 

diseases 
11 22 

Influence of pests 10 17 

Influence any pests and 
diseases  

9 20 

Planting grafted seedlings 
vs. seeds direct 

12 27 

Disadvantages of planting 
grafted seedlings 

4 10 

Advantages and 
disadvantages of planting 
seeds direct 

10 24 

Influence of age of trees 6 10 

Influence of inappro-priate 
maintenance practices 

10 21 Similarity in terms 
of human related 
factor that 
influence citrus 
cultivation 

Influence of social 
environment 

Influence of traditional 
practices and values 

8 11 

Influence of inappropriate 
harvest practices 

4 9 

Influence of inappropriate 
pest and disease 
management 

3 6 

Influence of other 
government projects 

1 3 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Goals of citrus 
development programme 

2 3 Similarity in terms 
of overall 
programme goals 

Goals and 
achievement of 
citrus development 
programme 

Similarity with 
respect to 
programme 
launched by 
the government 

Goals, 
achievement, 
and 
characteristics 
of citrus 
development 
programme 

Achievements of citrus 
development programme 

2 5 

Centre of citrus production 1 1 

Goals of site- and group-
based citrus cultivation 
programme 

1 1 

Goals of grafted seedling 
distribution programme 

5 10 

Achievement of grafted 
seedling distribution 
programme 

5 9 

Characteristics of grafted 
seedling distribution 
programme 

15 48 All were part of 
characteristics of 
grafted seedling 
distribution 
programme  

Overall 
characteristics of 
seedling distribution 
programme Number of grafted 

seedlings and other inputs 
provided with grafted 
seedling distribution 
programme 

9 21 

Protest and refusal by 
community to grafted 
seedling distribution 
programme 

5 6 

Reasons for protest and 
refusal by community to 
grafted seedling 
distribution programme 

3 4 

Request and acceptance 
by community for grafted 
seedling distribution 
programme 

5 6 

Rolling fund provision for 
site- and group-based 
citrus cultivation 
programme 

4 13 All were part of 
characteristics of 
site- and group-
based citrus 
cultivation 
programme 

Overall 
characteristics of 
site- and group-
based cultivation 
programme Projects and funding 

sources for site- and 
group-based citrus 
cultivation programme 

5 17 

Sources and procurement 
of grafted seedlings for 
site- and group-based 
citrus cultivation 
programme 

6 8 

Planting size of site- and 
group-based citrus 
cultivation programme 

1 2 

Cultivation recommend-
ations for site- and group-
based citrus cultivation 
programme 

4 9 

California mixture 
provision for site- and 
group-based citrus 
cultivation programme 

1 1 

Infrastructure 
development for site- and 
group-based citrus 
cultivation programme 

5 8 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Important years in citrus 
development programme 

11 17 Retained, for 
purpose of 
additional 
information 

Important years in 
citrus development 
programme 

Citrus harvest quantity 2 2 Similarity 
regarding time and 
quantity of harvest 

Citrus harvest and 
production 

Contribution to 
income at time 
of harvest 
season 

Citrus 
production and 
contribution to 
household 
income 

Citrus harvest season 2 2 

Years first bearing fruits 
for trees planted direct 
from seeds 

2 5 

Citrus marketing and 
prices 

5 7 Similarity with 
respect to 
contribution to 
income 

Citrus marketing and 
contribution to 
income Citrus contribution to 

household income 
6 12 

Acknowledgement of 
presence of diplodia rot 

9 11 
Retained due to 
acknowledge-ment 
by the government 

Knowledge of 
presence of diplodia 
rot 

Similarity in 
ways risk was 
identified and 
characterized 

Knowledge of 
Citrus Pests 
and Diseases 
and Their 
Spread 

Denial of presence of HLB 1 8 Similarity with 
regard to ability to 
mention name 

Knowledge of 
presence of HLB 
and its vector 

Acknowledgement of 
presence of HLB 

9 17 

Acknowledgement of 
presence of HLB vectors 

4 4 

Acknowledgement of 
presence of 7 most 
destructive diseases 

1 1 

Similarity with 
regard to ability to 
mention symptoms 
but not name 

Knowledge of HLB 
only on symptoms 

Acknowledgement of 
presence of 7 most 
destructive diseases, 
examples 

7 12 

Acknowledgement of 
presence of disease on 
apple 

2 2 Similarity with 
regard to ability to 
mention symptoms 
and names 

Knowledge other 
pests and diseases 
and their symptoms  

Knowledgeable of pest 
and disease symptoms 
only 

13 28 

Acknowledgement of 
presence of mealy bugs 

1 1 

Acknowledgement of 
presence of upas 

2 3 

Grafted seedlings and 
other means of 
introduction and spread of 
pests and diseases 

15 30 Similarity with 
respect to means 
and routes of 
introduction and 
spreads 

Knowledge of means 
and routes of 
introduction and 
spread of pests and 
diseases Grafted seedlings as 

potential sources of 
introduction and spread of 
pests and diseases 

9 26 

Routes and year of 
introduction and spread of 
pests and diseases 

12 30 

Unknowledgeable of HLB 
symptoms 

1 1 Similarity with 
regard to 
unknowledgeable 
of symproms and 
spread 

Unknowledgeable of 
symptoms and 
spreads Unknowledgeable of other 

pests and symptoms 
3 4 

Unawareness of 
introduction and spread of 
pests and diseases 

7 9 

Impacts of pests and 
diseases on trees: 
suffering 

13 48 Similarity with 
respect to direct 
on trees 

Impacts on mandarin 
existence and 
production 

Similarity with 
regard to the 
way impacts 

Understanding 
and Awarenes 
of Pest and 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Impacts of pests and 
diseases on trees: 
decreased production 

1 1 were evaluated Disease 
Impacts 

Impacts of pests and 
diseases on trees: death 

2 2 

Impacts of pests and 
diseases on trees: wiped 
out as on apple 

3 3 

Impacts of pests and 
diseases on trees: shift to 
other crops 

4 5 Similarity with 
respect to indirect 
impacts 

Impacts on 
household income 
and shift to other 
crops Impacts of pests and 

diseases on income 
11 18 

Impacts of pests and 
diseases on trees: 
unaware of 

2 3 Retained, 
divergent 
responses 

Unaware of impacts 

Identification and 
selection of control 
measures by government 
only for target diseases 

1 1 Similarity in terms 
of identification 
and selection by 
government 

Identification and 
selection of control 
measures by 
government 

Similarity with 
regard to 
identification 
and selection of 
control 
measures for 
risk 
management 

Control 
Measures 
Recommended 
by the 
Government 
and Identified 
by the 
Community 

Identification and 
selection of control 
measures by government: 
chemical 

7 11 

Identification and 
selection of control 
measures by government: 
cultural 

2 3 

Identification and 
selection of control 
measures by local 
communities: traditional 

3 7 

Community initiative in 
identification and selection 
of control measures 

4 7 Retained, 
dissimilarity with 
identification and 
selection by 
government 

Identification and 
selection of control 
measures by 
community 

No identification and 
selection of control 
measures by local 
communities 

2 2 Retained, 
convergence with 
identification and 
selection  

No identification and 
selection of control 
measures 

Ban of seedling import by 
government to control 
pests and diseases 

1 9 Similarity in terms 
government 
involvement in 
taking control 
actions 

Control measure 
implementation by 
government 

Similarity with 
regards to 
varying degree 
of control 
actions taken 
by the 
community and 
the government 

Implementation 
of control 
measures 

Insecticide mass spraying 
by government to control 
pests and diseases 

5 9 

Provision of insecticides 
and California mixture by 
government to control 
pests and diseases 

3 4 

Collective actions by 
community to control 
pests and diseases 

8 17 Similarity in terms 
of taking control 
actions 

Control measure 
implementation by 
community 

Individual actions by 
community to control 
pests and diseases 

8 19 

  

No control measure 
implementation by 
community 

5 9 Retained, 
dissimilarity in 
terms of taking 
control actions 

No control measure 
implementation by 
community 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Efficacy and effectiveness 
of control measures 

4 9   Effective as long as 
applied according to 
the recommendation 

Similarity with 
regard to 
evaluation 
taken against 
control 
measures 

Monitoring of 
Control 
Measure 
Efectiveness 

Ineffective regardless of 
being applied according to 
the recommendation or 
not 

2 3   Ineffective 
regardless of being 
applied according to 
the recommendation 
or not 

Inappropriate control 
measures and timing 

8 12 
  

Inappropriate control 
measures 

Focus on diplodia rot for 
key message delivery 

1 1 Similarity with 
regard to official 
diseases as the 
key messages  

Delivery of key 
messages 

Similarity with 
regard to ways 
information is 
communicated 

Key message 
delivery and 
engagement 
with local 
communities 

Dependency on FFS for 
key message delivery 

2 3 

Engagement with local 
communities trough FFS 

5 7 Similarity in terms 
of provision of 
information 

Engagement with 
local community 

Engagement with local 
communities trough FFS 
field visit 

5 12 

Provision of information 
regarding control 
measures in engagement 
with local communities 

2 2 

Visits by resident 
extension officers in 
engagement with local 
communities 

5 9 

Provision of no 
explanation and 
brochures in engagement 
with local communities 

3 3 Similarity in terms 
of no provision of 
information 

No provision of 
information and 
community 
facilitation 

Provision of no pest and 
disease monitoring in 
engagement with local 
communities 

2 2 

Level of participation to 
engagement with local 
communities 

1 2 Retained, 
information 
regarding degree 
of participation 

Level of participation 
to engagement with 
local communities 

Years and frequency of 
engagement with local 
communities 

3 7 Retained, 
information 
regarding year and 
frequency of 
engagement 

Years and frequency 
of engagement with 
local communities 

Purposes of local 
communities to form 
farmer groups 

3 5 Similarity with 
regard to purposes 
of establishing 
groups and 
networks 

Purposes of 
establishment of 
groups and networks 

Similarity with 
regards to 
extent of 
groups and 
networks for 
access of 
information and 
communication 

Groups, 
Networks, 
Information, 
Communication Purposes of government 

to form farmer groups 
9 12 

Purposes of NGO to form 
farmer group 

1 2 

Establishment of farmer 
groups by community, 
NGO, and government 

13 35 Retained, high 
sources and 
references 

Process of 
establishment of 
groups and networks 

Varieties of networks 
available for local 
communities and 
governments 

5 9 Retained, existing 
groups and 
networks 

Varieties of networks 
available for local 
community and 
government 

No provision of access to 
information provided by 
government 

4 9 Similarity with 
regard to means 
and degree of 

Means and degrees 
of information 
exchanges and 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Partial provision of access 
to information provided by 
government 

6 8 information 
provision 

communication 

Full provision of access to 
information provided by 
government 

14 40 

Means of provision and 
access to information 

7 23 

No to low efforts to access 
information by community 

6 8 

Government blames the 
community as difficult to 
act in group 

3 5 Similarity in terms 
of dominance of 
government role 

Dominance of 
government role in 
promoting collective 
action and 
cooperation 

Similarity with 
regard to extent 
of collective 
action, 
cooperation, 
solidarity, and 
trust 

Collective 
Action, 
Cooperation, 
Solidarity, Trust Government dominant 

role in establishment of 
farmer groups 

6 27 

Willingness of local 
communities to establish 
groups 

1 1 

No trust to government 
because never provided 
follow ups 

5 9 Similarity with 
regard to trust to 
government 

Nature of trust to 
neighbours, 
strangers, and 
government Trust to government only 

because of having 
relatives 

3 5 

Trust and solidarity to 
neighbours and strangers 

1 2 Retained, trust and 
solidarity within the 
community 

Trust and solidarity 
to neighbours and 
strangers 

Norms and sanction 
existing in the community 

7 27   Norms and sanctions Similarity with 
regard to 
empowered 
community 

Norms, 
Sanctions, 
Freedom of 
Expression 

Freedom of expression 7 20   Freedom of 
expression 

Regional authonomy 
provided too much power 
and authority to local 
government 

3 5 Similarity in terms 
of commitment to 
mandarins but by 
abuse of power 
and authority 

Decentralization, 
autonomy, popular 
vote, and abuse of 
power 

Similarity with 
regards to 
biosecurity 
engagement 
and 
governance  

Decentralizatio
n, Autonomy, 
Local 
Government 
Policy Government ellected on 

the basis of popular vote 
1 2 

Access to information, 
provision of information 
that suits the government 

3 4 

Import of apple budwood 
by government from 
centre of production 
already destroyed by 
disease 

2 2 

Abuse of power and 
authority fors business 
interests 

5 16 Similarity in terms 
of government 
commitment to 
mandarin but 
without community 
engagement 

Indication of 
involvement of 
government officers 
in seedling business Commitment to mandarin 

but denial of hlb despite 
evidence of its presence 

4 9 

Commitment to mandarin 
but not providing enaough 
information regarding 
pests and diseases 

8 14 

Commitment to mandarin 
but not community 
facilitation through 
extension officers 

6 14 
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Emerging Category
1)

 P
2)

 R
3)

 Criteria for 
Collapsing 

Earlier Collapsing 
Stage

4)
 

Criteria for 
Collapsing 

Later 
Collapsing 
Stage 

Commitment to mandarin 
but not providing 
appropriate control 
measures 

3 3 

Notes: 
1) Some emerging categories were dropped because of similarity, convergence, and low number of 

sources and references 
2) P=participants, number of interview participants with whom a particular category was tied with, total 

number of participants=20 
3) R=references, number of slices in all sources within which a particular category was tied with. 
4) Collapsing took place at different hierarchical levels 
Source: Second-level analysis of interview data 

  



473 

 

Appendix 5.a. Data matrix of citrus species and planting material 
 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, subvillage, respondent code 

1=question 1, 2=question 222, 3=question 333, 4=question 444 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, subvillage, respondent code 

0123456789=responses to question 1 

123=responses to question 2 

12345=responses to question 3 

123=responses to question 4 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, x=no response, columns are delimited by space 

Questions: 

Question 1: What species of citrus and cultivar of mandarin do you currently have? 

Question 2: Did you plant your mandarins from seeds, grafted seedlings, or both in 

combination? 

Question 3: If you have mandarin trees planted from grafted seedlings, how did you 

obtain them? 

Question 4: Are you capable of grafting? Since when have you been capable of 

grafting? If you are, have you ever sold grafted seedlings and since when? 

 

TTS FAT FAT 1 01 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 1 02 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 1 03 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 

TTS FAT FAT 1 04 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 1 05 1 0 0 0 0 0 0 0 0 0 0 1 0 x x x x x 0 0 1 

TTS FAT FAT 1 06 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 1 07 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 1 08 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 1 

TTS FAT FAT 1 09 1 0 0 0 0 0 0 0 0 0 0 1 0 x x x x x 0 0 1 

TTS FAT FAT 1 10 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 1 11 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 2 12 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 2 13 1 0 0 0 0 0 0 0 0 0 0 1 0 x x x x x 1 0 0 

TTS FAT FAT 2 14 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 2 15 1 0 0 0 0 0 0 0 0 0 0 1 0 x x x x x 0 0 1 

TTS FAT FAT 2 16 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 2 17 1 0 0 0 0 0 0 0 0 0 0 1 0 x x x x x 0 0 1 

TTS FAT FAT 2 18 1 1 0 0 0 0 0 0 0 0 0 1 0 x x x x x 0 0 1 

TTS FAT FAT 3 19 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 20 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 21 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 3 22 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 23 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 3 24 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 25 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 26 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 27 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTS FAT FAT 3 28 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 3 29 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTS FAT FAT 3 30 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 1 02 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTU MBR FAN 1 03 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 1 04 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 

TTU MBR FAN 1 05 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 1 06 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 2 07 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTU MBR FAN 2 08 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 2 09 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 

TTU MBR FAN 2 10 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 2 11 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 
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TTU MBR FAN 2 12 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 

TTU MBR FAN 2 13 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 2 14 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 2 15 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 2 16 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 3 17 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 

TTU MBR FAN 3 18 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 3 19 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTU MBR FAN 4 20 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 

TTU MBR FAN 4 21 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 4 22 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 

TTU MBR FAN 4 23 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 

TTU MBR FAN 4 24 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 4 25 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 4 26 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTU MBR FAN 4 27 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 

TTU MBR FAN 4 28 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 

TTU MBR FAN 4 29 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 

TTU MBR FAN 4 30 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 

TTU MBR FAN 4 31 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 

TTU MBR FAN 5 32 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 

TTU MBR FAN 5 33 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 
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Appendix 5.a. Data matrix of mandarin cropping systems 
 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, subvillage, respondent code 

1=question 205, 2=question 206, 3=question 207, 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, subvillage, respondent code 

01234=responses to question 205 

12345=responses to question 206 

1234567=responses to question 207 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, x=no response, columns are delimited by space 

Questions: 

205 Do you plant your mandarins with or without other crops? 

206 If with other crops, please mentions what annual crops do you plant together 

with mandarins? 

207  If with other crops, please mentions what perenial crops do you plant together 

with mandarins? 

 

X X X X X 1 1 1 1 2 2 2 2 2 3 3 3 3 3 3 3 

X X X X X 1 2 3 4 1 2 3 4 5 1 2 3 4 5 6 7 

TTS FAT FAT 1 01 1 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 

TTS FAT FAT 1 02 0 1 0 0 x x x x x x 1 1 1 0 0 0 

TTS FAT FAT 1 03 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

TTS FAT FAT 1 04 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 

TTS FAT FAT 1 05 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 

TTS FAT FAT 1 06 0 1 0 0 x x x x x x 0 1 1 0 0 0 

TTS FAT FAT 1 07 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 

TTS FAT FAT 1 08 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 

TTS FAT FAT 1 09 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

TTS FAT FAT 1 10 1 0 0 0 1 1 0 0 0 0 0 1 1 0 1 0 

TTS FAT FAT 1 11 1 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 

TTS FAT FAT 2 12 1 0 0 0 1 1 0 0 1 0 1 1 1 0 0 0 

TTS FAT FAT 2 13 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 

TTS FAT FAT 2 14 1 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 

TTS FAT FAT 2 15 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

TTS FAT FAT 2 16 1 0 0 0 1 1 0 0 0 0 1 1 1 1 1 0 

TTS FAT FAT 2 17 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 

TTS FAT FAT 2 18 0 1 0 0 x x x x x x 0 1 0 1 1 0 

TTS FAT FAT 3 19 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 

TTS FAT FAT 3 20 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 

TTS FAT FAT 3 21 1 0 0 0 1 1 0 0 0 0 0 0 1 0 1 0 

TTS FAT FAT 3 22 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0 

TTS FAT FAT 3 23 0 1 0 0 x x x x x x 0 0 0 1 1 0 

TTS FAT FAT 3 24 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 

TTS FAT FAT 3 25 1 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 

TTS FAT FAT 3 26 1 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 

TTS FAT FAT 3 27 1 0 0 0 1 1 0 0 0 0 1 1 1 0 0 1 

TTS FAT FAT 3 28 0 1 0 0 x x x x x x 1 1 1 0 0 0 

TTS FAT FAT 3 29 0 1 0 0 x x x x x x 0 1 1 1 0 0 

TTS FAT FAT 3 30 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 1 0 0 0 1 1 0 0 1 0 1 1 0 0 1 0 

TTU MBR FAN 1 02 1 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 

TTU MBR FAN 1 03 1 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 1 04 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 

TTU MBR FAN 1 05 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 

TTU MBR FAN 1 06 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 2 07 0 1 0 0 x x x x x x 0 1 0 1 1 0 

TTU MBR FAN 2 08 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 

TTU MBR FAN 2 09 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 

TTU MBR FAN 2 10 1 0 0 0 1 1 0 0 0 0 1 1 0 1 1 0 

TTU MBR FAN 2 11 1 0 0 0 1 1 0 0 1 0 1 1 0 0 1 0 

TTU MBR FAN 2 12 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 
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TTU MBR FAN 2 13 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 

TTU MBR FAN 2 14 1 0 0 0 1 1 0 0 0 0 1 1 0 0 1 0 

TTU MBR FAN 2 15 1 0 0 0 1 1 0 0 0 0 1 1 0 0 1 0 

TTU MBR FAN 2 16 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 0 

TTU MBR FAN 3 17 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 

TTU MBR FAN 3 18 1 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 

TTU MBR FAN 3 19 1 0 1 0 1 1 0 0 1 0 x x x x x x 

TTU MBR FAN 4 20 0 1 0 0 x x x x x x 0 1 0 0 0 0 

TTU MBR FAN 4 21 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 0 

TTU MBR FAN 4 22 1 0 1 0 0 1 0 0 0 0 x x x x x x 

TTU MBR FAN 4 23 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 

TTU MBR FAN 4 24 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 

TTU MBR FAN 4 25 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 

TTU MBR FAN 4 26 1 0 1 0 1 1 0 0 0 0 x x x x x x 

TTU MBR FAN 4 27 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 

TTU MBR FAN 4 28 0 1 0 0 x x x x x x 0 0 0 0 0 0 

TTU MBR FAN 4 29 1 0 0 0 1 1 0 0 1 0 1 1 0 1 1 0 

TTU MBR FAN 4 30 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 1 

TTU MBR FAN 4 31 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 5 32 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 5 33 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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Appendix 5.a. Data matrix of cultivation practices and maintenance of mandarin 
trees 

 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 216, 2=question 218, 3=question 221, 4=question 220 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

012=responses to question 216 

12345=responses to question 218 

123=responses to question 221 

123=responses to question 220 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, x=no response, columns are delimited by space 

Questions: 

216 If you plant mandarins with annual crops, do you dig out and turn over soil 

before planting?  

218 Have you ever provided manure for your mandarins and how do you apply the 

manure?  

