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A B S T R A C T   

Tree-dominated, forest gardens (FGs) are an ancient, tropical agricultural land use that farmers continue to 
practice and value. Knowing why farmers value FGs is important because this can increase livelihood security 
and the skillful governance of land. We chose Sri Lanka to investigate farmers’ values for land, contextual factors 
that effect valuation, stressors that impact agriculture, and farmers’ current and future response strategies. Mixed 
methods were used to collect data from 85 farming households in landholdings across nine locations of the 
Intermediate agroecological zone (1750–2500 mm). Landholdings comprise land uses with short-term, annual, 
and semi-perennial crops (paddy, swidden, and cash crop plots) and long-term, perennial or tree crops (FGs, 
plantations). Farmers’ values were categorised, ranked, and aligned with Utility, Environmental, Aesthetic, 
Intrinsic, Option and Bequest themes of the Total Economic Value framework (TEV). Farmers give the highest 
importance to Utility (income, food) and Environmental (friendly biodiversity, leaf litter and soil fertility) values 
mainly from tree crops. Timber and fuelwood are biological assets that can be optionally converted to cash. 
Farmers have Intrinsic values (contentment, tranquility, pride) for land bequeathed to future generations. 
Nevertheless, since livelihoods are stressed by climate variability and extreme events, animal and insect pests, 
and labour scarcities, farmers adopt diverse response strategies. Of these, farmers favour long-term crop culti-
vation because trees are relatively resilient to droughts, floods, animal, and insect pests, and require less labour. 
This study validates why farmers’ pluralistic values for land, trees, and biodiversity must be integrated into 
national decision- and policy-making for agriculture, forest and biodiversity conservation.   

1. Introduction 

The current global quest is to find sustainable agricultural models 
that secure farmers’ livelihoods, provide food security (Food and Agri-
culture Organsation, 2016; Padoch and Sunderland, 2014; Pretty and 
Bharucha, 2014), conserve increasingly limited natural resources such 
as land and water (Food and Agriculture Organisation, 2018; Food and 
Agriculture Organisation, 2011), have minimal impacts on biodiversity 
(Fischer et al., 2008), and are adapted to multiple stressors such as 
climate variability (Esham et al., 2018), animal and insect pests (Horgan 
and Kudavidanage, 2020; Marambe et al., 2015), and labour scarcities 
(Food and Agriculture Organisation, 2017). 

Several models have been mooted including ‘land sparing’ 

(maximising yields on existing agricultural land so that forest land is 
spared for biodiversity conservation) (Balmford et al., 2005; Chandler 
et al., 2013; Green et al., 2005), and ‘land sharing’, which integrates 
“biodiversity conservation and food production on the same land using 
wildlife-friendly farming methods” (Phalan et al., 2011, p. 1289). 
Traditional farming systems that combine tree-dominated forest gardens 
(FGs) and other anthropogenic land uses in landholdings with frag-
mented forests in landscape mosaics (Abebe et al., 2006; Melvani et al., 
2020) exemplify ‘land sharing’ models (Flores-Delgadillo et al., 2011; 
Perfecto et al., 2010; Rerkasem et al., 2009; Sprenger, 2006). Protected 
areas including National Parks, Strict Nature Reserves and Sanctuaries 
are examples of land sparing. 

Forest gardens are one of many land uses in a farmer’s landholding, 

* Corresponding author at: Research Institute for the Environment and Livelihoods, Charles Darwin University, Darwin, NT 0909, Australia 
E-mail address: kamalmelvani24@gmail.com (K. Melvani).   