221 Have you ever water your mandarin during the dry season and how frequent?  

220 Have you ever cut off dead branches from your mandarin trees? 

 

X   X   X   X  X 1 1 1 2 2 2 2 2 3 3 3 4 4 4 

X   X   X   X  X 1 2 3 1 2 3 4 5 1 2 3 1 2 3 

TTS FAT FAT 1 01 1 0 0 0 0 0 0 1 0 1 0 0 0 0 

TTS FAT FAT 1 02 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 1 03 0 1 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 1 04 1 0 0 0 0 0 0 1 0 0 1 0 0 1 

TTS FAT FAT 1 05 1 0 0 0 0 0 0 1 0 0 1 0 0 1 

TTS FAT FAT 1 06 0 0 0 0 0 0 0 1 1 0 0 0 1 0 

TTS FAT FAT 1 07 1 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTS FAT FAT 1 08 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 1 09 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 1 10 0 1 0 0 0 0 1 0 0 0 1 0 1 0 

TTS FAT FAT 1 11 1 0 0 1 0 0 0 0 0 1 0 0 1 0 

TTS FAT FAT 2 12 1 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTS FAT FAT 2 13 1 0 0 0 0 0 0 1 1 0 0 0 1 0 

TTS FAT FAT 2 14 0 0 0 0 0 1 0 0 0 0 1 0 1 0 

TTS FAT FAT 2 15 1 0 0 0 0 1 0 0 0 0 1 0 1 0 

TTS FAT FAT 2 16 0 0 0 0 0 0 0 1 1 0 0 0 1 0 

TTS FAT FAT 2 17 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 2 18 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 19 1 0 0 0 0 0 0 1 1 0 0 0 0 1 

TTS FAT FAT 3 20 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 21 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 22 1 0 0 0 0 0 0 1 1 0 0 0 1 0 

TTS FAT FAT 3 23 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 24 1 0 0 0 0 0 0 1 1 0 0 0 1 0 

TTS FAT FAT 3 25 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 26 0 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 27 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

TTS FAT FAT 3 28 0 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTS FAT FAT 3 29 0 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTS FAT FAT 3 30 1 0 0 0 0 0 0 1 0 0 1 0 1 0 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 1 0 0 0 0 1 0 0 0 1 0 0 1 0 

TTU MBR FAN 1 02 0 1 0 0 1 0 0 0 0 1 0 0 1 0 

TTU MBR FAN 1 03 1 0 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 1 04 1 0 0 1 0 0 0 0 0 1 0 0 1 0 

TTU MBR FAN 1 05 0 1 0 0 1 0 0 0 0 0 1 0 1 0 

TTU MBR FAN 1 06 0 0 0 0 0 0 1 0 0 0 1 0 1 0 

TTU MBR FAN 2 07 0 0 0 0 0 0 1 0 1 0 0 0 1 0 

TTU MBR FAN 2 08 1 0 0 1 0 0 0 0 0 1 0 0 1 0 
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TTU MBR FAN 2 09 1 0 0 1 0 0 0 0 0 1 0 0 0 1 

TTU MBR FAN 2 10 1 0 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 2 11 1 0 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 2 12 1 0 0 0 0 0 0 1 0 0 1 0 0 1 

TTU MBR FAN 2 13 1 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTU MBR FAN 2 14 1 0 0 0 0 1 0 0 0 1 0 0 1 0 

TTU MBR FAN 2 15 0 1 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 2 16 1 0 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 3 17 1 0 0 1 0 0 0 0 1 0 0 0 1 0 

TTU MBR FAN 3 18 1 0 0 0 0 0 1 0 0 1 0 0 1 0 

TTU MBR FAN 3 19 x x x 0 0 0 1 0 0 0 1 0 0 1 

TTU MBR FAN 4 20 0 0 0 0 0 0 1 0 0 0 1 0 1 0 

TTU MBR FAN 4 21 1 0 0 0 0 1 0 0 0 1 0 0 1 0 

TTU MBR FAN 4 22 x x x 0 0 0 1 0 0 0 1 0 1 0 

TTU MBR FAN 4 23 0 1 0 1 0 0 0 0 1 0 0 0 1 0 

TTU MBR FAN 4 24 1 0 0 1 0 0 0 0 1 0 0 0 1 0 

TTU MBR FAN 4 25 0 1 0 1 0 0 0 0 0 0 1 0 1 0 

TTU MBR FAN 4 26 x x x 0 1 0 0 0 0 0 1 0 1 0 

TTU MBR FAN 4 27 1 0 0 1 0 0 0 0 0 1 0 0 1 0 

TTU MBR FAN 4 28 0 0 0 0 0 0 1 0 0 0 1 0 1 0 

TTU MBR FAN 4 29 1 0 0 0 0 0 1 0 1 0 0 1 0 0 

TTU MBR FAN 4 30 1 0 0 1 0 0 0 0 0 1 0 0 1 0 

TTU MBR FAN 4 31 0 0 0 0 0 0 1 0 0 0 1 0 1 0 

TTU MBR FAN 5 32 0 0 0 0 0 0 0 1 0 1 0 0 1 0 

TTU MBR FAN 5 33 0 0 0 0 0 0 1 0 0 0 1 0 1 0 
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Appendix 5.a. Data matrix of mandarin production and marketing 
 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 205a, 2=question 205b, 3=question 209a, 4=question 209c 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

123=responses to question 205a 

123=responses to question 205b 

123=responses to question 209a 

12=responses to question 209c 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, otherwise represents average value, x, xxxxxx, or 

x.xxxx=no response, columns are delimited by space 

Questions: 

205a How many mandarin trees do you still have right now? 

205b What planting distance do you use to plant mandarins? 

209a Out of all your remaining mandarin trees, how many fruits do you harvest per 

year? 

209c What was the price when you sold your mandarin fruits? 

 

X   X   X   X  X 1 1 1 2 2 2 3 3 3 4 4 

X   X   X   X  X 1 2 3 1 2 3 1 2 3 1 2 

TTS FAT FAT 1 01 1 3 4 0.0030 0.0090 0.0120 23 68 7.5000 10,000 675,000 

TTS FAT FAT 1 02 10 x 10 0.0300 x.xxxx 0.0300 17 x x.xxxx 15,000 xxxxxxxx 

TTS FAT FAT 1 03 15 60 75 0.0450 0.1800 0.2250 23 1400 7.7778 15,000 21,000,000 

TTS FAT FAT 1 04 x 56 56 x.xxxx 0.1680 0.1680 30 1680 10.0000 10,000 16,800,000 

TTS FAT FAT 1 05 5 6 11 0.0150 0.0180 0.0330 25 150 8.3333 10,000 1,500,000 

TTS FAT FAT 1 06 6 5 11 0.0180 0.0150 0.0330 20 100 6.6667 10,000 1,000,000 

TTS FAT FAT 1 07 10 10 20 0.0300 0.0300 0.0600 20 200 6.6667 10,000 2,000,000 

TTS FAT FAT 1 08 x 35 35 x.xxxx 0.1050 0.1050 17 583 5.5556 15,000 8,750,000 

TTS FAT FAT 1 09 x 25 25 x.xxxx 0.0750 0.0750 30 750 10.0000 10,000 7,500,000 

TTS FAT FAT 1 10 61 4 65 0.1830 0.0120 0.1950 20 80 6.6667 15,000 1,200,000 

TTS FAT FAT 1 11 25 x 25 0.0750 x.xxxx 0.0750 x x x.xxxx xxxxx xxxxxxxx 

TTS FAT FAT 2 12 10 2 12 0.0300 0.0060 0.0360 7 13 2.2222 15,000 200,000 

TTS FAT FAT 2 13 15 7 22 0.0450 0.0210 0.0660 20 140 6.6667 10,000 1,400,000 

TTS FAT FAT 2 14 7 2 9 0.0210 0.0060 0.0270 17 33 5.5556 15,000 500,000 

TTS FAT FAT 2 15 x 9 9 x.xxxx 0.0270 0.0270 20 180 6.6667 15,000 2,700,000 

TTS FAT FAT 2 16 3 x 3 0.0090 x.xxxx 0.0090 12 x x.xxxx 15,000 xxxxxxxx 

TTS FAT FAT 2 17 100 4 104 0.3000 0.0120 0.3120 10 40 3.3333 15,000 600,000 

TTS FAT FAT 2 18 x 37 37 x.xxxx 0.1110 0.1110 13 493 4.4444 15,000 7,400,000 

TTS FAT FAT 3 19 2 5 7 0.0060 0.0150 0.0210 20 100 6.6667 10,000 1,000,000 

TTS FAT FAT 3 20 20 40 60 0.0600 0.1200 0.1800 25 1000 8.3333 10,000 10,000,000 

TTS FAT FAT 3 21 2 6 8 0.0060 0.0180 0.0240 20 120 6.6667 15,000 1,800,000 

TTS FAT FAT 3 22 5 15 20 0.0150 0.0450 0.0600 20 300 6.6667 10,000 3,000,000 

TTS FAT FAT 3 23 172 56 228 0.5160 0.1680 0.6840 23 1288 7.6667 15,000 19,320,000 

TTS FAT FAT 3 24 5 5 10 0.0150 0.0150 0.0300 20 100 6.6667 10,000 1,000,000 

TTS FAT FAT 3 25 35 x 35 0.1050 x.xxxx 0.1050 17 x x.xxxx 15,000 xxxxxxxx 

TTS FAT FAT 3 26 14 10 24 0.0420 0.0300 0.0720 33 333 11.1111 15,000 5,000,000 

TTS FAT FAT 3 27 5 x 5 0.0150 x.xxxx 0.0150 20 x x.xxxx 15,000 xxxxxxxx 

TTS FAT FAT 3 28 x 34 34 x.xxxx 0.1020 0.1020 13 453 4.4444 15,000 6,800,000 

TTS FAT FAT 3 29 30 7 37 0.0900 0.0210 0.1110 23 163 7.7778 15,000 2,450,000 

TTS FAT FAT 3 30 10 x 10 0.0300 x.xxxx 0.0300 13 x x.xxxx 15,000 xxxxxxxx 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 100 100 200 0.3000 0.3000 0.6000 17 1667 5.5556 15,000 25,000,000 

TTU MBR FAN 1 02 11 2 13 0.0330 0.0060 0.0390 5 10 1.6667 15,000 150,000 

TTU MBR FAN 1 03 21 29 50 0.0630 0.0870 0.1500 17 483 5.5556 15,000 7,250,000 

TTU MBR FAN 1 04 200 20 220 0.6000 0.0600 0.6600 30 600 10.0000 10,000 6,000,000 

TTU MBR FAN 1 05 4 1 5 0.0120 0.0030 0.0150 17 17 5.5556 15,000 250,000 

TTU MBR FAN 1 06 x 208 208 x.xxxx 0.6240 0.6240 13 2773 4.4444 15,000 41,600,000 

TTU MBR FAN 2 07 24 4 28 0.0720 0.0120 0.0840 13 53 4.4444 15,000 800,000 

TTU MBR FAN 2 08 50 65 115 0.1500 0.1950 0.3450 17 1083 5.5556 15,000 16,250,000 

TTU MBR FAN 2 09 165 x 165 0.4950 x.xxxx 0.4950 15 x x.xxxx 10,000 xxxxxxxx 

TTU MBR FAN 2 10 100 15 115 0.3000 0.0450 0.3450 17 250 5.5556 15,000 3,750,000 
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TTU MBR FAN 2 11 60 25 85 0.1800 0.0750 0.2550 20 500 6.6667 15,000 7,500,000 

TTU MBR FAN 2 12 x 220 220 x.xxxx 0.6600 0.6600 13 2933 4.4444 15,000 44,000,000 

TTU MBR FAN 2 13 12 2 14 0.0360 0.0060 0.0420 17 33 5.5556 15,000 500,000 

TTU MBR FAN 2 14 100 50 150 0.3000 0.1500 0.4500 20 1000 6.6667 15,000 15,000,000 

TTU MBR FAN 2 15 150 50 200 0.4500 0.1500 0.6000 20 1000 6.6667 15,000 15,000,000 

TTU MBR FAN 2 16 7 25 32 0.0210 0.0750 0.0960 17 417 5.5556 15,000 6,250,000 

TTU MBR FAN 3 17 130 20 150 0.3900 0.0600 0.4500 15 300 5.0000 10,000 3,000,000 

TTU MBR FAN 3 18 200 x 200 0.6000 x.xxxx 0.6000 17 x x.xxxx 15,000 xxxxxxxx 

TTU MBR FAN 3 19 34 68 102 0.1020 0.2040 0.3060 17 1133 5.5556 15,000 17,000,000 

TTU MBR FAN 4 20 2 25 27 0.0060 0.0750 0.0810 27 667 8.8889 15,000 10,000,000 

TTU MBR FAN 4 21 25 x 25 0.0750 x.xxxx 0.0750 17 x x.xxxx 15,000 xxxxxxxx 

TTU MBR FAN 4 22 x 210 210 x.xxxx 0.6300 0.6300 20 4200 6.6667 15,000 63,000,000 

TTU MBR FAN 4 23 x x x x.xxxx x.xxxx x.xxxx x x x.xxxx xxxxx xxxxxxxx 

TTU MBR FAN 4 24 50 20 70 0.1500 0.0600 0.2100 x x x.xxxx xxxxx xxxxxxxx 

TTU MBR FAN 4 25 50 58 108 0.1500 0.1740 0.3240 2 116 0.6667 15,000 1,740,000 

TTU MBR FAN 4 26 80 20 100 0.2400 0.0600 0.3000 25 500 8.3333 15,000 7,500,000 

TTU MBR FAN 4 27 15 7 22 0.0450 0.0210 0.0660 25 175 8.3333 10,000 1,750,000 

TTU MBR FAN 4 28 x 300 300 x.xxxx 0.9000 0.9000 13 4000 4.4444 15,000 60,000,000 

TTU MBR FAN 4 29 300 20 320 0.9000 0.0600 0.9600 6 120 2.0000 15,000 1,800,000 

TTU MBR FAN 4 30 400 12 412 1.2000 0.0360 1.2360 30 360 10.0000 10,000 3,600,000 

TTU MBR FAN 4 31 x 20 20 x.xxxx 0.0600 0.0600 20 400 6.6667 15,000 6,000,000 

TTU MBR FAN 5 32 x 100 100 x.xxxx 0.3000 0.3000 x x x.xxxx 15,000 xxxxxxxx 

TTU MBR FAN 5 33 x 10 10 0.2400 0.0300 0.2700 x x x.xxxx 15,000 xxxxxxxx 
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Appendix 5.a. Data matrix of mandarin decline 
 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 205a, 2=question 205c, 3=question 205d, 4=question 206 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

123=responses to question 205a 

1234567=responses to question 205c 

12=responses to question 205d 

123=responses to question 206 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, otherwise represents average value, x or x.xx=no 

response, columns are delimited by space 

Questions: 

205a How many mandarin trees do you still have right now? 

205c How many of your trees have died up to now? 

205d How old are your bearing and non-bearing trees now? 

206 How old was trees planted from seeds and form grafted seedling when they died? 

 

X   X   X   X X 1 1 1 2 2 2 2 2 2 2 3 3 4 4 4 

X   X   X   X X 1 2 3 1 2 3 4 5 6 7 1 2 1 2 3 

TTS FAT FAT 1 01 3 1 4 63 x 63 67 94.03 x.xx 94.03 3 2 10 x 10 

TTS FAT FAT 1 02 x 10 10 5 30 35 45 11.11 66.67 77.78 1 1 2 1 2 

TTS FAT FAT 1 03 60 15 75 23 8 31 106 21.70 7.55 29.25 5 2 10 2 6 

TTS FAT FAT 1 04 56 x 56 2 3 5 61 3.28 4.92 8.20 10 3 9 2 6 

TTS FAT FAT 1 05 6 5 11 40 x 40 51 78.43 x.xx 78.43 11 4 18 x 18 

TTS FAT FAT 1 06 5 6 11 50 20 70 81 61.73 24.69 86.42 3 2 10 1 6 

TTS FAT FAT 1 07 10 10 20 2 20 22 42 4.76 47.62 52.38 5 1 8 1 5 

TTS FAT FAT 1 08 35 x 35 27 x 27 62 43.55 x.xx 43.55 9 2 14 x 14 

TTS FAT FAT 1 09 25 x 25 7 x 7 32 21.88 x.xx 21.88 8 4 7 x 7 

TTS FAT FAT 1 10 4 61 65 11 19 30 95 11.58 20.00 31.58 8 2 4 4 4 

TTS FAT FAT 1 11 x 25 25 x x x 25 x.xx x.xx x.xx 5 2 x x x 

TTS FAT FAT 2 12 2 10 12 2 25 27 39 5.13 64.10 69.23 1 1 2 1 2 

TTS FAT FAT 2 13 7 15 22 35 x 35 57 61.40 x.xx 61.40 10 x 12 x 12 

TTS FAT FAT 2 14 2 7 9 4 20 24 33 12.12 60.61 72.73 1 1 2 2 2 

TTS FAT FAT 2 15 9 x 9 1 1 2 11 9.09 9.09 18.18 5 x 2 2 2 

TTS FAT FAT 2 16 x 3 3 x 10 10 13 x.xx 76.92 76.92 1 1 x 1 1 

TTS FAT FAT 2 17 4 100 104 13 x 13 117 11.11 x.xx 11.11 6 1 11 x 11 

TTS FAT FAT 2 18 37 x 37 70 x 70 107 65.42 x.xx 65.42 11 x 15 x 15 

TTS FAT FAT 3 19 5 2 7 5 5 10 17 29.41 29.41 58.82 5 3 2 1 2 

TTS FAT FAT 3 20 40 20 60 30 20 50 110 27.27 18.18 45.45 3 2 6 2 4 

TTS FAT FAT 3 21 6 2 8 26 27 53 61 42.62 44.26 86.89 5 1 11 3 7 

TTS FAT FAT 3 22 15 5 20 20 10 30 50 40.00 20.00 60.00 5 2 25 5 15 

TTS FAT FAT 3 23 56 172 228 18 36 54 282 6.38 12.77 19.15 7 1 3 2 3 

TTS FAT FAT 3 24 5 5 10 25 10 35 45 55.56 22.22 77.78 5 2 5 2 4 

TTS FAT FAT 3 25 x 35 35 x 30 30 65 x.xx 46.15 46.15 1 1 x 2 2 

TTS FAT FAT 3 26 10 14 24 3 25 28 52 5.77 48.08 53.85 1 1 4 2 3 

TTS FAT FAT 3 27 x 5 5 4 10 14 19 21.05 52.63 73.68 1 1 2 1 2 

TTS FAT FAT 3 28 34 x 34 38 x 38 72 52.78 x.xx 52.78 5 2 17 x 17 

TTS FAT FAT 3 29 7 30 37 8 30 38 75 10.67 40.00 50.67 5 2 17 8 13 

TTS FAT FAT 3 30 x 10 10 x 2 2 12 x.xx 16.67 16.67 1 1 x 1 1 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 100 100 200 20 50 70 270 7.41 18.52 25.93 2 1 4 4 4 

TTU MBR FAN 1 02 2 11 13 4 18 22 35 11.43 51.43 62.86 8 2 9 7 8 

TTU MBR FAN 1 03 29 21 50 15 4 19 69 21.74 5.80 27.54 2 1 4 4 4 

TTU MBR FAN 1 04 20 200 220 40 30 70 290 13.79 10.34 24.14 x 2 14 2 8 

TTU MBR FAN 1 05 1 4 5 4 11 15 20 20.00 55.00 75.00 6 2 2 8 5 

TTU MBR FAN 1 06 208 x 208 2 10 12 220 0.91 4.55 5.45 13 5 2 6 4 

TTU MBR FAN 2 07 4 24 28 x 20 20 48 x.xx 41.67 41.67 5 3 x 4 4 

TTU MBR FAN 2 08 65 50 115 20 50 70 185 10.81 27.03 37.84 x x 11 1 6 

TTU MBR FAN 2 09 x 165 165 15 10 25 190 7.89 5.26 13.16 x x 13 5 9 

TTU MBR FAN 2 10 15 100 115 2 25 27 142 1.41 17.61 19.01 2 1 3 3 3 

TTU MBR FAN 2 11 25 60 85 6 50 56 141 4.26 35.46 39.72 1 1 4 4 4 
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TTU MBR FAN 2 12 220 x 220 x 2 2 222 x.xx 0.90 0.90 x x x 2 2 

TTU MBR FAN 2 13 2 12 14 4 18 22 36 11.11 50.00 61.11 7 3 2 4 3 

TTU MBR FAN 2 14 50 100 150 60 10 70 220 27.27 4.55 31.82 2 1 4 4 4 

TTU MBR FAN 2 15 50 150 200 15 25 40 240 6.25 10.42 16.67 2 1 4 4 4 

TTU MBR FAN 2 16 25 7 32 15 20 35 67 22.39 29.85 52.24 2 1 4 4 4 

TTU MBR FAN 3 17 20 130 150 5 15 20 170 2.94 8.82 11.76 x x 3 4 4 

TTU MBR FAN 3 18 x 200 200 x 5 5 205 x.xx 2.44 2.44 1 1 x 3 3 

TTU MBR FAN 3 19 68 34 102 10 12 22 124 8.06 9.68 17.74 2 1 4 3 4 

TTU MBR FAN 4 20 25 2 27 x 5 5 32 x.xx 15.63 15.63 x 4 x 4 4 

TTU MBR FAN 4 21 x 25 25 x 15 15 40 x.xx 37.50 37.50 1 1 x 2 2 

TTU MBR FAN 4 22 210 x 210 5 10 15 225 2.22 4.44 6.67 x 2 7 3 5 

TTU MBR FAN 4 23 x x x x x x x x.xx x.xx x.xx x 2 x x x 

TTU MBR FAN 4 24 20 50 70 10 x 10 80 12.50 x.xx 12.50 15 2 4 x 4 

TTU MBR FAN 4 25 58 50 108 40 x 40 148 27.03 x.xx 27.03 x 5 30 x 30 

TTU MBR FAN 4 26 20 80 100 20 x 20 120 16.67 x.xx 16.67 5 2 10 x 10 

TTU MBR FAN 4 27 7 15 22 10 20 30 52 19.23 38.46 57.69 2 1 18 1 10 

TTU MBR FAN 4 28 300 x 300 x 15 15 315 x.xx 4.76 4.76 x 2 x 8 8 

TTU MBR FAN 4 29 20 300 320 1 10 11 331 0.30 3.02 3.32 2 2 3 3 3 

TTU MBR FAN 4 30 12 400 412 10 20 30 442 2.26 4.52 6.79 x 2 x 2 2 

TTU MBR FAN 4 31 20 x 20 10 x 10 30 33.33 x.xx 33.33 1 2 3 x 3 

TTU MBR FAN 5 32 100 x 100 4 4 8 108 3.70 3.70 7.41 x 5 2 5 4 

TTU MBR FAN 5 33 10 80 90 20 10 30 120 16.67 8.33 25.00 20 9 2 4 3 
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Appendix 5.a. Data matrix of knowledge regarding pests and disease causing 
mandarin decline 

 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 301, 2=question 302, 3=question 303a, 4=question 303b 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

12=responses to question 301 

12345=responses to question 302 

123456=responses to question 203a 

123456789=responses to question 303b 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, otherwise represents average value, x or x.xx=no 

response, columns are delimited by space 

Questions: 

301 Do you agree that mandarin decline caused by pests and diseases? 

302 If mandarin decline is caused by pests or diseases, do you know the pests or 

diseases responsible for the decline? 

303a If mandarin decline is caused by pests, could you mention the name or 

morphological characteristics of the responsible pests? 

303b If mandarin decline is caused by pests, could you mention the name or symptoms 

of the responsible diseases? 

 

X   X   X   X  X 1 1 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 

X   X   X   X  X 1 2 1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 

TTS FAT FAT 1 01 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 

TTS FAT FAT 1 02 0 1 x x x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 03 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 04 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 05 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 06 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

TTS FAT FAT 1 07 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

TTS FAT FAT 1 08 0 1 x x x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 09 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 1 10 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTS FAT FAT 1 11 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTS FAT FAT 2 12 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

TTS FAT FAT 2 13 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 2 14 1 0 1 0 0 0 0 x 0 0 0 0 0 1 0 0 0 x 0 0 0 0 

TTS FAT FAT 2 15 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 2 16 0 1 x x x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 2 17 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 2 18 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 3 19 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

TTS FAT FAT 3 20 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

TTS FAT FAT 3 21 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 

TTS FAT FAT 3 22 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

TTS FAT FAT 3 23 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

TTS FAT FAT 3 24 1 0 1 0 0 1 0 2 0 0 0 0 0 2 0 0 0 0 0 1 0 0 

TTS FAT FAT 3 25 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

TTS FAT FAT 3 26 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

TTS FAT FAT 3 27 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

TTS FAT FAT 3 28 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 3 29 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTS FAT FAT 3 30 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 1 02 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 1 03 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 1 04 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 1 05 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

TTU MBR FAN 1 06 1 0 0 1 x x x x x x x x x x x x x x x x x x 
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TTU MBR FAN 2 07 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 2 08 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

TTU MBR FAN 2 09 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 2 10 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 2 11 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 2 12 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 2 13 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 2 14 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 2 15 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

TTU MBR FAN 2 16 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 3 17 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 3 18 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 3 19 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 4 20 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 

TTU MBR FAN 4 21 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 4 22 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 

TTU MBR FAN 4 23 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 4 24 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 4 25 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 4 26 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 4 27 1 0 0 1 x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 4 28 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 4 29 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

TTU MBR FAN 4 30 0 1 x x x x x x x x x x x x x x x x x x x x 

TTU MBR FAN 4 31 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TTU MBR FAN 5 32 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

TTU MBR FAN 5 33 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
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Appendix 5.a. Data matrix of disease spread and role of grafted seedlings 
 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 305, 2=question 308, 3=question 309, 4=question 310 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

12=responses to question 305 

1234567=responses to question 308 

1234=responses to question 209 

12=responses to question 3010 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South 

Mollo, TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, 

FUT=Fatumnutu, BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, 

SAE=Saenam, FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Data: response code 1=yes, 0=no, otherwise represents average value, x or 

x.xx=no response, columns are delimited by space 

Questions: 

305 Do you think pests and diseases could spread from one place to another? 

308 If pests and diseases could spread from one place to another, what 

means do they use to spread? 

309 If grafted seedling could help spreading diseases, where do they get 

diseases from? 

310 Do you think diseases spreading through grafted seedlings are the main 

cause of citrus decline in this region?  

X   X   X   X  X 1 1 2 2 2 2 2 2 2 3 3 3 3 4 4  

X   X   X   X  X 1 2 1 2 3 4 5 6 7 1 2 3 4 1 2  

TTS FAT FAT 1 01 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 02 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 03 0 1 x x x x x x x x x x x x x  

TTS FAT FAT 1 04 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 05 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 06 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 07 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 08 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 09 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 1 10 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTS FAT FAT 1 11 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0  

TTS FAT FAT 2 12 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 2 13 1 0 0 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 2 14 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 2 15 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 2 16 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 2 17 1 0 0 0 0 0 0 0 1 x x x x x x  

TTS FAT FAT 2 18 1 0 0 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 19 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 20 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 21 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 22 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 23 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0  

TTS FAT FAT 3 24 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 25 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 26 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 27 1 0 1 0 0 0 0 0 0 x x x x x x  

TTS FAT FAT 3 28 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTS FAT FAT 3 29 1 0 0 0 0 0 0 1 0 x x x x x x  

TTS FAT FAT 3 30 1 0 1 0 0 0 0 0 0 x x x x x x  

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 1 02 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  
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TTU MBR FAN 1 03 1 0 1 1 0 0 0 0 0 x x x x x x  

TTU MBR FAN 1 04 1 0 0 0 0 0 0 1 0 x x x x x x  

TTU MBR FAN 1 05 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 1 06 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 2 07 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 2 08 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 2 09 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 2 10 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 2 11 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0  

TTU MBR FAN 2 12 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0  

TTU MBR FAN 2 13 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 2 14 1 0 1 1 0 0 0 0 0 x x x x x x  

TTU MBR FAN 2 15 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 2 16 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 3 17 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 3 18 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 3 19 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 4 20 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 4 21 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 4 22 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0  

TTU MBR FAN 4 23 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 4 24 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 4 25 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 4 26 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 4 27 0 0 0 0 0 0 0 0 0 x x x x x x  

TTU MBR FAN 4 28 0 1 x x x x x x x x x x x x x  

TTU MBR FAN 4 29 1 0 1 1 0 0 0 0 0 x x x x x x  

TTU MBR FAN 4 30 1 0 1 1 0 0 0 0 0 x x x x x x  

TTU MBR FAN 4 31 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0  

TTU MBR FAN 5 32 1 0 1 0 0 0 0 0 0 x x x x x x  

TTU MBR FAN 5 33 1 0 1 0 0 0 0 0 0 x x x x x x  
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Appendix 5.a. Data matrix of responses of growers to pest and disease 
programmes launched by the government 

 

Line 1 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

1=question 305, 2=question 308, 3=question 309, 4=question 310 

Line 2 in the data matrix: 

XXXXX=district, sub-district, village, sub-village, respondent code 

12=responses to question 305 

1234567=responses to question 308 

1234=responses to question 209 

12=responses to question 3010 

District, sub-district, village, sub-village: 

District: TTS=South Central Timor, TTU=North Central Timor 

Sub-district: FAT=Fatumnasi, MUT=North Mollo, MTG=Central Mollo, MSL=South Mollo, 

TOB=Tobu, POL=Pollen, KUA=Kuanfatu, MBR=West Miomaffo 

Village: FAT=Fatumnasi, TUN=Tunua, AJA=Ajaobaki, EON=Eonbesi, NET=Netpala, 

OEL=Oelbubuk, BIN=Binaus, KES=Kesetnana, BIL=Biloto, TOB=Tobu, FUT=Fatumnutu, 

BAS=Basmuti, KUA=Kuanfatu, KAK=Kakan, LEM=Lemon, SUA=Suanae, SAE=Saenam, 

FEN=Fatuneno 

Sub-village: one digit number represent sub-village 

Code: two-digit number represents respondent 

Data: response code 1=yes, 0=no, otherwise represents average value, x or x.xx=no 

response, columns are delimited by space 

Questions: 

319 What do you want the local government to improve your understanding on the 

decline of mandarin trees? 

316 What do you want the government to do to limit the spread of the decline of 

mandarin trees? 

314 Has the government asked you to destroy diseased mandarin trees to prevent 

further disease spread? 

312 Has the government asked you to do any joint action to control the decline of 

mandarin trees? 

321c What do you think about the effectiveness california mixture to control the 

decline of mandarin trees  

 

X X X X X 1 1 2 2 2 3 3 4 4 5 5 6 6 6 

X X X X X 1 2 1 2 3 1 2 1 2 1 2 1 2 3 

TTS FAT FAT 1 01 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 02 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 03 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 04 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 05 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 06 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 07 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 08 1 0 0 1 0 0 1 1 0 0 1 x x x 

TTS FAT FAT 1 09 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 10 1 0 0 0 1 1 0 1 0 0 1 x x x 

TTS FAT FAT 1 11 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 12 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 13 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 14 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 15 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 16 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 17 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 2 18 1 0 0 1 0 0 1 1 0 0 1 x x x 

TTS FAT FAT 3 19 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 20 1 0 1 0 0 1 0 1 0 1 0 x x x 

TTS FAT FAT 3 21 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 22 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 23 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 24 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 25 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 26 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 27 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 28 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 29 1 0 0 0 1 1 0 1 0 0 1 x x x 

TTS FAT FAT 3 30 1 0 0 1 0 1 0 1 0 0 1 x x x 

 

More data lines (complete dataset are available on request) 

 

TTU MBR FAN 1 01 1 0 0 1 0 1 0 0 1 0 1 x x x 

TTU MBR FAN 1 02 1 0 1 0 0 0 1 1 0 1 0 x x x 

TTU MBR FAN 1 03 1 0 0 0 1 1 0 1 0 1 0 x x x 
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TTU MBR FAN 1 04 1 0 0 1 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 1 05 1 0 0 1 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 1 06 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 2 07 1 0 1 0 0 1 0 0 1 0 1 x x x 

TTU MBR FAN 2 08 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTU MBR FAN 2 09 1 0 1 0 0 0 1 0 1 0 1 x x x 

TTU MBR FAN 2 10 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 2 11 1 0 1 0 0 1 0 1 0 0 1 x x x 

TTU MBR FAN 2 12 1 0 1 0 0 0 1 1 0 1 0 x x x 

TTU MBR FAN 2 13 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 2 14 1 0 0 0 1 1 0 1 0 0 1 x x x 

TTU MBR FAN 2 15 1 0 0 1 0 1 0 0 1 0 1 x x x 

TTU MBR FAN 2 16 1 0 0 0 1 0 1 1 0 0 1 x x x 

TTU MBR FAN 3 17 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 3 18 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 3 19 1 0 0 1 0 0 1 0 0 0 1 x x x 

TTU MBR FAN 4 20 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 21 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 22 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 23 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 24 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 25 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 26 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 27 1 0 0 1 0 1 0 1 0 0 1 x x x 

TTU MBR FAN 4 28 1 0 0 1 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 29 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 4 30 1 0 0 0 1 0 1 0 1 0 1 x x x 

TTU MBR FAN 4 31 1 0 1 0 0 0 1 1 0 0 1 x x x 

TTU MBR FAN 5 32 1 0 0 1 0 0 1 1 0 1 0 x x x 

TTU MBR FAN 5 33 1 0 0 1 0 0 1 1 0 0 0 x x x 

  



489 

 

Appendix 5.a. Data matrix of percentages of mandarin trees infested by 
Diaphorina citri 

 

Data line 1: 

xxxx=district, sub-district, village, sample code 

11=category of sample trees 

222222=trees from seeds 

333333=trees from grafted seedling 

Data line 2 

xxxx=district, sub-district, village, sample code 

1=number of sample trees from seeds 

2=number of sample trees from grafted seedlings 

111=number of trees with Diaphorina citri 

222=incidence of trees with Diaphorina citri 

Data line 3 

xxxx=district, sub-district, village, sample code 

1=number of sample trees from seeds 

2=number of sample trees from grafted seedlings 

123=year 2009, 2010, and 2011 

Data: Number represents number of trees or incidence value, x=no dara, columns are 

delimited by space 

 

X X X X 1 1 2 2 2 2 2 2 3 3 3 3 3 3 

X X X X 1 2 1 1 1 2 2 2 1 1 1 2 2 2 

X X X X 1 2 1 2 3 1 2 3 1 2 3 1 2 3 

TTS FAT FAT 1 10 5 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 2 8 2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 3 3 2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 4 4 1 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 5 3 2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 6 5 0 0 0 0 0.0 0.0 0.0 X X X X X X 

TTS FAT FAT 7 7 3 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 8 3 2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 9 12 8 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTS FAT FAT 10 3 2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

 

More data lines (complete dataset are available on request) 

 

TTU LEM MBR 1 8 2 0 1 0 0.0 12.5 0.0 0 0 0 0.0 0.0 0.0 

TTU LEM MBR 2 10 5 0 0 0 0.0 0.0 0.0 0 1 0 0.0 20.0 0.0 

TTU LEM MBR 3 6 4 0 0 0 0.0 0.0 0.0 0 1 1 0.0 25.0 25.0 

TTU LEM MBR 4 7 3 0 1 1 0.0 14.3 14.3 0 0 0 0.0 0.0 0.0 

TTU LEM MBR 5 2 3 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTU LEM MBR 6 0 15 X X X X X X 1 2 1 6.7 13.3 6.7 

TTU LEM MBR 7 5 5 0 0 0 0.0 0.0 0.0 0 1 0 0.0 20.0 0.0 

TTU LEM MBR 8 6 4 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTU LEM MBR 9 9 6 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0 

TTU LEM MBR 10 6 4 0 1 0 0.0 16.7 0.0 0 1 0 0.0 25.0 0.0 

TTU SUA MBR 1 10 10 1 2 1 10.0 20.0 10.0 1 2 1 10.0 20.0 10.0 

TTU SUA MBR 2 8 7 0 1 0 0.0 12.5 0.0 0 1 1 0.0 14.3 14.3 

TTU SUA MBR 3 3 2 0 1 1 0.0 33.3 33.3 0 0 0 0.0 0.0 0.0 

TTU SUA MBR 4 12 8 0 1 0 0.0 8.3 0.0 0 2 1 0.0 25.0 12.5 

TTU SUA MBR 5 7 3 0 0 0 0.0 0.0 0.0 0 1 0 0.0 33.3 0.0 

TTU SUA MBR 6 8 7 0 1 1 0.0 12.5 12.5 0 1 1 0.0 14.3 14.3 

TTU SUA MBR 7 6 4 0 2 1 0.0 33.3 16.7 0 1 0 0.0 25.0 0.0 

TTU SUA MBR 8 10 10 1 2 1 10.0 20.0 10.0 1 3 2 10.0 30.0 20.0 

TTU SUA MBR 9 X 20 X X X X X X 1 2 1 5.0 10.0 5.0 

TTU SUA MBR 10 12 8 1 2 1 8.3 16.7 8.3 1 2 1 12.5 25.0 12.5 
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Appendix 5.a. Data matrix of HLB incidence of trees planted from seeds based 
on observed symptoms and the calculated area under the 
disease progress curve (AUDPC) 

 

Data line 1: 

xxxx=district, sub-district, village, sample code 

111=category of sample trees 

222=trees planted from seeds 

Data line 2: 

xxxx=district, sub-district, village, sample code 

123=number of total trees and trees planted from seeds and from grafted seedlings 

444=number of trees with observed HLB symptoms 

555=HLB incidence of trees based on observed HLB symptoms 

666=AUDPC of HLB based on observed HLB symptoms 

Data line 3 

xxxx=district, sub-district, village, sample code 

000=no further categorization 

123=year of test: 2009, 2010, and 2011 

12=2009 to 2010, 23=2010 to 2010, 33=AUDPC 

Data: figures represent number of trees, incidence, or AUDPC 

 

X X X X 1 1 1 2 2 2 2 2 2 2 2 2 

X X X X 1 2 3 4 4 4 5 5 5 6 6 6 

X X X X 0 0 0 1 2 3 1 2 3 12 23 33 

TTS FAT FAT 1 15 10 5 2 3 3 20.0 30.0 30.0 25.0 30.0 55.0 

TTS FAT FAT 2 10 8 2 1 2 2 12.5 25.0 25.0 18.8 25.0 43.8 

TTS FAT FAT 3 5 3 2 1 1 1 33.3 33.3 33.3 33.3 33.3 66.7 

TTS FAT FAT 4 5 4 1 1 2 2 25.0 50.0 50.0 37.5 50.0 87.5 

TTS FAT FAT 5 5 3 2 0 0 1 0.0 0.0 33.3 0.0 16.7 16.7 

TTS FAT FAT 6 5 5 0 1 2 2 20.0 40.0 40.0 30.0 40.0 70.0 

TTS FAT FAT 7 10 7 3 1 2 2 14.3 28.6 28.6 21.4 28.6 50.0 

TTS FAT FAT 8 5 3 2 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 

TTS FAT FAT 9 20 12 8 3 4 5 25.0 33.3 41.7 29.2 37.5 66.7 

TTS FAT FAT 10 5 3 2 1 2 2 33.3 66.7 66.7 50.0 66.7 116.7 

 

More data lines (complete dataset are available on request) 

 

TTU LEM MBR 1 10 8 2 1 2 2 12.5 25.0 25.0 18.8 25.0 43.8 

TTU LEM MBR 2 15 10 5 1 2 2 10.0 20.0 20.0 15.0 20.0 35.0 

TTU LEM MBR 3 10 6 4 1 1 2 16.7 16.7 33.3 16.7 25.0 41.7 

TTU LEM MBR 4 10 7 3 1 1 2 14.3 14.3 28.6 14.3 21.4 35.7 

TTU LEM MBR 5 5 2 3 0 0 1 0.0 0.0 50.0 0.0 25.0 25.0 

TTU LEM MBR 6 15 0 15 X X X X X X X X X 

TTU LEM MBR 7 10 5 5 1 1 2 20.0 20.0 40.0 20.0 30.0 50.0 

TTU LEM MBR 8 10 6 4 2 2 3 33.3 33.3 50.0 33.3 41.7 75.0 

TTU LEM MBR 9 15 9 6 1 1 2 11.1 11.1 22.2 11.1 16.7 27.8 

TTU LEM MBR 10 10 6 4 0 2 2 0.0 33.3 33.3 16.7 33.3 50.0 

TTU SUA MBR 1 20 10 10 3 5 6 30.0 50.0 60.0 40.0 55.0 95.0 

TTU SUA MBR 2 15 8 7 2 2 2 25.0 25.0 25.0 25.0 25.0 50.0 

TTU SUA MBR 3 5 3 2 1 2 3 33.3 66.7 100.0 50.0 83.3 133.3 

TTU SUA MBR 4 20 12 8 2 3 3 16.7 25.0 25.0 20.8 25.0 45.8 

TTU SUA MBR 5 10 7 3 2 2 2 28.6 28.6 28.6 28.6 28.6 57.1 

TTU SUA MBR 6 15 8 7 2 2 3 25.0 25.0 37.5 25.0 31.3 56.3 

TTU SUA MBR 7 10 6 4 2 3 3 33.3 50.0 50.0 41.7 50.0 91.7 

TTU SUA MBR 8 20 10 10 4 4 4 40.0 40.0 40.0 40.0 40.0 80.0 

TTU SUA MBR 9 20 X 20 X X X X X X X X X 

TTU SUA MBR 10 20 12 8 3 4 4 25.0 33.3 33.3 29.2 33.3 62.5 
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Appendix 5.a. Data matrix of HLB incidence on trees from seeds based on 
iodine test and area under the disease progress curve 
(AUDPC) 

 

Data line 1: 

xxxx=district, sub-district, village, sample code 

111=category of sample trees 

222=trees planted from seeds 

Data line 2: 

xxxx=district, sub-district, village, sample code 

123=number of total trees and trees planted from seeds and from grafted seedlings 

444=number of trees with positive iodine test 

555=HLB incidence of trees based on iodine test 

666=AUDPC of HLB based iodine test 

Data line 3 

xxxx=district, sub-district, village, sample code 

000=no further categorization 

123=year of test: 2009, 2010, and 2011 

12=2009 to 2010, 23=2010 to 2010, 33=AUDPC 

Data: figures represent number of trees, incidence, or AUDPC 

 

X   X   X    X 1 1 1 2 2 2 2 2 2 2 2 2 

X   X   X    X 1 2 3 4 4 4 5 5 5 6 6 6 

X   X   X    X 0 0 0 1 2 3 1 2 3 12 23 33 

TTS FAT FAT 01 8 5 3 1 1 1 20.0 20.0 20.0 0.0 666.7 666.7 

TTS FAT FAT 02 5 3 2 1 1 1 33.3 33.3 33.3 0.0 1111.1 1111.1 

TTS FAT FAT 03 3 2 1 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 

TTS FAT FAT 04 3 2 1 1 1 2 50.0 50.0 100.0 0.0 2500.0 2500.0 

TTS FAT FAT 05 3 2 1 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 

TTS FAT FAT 06 3 3 0 1 1 2 33.3 33.3 66.7 0.0 1666.7 1666.7 

TTS FAT FAT 07 5 3 2 2 2 2 66.7 66.7 66.7 0.0 2222.2 2222.2 

TTS FAT FAT 08 3 2 1 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 

TTS FAT FAT 09 10 6 4 1 1 2 16.7 16.7 33.3 0.0 833.3 833.3 

TTS FAT FAT 10 3 2 1 0 1 0 0.0 50.0 0.0 0.0 833.3 833.3 

 