1 ORCID ID: 0000-0002-1017-4982 

Contents lists available at ScienceDirect 

Land Use Policy 

journal homepage: www.elsevier.com/locate/landusepol 

https://doi.org/10.1016/j.landusepol.2021.105688    

mailto:kamalmelvani24@gmail.com
www.sciencedirect.com/science/journal/02648377
https://www.elsevier.com/locate/landusepol
https://doi.org/10.1016/j.landusepol.2021.105688
https://doi.org/10.1016/j.landusepol.2021.105688
https://doi.org/10.1016/j.landusepol.2021.105688
http://crossmark.crossref.org/dialog/?doi=10.1016/j.landusepol.2021.105688&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Land Use Policy 117 (2022) 105688

2

which is the On-farm component of the farming enterprise (Melvani 
et al., 2020). They are tree-dominated, have multiple vegetation strata 
and high floristic diversity. Forest gardens are similar in architectural 
structure and ecological function to native forests, and provide liveli-
hoods to people (Everett, 1987; Senanayake and Jack, 1998). They are 
globally distributed across 8 million ha (Kumar and Nair, 2006), and 
found in the humid and sub-humid tropics including South- and 
Southeast Asia, Pacific islands, East and West Africa, and Mesoamerica. 
Forest gardens are an ancient land use (Wiersum, 2006) that have sus-
tained populations for millenia by ensuring their livelihood security 
(Koohafkan and Altieri, 2010; Pushpakumara et al., 2010). Livelihood 
security is defined here as having “adequate stocks and flows of food and 
cash to meet basic needs”, while security on its own refers to “secure 
ownership, access to resources and income earning activities, including 
reserves and assets to offset risks, ease shocks and meet contingencies” 
(Chambers, 1988, p. 9). Understanding why farmers continue to adopt 
and maintain FGs to sustain livelihood security warrants investigation 
into the different values they have for them. The word ‘value’ in this 
context has diverse dimensions and includes the importance or useful-
ness of, or for something; a quantifiable measure, a preference for one 
thing over another, or a strong belief (Subramanian et al., 2019). 

Several agricultural traditions endure because farmers’ values un-
derpin the management of land and crops (Altieri, 2004; Altieri and 
Nicholls, 2017; Koohafkan and Altieri, 2010; Lin, 2011). Farmers’ values 
and their knowledge of land and crop management have been useful in 
designing productive farming systems in Benin (Segnon et al., 2015), 
building climate-adaptation models in the Philippines and Sri Lanka 
(Lasco et al., 2011; Senaratne and Rodrigo, 2014), and assessing the 
efficacy of: trees in Indian FGs (Jose and Shanmugaratnam, 1993), shade 
trees in Costa Rican coffee production systems (Albertin and Nair, 
2004), and farm-level tree planting programmes in Pakistan (Zubair and 
Garforth, 2006). Numerous studies have also broadly investigated why 
farmers adopt agroforestry practices (Jerneck and Olsson, 2013; Mercer 
2004; Pattanayak et al., 2003). 

Farmers’ values, however, are rarely considered when national-level 
decisions are made on land: use, management, valuation, and tenure 
(Awasthi, 2014; Paranage, 2018), or which crops to cultivate on mar-
ginal farmland (Helliwell, 2018). These are major shortcomings espe-
cially in Sri Lanka where traditional farmers have sustainably managed 
land and crops for millennia (Marambe et al., 2015, 2017). Integrating 
farmers skills, values and knowledge of land management could, as also 
revealed in other country studies, positively influence decision-making 
on natural resource management (Mijatović et al., 2012), increase 
agricultural productivity (Brodt et al., 2011) and sustainability (Šūmane 
et al., 2018), and guide policy and the governance of land (Subramanian 
et al., 2019). Equally important is the need to reappraise agriculture’s 
contributions to Sri Lanka’s Gross Domestic Product (GDP), that is the 
total market value of goods and services produced by a country’s 
economy during a specified period of time (Bondarenko, 2017). 
Currently, this metric only includes revenue generated from market 
transactions (sales income) (Grishin et al., 2019), and does not incor-
porate the financial values of what farming households consume from 
their land (e.g., food), and contribute to it (e.g., labour). The inclusion of 
all these values will not only reveal agriculture’s full contribution to 
GDP, but also demonstrate how FGs or tree-dominated agricultural 
landholdings sustain household food self-sufficiency and livelihood 
security. 