More data lines (complete dataset are available on request) 

 

TTU LEM MBR 01 5 2 1 0 0 1 0.0 0.0 50.0 0.0 833.3 833.3 

TTU LEM MBR 02 8 8 7 2 2 3 25.0 25.0 37.5 0.0 1041.7 1041.7 

TTU LEM MBR 03 5 3 2 0 1 1 0.0 33.3 33.3 0.0 1111.1 1111.1 

TTU LEM MBR 04 5 3 2 0 0 1 0.0 0.0 33.3 0.0 555.6 555.6 

TTU LEM MBR 05 3 2 1 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 

TTU LEM MBR 06 8 X 8 X X X X X X X X X 

TTU LEM MBR 07 5 3 2 1 1 1 33.3 33.3 33.3 0.0 1111.1 1111.1 

TTU LEM MBR 08 5 3 2 0 0 1 0.0 0.0 33.3 0.0 555.6 555.6 

TTU LEM MBR 09 8 4 4 1 1 1 25.0 25.0 25.0 0.0 833.3 833.3 

TTU LEM MBR 10 5 3 2 0 0 1 0.0 0.0 33.3 0.0 555.6 555.6 

TTU SUA MBR 01 10 5 5 0 1 1 0.0 20.0 20.0 0.0 666.7 666.7 

TTU SUA MBR 02 8 4 4 1 1 1 25.0 25.0 25.0 0.0 833.3 833.3 

TTU SUA MBR 03 3 2 1 0 1 1 0.0 50.0 50.0 0.0 1666.7 1666.7 

TTU SUA MBR 04 10 5 5 2 2 2 40.0 40.0 40.0 0.0 1333.3 1333.3 

TTU SUA MBR 05 5 3 2 1 2 2 33.3 66.7 66.7 0.0 2222.2 2222.2 

TTU SUA MBR 06 8 5 3 1 1 1 20.0 20.0 20.0 0.0 666.7 666.7 

TTU SUA MBR 07 5 3 2 1 2 2 33.3 66.7 66.7 0.0 2222.2 2222.2 

TTU SUA MBR 08 10 5 5 2 3 3 40.0 60.0 60.0 0.0 2000.0 2000.0 

TTU SUA MBR 09 10 X 10 X X X X X X X X X 

TTU SUA MBR 10 10 4 6 1 2 2 25.0 50.0 50.0 0.0 1666.7 1666.7 
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Appendix 6.1. Summary of emerging categories from transcripts of grafted 
seedling production and distribution interviews 

Category Particip-
ants 

Refer-
ences 

Involvement in grafted seedling marketing and distribution to villages in each district 1 1 

Involvement in grafted seedling marketing and distribution to other districts inside West Timor 6 9 

Destinations for grafted seedling marketing and distribution to other district outside West Timor but 
inside NTT Province

1)
 

7 10 

Grafted seedling marketing and distribution to other provinces possible because of status as HLB
2)
 

free 
2 2 

Involvement in grafted seedling marketing and distribution to other provinces 3 6 

Destinations for grafted seedling marketing and distribution to East Timor 8 12 

Involvement as contractors for grafted seedling marketing and distribution to East Timor 2 2 

Target districts for grafted seedling marketing and distribution to East Timor 5 10 

Means of grafted seedling distribution to East Timor 2 8 

Number of grafted seedlings marketed and distributed to East Timor 4 9 

Number of grafted seedling marked by each nursery per year 4 7 

Government projects being the main target for grafted seedling marketing 5 5 

Personal buyers and NGOs
3)
 being unimportant targets for grafted seedling marketing 3 5 

Grafted seedling marketing and distribution, marketing, prices, changes from 1980 to now 1 1 

Current markets for grafted seedling marketing 4 6 

Current official price for grafted seedling marketing 4 5 

Lack of enforcement of official price for grafted seedling marketing and distribution 1 2 

Past prices for grafted seedling marketing 2 2 

Reasons for difference between official and market prices for grafted seedling marketing 2 2 

Grafted seedling procurement through bidding procedures 1 1 

Grafted seedling distribution programme with bidding since 2006 1 2 

Grafted seedling distribution programme without bidding before 2006 1 1 

Strict quarantine inspection of grafted seedlings for marketing and distribution to destinations 
outside West Timor only at the first time 

1 2 

Denying the present of HLB for being eligible for grafted seedling marketing and distribution to 
destinations outside West Timor 

6 18 

Banning grafted seedling marketing and distribution from other districts and provinces but lack of 
law enforcement 

1 1 

Impacts of grafted seedling marketing and distribution programme to local communities considered 
negative 

2 3 

Grafted seedling marketing and distribution programme as means of spreading diseases 3 4 

Grafted seedling marketing and distribution involved various illegal practices 3 6 

Bid-winning distributors required to buy seedling only from certified nurseries 1 1 

Bid-winning distributors required to buy seedlings from allocated nurseries 1 1 

Bid-winning distributors required to obtain recommendation from district government regarding 
where to buy grafted seedlings 

1 1 

Bid-winning distributors required to replace dead seedlings after planting 1 1 

Abuse of power by officers to get involved in grafted seedling marketing and distribution for 
personal interests 

3 17 

Officers caught marketing and distributing 10,000 unlabelled grafted seedlings in East Timor 1 6 

Number of grafted seedlings marketed and distributed per year on personal basis by government 
officers 

2 6 

Various practices used by government officers to market and distribute grafted seedlings on 
personal interests 

6 22 

Use of other nursery owner's names on label for marketing a small number of seedlings 1 1 

Government officers protected each other in marketing and distributing grafted seedlings on 
personal interests 

1 6 

Bid-winning distributors forced to buy seedling collected by government officers from uncertified 
nurseries 

1 2 

Bid-winning distributors forced to buy seedling form nurseries owned by government officers 2 2 

Bid-winning distributors purchased seedlings from uncertified nurseries and then provided labels as 
if the seedlings purchased from certified nurseries 

2 3 

Bid-winning distributors purchased seedlings from uncertified nurseries 2 2 

Various practices of powers abuse by government officers to obtain seedlings for their private 
nurseries 

6 12 

Impacts of government officer involvement in nursery business to private nurseries owned by 
members of community 

3 5 

Aware of diseases but retained diseased seedlings in nurseries 6 14 

Aware of HLB but retained seedlings with HLB symptoms in nurseries 1 1 

Unaware of and retained seedlings with HLB symptoms 1 1 

Unaware of grafted seedlings as means of disease spread, including HLB spread 2 2 

Aware of pests and diseases but not providing means to prevent grafted seedlings from being 
infected or infested 

1 1 

Number of grafted seedlings produced by each nursery per year 3 3 
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Category Particip-
ants 

Refer-
ences 

Preparation of germination beds 3 4 

Preparation of transplantation beds 2 2 

Preparation of rootstock seeds 4 5 

Unaware of number of seeds required to grow rootstock 1 2 

Selection of rootstock seedlings in transplantation beds for grafting 2 2 

Length of time required for rootstock seedling in germination beds before transplanting 6 6 

Length of time required for rootstock seeds in germination beds to germinate 3 5 

Length of time required for rootstock to grow before grafting 6 9 

Influence of various factors on rootstock growing 4 12 

Grafting on rootstock at the transplantation beds 2 3 

Avoidance of rain after band removal 1 1 

Grafting techniques in use 5 8 

Months considered good for grafting 2 2 

Number of grafted seedlings produced per person per day 3 3 

Rate of grafting success 3 3 

Use of plastic to bind budwood to rootstock 1 1 

Influence of various factors on grafting success 6 13 

Techniques for moving from transplantation beds to polybags 2 3 

Length of time required since grafting to band removal 4 5 

Length of time required to cut off rootstock after grafting 2 2 

Length of time required for grafted rootstock to remain at transplantation beds after grafting 3 3 

Total length of time required for rootstock to remain at transplantation beds from sowing 2 2 

Length of time required for grafted seedlings to remain in polybags before being sold 3 3 

New supervision programme 1 2 

Functions and roles of UPTPSB
4)
 1 7 

Limitations of UPTPSB 1 4 

Preparation need to be made by nurseries for obtaining label 1 1 

Separation of diseased seedlings before labelling 3 3 

Cost needed for obtaining labels 3 3 

Names of nursery owners to be displayed on labels 2 4 

Nursery owners and managers displayed to assume responsibility 1 2 

Transfer of labels from nursery owners or managers to distributors allowed 2 3 

Requirements for transfer of labels from nursery owners or managers to distributors 2 2 

Transfer of responsibility from nursery owners or managers to distributors along with transfer of 
labels 

1 1 

Requirements to attach letters from district dinas to request labelling from UPTPSB 5 8 

Labelling requirements: nurseries to own tagged mother trees and to use their own name (not 
name of distributors) 

3 5 

Labelling requirements: grafting height and reasons 2 5 

Labelling requirements: sanctions for not meeting the requirements 2 2 

Labelling requirements: seedlings height, stem diameter, and number of retained shoots 4 7 

Labelling requirements: technical matters 1 1 

Quarantine inspection only on plant health and not on label 1 1 

Assuming grafted seedlings as disease free and conducting supervision only on the basis of visual 
observation 

2 4 

Not being able to enforce sanction to nurseries not following procedures 1 1 

Grafted seedling supervision and certification not independent because carried out by officers from 
dinas 

2 2 

Involvement of government officers in bribing to obtain label using illegal practices 1 1 

Abuse of powers by UPTPSB officers in dealing with private nurseries 1 2 

Illegal practices committed by government-owned nurseries in labelling of grafted seedlings 1 3 

Illegal practices by issuing one label for grafted seedlings purchased from different nurseries 1 1 

Grafted seedling supervision and certification not strict to nurseries owned by high rank officers 2 2 

Commercial nurseries, both government and privately owned, should own tagged mother trees 1 1 

Commercial nurseries, both government and privately owned, should obtain budwood only from 
BPMT

5)
 

1 1 

Commercial nurseries, both government and privately owned, should obtain budwood only from 
BPMT 

1 2 

Budwood should be obtained from tagged mother trees by buying at certain prices 6 6 

Budwood used for grafting should meet certain criteria 2 3 

Nurseries should follow procedures in applying for mother trees for tagging 3 4 

Mother trees are required to meet certain criteria for being eligible for tagging 1 2 

Acknowledging only diplodia rot as presence on mother trees 1 1 

Supervision and certification of mother trees every year only for those easily accessed 2 2 

Supervision and certification of most mother trees not every year due to difficult access and limited 
staff 

6 8 

Supervision and certification of mother tree health only through visual examination 1 4 

Supervision and certification of mother trees focused on agronomic and taste criteria 8 25 

District government had foundation blocks with mother trees obtained from Balitjestro Malang
6)
 1 2 
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Category Particip-
ants 

Refer-
ences 

District government has BPMT but in bad condition and with limited number of mother trees 2 2 

Provincial government also had BPMT but also in bad condition and had limited number of mother 
trees 

1 1 

BPMT in bad condition and the district government has planned for improvement 2 9 

Transfer and use of contest winning trees as BPMT mother trees 3 5 

Most nurseries owned no tagged population mother tree at all 1 1 

Some nurseries owned population mother trees, but untagged 3 5 

Only few nurseries owned tagged population mother trees 7 17 

Mother trees growing from abandoned grafted seedling tagged for population mother trees 2 2 

Population mother trees already showing HLB symptom remained with tags 3 10 

Population mother trees already showing disease symptoms remained in use because of already 
tagged 

4 6 

Only very view nurseries cut down diseased mother trees 1 1 

Budwood obtained from BPMT only since two years ago 1 1 

No HLB test carried out to mother trees in BPMT 1 1 

Nurseries received fake receipt as if buying budwood from BPMT 1 1 

Nurseries obtaining budwood from population mother trees also allowed at Lolitjeruk
7)
 1 1 

Limited number of mother trees available at BPMT caused nurseries to obtain budwood from 
indiscriminate trees 

4 9 

Both government and privately owned nurseries obtained budwood from indiscriminate mother 
trees 

8 24 

Obtaining budwood from indiscriminate mother trees, including from diseased mother trees 5 13 

Obtaining budwood from indiscriminate mother trees, including from mother trees known of 
showing HLB symptoms 

3 10 

Availability of fruits and seeds varied depending on villages and months 2 2 

Prices of rootstock seeds varied depending on quality 1 1 

Obtaining rootstock seeds by purchase of fruits 4 6 

Nurseries purchased of fruits or seeds from nearby villages 5 8 

Most nurseries purchased seeds instead of fruits 7 8 

Nurseries were required to own rootstock mother trees but most had no RL
8) 

tree at all 8 15 

Nurseries were required to own rootstock mother trees but  only few had RL trees 7 12 

Nursery ownership and status: owned by district government 3 4 

Nursery ownership and status: owned by provincial government 2 3 

Nursery ownership and status: private nursery owned by a group 4 7 

Nursery ownership and status: purposes of group owned nurseries 3 3 

Nursery ownership and status: private nurseries owned by government officers 3 6 

Nursery and government involvement, ownership and status, owned privately, existing 1 3 

Nursery ownership and status: private nurseries owned by individuals 1 1 

Nursery ownership and status: certified and uncertified nurseries 1 1 

Nursery ownership and status: uncertified nurseries 2 4 

Nursery ownership and status: distributors not having nurseries 1 3 

Nursery ownership and status: nurseries only as producers 1 2 

Nursery ownership and status: nurseries as producers and distributors 1 2 

Establishment of nurseries and purposes of establishment of government owned nurseries 1 5 

Number and year of establishment of nurseries 6 12 

Number of seedling produced by government owned nurseries per year 1 1 

Nursery owners have received training for grafting 6 14 

Number of skilled and unskilled technical staff available at government owned nurseries is limited 2 3 

Limited number of technical staff available at government owned nurseries caused hiring of 
workers from nearby villages 

2 4 

Local government did not provide extension and engagement with private nurseries 3 4 

Local governments provided or promised to provide rolling fund to keep nurseries silent 3 9 

Central government audit found illegal practices regarding grafted seedling procurement 3 3 

Implementation of rolling fund provision to nurseries 4 11 

Demand by private nursery owners for regular seedling examination for diseases, but no response 1 1 

Reports and demands by private nursery owners for acceptance of HLB, but no response 3 4 

Nursery association already formed but served as abuse of power 2 5 

Plan and purposes of forming new association to replaces the already formed one 2 8 

Planning to form association to unite private nurseries in putting pressure to government 2 6 

Means and practices of government involvement in nursery business 5 15 

Abuse of power by high rank officers on low rank staff for business interest 1 3 

Government owned nurseries involved in illegal practices in producing grafted seedlings 3 6 

Managers of government owned nurseries not aware of HLB 1 2 

Officer involvement in nursery business: illegal for high rank officers 2 2 

Officer involvement in nursery business: in the past legal for lower rank officers in but now illegal 1 2 

Means and practices of officer involvement in nursery business 8 35 

Notes: 

1) NTT=Nusa Tenggara Timur (East Nusa Tenggara), the province into which West Timor belonged 
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2) HLB=huanglongbing 

3) NGO=Non-governmental organizations 

4) UPTPSB=Unit Pelaksana Teknis Pengawasan dan Sertifikasi Benih (Technical Implementation Unit for Seed 
Supervision and Certification), an institution under the provincial agricultural services 

5) BPMT=Blok Penggandaan Mata Tempel (Budwood Multiplication Blocks) 

6) Balitjestro=Balai Penelitian Jeruk dan Buah-buahan Subtropika Lain (Research Centre for Citrus and Other Sub-
tropical Fruit Crops), located in Batu, East Java Province 

7) Lolitjeruk=Loka Penelitian Jeruk (Citrus Research Station), a research station under the Research Centre for 
Citrus and Other Sub-tropical Fruit Crops (Balitjestro) 

8) RL=Rough Lemon (Citrus jambhiri) 
Source: First-level analysis of interview data 
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Appendix 6.2. Collapsing of categories into concepts and themes of seedling 
production and distribution issues 

Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

Nursery ownership and status: owned by 
district government 

3 4 Similarity in 
terms of 
ownership and 
status 

Ownership and 
status of 
nurseries 

Similarity with 
regard to 
ownership and 
establishment 

Nursery status 
and 
establishment 
and 
maintenance of 
nurseries by 
local 
government 

Nursery ownership and status: owned by 
provincial government 

2 3 

Nursery ownership and status: private 
nursery owned by a group 

4 7 

Nursery ownership and status: purposes of 
group owned nurseries 

3 3 

Nursery ownership and status: private 
nurseries owned by government officers 

3 6 

Nursery and government involvement, 
ownership and status, owned privately, 
existing 

1 3 

Nursery ownership and status: private 
nurseries owned by individuals 

1 1 

Nursery ownership and status: certified and 
uncertified nurseries 

1 1 

Nursery ownership and status: uncertified 
nurseries 

2 4 

Nursery ownership and status: distributors 
not having nurseries 

1 3 

Nursery ownership and status, nurseries 
only as producers 

1 2 

Nursery ownership and status: nurseries as 
producers and distributors 

1 2 

Establishment of nurseries and purposes of 
establishment of government owned 
nurseries 

1 5 Similarity with 
regard to 
establishment 
and maintenance 

Establishment 
and ownership of 
commercial 
nurseries by 
local government 

Number and year of establishment of 
nurseries 

6 12 

Number of seedling produced by 
government owned nurseries per year 

1 1 

Nursery owners have received training for 
grafting 

6 14 

Number of skilled and unskilled technical 
staff available at government owned 
nurseries is limited 

2 3 

Limited number of technical staff available 
at government owned nurseries caused 
hiring of workers from nearby villages 

2 4 

Local government did not provide 
extension and engagement with private 
nurseries 

3 4 Similarity with 
regard to 
inappropriate 
policy 

Inappropriate 
government 
policy regarding 
nursery  

Similarity with 
regard to 
factors 
facilitating 
inappropriate 
practices 

Inappropriate 
policy and lack 
of pressure 
from private 
owned 
nurseries 

Local governments provided or promised to 
provide rolling fund to keep nurseries silent 

3 9 

Central government audit found illegal 
practices regarding grafted seedling 
procurement 

3 3 

Implementation of rolling fund provision to 
nurseries 

4 11 

Demand by private nursery owners for 
regular seedling examination for diseases, 
but no response 

1 1 

Reports and demands by private nursery 
owners for acceptance of HLB, but no 
response 

3 4 

Nursery association already formed but 
served as abuse of power 

2 5 Similarity with 
regard to lack of 
presure by 
private nurseries 

Lack of ability of 
private nursery 
owners to put 
pressure to 
government 

Plan and purposes of forming new 
association to replaces the already formed 
one 

2 8 

Planning to form association to unite 
private nurseries in putting pressure to 

2 6 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

government 

Means and practices of government 
involvement in nursery business 

5 15 Similarity with 
regard to 
inappropriate 
practices by 
government 
owned nurseries 

Inappropriate 
practices done 
by government 
owned nurseries 

Similarity with 
inappropriate 
practices 

Inappropriate 
practices done 
by managers 
of government 
nurseries and 
government 
officers owning 
nurseries 

Abuse of power by high rank officers on 
low rank staff for business interest 

1 3 

Government owned nurseries involved in 
illegal practices in producing grafted 
seedlings 

3 6 

Managers of government owned nurseries 
not aware of HLB 

1 2 

Officer involvement in nursery business: 
illegal for high rank officers 

2 2 Similarity with 
regard 
toinvolvement of 
government 
officers 

Officer 
involvement in 
private nursery 
business 

Officer involvement in nursery business: in 
the past legal for lower rank officers in but 
now illegal 

1 2 

Means and practices of officer involvement 
in nursery business 

8 35 

Commercial nurseries, both government 
and privately owned, should own tagged 
mother trees 

1 1 Similarity with 
regard to 
procedures to be 
followed 

Procedures 
regarding 
maintenance of 
population 
mother tree and 
acquisition of 
budwood from 
population 
mother trees 

Similarity with 
regard to 
procedures 
and 
requirements 
to be followed 

Procedures 
and 
requirements 
regarding 
maintenance 
and application 
for tagging of 
population 
mother trees 

Commercial nurseries, both government 
and privately owned, should obtain 
budwood only from BPMT

5)
 

1 1 

Commercial nurseries, both government 
and privately owned, should obtain 
budwood only from BPMT 

1 2 

Budwood should be obtained from tagged 
mother trees by buying at certain prices 

6 6 

Budwood used for grafting should meet 
certain criteria 

2 3 

Nurseries should follow procedures in 
applying for mother trees for tagging 

3 4 Similarity with 
regard to 
procedures to be 
followed 

Procedures and 
requirements for 
applying for 
population 
mother tree 
tagging and 
grafted seedling 
labelling 

Mother trees are required to meet certain 
criteria for being eligible for tagging 

1 2 

Acknowledging only diplodia rot as 
presence on mother trees 

1 1   Inappropriate 
practices for 
supervision and 
certification of 
population 
mother tree 

Similarity with 
regard to 
relation 
between policy 
and practices 

Inappropriate 
policy and 
practices 
regarding 
maintenance, 
supervision, 
and 
certification of 
mother trees 

Supervision and certification of mother 
trees every year only for those easily 
accessed 

2 2 

Supervision and certification of most 
mother trees not every year due to difficult 
access and limited staff 

6 8 

Supervision and certification of mother tree 
health only through visual examination 

1 4 

Supervision and certification of mother 
trees focused on agronomic and taste 
criteria 

8 25 

District government had foundation blocks 
with mother trees obtained from Balitjestro, 
Batu

6)
 

1 2 Similarity with 
regard to policy 

Inappropriate 
policy regarding 
maintenance of 
mother trees at 
foundation and 
multiplication 
blocks 