We explore FGs in Sri Lanka where farmers have practiced tree- 
dominated agriculture for millennia (McConnell et al., 2003), and 
continue to expand this land use because of the benefits realised. Forest 
gardens covered 14% of Sri Lanka’s land area in 2002 (Ariyadasa, 2002) 
and had extended to 22% of the island by 2015 (Department of Agri-
culture, 2016). We also understand from previous research (Melvani 
et al., 2020) that, despite climate variability and extreme events, and 
increasing impacts of other stressors such as animal and insect pests, 
farmers deliberately adopt and maintain FGs more than other land uses 

in their landholdings. To better understand why Sri Lankan farmers 
continue to adopt and maintain FGs we investigate, a) the contextual 
factors that effect valuation (how farmers acquired, converted, devel-
oped, and designed their agricultural landholdings), b) how farmers 
value FGs and other land uses in their tree-dominated landholdings, c) 
which stressors impact agricultural livelihoods, and d) what farmers’ 
current and future response strategies to stressors are? 

This study aligns with Sri Lanka’s Overarching Agricultural Policy, 
2020 – 2025 that calls for “participatory approaches (to be adopted) in 
land use planning and sustainable land management” (Government of 
the Democratic Socialist Republic of Sri Lanka, 2019, p. 33). Research 
outputs provide an intimate understanding of how farmers undertake 
land development and what values underlie their short- and long-term 
choices in landscape design and management. Also, revealed through 
this research are the social, economic, and cultural factors that influence 
agricultural productivity, and farmers’ adaptions to concurrent, multi-
ple stressors. This type of farmer-centric information on how they value 
and manage land, forests and biodiversity within a shared landscape 
mosaic can guide decision-making in land allocations made by the State 
in Sri Lanka and other tropical countries with similar conditions (e.g., 
India, Vietnam, Tanzania). It can also increase the efficacy of Sri Lanka’s 
National Agriculture, Land and Forest Policies (Department of Land Use 
Policy Planning, 2007; Forest Department Sri Lanka, 1995, 2010; Min-
istry of Agriculture Development and Agrarian Services, 2015) by 
instituting changes that recognise the importance of maintaining forest 
health in shared landscape mosaics. Policies must ensure that adequate 
forest habitat is conserved for animal stressors if agricultural produc-
tivity is to be sustained, and biodiversity conserved in landscape 
mosaics. 

This study builds on published research that assessed climate vari-
ability, and farmers’ ecological (plant and crop species: richness, di-
versity and utility per land use) (Melvani et al., 2020), and financial 
values (Melvani et al., 2020) for FGs compared to other land uses in their 
landholdings in farming enterprises located in the Intermediate agro-
ecological zone (IZ) of Sri Lanka. It explores farmers’ pluralistic values 
for FGs and elucidates why they continue to adopt and maintain them 
for livelihood security. 

2. Methods 

This study investigated 85 farming households from landholdings at 
nine locations across the IZ. This agroecological zone covers 22% of the 
island’s land area (Abeysekera and Punyawardena, 2016) and has 20 
agroecological regions which offer the highest potential for agriculture. 
The IZ has an average annual rainfall of 1750–2500 mm (Department of 
Meteorology, 2016) and two cultivation seasons - the Yala (April to July) 
and Maha (October to January). As revealed in Melvani et al. (2020), all 
sampling locations were impacted by rainfall variability and extreme 
climatic events in both, the reference (2012–2013) and preceding years 
(2011–2012). Recurrent droughts occurred in the Yala, 2011–2012 and 
2012–2013, while major flood events characterised the Maha, 
2012–2013. 

Sampling was undertaken at 85 landholdings in 16 villages (V) 
located at nine Divisional Secretariat areas (DS) across the IZ. Each DS 
had one or more villages sampled that are listed in the order of DS (V) 
including Moneragala (Maragalakanda: Aliyawatte, Wedikumbura, 
Kawdawa, Kolonwinna, Thenagallanda and Kaludiya Ella), Polpithi-
gama (Thimbiriyawa), Kundasale (Narampanawa and Gomagoda), 
Badalkumbura (Punsisgama), Pallama (Siyambalagaswewa), Uva Para-
nagama (Rahupola and Deeyakola), Weligepola (Hatangala), Naula 
(Bowatenawatta) and Hakmana (Denagama) (Fig. 1). Locations are 
dominated by Sinhalese farming communities wherein population 
density and the Poverty Head Count Index ranged from 112–1569 per-
sons/km2, and 5.99–19.56% respectively in 2013 (Appendix A). Re-
spondents were between 28 and 84 years of age, and most (56%) were 
female (Melvani et al., 2020). Detailed descriptions of the biophysical 
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and socioeconomic characteristics of sampling locations are shown in 
Appendix A. 

The research process was initiated by the first author who made 
contact and held meetings with several government (Forest Department, 
Tea Small Holders Authority, Department of Export Agriculture, 
Samurdhi Authority) and non-government organisations (Future in Our 
Hands Development Fund, Weligepola Women’s Society, and Neo Syn-
thesis Research Centre) that work with FG farmers in the selected lo-
cations. After describing the broad research objectives, these 
organisations expressed willingness to organise meetings in their oper-
ational areas. Farmers who attended meetings in sampling locations 
were invited to participate in this study. Ten farmers volunteered from 
each of the seven sampling locations except for nine from Kundasale and 
six in Uva Paranagama. Human Ethics approval (H13026) was obtained 
from the Charles Darwin University Human Ethics committee on 26/08/ 
2013. Following guidelines, we received informed consent from all 
participating farmers whose anonymity was maintained in the analysis 
and reporting of the results. 

Mixed methods (Creswell, 2009) were used in data collection spread 
across two phases. Quantitative methods undertaken in phase one 
(2013–2014) involved the mapping of land use plots (LUP) in land-
holdings across locations using a GPS recorder. Qualitative methods 
used in phase one included a semi-structured questionnaire 
(Appendix B) and observations of participants (respondents) (Hammett 
et al., 2014; Jamshed, 2014). This was followed by open-ended in-
terviews in phase two (2015–2016) (Appendix B). The semi-structured 
questionnaire sought precise responses from farmers on the demog-
raphy and socio-economic status of households, land uses, tenure, dates 

of acquisition and conversion to tree-dominated agriculture, history of 
management, water sources, crops cultivated, farmers’ concerns about 
stressors that impacted their livelihoods and their responses to stressors. 
Participant observations increased understanding of the valuation 
context and also helped to discern differences between land uses in 
landholdings at different locations (Newing, 2010). Open-ended ques-
tions captured farmers’ views on diverse topics including rainfall pat-
terns in recent years, how agricultural livelihoods were challenged by 
stressors, and their response strategies. Other questions included: Why 
did farmers establish FGs? What changes occurred after FG establish-
ment especially with respect to vegetation, faunal biodiversity, and 
soils? Did they engage in land and crop management practices? Had they 
received assistance for land development, and if so, did this influence 
the way they managed their land and why? Had FGs made a difference to 
their livelihoods? What did farmers value about FGs and why, and what 
were their future strategies for land development? 

All interviews undertaken in phases one and two were transcribed 
and translated from Sinhala to English. Of the total, 22 interview tran-
scripts were randomly selected for more in-depth analysis ensuring a 
minimum of two interviews from each location. Direct quotes from all 
interviews described the diversity of farmers’ values and reduced the 
potential of bias from interpretations of what was said. Quotations were 
separated according to specific themes (values, stressors, strategies), and 
coded to identify farmers in locations (e.g., F7). If multiple quotes were 
used from the same farmer, the first quote was identified as F7a, the 
second, F7b and so on. Reference to each quote and additional infor-
mation including farmer’s gender, location, interview date and data 
source (first or second interview) are provided in order of appearance in 

Fig. 1. Map of sampling locations in the Intermediate agroecological zone of Sri Lanka (Melvani et al., 2020).  
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Appendix C. Thereafter, quotes or statements were classified on the basis 
of common themes (Namey et al., 2008) using NVivo 11 software (QSR 
International). The number of farmers who valued a specific theme was 
calculated as a proportion (%) of all farmers in a location (e.g., if five 
farmers from Weligepola valued trees then the value was 50% since 10 
farmers were sampled in that location). Sub totals with respect to each 
theme from all locations were summed, the average calculated, and 
ranked in descending order. Subsequently, farmers’ values were segre-
gated into thematic categories and aligned with the Use and Non-Use 
value categories of the TEV. 