District government has BPMT but in bad 
condition and with limited number of 
mother trees 

2 2 

Provincial government also had BPMT but 
also in bad condition and had limited 
number of mother trees 

1 1 

BPMT in bad condition and the district 
government has planned for improvement 

2 9 

Transfer and use of contest winning trees 
as BPMT mother trees 

3 5 

Most nurseries owned no tagged 
population mother tree at all 

1 1 Similarity with 
regard to 

Inappropriate 
practices 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

Some nurseries owned population mother 
trees, but untagged 

3 5 practices regarding 
maintenance of 
population 
mother trees 

Only few nurseries owned tagged 
population mother trees 

7 17 

Mother trees growing from abandoned 
grafted seedling tagged for population 
mother trees 

2 2 

Population mother trees already showing 
HLB symptom remained with tags 

3 10 

Population mother trees already showing 
disease symptoms remained in use 
because of already tagged 

4 6 

Only very view nurseries cut down 
diseased mother trees 

1 1 

Budwood obtained from BPMT only since 
two years ago 

1 1 Similarity with 
regard to 
inappropriate 
policy 

Inappropriate 
policy regarding 
acquisition of 
budwood 

Similarity with 
regard to 
relation 
between policy 
and practices 

Inappropriate 
policy and 
practices 
regarding 
budwood 
acquisition 

No HLB test carried out to mother trees in 
BPMT 

1 1 

Nurseries received fake receipt as if buying 
budwood from BPMT 

1 1 

Nurseries obtaining budwood from 
population mother trees also allowed at 
Lolitjeruk

7)
 

1 1 

Limited number of mother trees available at 
BPMT caused nurseries to obtain budwood 
from indiscriminate trees 

4 9 Similarity with 
regard to 
inappropriate 
practices 

Inappropriate 
practices 
regarding 
acquisition of 
budwood Both government and privately owned 

nurseries obtained budwood from 
indiscriminate mother trees 

8 24 

Obtaining budwood from indiscriminate 
mother trees, including from diseased 
mother trees 

5 13 

Obtaining budwood from indiscriminate 
mother trees, including from mother trees 
known of showing HLB symptoms 

3 10 

Availability of fruits and seeds varied 
depending on villages and months 

2 2 Similarity in 
terms of 
rootstock 

Practices of 
rootstock seed 
acquisition 

Similarity in 
terms of 
rootstock 

Practices of 
rootstock seed 
acquisition Prices of rootstock seeds varied depending 

on quality 
1 1 

Obtaining rootstock seeds by purchase of 
fruits 

4 6 

Nurseries purchased of fruits or seeds from 
nearby villages 

5 8 

Most nurseries purchased seeds instead of 
fruits 

7 8 

Nurseries were required to own rootstock 
mother trees but most had no RL

8)
 tree at 

all 

8 15 

Nurseries were required to own rootstock 
mother trees but  only few had RL trees 

7 12 

Various practices of powers abuse by 
government officers to obtain seedlings for 
their private nurseries 

6 12 Similarity in 
terms of 
involvement of 
government 
officers 

Involvement of 
government 
officers in grafted 
seedling 
production 

Similarity with 
regard to 
practices that 
could increase 
risk of disease 
spread trough 
grafted 
seedlings 

Involvement of 
government 
officers and 
inappropriate 
practices in 
production of 
large number 
of likely 
infected 
grafted 
seedlings 

Impacts of government officer involvement 
in nursery business to private nurseries 
owned by members of community 

3 5 

Aware of diseases but retained diseased 
seedlings in nurseries 

6 14 Similarity in 
terms of 
inappropriatenes
s of practices 

Inappropriate 
practices of 
grafted seedling 
production 

Aware of HLB but retained seedlings with 
HLB symptoms in nurseries 

1 1 

Unaware of and retained seedlings with 
HLB symptoms 

1 1 

Unaware of grafted seedlings as means of 
disease spread, including HLB spread 

2 2 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

Aware of pests and diseases but not 
providing means to prevent grafted 
seedlings from being infected or infested 

1 1 

Number of grafted seedlings produced by 
each nursery per year 

3 3 Retained for data 
on number of 
grafted seedlings 

Large number of 
likely infected 
grafted seedlings 

Preparation of germination beds 3 4 Similarity with 
regard to 
activities carried 
out prior to 
grafting and 
factors 
influencing 

Pre-grafting 
practices and 
factors 
influencing 

Similarity with 
regard to 
practices of 
grafted 
seedling 
production and 
factors 
influencing 

Practices in 
grafted 
seedling 
production and 
factors 
influencing 

Preparation of transplantation beds 2 2 

Preparation of rootstock seeds 4 5 

Unaware of number of seeds required to 
grow rootstock 

1 2 

Selection of rootstock seedlings in 
transplantation beds for grafting 

2 2 

Length of time required for rootstock 
seedling in germination beds before 
transplanting 

6 6 

Length of time required for rootstock seeds 
in germination beds to germinate 

3 5 

Length of time required for rootstock to 
grow before grafting 

6 9 

Influence of various factors on rootstock 
growing 

4 12 

Grafting on rootstock at the transplantation 
beds 

2 3 Similarity with 
regard to 
activities related 
to grafting and 
factors 
influencing 

Grafting 
practices and 
factor influencing Avoidance of rain after band removal 1 1 

Grafting techniques in use 5 8 

Months considered good for grafting 2 2 

Number of grafted seedlings produced per 
person per day 

3 3 

Rate of grafting success 3 3 

Use of plastic to bind budwood to rootstock 1 1 

Influence of various factors on grafting 
success 

6 13 

Techniques for moving from transplantation 
beds to polybags 

2 3 Similarity with 
regard to 
activities carried 
out after grafting 
and factors 
influencing 

Post-grafting 
practices and 
factors 
influencing 

Length of time required since grafting to 
band removal 

4 5 

Length of time required to cut off rootstock 
after grafting 

2 2 

Length of time required for grafted 
rootstock to remain at transplantation beds 
after grafting 

3 3 

Total length of time required for rootstock 
to remain at transplantation beds from 
sowing 

2 2 

Length of time required for grafted 
seedlings to remain in polybags before 
being sold 

3 3 

New supervision programme 1 2 Similarity with 
regards to roles 
and function of 
UPTPSB 

Functions, roles, 
and limitation of 
UPTPSB 

Similarity with 
regard to 
institution 
involved and 
procedures 
and 
requirements 

Institution, 
procedures, 
and 
requirements 
for grafted 
seedling 
supervision 
and 
certification 

Functions and roles of UPTPSB
4)
 1 7 

Limitations of UPTPSB 1 4 

Preparation need to be made by nurseries 
for obtaining label 

1 1 Similarity with 
regard to 
procedure of 
supervision and 
certification 

Procedures of 
grafted seedling 
supervision and 
certification 

Separation of diseased seedlings before 
labelling 

3 3 

Cost needed for obtaining labels 3 3 

Names of nursery owners to be displayed 
on labels 

2 4 

Nursery owners and managers displayed 
to assume responsibility 

1 2 

Transfer of labels from nursery owners or 
managers to distributors allowed 

2 3 

Requirements for transfer of labels from 
nursery owners or managers to distributors 

2 2 

Transfer of responsibility from nursery 
owners or managers to distributors along 

1 1 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

with transfer of labels 

Requirements to attach letters from district 
dinas to request labelling from UPTPSB 

5 8 

Labelling requirements: nurseries to own 
tagged mother trees and to use their own 
name (not name of distributors) 

3 5 Similarity with 
regard 
requirements to 
be met for 
grafted seedling 
supervision and 
certification 

Requirement for 
grafted seedling 
supervision and 
certification 

Labelling requirements: grafting height and 
reasons 

2 5 

Labelling requirements: sanctions for not 
meeting the requirements 

2 2 

Labelling requirements: seedlings height, 
stem diameter, and number of retained 
shoots 

4 7 

Labelling requirements: technical matters 1 1 

Quarantine inspection only on plant health 
and not on label 

1 1 Similarity with 
regard to 
government 
policy 

Inappropriate 
government 
policy regarding 
supervision and 
certification 

Similarity in 
terms of policy 
and practices 

Inappropriate 
government 
policy and 
illegal practices 
in grafted 
seedling 
supervision 
and 
certification 

Assuming grafted seedlings as disease 
free and conducting supervision only on 
the basis of visual observation 

2 4 

Not being able to enforce sanction to 
nurseries not following procedures 

1 1 

Grafted seedling supervision and 
certification not independent because 
carried out by officers from dinas 

2 2 

Involvement of government officers in 
bribing to obtain label using illegal 
practices 

1 1 

Abuse of powers by UPTPSB officers in 
dealing with private nurseries 

1 2 

Illegal practices committed by government-
owned nurseries in labelling of grafted 
seedlings 

1 3 Similarity with 
regard to 
practices 

Illegal practices 
in grafted 
seedling 
supervision and 
certification 

Illegal practices by issuing one label for 
grafted seedlings purchased from different 
nurseries 

1 1 

Grafted seedling supervision and 
certification not strict to nurseries owned by 
high rank officers 

2 2 

Involvement in grafted seedling marketing 
and distribution to villages in each district 

1 1 Similarity in 
destination 

Grafted seedling 
marketing and 
distribution to 
other districts 
inside West 
Timor 

Similarity with 
regard to 
movement of 
grafted 
seedlings 

Destinations of 
grafted 
seedling 
marketing and 
distribution 

Involvement in grafted seedling marketing 
and distribution to other districts inside 
West Timor 

6 9 

Destinations for grafted seedling marketing 
and distribution to other district outside 
West Timor but inside NTT Province

1)
 

7 10 Similarity in 
destination 

Grafted seedling 
marketing and 
distribution to 
other districts 
inside NTT 
Provinces 

Grafted seedling marketing and distribution 
to other provinces possible because of 
status as HLB

2)
 free 

2 2 Similarity in 
destination 

Grafted seedling 
marketing and 
distribution to 
other provinces Involvement in grafted seedling marketing 

and distribution to other provinces 
3 6 

Destinations for grafted seedling marketing 
and distribution to East Timor 

8 12 Similarity in 
destination 

Grafted seedling 
marketing and 
distribution to 
East Timor 
before 
separation from 
Indonesia 

Involvement as contractors for grafted 
seedling marketing and distribution to East 
Timor 

2 2 

Target districts for grafted seedling 
marketing and distribution to East Timor 

5 10 

Means of grafted seedling distribution to 
East Timor 

2 8 

Number of grafted seedlings marketed and 
distributed to East Timor 

4 9 

Number of grafted seedling marked by 4 7   Total number, Similarity with Practices in 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

each nursery per year targets, and 
prices of grafted 
seedling 
marketed and 
distributed 

regard to 
general 
practices in 
marketing and 
distribution of 
grafted 
seedlings 

grafted 
seedling 
marketing and 
distribution 

Government projects being the main target 
for grafted seedling marketing 

5 5 

Personal buyers and NGOs
3)
 being 

unimportant targets for grafted seedling 
marketing 

3 5 

Grafted seedling marketing and 
distribution, marketing, prices, changes 
from 1980 to now 

1 1 

Current markets for grafted seedling 
marketing 

4 6 

Current official price for grafted seedling 
marketing 

4 5 

Lack of enforcement of official price for 
grafted seedling marketing and distribution 

1 2 

Past prices for grafted seedling marketing 2 2 

Reasons for difference between official and 
market prices for grafted seedling 
marketing 

2 2 

Grafted seedling procurement through 
bidding procedures 

1 1   Bidding 
requirement for 
procurement of 
grated seedling 
distribution 
programme 

Grafted seedling distribution programme 
with bidding since 2006 

1 2 

Grafted seedling distribution programme 
without bidding before 2006 

1 1 

Strict quarantine inspection of grafted 
seedlings for marketing and distribution to 
destinations outside West Timor only at the 
first time 

1 2 Similarity in 
terms of being 
official 
government 
policy 

Inappropriate 
government 
policy regarding 
grafted seedling 
marketing and 
distribution 

Similarity with 
regard to policy 
and power 
relations 

Inappropriate 
policies and 
abuse of power 
in grafted 
seedling 
marketing and 
distribution  

Denying the present of HLB for being 
eligible for grafted seedling marketing and 
distribution to destinations outside West 
Timor 

6 18 

Banning grafted seedling marketing and 
distribution from other districts and 
provinces but lack of law enforcement 

1 1 

Impacts of grafted seedling marketing and 
distribution programme to local 
communities considered negative 

2 3 

Grafted seedling marketing and distribution 
programme as means of spreading 
diseases 

3 4 

Grafted seedling marketing and distribution 
involved various illegal practices 

3 6 

Bid-winning distributors required to buy 
seedling only from certified nurseries 

1 1 

Bid-winning distributors required to buy 
seedlings from allocated nurseries 

1 1 

Bid-winning distributors required to obtain 
recommendation from district government 
regarding where to buy grafted seedlings 

1 1 

Bid-winning distributors required to replace 
dead seedlings after planting 

1 1 

Abuse of power by officers to get involved 
in grafted seedling marketing and 
distribution for personal interests 

3 17 Similarity with 
regard to direct 
involvement of 
government 
officers 

Abuse of power 
by direct 
involvement in 
grafted seedling 
marketing and 
distribution 

Officers caught marketing and distributing 
10,000 unlabelled grafted seedlings in East 
Timor 

1 6 

Number of grafted seedlings marketed and 
distributed per year on personal basis by 
government officers 

2 6 

Various practices used by government 
officers to market and distribute grafted 
seedlings on personal interests 

6 22 

Use of other nursery owner's names on 
label for marketing a small number of 

1 1 
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Category P R Reasons for first-
stage collapsing 

First-stage 
collapsing 

Reason for 
second-stage 
collapsing 

Second-stage 
collapsing 

seedlings 

Government officers protected each other 
in marketing and distributing grafted 
seedlings on personal interests 

1 6 

Bid-winning distributors forced to buy 
seedling collected by government officers 
from uncertified nurseries 

1 2 Similarity with 
regard to indirect 
involvement of 
government 
officers 

Abuse of power 
by indirect 
involvement in 
grafted seedling 
marketing and 
distribution 
through 
distributors 

Bid-winning distributors forced to buy 
seedling form nurseries owned by 
government officers 

2 2 

Bid-winning distributors purchased 
seedlings from uncertified nurseries and 
then provided labels as if the seedlings 
purchased from certified nurseries 

2 3 Similarity with 
regard to 
practices done 
by distributors 

Illegal practices 
used by 
distributors for 
procurement of 
grafted seedlings Bid-winning distributors purchased 

seedlings from uncertified nurseries 
2 2 

Notes: 

1) NTT=Nusa Tenggara Timur (East Nusa Tenggara), the province into which West Timor belong 

2) HLB=huanglongbing 

3) NGO=Non-governmental organizations 

4) UPTPSB=Unit Pelaksana Teknis Pengawasan dan Sertifikasi Benih (Technical Implementation Unit for Seed 
Supervision and Certification), an institution under the provincial agricultural services 

5) BPMT=Blok Penggandaan Mata Tempel (Budwood Multiplication Blocks) 

6) Balitjestro=Balai Penelitian Jeruk dan Buah-buahan Subtropika Lain (Research Centre for Citrus and Other Sub-
tropical Fruit Crops), Located in Batu, East Java Province 

7) Lolitjeruk=Loka Penelitian Jeruk (Citrus Research Station), a research station under the Research Centre for 
Citrus and Other Sub-tropical Fruit Crops (Balitjestro) 

8) RL=Rough Lemon (Citrus jambhiri) 
Source: Second-level analysis of interview data 
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Appendix 7.1a. Questions, variables, codes and data of community biosecurity 
 
A. Questions, variables, and codes 

Each question is followed by the measurement and the code assigned for the 

variable, separated by comma (,) 

1) Are you aware that mandarin decline is caused by pests or diseases?, # 

Aware, RAACD 

2) Do you know pests or diseases most responsible for mandarin decline?, # 

Knew, RAKPD 

3) Could you mention names of pests/diseases or describe morphological 

characteristics of pests or symptoms of diseases causing mandarin 

decline?, % pests/diseases mentioned to total pests and diseases 

mentioned by respondents, RAMPD 

4) Could you mention names of pests/diseases or describe morphological 

characteristics of pests or symptoms of diseases causing mandarin 

decline?, % mentioning or describing ants, aphids, and psyllids, RAMDC 

5) Could you mention names of pests/diseases or describe morphological 

characteristics of pests or symptoms of diseases causing mandarin 

decline?, % mentioned or describing HLB, RAMHL 

6) Do you know that pests/diseases could move an spread from one place to 

another?, # Knew, RAPDS 

7) Do you know from what village pests and diseases in this village come 

from?, # Knew, RAPDO 

8) Do you know that pests/disease could spread along with grafted 

seedlings?, # Knew, RSPDG 

9) Do you agree that grafted seedling could get diseases from budwood 

obtained from diseased trees?, # Agreed, RAGBD 

10) Do you agree that diseases spreading by means of grafted seedlings are 

the primary cause of mandarin decline here?, # Agreed, RAGCD 

11) How strict do you think seedling supervision and certification here in 

this district?, # Strict, RAGSI 

12) Have you received information from the government regarding available 

control measures to get rid of pests and diseases?, # Received, RMPDI 

13) Have you received California mixture from the government?, # Received, 

RMICM 

14) Have you received other pesticides from the government?, # Received, 

RMIOP 

15) Have you used local material to get rid of mandarin pests and diseases?, 

# Used, RMILM 

16) Could you mention what local material you have used?, % local material 

used to total material in use, RMNML 

17) Do you agree if the government asks you to do eradication?, # Agreed, 

RMWEr 

18) Do you agree to implement control measures simultaneously with all 

members of the community?, # Agreed, RMWAS 

19) How effective was use of California mixture to control diseases?, # 

Slightly effective, RMECM 

20) How effective was use of local material to control diseases?, # Slightly 

effective, RMELM 

21) Do you think reporting pests and diseases to extension officers or 

government important?, # Important, RCRGE 

22) Have the government ever asked you to report the present of pests and 

diseases or you do it on your own initiative?, # Asked, RCGAR 

23) Have the government responded appropriately when you reported the 

presence or asked about pests/diseases?, # Appropriately responded, 

RCGRA 

24) Have you attend meetings or training regarding pests or diseases?, # 

Attended, RCAMT 

25) How many time have you attended training regarding pests or diseases?, 

Average number of meeting or training attended, RCNMT 

26) Do you think that attending such meetings and training would be more 

useful if you receive printed handouts or brochures?, # Useful with 

printed material, RCPMT 

27) Do you think that extension officers need to come to talk with people 

more than what they have done?, # Needed to come, RCEEO 
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B. Codes and data 
Line 1-2: variable code as explained above (point A) 

Colum 1: SUB=sub-village in each village 

SUB RAACD RAKPD RAMPD RAMDC RAMHL RAPDS RAPDO RSPDG RAGBD RAGCD RAGSI RMPDI 

RMICM RMIOP RMILM RMNML RMWEr RMWAS RMECM RMELM RCRGE RCGAR RCGRA RCAMT 

RCNMT RCPMT RCEEO 

FAT1 9 5 4 3 0 10 0 2 1 2 0 0 0 0 2 11 10 11 0 0 11 2 1 3 1.0 2 3 

FAT2 6 2 11 5 14 7 0 0 0 0 0 0 0 0 0 0 6 7 0 0 7 0 0 2 0.5 1 2 

FAT3 12 10 12 25 17 12 0 2 1 1 0 0 0 1 0 0 12 12 0 1 12 0 0 3 1.0 3 4 

TUN1 5 1 11 0 0 10 0 1 0 1 0 0 1 1 0 0 10 10 0 0 10 2 1 1 2.5 3 4 

TUN2 4 4 13 17 0 8 0 0 0 0 0 0 0 0 0 0 8 8 0 0 8 0 0 4 1.8 2 4 

TUN3 12 12 13 14 25 12 0 0 0 0 0 0 2 5 0 0 11 12 1 0 12 1 1 7 1.4 5 8 

AJA2 6 5 12 28 0 6 0 0 0 0 0 0 5 6 0 0 5 6 1 0 6 0 0 3 3.0 3 5 

AJA3 10 4 10 9 0 11 0 1 1 1 0 0 0 2 3 14 10 11 2 1 11 2 2 5 3.0 9 6 

AJA4 13 11 11 21 0 12 0 1 1 1 0 0 3 7 6 11 13 13 1 2 13 4 3 5 3.4 5 6 

EON1 5 4 11 27 20 5 0 3 2 3 0 0 1 0 2 11 5 5 1 0 5 2 1 1 2.0 1 1 

EON2 13 9 9 12 14 14 0 4 4 4 0 0 5 0 4 8 13 14 1 0 14 4 2 5 3.0 5 7 

EON4 8 6 15 24 18 10 0 3 3 3 0 1 0 1 0 0 11 10 0 0 11 0 0 5 2.4 3 7 

NET1 8 6 13 17 20 9 0 2 2 2 0 1 0 2 5 11 10 9 2 2 10 6 5 3 2.0 2 4 

NET2 8 5 11 17 0 10 0 4 2 4 0 0 1 2 7 8 10 10 1 1 10 2 2 2 2.0 2 3 

OEL1 20 12 11 17 15 20 0 7 6 6 1 1 3 0 5 8 19 19 1 1 20 4 3 9 1.1 8 8 

OEL2 6 5 11 11 0 6 0 4 2 4 2 0 2 1 0 0 6 6 0 0 6 1 1 2 1.0 1 3 

OEL4 4 4 11 8 25 4 0 0 0 0 0 0 0 0 1 9 4 4 0 0 4 0 0 1 0.0 0 1 

BIN1 19 9 9 10 10 20 0 3 3 3 0 3 1 1 4 15 20 19 1 0 19 4 3 3 0.8 2 6 

BIN2 10 7 9 30 0 10 1 5 5 5 1 2 3 0 0 0 10 9 1 0 10 0 0 3 1.0 3 3 

KES1 9 4 13 22 11 9 0 2 2 2 0 1 2 0 1 9 9 9 0 0 9 1 1 2 1.0 1 4 

KES3 9 8 13 33 33 9 0 6 4 6 0 0 0 0 1 9 9 9 1 0 9 1 1 2 2.0 2 4 

KES4 10 6 10 17 8 12 0 2 2 2 0 2 0 0 7 5 12 11 0 2 12 5 2 2 2.5 1 2 

BIL1 10 8 10 23 10 10 1 3 1 3 0 2 0 0 3 9 10 9 0 0 10 2 1 1 0.3 1 3 

BIL2 6 4 6 14 0 6 0 4 2 4 0 1 0 0 1 14 7 5 0 0 7 2 1 1 1.0 1 3 

BIL3 12 9 10 18 23 13 0 4 3 4 0 1 0 0 2 5 13 12 0 0 12 2 1 3 0.8 3 4 

TOB1 6 5 8 11 11 9 0 2 2 2 0 2 1 3 1 0 8 8 1 0 8 0 0 2 0.7 1 2 

TOB2 15 10 9 14 6 17 1 5 3 5 0 0 2 3 2 11 15 13 1 0 17 2 1 3 1.0 2 5 

TOB3 4 4 3 8 0 4 0 1 0 1 0 0 0 1 0 0 4 4 0 0 4 0 0 0 0.0 0 1 

FUT1 6 5 7 12 0 11 3 0 0 0 0 1 0 1 0 0 10 9 0 0 11 0 0 0 1.0 0 0 

FUT2 8 7 8 17 0 9 1 1 1 1 0 1 0 0 0 0 6 8 0 0 10 0 0 1 1.0 1 1 

FUT3 5 5 9 15 0 9 2 3 1 3 0 2 0 0 1 5 9 8 0 0 9 1 1 1 0.3 1 3 

BAS1 3 2 19 13 0 8 0 0 0 0 0 0 0 0 2 11 8 8 0 0 8 2 1 0 1.0 0 0 

BAS2 8 4 3 4 0 8 1 6 4 6 0 1 0 0 0 0 8 8 0 0 8 0 0 1 1.0 2 3 

BAS3 14 11 11 17 7 14 0 8 7 8 0 0 0 0 0 0 14 14 0 0 14 0 0 4 1.0 2 5 

KUA1 15 14 11 27 13 15 0 9 6 8 0 1 0 0 2 7 15 15 0 0 14 2 1 3 0.8 1 6 

KUA2 6 2 11 11 0 6 0 4 4 3 0 1 0 0 0 0 6 6 0 0 6 0 0 1 1.0 1 1 

KUA3 9 8 17 33 67 9 0 2 2 2 0 0 0 0 6 7 9 7 0 1 9 5 4 2 1.0 0 2 

KAK1 4 3 19 42 50 4 1 1 1 1 0 1 0 0 0 0 4 4 0 0 4 0 1 1 0.5 1 1 

KAK2 16 12 13 17 25 16 0 6 6 6 0 2 0 0 0 0 16 16 0 0 16 0 3 3 0.6 2 3 

KAK3 9 8 19 17 40 10 0 4 4 4 0 1 0 0 5 9 10 10 0 1 10 4 2 0 0.0 0 2 

LEM1 9 9 15 48 11 9 0 5 2 5 1 0 2 4 6 12 5 9 1 1 9 4 4 3 1.8 4 6 

LEM2 11 11 10 30 0 10 0 3 1 3 0 0 1 4 10 15 5 8 1 3 11 3 2 5 1.5 5 7 

SUA1 11 10 9 22 33 12 2 7 5 7 1 0 0 1 7 15 7 11 0 1 12 4 2 3 1.3 3 6 

SUA2 7 7 17 26 22 9 3 5 3 5 0 0 0 0 4 11 5 9 0 0 9 4 1 1 0.0 0 4 

SAE1 10 9 9 30 10 10 1 8 4 8 4 0 0 4 10 16 8 9 0 2 10 3 1 1 1.0 1 5 

SAE2 6 6 12 20 40 7 0 3 2 2 2 0 0 0 10 23 9 10 0 4 10 3 2 2 2.0 2 4 

FAN1 5 3 7 20 0 4 0 2 2 2 0 0 0 1 4 11 1 5 0 0 5 2 0 0 1.0 1 1 

FAN2 6 5 9 20 0 7 0 6 4 6 0 2 0 1 6 17 5 7 0 2 10 3 2 2 1.0 1 5 

FAN3 2 2 8 33 0 3 0 3 3 3 1 1 0 0 2 9 0 2 0 0 3 1 1 1 0.5 1 1 

FAN4 10 8 10 25 0 9 0 5 4 5 0 1 0 1 12 16 1 11 0 2 12 4 1 1 0.5 1 5 
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Appendix 7.1b. Factor scores resulting from factor analysis of community 
biosecurity 21 variables using maximum likelihood method with 
varimax rotation 

 

Sub-

village 

Original Factor Scores Rescaled Factor Scores Composite 

Factor 1 Factor 2 Factor 3 CBI1 CBI2 CBI3 CBI 

Risk 

management 

Risk 

assessment 

Risk com-

munication 

Risk 

management 

Risk 

assessment 

Risk com-

munication 

Risk 

Analysis 

AJA2 -0.99826 -0.70574 3.24253 0.09130 0.21560 1.00000 1.30689 

AJA3 0.17070 -0.60241 2.29939 0.38311 0.23937 0.78704 1.40952 

AJA4 0.81947 -0.78957 1.80115 0.54507 0.19631 0.67453 1.41590 

BAS1 0.33609 -1.64277 -1.11639 0.42440 0.00000 0.01574 0.44014 

BAS2 -1.36398 1.71341 -0.56624 0.00000 0.77220 0.13997 0.91217 

BAS3 -1.20750 0.98901 -0.37620 0.03906 0.60553 0.18288 0.82747 

BIL1 0.06873 -0.30639 -0.76094 0.35765 0.30748 0.09600 0.76114 

BIL2 -0.20397 0.84014 -0.74791 0.28958 0.57128 0.09895 0.95980 

BIL4 -0.42264 -0.13871 -0.30072 0.23499 0.34606 0.19992 0.78097 

BIN1 0.07652 -0.86717 -0.42803 0.35960 0.17845 0.17118 0.70923 

BIN2 -1.20569 0.88482 0.60201 0.03951 0.58156 0.40376 1.02483 

EON1 0.14375 1.20516 0.64931 0.37638 0.65526 0.41444 1.44609 

EON2 -0.11045 0.03478 1.16792 0.31292 0.38598 0.53155 1.23045 

EON4 -0.91536 -0.12568 0.43758 0.11199 0.34906 0.36663 0.82768 

FAT1 -0.10753 -0.71752 -0.37252 0.31365 0.21288 0.18371 0.71025 

FAT2 -0.75404 -1.43162 -0.45412 0.15226 0.04858 0.16529 0.36613 

FAT3 -0.73976 -0.63867 0.00099 0.15583 0.23103 0.26805 0.65490 

FAN1 1.17206 0.05346 -0.60677 0.63308 0.39027 0.13082 1.15418 

FAN2 1.18024 0.86753 -0.69606 0.63513 0.57758 0.11065 1.32336 

FAN3 0.39094 2.70348 -0.11456 0.43809 1.00000 0.24196 1.68005 

FAN4 1.97166 0.02558 -0.86338 0.83269 0.38386 0.07287 1.28943 

FUT1 -0.59573 -1.55765 -1.04900 0.19178 0.01958 0.03096 0.24233 

FUT2 -0.67037 -1.07157 -0.71222 0.17315 0.13142 0.10701 0.41158 

FUT3 -0.46964 -0.16750 -0.90530 0.22326 0.33944 0.06341 0.62610 

KAK1 -0.77775 -0.31537 -0.06363 0.14634 0.30541 0.25346 0.70522 

KAK2 -0.94076 0.15110 -0.51761 0.10565 0.41274 0.15095 0.66934 

KAK3 0.74002 -0.02384 -1.18611 0.52523 0.37249 0.00000 0.89772 

KES2 -0.40648 -0.49726 -0.21182 0.23903 0.26356 0.22000 0.72259 

KES3 -0.69465 1.48374 0.24388 0.16709 0.71936 0.32290 1.20934 

KES4 1.05347 -0.81866 -0.21337 0.60348 0.18961 0.21965 1.01274 

KUA1 -0.64565 1.01873 -0.64550 0.17932 0.61237 0.12207 0.91376 

KUA2 -1.31794 1.36084 -0.65137 0.01149 0.69108 0.12075 0.82332 

KUA3 1.43202 -0.68630 -0.45515 0.69798 0.22007 0.16505 1.08310 

LEM1 1.01061 1.14997 1.58192 0.59278 0.64256 0.62503 1.86037 

LEM2 1.83411 -0.16017 1.37162 0.79835 0.34112 0.57754 1.71702 

NET1 1.30856 -0.50564 0.87442 0.66716 0.26163 0.46527 1.39407 

NET2 0.84949 0.26500 0.36864 0.55256 0.43895 0.35107 1.34257 

OEL1 -0.19461 0.21156 0.75335 0.29192 0.42665 0.43794 1.15650 

OEL2 -1.13446 1.52238 0.26768 0.05730 0.72825 0.32827 1.11381 

OEL4 -0.01581 -1.54861 -0.76665 0.33655 0.02166 0.09472 0.45293 

SAE1 1.64833 1.73192 -0.33586 0.75198 0.77646 0.19199 1.72043 

SAE2 2.64187 -0.38777 -0.14356 1.00000 0.28875 0.23541 1.52417 

SUA1 0.76099 1.21115 0.06092 0.53047 0.65664 0.28158 1.46869 

SUA2 0.36939 0.68252 -1.12227 0.43271 0.53501 0.01442 0.98214 

TOB1 -0.67968 -0.43974 -0.02178 0.17083 0.27680 0.26291 0.71053 

TOB2 -0.34697 -0.20780 -0.19640 0.25388 0.33016 0.22348 0.80752 

TOB3 -0.84917 -0.49299 -1.02132 0.12851 0.26455 0.03721 0.43027 

TUN1 -0.64431 -0.93552 0.00977 0.17965 0.16273 0.27003 0.61241 

TUN2 -0.77655 -1.28154 0.32149 0.14664 0.08311 0.34042 0.57018 

TUN3 -0.78933 -1.04213 1.56822 0.14345 0.13820 0.62194 0.90359 

Variance 

explained 

       

MIN -1.36398 -1.64277 -1.18611 0.00000 0.00000 0.00000 0.24233 

MAX 2.64187 2.70348 3.24253 1.00000 1.00000 1.00000 1.86037 

RANGE 4.00585 4.34625 4.42864 1.00000 1.00000 1.00000 1.61805 
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Appendix 7.2a. Questions, variables, codes and data of social capital 
 
C. Questions, variables, and codes 

Each question is followed by the measurement and the code assigned for the 

variable, separated by comma (,) 

1) Could you mention all sorts of groups currently either you or your 

family is a member?, Average number of groups joined, GNNGJ 

2) Do you think joining those groups is beneficial for you and your 

family?, # Beneficial, GNBEN 

3) How diverse are those groups you or your family joining with regard to 

ethnic, origin, religion, sex, education and job?, # Diverse, GNDIG 

4) How many meetings or group activities did you attend in the last three 

months?, Average number of meetings and group activities, GNMEG 

5) Do those groups you and your family joining maintain contacts with 

other groups and the government?, # Maintain contacts, GNCNT 

6) How many friends do you have to share, discuss, and ask for information 

and things related to job?, Average number of friends, GNFRD 

7) How diverse are your friends with regard to ethnic, origin, religion, 

sex, education and job?, # Diverse, GNDIF 

8) Do you have someone among village elders and leaders who you can talk 

about your problems?, # Have contacts, GNELD 

9) Do you have someone in the village, sub-district, or district 

government who you can talk about your problems?, # Have contacts, 

GNGOV 

10) How many times have you met your friend within the last three months?, 

Average number of meeting friends, GNMEF 

11) According to your own experience, could you trust your neighbours?, # 

Trust, TSNBR 

12) Do you believe most people here will not do something that could put 

other in difficult situation?, # Believe, TSDCT 

13) How do you trust government officers, local parliament members, 

extension officers, and NGO activists?, #Trust, TSGOV 

14) Are you willing to contribute labour, material, and money to a 

community project not supported by the government?, # Willing, TSCTB 

15) Are you willing to contribute even in a case that you and your family 

do not have enough to share?, # Willing, TSENE 

16) Have you joined community actions within the past year?, # Join, JCJAC 

17) How often have you joined such actions?, Average number of joining in 

the last three months, JCFRE 

18) If there two joint actions that you are required to attend at the same 

time, which one will you attend, that involving relatives and 

neighbours or that involving people from the whole villages?, # Choose 

to attend joint actions involving people from the whole village, JCPRI 

19) How easy do you think people in this community to get involved in joint 

actions?, # Easy, JCEAS 

20) Do you think people in this village will act voluntarily in case of 

disaster?, # Act voluntarily, JCDIS 

21) Have you exchanged information with other people in this village within 

the past year?, % Exchange information, ICEXC 

22) How often have you exchanged information within the past three month?, 

Average number within the past three month, ICFRE 

23) In a situation that you to choose to share information either with your 

relatives or with anyone in the community, which one do you choose to 

share?, # Share with anyone, ICCOM 

24) Could you mention what means usually do you use to get information?, 

Average number of information sources, ICMEA 

25) In the past three months, how many time did you get together with other 

in a party or things like that?, Average number of getting together in 

the last three months, HCTGT 

26) How diverse are those people attending the party with regard to ethnic, 

origin, religion, education, job?, # Diverse, HCDIV 

27) Regardless of being diverse in terms of ethnic, origins, religion, 

education, and job, do you think people here live in harmony?, # In 

harmony, HCLIV 

28) Regardless of being diverse in terms of ethnic, origins, religion, 

education, and job, do you think living here safe?, # Safe, HCSAV 
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29) Regardless of wealth you own, do you think your life here happy?, # 

Happy, EDHAP 

30) In general, do you think your life has changed as you are expecting?, # 

Changed as expected, EDCHG 

31) In the last three months, how often have you made decisions to make 

changes in your community?, Average number of involved in decision 

making, EDFRE 

32) Do you agree that the government have worked hard to improve the 

community?, # Agree, EDIMP 

 
D. Codes and data 

Line 1-2: variable code as explained above (point A) 

Colum 1: SUB=sub-village in each village 

SUB GNNGJ GNBEN GNDIG GNMEG GNCNT GNFRD GNDIF GNELD GNGOV GNMEF TSNBR TSDCT 

TSGOV TSCTB TSENE JCJAC JCFRE JCPRI JCEAS JCDIS ICEXC ICFRE ICCOM ICMEA 

HCTGT HCDIV HCLIV HCSAV EDHAP EDCHG EDFRE EDIMP 

FAT1 1.5 12 10 1 10 5.5 5 12 3 1.9 9 0 8 12 12 12 13.3 12 12 12 12 5.8 3 

1.5 5.3 12 0 12 12 12 1.0 11 

FAT2 1.0 6 5 1 6 5.9 3 7 3 2.3 7 0 4 7 7 7 5.0 7 7 7 7 5.6 2 1.3 5.7 7 0 7 

7 7 1.0 6 

FAT3 1.3 6 5 1 5 6.3 4 10 3 2.5 8 0 6 10 10 10 6.6 10 10 10 10 5.8 2 1.3 

7.0 9 0 10 10 10 1.0 9 

TUN1 1.0 10 8 1 9 5.7 4 11 7 4.0 9 0 11 11 2 11 13.3 3 11 11 11 6.2 3 1.4 

5.4 11 0 10 11 11 4.0 11 

TUN2 1.0 8 5 1 6 5.4 4 9 5 3.3 7 0 9 9 0 9 10.2 1 9 9 9 5.1 1 1.4 6.7 9 0 9 

9 9 4.0 9 

TUN3 1.0 8 7 1 8 4.8 4 10 5 3.2 8 0 10 10 0 10 6.6 2 10 10 10 3.5 2 1.5 4.7 

10 0 9 10 10 4.0 10 

AJA2 3.0 8 5 1 8 4.6 3 8 6 3.1 9 0 8 8 0 8 12.5 8 8 8 8 4.4 2 1.6 6.3 8 8 0 

8 8 8.0 8 

AJA3 2.8 8 5 1 8 4.9 3 8 8 3.3 7 0 8 8 0 8 8.1 7 8 8 8 5.8 1 2.1 5.5 8 7 1 

8 8 8.0 8 

AJA4 2.6 14 10 1 14 5.4 6 14 11 3.3 11 0 14 14 0 14 9.4 14 14 14 14 5.9 4 

2.1 6.1 14 14 0 14 14 8.0 14 

EON1 2.0 9 8 1 9 5.3 6 10 10 3.0 9 0 8 10 0 10 7.7 0 10 10 10 5.9 0 2.0 7.1 

10 0 10 10 10 5.0 10 

EON2 1.4 9 8 1 9 5.7 5 9 9 3.2 8 0 7 9 0 9 11.7 0 9 9 9 4.4 2 2.6 4.3 9 0 9 

9 9 5.0 9 

EON4 2.4 9 8 1 9 5.4 5 10 10 3.1 8 0 8 10 0 10 8.2 0 10 10 10 6.7 3 1.8 6.8 

10 0 9 10 10 5.0 10 

NET1 2.8 13 9 1 13 4.7 6 15 12 3.1 14 0 15 15 0 14 9.4 0 15 15 15 6.2 3 2.2 

4.9 15 0 15 15 15 6.0 15 

NET2 3.6 5 3 1 4 5.2 2 5 5 2.8 5 0 5 5 0 5 14.0 0 5 5 5 4.0 0 1.0 4.6 5 0 5 

5 5 6.0 5 

OEL1 1.3 10 8 1.9 6 22.9 6 9 9 6.7 2 10 9 2 0 10 8.1 3 7 9 4 9.8 3 2.2 5.9 

10 0 10 10 10 2.6 6 

OEL2 1.7 10 8 1.8 6 30.8 6 10 8 7.1 1 9 8 2 0 10 11.1 0 8 10 6 15.3 3 2.0 

9.5 10 0 10 10 10 2.9 6 

OEL4 1.3 11 8 2.1 3 28.6 6 10 7 6.9 7 5 6 4 0 8 6.0 0 1 10 8 15.0 0 1.4 

13.2 8 2 9 7 8 4.1 6 

BIN1 1.5 15 6 2.1 5 28.0 6 10 9 6.7 6 4 8 6 1 10 17.1 2 9 10 6 17.5 2 2.1 

19.4 10 0 8 8 10 5.5 6 

BIN2 1.6 15 5 2 3 34.1 6 10 8 5.4 9 3 9 10 1 10 10.2 5 9 10 9 18.9 3 1.6 

12.2 10 0 6 6 8 3.4 6 

KES1 3.0 3 7 2 4 16.9 2 7 11 8.1 4 4 7 0 0 6 5.7 4 5 5 5 9.1 2 2.0 7.3 7 1 

7 6 7 3.0 7 

KES3 3.4 7 8 2 0 28.8 3 8 12 5.4 8 0 7 0 0 8 9.6 2 0 5 8 13.1 0 1.9 13.8 8 

0 6 7 8 4.5 8 

KES4 3.0 9 14 1.67 8 20.0 3 15 10 5.1 9 7 13 0 0 15 2.8 6 6 15 15 2.7 11 

2.6 3.7 15 0 14 15 15 2.5 15 

BIL1 2.9 15 7 2.45 6 27.6 9 11 7 3.7 9 2 9 4 3 11 12.5 3 7 11 10 9.3 3 1.7 

12.2 9 0 9 7 10 6.8 9 

BIL2 2.7 3 2 2 1 10.7 3 3 5 3.8 3 1 2 2 1 3 2.7 0 1 3 3 3.0 0 2.0 3.0 3 0 3 

3 3 6.7 3 

BIL3 2.9 16 10 2.38 7 13.5 15 15 6 6.3 11 7 13 7 1 15 2.7 3 8 15 11 2.5 2 

2.1 3.2 14 0 16 16 16 1.9 12 
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TOB1 1.2 10 8 2 2 26.5 6 10 8 8.1 3 8 6 2 0 9 13.2 0 3 8 3 15.0 1 1.4 10.5 