The Total Economic Value framework (TEV) (Fig. 2) was used to 
aggregate farmers’ Use and Non-Use values for tree-dominated agri-
culture across time. The TEV accords a temporal dimension to valuation 
that is appropriate in this intergenerational study because farmers value 
what they: had received from ancestors, acquire in their lifetimes, and 
will bequeath to children when they pass. The TEV has previously been 
used to value ecosystem services and biodiversity (Pagiola et al., 2004; 
Pascual et al., 2010; Pearce and Moran, 1994), forests (Adger et al., 
1995; Bann, 1998; Pearce, 2001), wetlands (Barbier, 1994), endangered 
and rare species (Richardson and Loomis, 2009), and coral reefs 
(Spurgeon, 1992). To our knowledge, the TEV may not have been used 
to assess values associated with FGs. 

Use values are directly obtained (Bann, 1998) or planned to be 
consumed. They include Direct consumptive use or Utility values for 
food, fuelwood, timber, medicine, income and profit that farming 
households gain or extract in the present or would in the future. 
Conversely, Direct non-consumptive use values are non-extractive and 
encompass aesthetic beauty, recreation, spiritual and cultural 
well-being. Indirect consumptive use values are derived from environ-
mental or ecosystem services provided by biodiversity and On-farm land 
uses (Pascual et al., 2010) including regulating services such as soil 

fertility, soil moisture retention and pollination, or the cultural service 
of providing flowers for poojas (Hindu and Buddhist religious cere-
monies). Use values also include Option values for biological assets such 
as standing stocks of timber and fuelwood that will potentially be sold or 
used in the future (Melvani et al., 2020). These represent the resilience 
or ‘insurance’ value of landholdings in the face of uncertainty, or stress 
caused by natural or anthropogenic perturbations. Non-Use values 
include Bequest and Intrinsic values. Bequest value refers to the value of 
land that farmers received from their ancestors and would pass down to 
future generations. It also incorporates the value of past investments and 
the current monetary value for land (Melvani et al., 2020). Conversely, 
Intrinsic values are non-monetary (Barbier, 2007), subjective, and what 
family members experience owing to the existence of their landholding 
(Bann, 1998). 

In this study, ‘land’ or a landholding may comprise a single land use 
plot (LUP), or combinations of several LUPs including FGs, paddy, 
swidden agriculture (chenas), plantations, and areas under cash crops 
and livestock management that are interspersed with fragmented forests 
in the landscape mosaic. The landscape mosaic of Maragalakanda at the 
Moneragala sampling location is shown as an example in Fig. 3. Land-
holdings are also broadly referred to as ‘tree-dominated land-
holdings’because tree-dominated agriculture or FGs extended over 68% 
of the sampling area (Melvani et al., 2020). Forest gardens are synon-
ymous with ‘long-term crops’ because they are dominated by diverse 
tree (e.g., coconut, mango, jak - Artocarpus heterophyllus) and other 
perennial crops (e.g., pepper, cinnamon). They are dissimilar to plan-
tations wherein perennial crops such as rubber, tea, and teak are culti-
vated as monocultures. Short-term crops refer to annual (paddy, finger 
millet or kurakkan - Eleusine coracana, vegetables, maize, groundnut), 
and semi-perennial (banana, purple yam or raja ala - Dioscorea alata ) 
crops cultivated in paddy fields, chenas and cash crop plots. The term 

-

Fig. 2. Total Economic Value framework (Pascual et al., 2010) is modified in this study. The Total Economic Value of tree-dominated landholdings across time is the 
aggregate of their Use and Non-Use values. The Use category encompasses Direct use (consumptive and non-consumptive), Indirect use, and Option values. The 
Direct use consumptive category includes Utility values such as floristic diversity, income, low expense, food, timber, fuelwood, and medicine. The Aesthetic value of 
land is in the non-consumptive category. Indirect use includes Environmental values, while Option refers to monetary values realised when biological assets (timber 
and fuelwood) are converted to cash. The Non-Use value category incorporates Intrinsic (tranquility, contentment, and pride), and Bequest (land) values. 
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floristic diversity includes crops that are deliberately cultivated (agro-
biodiversity), and plants that may or may not have been purposely 
established in farmers’ landholdings. 