10 0 10 7 9 3.4 10 

TOB2 1.1 10 8 2 10 17.6 6 10 8 8.6 0 10 9 0 0 10 3.5 0 10 10 5 2.0 5 1.4 

4.0 10 0 9 10 10 2.2 10 

TOB3 1.0 10 8 2 3 42.5 6 10 7 8.6 0 10 5 0 0 9 5.0 2 3 10 1  0 1.0 4.0 10 0 

10 10 10 2.0 10 

FUT1 3.1 9 8 1.22 1 7.4 7 8 6 2.4 9 8 5 9 1 9 8.6 1 9 9 9 4.6 3 1.7 5.8 9 7 

9 7 7 5.3 6 

FUT2 4.2 10 8 1 2 6.0 7 9 4 2.2 10 9 6 10 1 10 6.9 2 10 10 10 4.1 7 1.7 6.7 

8 2 10 10 10 4.2 8 

FUT3 3.4 9 5 1 2 7.6 6 9 5 1.4 9 8 5 9 2 9 9.8 5 9 9 9 6.0 0 1.9 9.4 9 2 9 

9 9 5.7 7 

BAS1 1.0 2 1 2.5 0 7.1 1 9 4 6.8 0 0 8 0 0 10 5.3 9 10 10 6 3.7 3 1.0 10.6 

8 0 5 10 10 4.6 8 

BAS2 1.2 10 5 1.8 1 11.7 1 10 6 2.5 1 0 6 0 0 10 9.5 10 10 8 9 8.2 2 0.9 

9.6 7 0 1 10 10 5.3 7 

BAS3 1.5 8 3 4 2 22.2 3 8 5 1.7 10 7 1 1 1 10 7.4 0 8 9 2 6.5 0 1.0 9.2 4 7 

10 3 4 0.4 1 

KUA1 1.2 13 6 1.36 0 33.3 3 11 8 3.6 7 4 10 3 0 10 7.8 9 11 11 8 9.6 0 1.3 

12.8 5 0 3 11 11 3.4 7 

KUA2 1.0 9 2 1.29 0 27.7 2 9 9 4.5 5 0 8 0 0 9 25.9 9 9 9 6 6.7 1 1.8 28.3 

7 0 3 9 9 8.6 6 

KUA3 1.0 5 3 2.8 1 34.0 4 8 7 4.2 6 4 3 1 0 10 4.1 3 8 9 6 3.4 2 1.3 10.6 4 

4 9 10 8 0.2 1 

KAK1 1.0 3 2 1 0 23.2 2 9 4 1.0 4 7 7 0 0 9 8.0 4 10 9 8 6.1 2 0.9 13.3 7 1 

4 9 9 8.8 4 

KAK2 1.4 8 5 1.63 5 23.8 4 8 6 3.8 6 6 6 3 0 8 4.1 2 8 9 6 4.4 3 1.6 14.1 5 

1 6 8 8 7.4 4 

KAK3 1.4 7 4 1.71 2 17.5 3 9 5 2.6 4 7 8 2 2 9 6.5 0 7 11 8 5.7 1 1.0 10.8 

7 1 7 10 9 2.4 5 

LEM1 3.7 9 6 1.11 3 9.4 8 9 6 3.3 9 9 5 9 1 9 6.9 4 9 9 9 4.6 5 2.3 10.0 9 

4 8 9 9 3.7 6 

LEM2 4.0 10 8 1.3 4 7.5 7 10 8 3.1 10 10 5 10 0 10 7.6 5 10 10 10 4.3 7 1.8 

6.7 10 5 10 10 10 4.4 7 

SUA1 3.6 10 5 1.22 4 9.7 7 9 9 2.3 9 8 4 9 1 9 10.0 9 9 9 9 8.0 7 2.4 8.7 9 

2 9 9 9 7.4 8 

SUA2 3.1 11 6 1 4 9.6 7 11 8 1.9 11 11 6 11 3 11 10.8 6 10 11 11 11.4 7 2.6 

12.9 11 2 11 11 11 5.3 9 

SAE1 3.6 10 9 1.3 2 9.7 6 10 6 2.6 9 10 6 10 2 10 11.4 4 10 10 10 6.1 7 2.5 

8.1 10 7 10 10 10 5.4 8 

SAE2 3.5 8 8 1.13 0 8.8 6 8 5 3.6 8 8 5 8 4 8 12.9 2 8 8 8 8.0 8 2.4 10.1 8 

5 8 8 8 7.0 6 

FAN1 3.2 10 8 1.1 2 7.9 8 10 4 1.6 10 10 7 10 3 10 10.1 7 10 10 10 6.0 6 

2.4 7.5 10 2 10 10 10 5.1 7 

FAN2 2.8 11 7 1 3 7.0 9 11 3 1.3 11 11 8 11 7 11 8.6 5 11 11 11 5.9 5 2.4 

9.5 11 1 11 11 11 4.6 8 

FAN3 3.2 5 4 1 1 6.8 5 5 2 1.2 5 5 4 5 3 5 13.2 4 5 5 5 7.4 0 2.4 11.2 5 0 

5 5 5 6.0 3 

FAN4 3.0 4 2 1 1 6.5 3 4 1 1.3 4 4 2 4 2 4 7.0 4 4 4 4 5.8 4 2.5 8.5 4 2 4 

4 4 5.5 3 
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Appendix 7.2b. Factor scores resulting from factor analysis of social capital 20 
variables using maximum likelihood method with varimax 
rotation 

 

Sub-

village 

Original Factor Scores Rescaled Factor Scores Composite 

Factor1 Factor2 Factor3 Factor4 SCI1 SCI2 SCI3 SCI4 SCI 

        Network 

and 

engage-

ment 

Reciproc

-ity, 

exchange

, and 

trust 

Connecte

dness 

and 

group 

relation

s 

Personal 

relation

s and 

decision 

making 

 

AJA2 0.52624 1.10008 -0.20775 -0.29358 0.90657 0.88947 0.36264 0.25393 2.41261 

AJA3 0.75664 0.53052 -0.25946 -0.40901 0.94428 0.74863 0.34835 0.23052 2.27178 

AJA4 0.82494 0.21906 -0.43863 -0.38177 0.95546 0.67161 0.29883 0.23605 2.16195 

BAS1 0.10272 -2.49687 -0.10033 0.20151 0.83724 0.00000 0.39233 0.35434 1.58391 

BAS2 0.42879 -2.19165 -1.21289 0.88013 0.89061 0.07548 0.08485 0.49197 1.54291 

BAS3 -5.01187 0.25753 0.39674 -0.13264 0.00000 0.68112 0.52971 0.28657 1.49740 

BIL1 -0.23881 0.53778 0.73973 0.79021 0.78133 0.75042 0.62450 0.47374 2.62999 

BIL2 0.07079 1.13351 0.74609 -0.36623 0.83201 0.89774 0.62626 0.23920 2.59520 

BIL4 -0.48142 -0.21105 0.74946 -1.01035 0.74162 0.56525 0.62719 0.10856 2.04261 

BIN1 0.44882 0.11134 1.52804 1.02972 0.89389 0.64497 0.84237 0.52231 2.90354 

BIN2 -0.51318 0.87642 1.15848 0.42232 0.73642 0.83416 0.74023 0.39913 2.70994 

EON1 0.46608 0.54407 -0.23027 -0.63593 0.89672 0.75198 0.35642 0.18450 2.18961 

EON2 0.43648 0.51435 -0.16449 -0.98356 0.89187 0.74463 0.37460 0.11399 2.12509 

EON4 0.53358 0.27745 -0.30497 -0.68787 0.90777 0.68605 0.33577 0.17396 2.10355 

FAT1 0.12938 -0.50364 -1.51989 -1.06165 0.84160 0.49289 0.00000 0.09816 1.43265 

FAT2 -0.16571 0.13216 -1.21996 -0.82373 0.79330 0.65012 0.08289 0.14641 1.67272 

FAT3 0.12151 -0.41713 -1.41370 -0.55523 0.84031 0.51429 0.02935 0.20087 1.58481 

FAN1 0.03338 0.67550 -0.80187 0.11617 0.82589 0.78448 0.19844 0.33703 2.14584 

FAN2 0.07225 0.53721 -1.09263 0.22563 0.83225 0.75028 0.11808 0.35923 2.05985 

FAN3 0.24077 0.71501 -0.92693 0.55252 0.85984 0.79425 0.16388 0.42553 2.24349 

FAN4 0.04604 0.52415 -1.17748 0.31423 0.82796 0.74705 0.09463 0.37720 2.04685 

FUT1 -1.08379 0.85461 -0.28132 -0.72275 0.64301 0.82877 0.34231 0.16689 1.98098 

FUT2 -0.43264 0.57211 -0.77870 -0.27784 0.74960 0.75891 0.20485 0.25712 1.97048 

FUT3 0.14932 0.69053 -0.83272 0.29719 0.84487 0.78819 0.18992 0.37375 2.19672 

KAK1 0.42760 -1.31526 -1.38962 2.31027 0.89042 0.29219 0.03600 0.78203 2.00064 

KAK2 -1.47271 -0.61414 -0.08526 1.07386 0.57935 0.46557 0.39649 0.53127 1.97268 

KAK3 -0.76744 -1.40814 -0.89787 0.61291 0.69480 0.26923 0.17191 0.43778 1.57371 

KES2 0.70442 0.13886 2.09840 -0.58446 0.93573 0.65177 1.00000 0.19494 2.78245 

KES3 0.59400 1.54706 2.07633 0.97363 0.91766 1.00000 0.99390 0.51094 3.42250 

KES4 0.55122 -0.14735 0.71407 -0.60700 0.91066 0.58100 0.61741 0.19037 2.29943 

KUA1 0.03311 -0.55564 -0.07724 1.83774 0.82584 0.48004 0.39871 0.68619 2.39078 

KUA2 1.09701 -0.24565 0.65492 3.38503 1.00000 0.55669 0.60106 1.00000 3.15775 

KUA3 -2.60413 -0.82755 0.20075 0.91062 0.39414 0.41280 0.47554 0.49816 1.78063 

LEM1 -0.67373 0.48985 -0.28389 -0.00497 0.71014 0.73857 0.34160 0.31247 2.10277 

LEM2 -0.05812 0.87849 -0.13095 -0.22837 0.81091 0.83467 0.38387 0.26716 2.29661 

NET1 0.49181 0.60034 -0.26457 -0.66818 0.90093 0.76589 0.34694 0.17796 2.19172 

NET2 0.39567 0.74394 -0.29533 -0.58219 0.88519 0.80140 0.33844 0.19540 2.22043 

OEL1 -0.00378 -1.45496 0.89552 -0.72900 0.81980 0.25765 0.66756 0.16562 1.91063 

OEL2 0.62001 -1.48491 1.04219 -0.12892 0.92192 0.25024 0.70809 0.28733 2.16758 

OEL4 -0.61750 0.26554 1.51333 0.34160 0.71934 0.68310 0.83830 0.38275 2.62350 

SAE1 0.19372 0.69474 -0.24388 -0.05618 0.85213 0.78923 0.35266 0.30208 2.29610 

SAE2 0.27281 1.04617 0.09159 0.22183 0.86508 0.87614 0.44537 0.35846 2.54505 

SUA1 0.31422 0.95348 -0.28686 0.40826 0.87186 0.85322 0.34078 0.39627 2.46213 

SUA2 0.32936 0.87883 -0.48593 0.57010 0.87434 0.83476 0.28576 0.42910 2.42395 

TOB1 0.13942 -0.94809 1.73334 -0.55507 0.84325 0.38299 0.89911 0.20090 2.32624 

TOB2 0.68220 -2.03167 1.14205 -1.54563 0.93210 0.11504 0.73569 0.00000 1.78282 

TOB3 0.36819 -2.02467 1.64923 -0.97422 0.88069 0.11677 0.87586 0.11589 1.98921 

TUN1 0.51539 0.04540 -0.38165 -0.95405 0.90479 0.62866 0.31458 0.11998 1.96801 

TUN2 0.54113 -0.10525 -0.62823 -0.61958 0.90900 0.59141 0.24643 0.18781 1.93466 

TUN3 0.46584 -0.10249 -0.71498 -0.89553 0.89668 0.59209 0.22246 0.13185 1.84308 

Variance 

explained 

         

MIN -5.01187 -2.49687 -1.51989 -1.54563 0.00000 0.00000 0.00000 0.00000 1.43265 

MAX 1.09701 1.54706 2.09840 3.38503 1.00000 1.00000 1.00000 1.00000 3.42250 

RANGE 6.10888 4.04393 3.61829 4.93066 1.00000 1.00000 1.00000 1.00000 1.98984 
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Appendix 7.a. Questions, variables, codes and data of household 
characteristics 

 
E. Questions, variables, and codes 

Each question is followed by the measurement and the code assigned for the 

variable, separated by comma (,) 

1) How old are you now?, Age of household head (year), HCAGE 

2) What school have you finished?, # household head finishing elementary 

up to senior high schools, HCEDU 

3) Since when have you stayed in this village?, Length of stay in the 

community, HCLSV 

4) How old are you and your wife?, Average age of wife (year), HCWAG 

5) Please mention those who live with you and with whom you share food 

together, Average household size, HCSIZ 

6) Please mention names of household members and their sex, Sex ratio of 

the household, HCSEX 

7) Please mention crops you produce for staple food and their production, 

Tonnes calories equivalent of rice, maize, and grain legumes, HCFCP 

8) What crop do you sell, how many kilos and at what price?, # Kinds of 

crops sold for income, HCNCS 

9) What kind of domestic animals do you sell, how many animals and at what 

price?, # Kinds of domestic animals sold for income, HCNAS 

10) What crop do you sell, how many kilos and at what price?, Household 

income from crops and domestic animals (not including mandarins), HCICA 

11) How much money do you spend on average every month?, Household spending 

based on monthly estimates, HCASP 

 
F. Codes and data 

Line 1-2: variable code as explained above (point A) 

Colum 1: SUB=sub-village in each village 

SUB HCAGE HCEDU HCLSV HCWAG HCSIZ HCSEX HCFCP HCNCS HCNAS HCICA HCASP 

FAT1 46.7 54.6 44.0 41.6 5.0 1.6 7.8 3.1 1.5 1586.7 624.3 

FAT2 43.9 85.7 35.6 41.8 5.0 0.9 5.8 2.4 0.7 2332.1 1065.6 

FAT3 45.2 58.3 46.1 42.4 5.3 1.1 6.4 2.7 2.1 1615.6 326.0 

TUN1 40.7 70.0 39.5 36.8 6.0 1.1 2.8 1.9 1.1 1871.2 648.7 

TUN2 44.1 87.5 45.1 43.1 4.9 1.6 3.2 3.3 0.9 1814.0 463.3 

TUN3 44.2 92.3 40.4 41.2 5.2 1.4 9.6 2.1 3.0 1637.8 298.4 

AJA2 41.8 66.7 42.8 36.4 5.3 1.2 3.8 2.3 1.8 1382.9 421.6 

AJA3 52.6 80.0 48.3 43.7 5.6 1.0 4.5 1.7 1.4 1647.9 991.5 

AJA4 47.3 85.7 44.6 41.5 5.4 1.0 8.9 2.1 1.9 2123.3 635.7 

EON1 41.2 80.0 42.2 36.2 7.4 1.5 5.0 1.8 1.8 897.3 551.4 

EON2 48.2 92.9 47.7 42.9 5.3 1.4 5.1 1.9 1.8 1230.0 583.8 

EON4 39.8 60.0 38.0 30.1 6.1 1.4 4.3 1.5 1.4 1170.8 475.7 

NET1 46.7 70.0 29.8 44.4 7.0 1.2 4.0 1.4 1.3 1462.0 380.0 

NET2 46.0 70.0 43.3 38.7 5.7 1.7 5.6 2.0 1.9 1873.6 470.3 

OEL1 53.6 81.8 52.8 46.5 4.9 1.5 8.4 1.3 2.0 1773.1 562.2 

OEL2 51.7 88.9 46.2 44.4 6.0 1.5 8.6 1.8 3.7 953.3 454.1 

OEL4 49.4 88.9 51.2 46.1 4.8 1.4 8.2 1.2 2.1 1006.4 597.7 

BIN1 53.6 64.3 37.6 41.4 5.3 0.8 7.2 1.8 0.9 699.6 442.3 

BIN2 50.9 81.3 48.6 44.6 5.8 1.3 8.2 2.1 2.0 2838.5 312.5 

KES1 55.7 100.0 39.4 46.6 5.1 1.0 4.3 0.7 2.4 1014.2 256.9 

KES3 50.3 77.8 34.0 39.1 5.0 1.2 6.3 0.4 2.1 783.8 389.2 

KES4 51.4 91.7 29.4 44.6 6.5 1.3 5.0 1.8 1.7 959.9 878.6 

BIL1 43.8 0.0 39.6 40.2 5.5 1.4 9.5 1.8 2.1 1945.0 423.2 

BIL2 43.7 188.9 36.9 40.0 5.6 1.4 7.7 2.0 2.2 1965.6 557.8 

BIL3 51.3 90.0 39.4 41.4 5.2 0.9 10.0 1.3 2.5 2202.4 481.9 

TOB1 52.9 88.9 48.8 45.4 6.0 1.2 6.1 2.0 1.3 2192.8 506.8 

TOB2 48.7 63.6 50.6 41.8 6.2 1.6 8.8 1.7 2.2 863.0 344.5 

TOB3 44.1 90.9 39.4 39.7 5.9 1.9 8.7 1.4 2.2 1656.1 559.5 

FUT1 42.6 81.8 43.6 35.6 5.2 1.4 5.9 1.6 1.4 209.9 467.6 

FUT2 43.8 40.0 44.2 38.7 4.9 1.0 7.2 1.2 1.8 636.5 667.2 

FUT3 44.1 88.9 43.2 37.4 5.9 1.9 7.1 1.2 1.6 108.2 648.7 

BAS1 53.1 80.0 47.2 46.7 4.8 1.3 4.8 2.5 2.0 258.4 538.4 

BAS2 43.0 100.0 41.7 38.9 5.5 1.1 9.4 3.1 2.1 371.9 239.2 

BAS3 48.0 170.0 48.1 47.3 5.6 1.2 8.6 2.3 2.0 144.9 540.5 

KUA1 45.1 72.7 44.5 42.9 4.8 1.2 8.5 2.2 2.0 455.0 235.1 
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KUA2 53.4 90.0 47.0 41.1 4.8 0.9 7.2 1.6 2.7 304.5 335.7 

KUA3 53.0 77.8 47.2 43.6 4.8 1.7 3.4 2.8 2.2 510.0 533.3 

KAK1 47.8 80.0 48.8 39.8 6.6 1.9 5.1 2.4 1.8 536.8 330.8 

KAK2 47.9 80.0 48.5 36.3 4.9 1.7 4.6 1.8 2.0 395.0 205.4 

KAK3 50.4 80.0 51.4 38.5 6.5 1.6 6.7 2.7 1.9 340.0 464.9 

LEM1 43.5 100.0 37.0 40.0 5.1 1.7 7.2 1.8 2.2 580.5 462.2 

LEM2 49.3 55.6 46.7 44.4 5.1 1.6 8.0 1.4 1.4 699.7 597.7 

SUA1 45.9 81.8 39.7 40.2 5.6 1.7 7.1 1.6 1.8 553.3 629.9 

SUA2 53.7 100.0 51.8 45.1 5.8 1.3 7.5 1.9 1.6 533.3 810.8 

SAE1 46.9 80.0 43.6 45.8 4.1 1.7 7.0 2.6 2.5 1037.9 752.4 

SAE2 49.2 60.0 42.9 46.0 5.4 1.1 6.3 2.0 2.0 1073.0 447.6 

FAN1 43.8 66.7 44.8 39.7 5.3 1.1 7.0 2.8 2.3 722.5 389.2 

FAN2 49.4 55.6 46.6 46.9 4.9 1.6 9.8 1.8 2.0 790.3 413.5 

FAN3 43.1 100.0 36.9 36.6 4.6 1.6 5.4 1.7 1.6 937.5 285.4 

FAN4 44.4 100.0 37.4 40.6 5.9 0.9 4.8 2.4 2.0 1372.1 237.8 
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Appendix 7.a. Questions, variables, codes and data of mandarin cultivation 
characteristics 

 
G. Questions, variables, and codes 

Each question is followed by the measurement and the code assigned for the 

variable, separated by comma (,) 

1) Since when have you planted mandarin until now?, Length of time 

engaging in citrus cultivation (years), MCLTC 

2) Do you plant your mandarins with or without other crops?, # Plant with 

other crops, MCPCC 

3) Please mention with what perennial crops your mandarins are currently 

growing?, Average number of perennial crops, MCPCP 

4) Please mention what annual crop do you usually plant with mandarins?, 

Average number of annual crops, MCPCA 

5) Have you ever clear weed in your orchard and prune your mandarin 

trees?, # Clear weed and prune, MCCWP 

6) Have you ever applied manure to your mandarin orchard?, # Apply manure, 

MCMAC 

7) Have you ever corralled animal on your orchard?, # Have never 

corralled, MCCAC 

8) Have you ever cut dead branches and trees in your orchard?, # Cut dead 

branches and trees, MCCBT 

9) Have you ever watered your mandarin trees?, # Have watered, MCWAT 

10) Have you ever burn litter and debris in your orchard?, % Have not burn, 

MCBLD 

11) Please mention other citrus species currently you also own, Average 

number of other citrus species, MCNCS 

12) Please mention other mandarin cultivar currently you also own, Average 

number of other mandarin cultivar, MCNMC 

13) How many bearing trees do you have right now?, # Bearing trees, MCNBT 

14) How many non-bearing trees do you have right now?, # Non-bearing trees, 

MCNNT 

15) When did you plant your now-bearing trees?, Average age of bearing 

trees, MCABT 

16) When did you plant your now-non-bearing trees?, Average age of non-

bearing trees, MCANT 

17) How many bearing trees have died from once the total trees number trees 

you own?, # Dead bearing trees, MCDBT 

18) How many non-bearing trees have died from once the total trees number 

trees you own?, # Dead non-bearing trees, MCDNT 

19) How many fruit do you harvest from each remaining bearing trees this 

year?, Production  after decline (tonnes/ha), MCPRO 

 
H. Codes and data 

Line 1-2: variable code as explained above (point A) 

Colum 1: SUB=sub-village in each village 

SUB MCLTC MCPCC MCPCP MCPCA MCCWP MCMAC MCCAC MCCBT MCWAT MCBLD MCNCS MCNMC 

MCNBT MCNNT MCABT MCANT MCDBT MCDNT MCPRO 

FAT1 27 9 0.8 2.5 5 2 10 8 4 8 0.7 0.1 23 17 13 3 23 17 356 

FAT2 24 8 1.4 2.7 3 2 4 7 3 4 0.9 0.0 10 27 18 2 21 14 368 

FAT3 25 9 1.4 2.6 5 0 6 11 5 5 0.7 0.0 20 27 17 2 18 19 457 

TUN1 23 10 1.2 0.8 8 5 10 6 0 10 0.8 0.0 26 104 11 4 15 20 368 

TUN2 22 8 2.0 3.0 1 0 5 7 1 0 0.1 0.0 5 17 12 1 3 11 419 

TUN3 19 13 1.8 1.9 5 5 11 10 8 8 0.5 0.0 32 38 14 2 12 40 427 

AJA2 22 5 1.8 2.2 3 6 4 5 6 3 0.5 0.0 56 38 16 1 17 23 385 

AJA3 27 10 1.6 2.2 7 6 8 10 8 6 0.5 0.0 16 28 13 2 31 34 342 

AJA4 27 13 2.1 1.9 11 14 8 14 12 6 0.8 0.0 29 218 12 1 29 63 510 

EON1 20 5 3.0 2.6 2 2 4 5 3 3 0.4 0.0 16 44 11 2 22 55 280 

EON2 25 14 2.4 1.9 7 9 10 14 6 6 0.8 0.0 73 45 15 2 131 176 372 

EON4 25 8 1.7 2.1 2 4 7 9 7 3 0.3 0.0 7 13 8 2 41 40 342 

NET1 25 10 2.2 1.8 4 5 9 10 7 5 1.5 0.5 10 38 10 1 35 30 274 

NET2 27 10 2.1 2.0 2 6 7 10 3 8 1.2 0.2 38 31 11 2 47 18 192 

OEL1 22 10 2.4 1.6 3 2 6 10 2 5 1.1 0.0 33 79 9 2 18 25 52 

OEL2 23 7 1.3 1.4 4 0 6 8 1 6 1.0 0.0 5 22 8 2 47 41 95 

OEL4 25 9 2.3 1.3 3 3 5 6 4 4 1.7 0.0 7 25 12 2 14 20 32 

BIN1 21 13 3.2 2.1 5 2 12 8 6 3 0.6 0.0 8 17 12 3 7 32 37 
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BIN2 26 15 2.4 1.6 3 5 13 15 12 6 0.9 0.0 4 20 10 3 22 23 29 

KES1 23 8 1.8 1.2 4 1 9 9 1 4 0.6 0.0 5 6 8 2 11 15 21 

KES3 21 9 2.0 1.8 2 6 6 8 8 7 0.3 0.0 8 5 6 3 159 38 49 

KES4 25 12 3.4 1.8 5 7 3 11 8 7 0.3 0.0 9 18 7 1 10 12 28 

BIL1 20 1 2.6 1.5 0 0 1 0 0 0 0.6 0.0 6 10 8 2 9 18 26 

BIL2 23 18 2.6 1.7 6 8 12 9 9 9 0.6 0.0 4 9 8 2 10 17 27 

BIL3 24 9 2.5 1.0 1 3 7 6 4 4 0.5 0.0 3 16 10 2 16 18 41 

TOB1 23 8 2.2 2.1 4 5 6 9 7 6 1.0 0.0 18 68 7 2 51 61 72 

TOB2 22 8 1.8 1.7 5 9 8 11 7 6 0.5 0.0 11 29 6 2 25 51 37 

TOB3 17 10 1.9 2.1 5 8 9 11 9 8 0.3 0.0 58 36 9 2 44 37 57 

FUT1 22 10 2.0 1.4 4 6 8 10 6 8 0.1 0.0 86 8 11 1 23 77 2 

FUT2 22 11 2.0 1.8 1 5 7 10 6 3 0.3 0.0 8 11 10 2 26 33 2 

FUT3 26 9 2.0 1.4 3 2 6 8 4 4 0.4 0.0 9 9 9 1 24 11 0 

BAS1 26 8 2.2 0.8 4 0 6 5 0 2 0.6 0.0 19 6 9 4 13 11 89 

BAS2 23 10 3.8 1.7 3 4 6 9 3 4 1.8 0.0 10 15 4 1 15 15 148 

BAS3 18 20 3.5 2.9 3 13 14 19 13 6 1.3 0.0 63 18 5 2 11 40 20 

KUA1 24 11 2.6 2.2 4 4 7 8 8 5 0.8 0.0 7 49 4 2 41 22 148 

KUA2 26 10 2.5 2.9 5 2 5 10 7 4 0.1 0.0 2 67 6 3 22 32 89 

KUA3 25 9 3.1 1.1 5 1 5 6 0 3 0.7 0.0 13 5 12 3 6 7 136 

KAK1 27 10 2.8 2.3 1 0 6 8 4 2 0.6 0.0 4 10 10 1 14 17 263 

KAK2 20 10 3.4 1.9 1 4 8 9 5 3 1.3 0.0 6 25 6 2 10 33 198 

KAK3 13 10 2.9 2.2 5 4 4 6 5 3 0.5 0.0 5 6 14 2 10 4 51 

LEM1 19 8 1.5 1.7 5 9 7 10 7 7 1.1 0.0 29 47 6 1 9 34 34 

LEM2 20 7 1.4 1.3 6 8 7 9 1 7 1.1 0.0 40 43 10 1 25 69 46 

SUA1 18 8 2.2 1.9 5 10 10 11 6 10 0.5 0.1 28 61 8 2 19 33 85 

SUA2 21 5 1.2 0.8 3 8 9 9 4 8 0.4 0.2 121 29 11 3 290 68 38 

SAE1 25 7 1.7 1.7 2 8 6 10 9 3 1.0 0.0 118 142 15 4 19 31 38 

SAE2 22 6 1.3 0.8 3 8 9 9 8 6 0.9 0.1 59 90 13 3 30 40 27 

FAN1 21 5 2.2 2.3 4 4 6 6 4 4 0.5 0.0 60 67 8 3 14 21 22 

FAN2 15 9 2.5 3.1 4 8 6 8 9 7 0.3 0.0 51 74 5 4 17 23 27 

FAN3 14 4 1.9 1.7 3 7 5 6 4 7 0.3 0.0 81 78 5 2 7 10 58 

FAN4 18 9 1.7 1.5 6 8 9 10 5 9 0.5 0.0 57 139 9 4 14 13 35 
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Appendix 7.a. Questions, variables, codes and data of community 
characteristics 

 
I. Questions, variables, and codes 

Each question is followed by the measurement and the code assigned for the 

variable, separated by comma (,) 

1) What portion of houses in this sub-village is semi-permanent?, # mostly 

semi-permanent house, RCSPH 

2) What portion of households in this sub-village receives clean water 

from pipeline distribution network?,# Most households have access to 

clean water, RCACW 

3) How do you describe sanitation in your neighbourhood?, # Neighbourhood 

clean and tidy year round, RCCSC 

4) What portion of household in this sub-village has semi-permanent 

sanitary facility?, # Most households have own sanitary facilities, 

RCHSF 

5) What portion of households in this sub-village has access to 

electricity?, # Most household have access to electricity, RCHAE 

6) What portion of households in this sub-village owns mobile phone?, # 

Most households have mobile phones, RCMOP 

7) Can cars reach this sub-village during the rainy season?, # Access by 

car during rainy season, ACARS 

8) Do people in this sub-village have access to public transportation?, # 

Access to public rural transportation, ACPRT 

9) How long people in this sub-village have to walk to get access to 

public transportation?, # Less than 20 minutes to closest public 

transportation, ACTPT 

10) How often people in this sub-village go to market?, # People go to 

market at least once a week, ACFGM 

11) What portion of people in this sub-village gets daily groceries from 

the nearby market?, # Most people get daily grocery in the nearby 

market, ACDGS 

12) Can elementary school children in this sub-village get to their school 

in 10 minutes or less on foot?, # Less than 10 minutes on foot to SD, 

ECTGE 

13) Do you consider the building of the nearby elementary school in good 

condition?, # Elementary school building in good condition, ECEBC 

14) Do you consider the nearby elementary school here has enough number of 

teachers?, # Elementary schools have enough number of teachers, ECNET 

15) What portion of elementary school age children in this sub-village go 

to school?, # Most elementary school age children go to school, ECEGE 

16) What portion of elementary school graduates in this sub-village 

continues their study to junior high school?, # Most elementary school 

graduates go on to junior high school, ECEGJ 

17) Can junior high school children in this sub-village get to their school 

in 20 minutes or less on foot?, # Less than 20 minutes on foot to 

junior high school 

18) ECTGJ, What portion of junior high school age children in this sub-

village go to school?, # Most junior high school age children go to 

school, ECECJ 

19) What portion of junior high school graduates in this sub-village 

continues their study to senior high school?, # Most junior high school 

graduates go on to senior high school, ECEGS 

20) Can elementary school children in this sub-village get to their school 

in 5 minutes or less by public transportation?, # Less than 5 minutes 

on public transport to senior high school, ECTGS 

21) What portion of senior high school age children in this sub-village go 

to school?, # Most senior high school age children go to school, ECECS 

22) Is action to combat illiteracy present in this cub-village?, # Present 

program to combat illiteracy, ECPCI 

23) What portion of people in this sub-village has attended vocational 

training?, # Attend trainings, ECAVT 

24) What disease is most prevalent among children in this sub-village?, # 

Diarrhoea as most important disease, HCDID 

25) Is community health centre present in this village?, # Presence of 

community health centre, HCPPV 
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26) Can people in this sub-village get to the nearby community health 

centre within 10 minutes or less by public transportation?, # Less than 

10 minute by public transport to the nearby community health centre, 

HCTPH 

27) What portion of people in this sub-village goes to the nearby community 

health centre when they get ill?, # Most people go to the nearby 

community health centre, HCPPH 

28) Is there football field, basketball or volleyball court or general 

purpose field present in this village?, # Presence general purpose 

field in the village, HCPGF 

29) What portion of people in this sub-village engages in sport regularly?, 

# Most people regularly engage in sport, HCRES 

30) Is this village the centre of production for cereal and root crops?, # 

Cereals and root crops as main product of the village, PCCTM 

31) Is this village the centre of production for fruit crops?, # Fruit 

crops as the main product of the village, PCFRM 

32) Is this village the centre of production for vegetable crops?, # 

Vegetables as the main product of the village, PCVEM 

33) Is this village the centre of production for domestic animals and their 

derived products?, # Animal product as the main product of the village, 

PCDAM 

34) Are cereal and root crops the main source of cash income for most 

households in this sub-village?, # Cereals and root crops as main 

source of income, PCCTI 

35) Are fruit crops the main source of cash income for most households in 

this sub-village?, # Fruit crops as main source of income, PCFRI 

36) Are vegetable crops the main source of cash income for most households 

in this sub-village?, # Vegetables as main source of income, PCVEI 

37) Are domestic animal and their derived products the main source of cash 

income for most households in this sub-village?, # Animal product as 

main source of income, PCDAI 

38) Is forest present in this village?, # Presence of forest in the 

village, ECFOR 

39) How did the climate change in this village within the last three 

years?, # Less rain and drier dry season, ECDRT 

40) How did floods change in this village within the last three year?, # 

Less frequent and smaller flood, ECFLD 

41) How did landslides change in this village within the last three year?, 

# Less frequent and bigger landslides, ECLSL 

 
J. Codes and data 

Line 1-2: variable code as explained above (point A) 

Colum 1: SUB=sub-village in each village 

SUB RCSPH RCACW RCCSC RCHSF RCHAE RCMOP ACARS ACPRT ACTPT ACFGM ACDGS ECTGE 

ECEBC ECNET ECEGE ECEGJ ECTGJ ECECJ ECEGS ECTGS ECECS ECPCI ECAVT HCDID 

HCPPV HCTPH HCPPH HCPGF HCRES PCCTM PCFRM PCVEM PCDAM PCCTI PCFRI PCVEI 

PCDAI ECFOR ECDRT ECFLD ECLSL 

FAT1 2 1 1 1 0 1 1 1 2 2 1 0 2 0 1 1 0 2 2 0 2 1 1 1 2 0 1 2 0 1 0 2 0 1 0 

2 0 1 2 1 0 

FAT2 5 2 1 0 0 3 1 1 3 5 4 1 4 0 3 4 2 5 2 0 0 0 1 4 4 1 3 5 1 1 1 3 0 1 1 

4 0 3 4 3 1 

FAT3 2 2 2 1 0 1 1 1 1 2 1 0 1 0 2 1 2 1 0 0 0 1 1 1 1 1 2 1 0 0 0 2 0 0 0 

2 0 2 0 1 0 

TUN1 2 3 2 0 2 1 1 3 2 1 1 0 1 0 3 3 0 3 3 0 2 1 2 2 3 0 3 3 0 2 1 2 0 3 1 

3 0 0 3 3 1 

TUN2 2 2 2 2 0 1 1 2 0 1 0 1 1 0 1 2 0 2 2 0 2 2 2 1 2 0 2 2 0 1 2 1 0 2 2 

2 0 0 1 0 2 

TUN3 2 3 3 0 2 3 3 3 3 1 2 0 1 0 3 3 0 3 2 0 1 1 2 1 2 0 2 3 2 0 1 2 0 1 0 

3 0 2 3 2 0 

AJA2 3 3 0 0 0 3 3 3 3 2 3 3 3 3 2 2 1 3 3 3 3 3 3 2 3 3 0 3 2 0 0 3 0 0 0 

3 0 3 0 3 3 

AJA3 4 2 0 0 0 3 4 4 4 2 4 1 3 1 4 4 0 4 3 2 4 4 4 4 2 2 3 4 2 1 1 2 0 0 0 

4 0 1 2 1 1 

AJA4 2 1 0 0 0 2 2 2 2 1 2 1 2 1 2 1 1 2 2 2 2 2 2 0 2 1 0 2 2 0 0 2 0 1 0 

0 1 1 1 2 0 

EON1 1 1 1 0 1 2 0 0 0 2 1 0 0 0 2 2 1 2 2 2 2 1 1 0 0 0 2 2 1 0 0 2 0 0 0 

2 0 0 2 1 0 



516 

 

EON2 2 1 0 0 0 2 0 0 0 3 3 2 3 0 3 1 0 3 3 0 3 3 2 1 3 0 2 3 1 2 0 1 0 0 0 

2 1 3 2 0 2 

EON4 4 4 0 0 4 4 0 5 4 3 12 16 0 4 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

NET1 4 3 0 1 1 3 4 6 4 4 5 2 6 3 5 5 0 4 5 1 4 4 4 4 3 2 5 6 0 2 1 3 0 1 0 

5 0 5 1 5 0 

NET2 1 3 0 0 0 3 2 1 2 3 2 0 3 0 3 3 0 2 3 0 1 2 2 2 1 1 3 3 1 1 1 1 0 0 0 

3 0 3 0 3 1 

OEL1 2 1 2 2 0 2 2 2 2 2 2 0 2 1 2 2 1 1 1 1 1 2 2 2 0 0 2 2 2 2 0 0 0 0 1 

1 0 2 0 2 0 

OEL2 1 1 2 1 0 2 2 2 1 2 2 0 2 0 2 2 1 2 2 1 2 2 1 2 0 0 2 2 1 1 1 0 0 0 2 

0 0 2 1 2 0 

OEL4 0 0 3 0 0 3 3 3 2 3 3 1 3 1 3 3 0 3 3 0 3 3 1 3 0 0 3 3 0 3 0 0 0 0 0 

3 0 0 3 0 0 

BIN1 2 3 5 2 0 5 5 5 3 4 4 2 5 2 4 5 2 5 3 1 4 5 1 2 5 4 5 5 2 2 3 0 0 0 2 

2 0 1 1 2 3 

BIN2 1 1 4 0 0 4 4 4 3 4 4 1 4 2 2 3 2 4 3 1 3 4 0 2 4 3 4 4 1 1 2 1 0 0 1 

3 0 1 0 2 2 

KES1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

KES3 1 0 1 0 2 2 2 1 2 0 2 2 2 1 1 1 2 1 1 1 1 2 2 1 1 2 2 2 0 2 0 1 0 0 0 

2 0 0 1 0 0 

KES4 1 3 3 0 4 4 5 2 5 0 4 0 2 2 4 5 0 5 5 0 5 5 3 3 4 4 4 1 2 3 0 4 0 2 2 

4 0 0 2 1 0 

BIL1 1 2 3 0 0 3 3 0 1 2 3 3 4 3 4 4 2 3 2 0 1 2 3 1 1 4 4 2 1 3 0 1 4 0 4 

2 4 1 3 0 1 

BIL2 1 1 2 0 0 2 1 0 1 0 1 2 2 1 2 2 1 1 1 0 1 0 1 1 1 2 2 1 0 1 0 1 2 0 2 

0 2 1 1 0 0 

BIL3 0 2 1 0 0 3 4 2 1 2 4 1 3 2 4 4 2 4 1 0 1 1 1 2 0 1 3 2 0 3 0 0 2 0 2 

4 2 2 2 0 1 

TOB1 0 0 0 0 0 1 0 0 0 4 4 3 4 1 4 2 2 2 0 0 1 1 0 2 4 2 4 4 1 1 3 0 0 2 2 

2 1 1 2 1 1 

TOB2 1 0 0 0 0 0 0 0 0 2 2 1 2 0 2 0 1 0 0 0 0 0 0 2 2 0 1 2 0 2 1 0 0 2 1 

0 0 0 1 1 0 

TOB3 1 1 0 0 0 1 1 1 1 2 2 2 2 0 2 0 0 1 1 0 1 1 0 2 1 0 2 2 1 2 2 0 0 1 2 

0 0 1 1 0 1 

FUT1 3 5 2 0 0 2 5 5 3 5 5 5 5 0 3 5 5 5 3 0 3 2 0 4 5 5 4 5 2 5 0 3 0 3 0 

4 0 5 2 0 4 

FUT2 2 2 1 0 0 2 2 2 1 2 2 2 1 0 0 2 2 2 0 1 0 2 0 1 2 2 2 2 2 2 0 1 0 2 0 

1 0 2 2 1 1 

FUT3 1 2 1 0 0 1 2 2 1 2 2 2 2 0 0 2 1 2 1 1 0 2 0 1 2 2 1 2 1 1 0 1 0 1 0 

1 0 1 1 1 1 

BAS1 3 0 1 0 0 0 1 3 2 3 3 1 3 0 3 3 2 3 3 0 2 3 0 0 0 0 3 3 0 3 0 0 0 0 0 

2 0 0 0 2 2 

BAS2 2 2 1 0 0 2 2 2 2 2 2 0 1 0 2 2 0 2 2 1 2 2 1 0 0 0 2 2 0 1 0 1 0 0 0 

1 0 0 1 2 0 

BAS3 3 2 0 0 0 1 3 1 2 3 1 0 2 0 3 3 1 3 2 1 0 3 1 0 0 0 2 3 0 3 0 0 0 0 0 

1 0 0 0 0 0 

KUA1 4 2 1 1 0 2 4 2 3 4 4 3 3 0 4 4 0 4 3 2 3 3 3 2 3 1 4 4 0 3 0 0 0 0 0 

2 0 1 1 2 0 

KUA2 2 1 1 0 0 1 2 1 1 2 2 1 2 0 2 1 1 2 0 1 1 1 1 1 1 0 1 2 0 2 0 0 0 0 0 

0 0 1 2 0 1 

KUA3 4 1 3 0 0 2 4 4 3 4 3 2 2 1 4 4 2 4 4 2 4 2 2 4 4 1 4 4 2 3 0 0 0 0 0 

1 0 0 1 0 1 

KAK1 2 0 0 0 0 0 2 2 1 2 2 0 1 0 2 2 0 2 1 0 1 1 1 1 1 0 2 2 0 2 0 0 0 0 0 

0 0 2 1 1 0 

KAK2 3 1 2 0 0 0 3 3 2 3 3 0 2 1 3 3 0 3 3 0 1 2 2 3 3 2 3 3 0 2 1 0 0 0 1 

0 0 3 0 1 0 

KAK3 4 4 1 1 0 0 4 3 4 4 4 1 1 0 4 4 0 1 3 3 2 4 3 3 4 0 4 4 1 4 1 0 0 3 1 

0 0 4 1 0 0 

LEM1 4 5 5 0 1 2 4 5 5 2 3 4 4 1 2 3 1 3 3 1 5 0 0 3 5 2 5 5 0 4 3 4 0 3 2 

2 0 2 0 0 4 

LEM2 2 3 3 0 1 1 2 3 3 1 1 1 2 2 1 1 0 3 3 0 3 0 1 0 1 1 2 2 0 3 1 1 0 3 0 

2 0 0 0 0 1 

SUA1 6 6 6 5 6 6 6 6 6 2 3 2 6 5 2 4 4 4 0 0 0 0 0 0 5 3 2 6 0 3 4 1 0 0 0 

1 1 6 1 0 0 
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SUA2 3 2 3 1 2 3 3 3 3 3 1 2 3 3 1 2 1 3 0 0 0 0 0 2 3 3 3 3 0 2 1 2 0 1 0 

1 1 3 1 0 0 

SAE1 5 4 1 0 1 4 5 5 5 0 3 5 5 0 2 0 4 3 4 1 3 5 1 2 3 3 5 5 3 4 0 4 0 4 0 

3 0 4 0 1 2 

SAE2 3 3 1 0 1 2 3 3 3 0 2 2 3 0 2 0 2 2 2 1 3 3 1 3 3 0 3 3 0 2 1 2 0 1 1 

2 0 3 1 0 0 

FAN1 2 2 3 1 3 1 1 3 3 3 2 3 1 3 0 2 0 3 1 0 3 0 0 1 3 3 1 3 3 2 0 2 0 1 0 

3 0 2 0 1 0 

FAN2 0 2 2 0 2 2 2 2 2 1 2 1 2 2 2 2 0 2 1 0 1 0 1 1 2 1 0 2 0 2 0 1 0 2 0 

1 0 2 0 1 0 

FAN3 0 1 1 0 0 1 1 1 1 1 0 1 1 1 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 1 1 0 0 0 

1 0 1 0 0 0 

FAN4 0 1 1 0 0 1 1 1 1 1 0 1 0 1 0 1 0 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 1 0 

1 0 1 0 0 0 

 