The number of farmers who valued a specific faunal species, type or 
group of species, and the number of farmers who chose to cultivate 
either long-term crops, short-term crops or other response strategies to 
stressors, were calculated as proportions (%) of all 85 farmers across 
locations. Similarly, the number of landholdings in which long- or short- 
term crops were damaged by animal or insect pests were calculated as a 
proportion (%) of all 85 landholdings across locations. 

3. Results 

Interview data that provide farmers’ responses on the contextual 
factors that effect valuation are presented first, and include how land 
was acquired, converted to specific land uses, designed, and developed. 
This is followed by the values farmers identified for land and crops, 
stressors that challenge their agricultural livelihoods, and the current 
and future strategies they use to manage stressors. 

3.1. Contextual factors that effect valuation 

3.1.1. Land acquisition 
Farmers acquired land from different sources (Table 1). The majority 

enjoyed secure tenure because nearly half of all 255 LUPs (47.1%) were 
inherited from ancestors (paraveni), a third, (30.6%) purchased (sinna-
kara), and 6.3% received through government grants. Five percent of 
land was leased from Buddhist temples (Viharagam Devalagam), 3.5% 
had temporary licences, less than 1% was leased or under deed of 
transfer, while 6.7% possessed no tenurial status because this was 
forestland that had been encroached upon. Viharagam Devalagam lands 
were what “a king gave to Buddhist priests and village leaders who 
helped him. Inscribed on copper leaf, these edicts proclaimed that this 
land was theirs to use for as long as the sun and moon endure” F51a. 

3.1.2. Land conversion and development 
Farmers’ strategies for land conversion and development were 

influenced by how they acquired land and its tenure. Most landholdings 
across locations had undergone prior conversion from forest to chenas, 
and then to FGs, paddy, plantations, cash crops and areas under live-
stock management (see history of conversion for each location in 
Appendix D). Ancestral FGs were well developed because they had, on 

Fig. 3. The sampling location at Mar-
agalakanda, Moneragala is comprised of diverse 
land use plots including FGs, cash crop and 
chena plots, and paddy fields in farmers’ land-
holdings interspersed between fragmented nat-
ural forests in the landscape mosaic. Blue lines 
are boundaries of land use plots. Image from 
Google Earth, imagery date 1/3/2018, 6◦50́
41.03̋ N, 81◦22́ 33.11̋ E, elevation 165 m. 
Maragalakanda is a protected area where 
landholdings sampled are located within the 
buffer zone.   
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average, been cultivated for 35 years, or two generations (Melvani et al., 
2020). Farmers who converted forestland to chenas in this study, had as 
their ancestors, slashed, and burnt all vegetation except the large trees, 
and then cultivated short-term crops in the understory. Traditionally, 
chena plots were rotated every few years allowing land to fallow. 
However, farmers said that with increasing population pressure and 
prohibitive legislation, land had become scarce and chena cultivation 
more difficult in contemporary times. Consequent to this and because of 
their increasing needs for cash, some chena farmers either continuously 
cultivated the same plot of land leaving less time for fallow, or worked as 
labourers on neighbouring lands. Most farmers, however, did not want 
to continuously work on others’ lands and yearned for consistent income 
from their own lands. Hence, they decided to convert chenas to FGs by 
cultivating “long-term crops and earn income throughout the year” F7, 
and “by staying in one place” F5a. 

Long-term or tree crops were cultivated in FGs and in some areas 
dedicated to monoculture timber plantations. Other areas in farmers’ 
landholdings were cultivated with short-term cash crops. Most of these 
cultivation endeavours were supported by various government- 
sponsored schemes because they were attractive to farming house-
holds given their burgeoning cash needs. Farmers transformed wetland 
areas into paddy fields that is a centuries-old agricultural practice in Sri 
Lanka (De Silva, 1981). 

Traditional paddy farmers used buffaloes for ploughing their fields, 
and leaf manure, wood ash and cattle dung as fertilisers. They adhered 
to auspicious times (nekath) and practiced rites and rituals (kem) while 
cultivating hundreds of indigenous paddy varieties, each with a distinct 
name, heritage, and nutritional use (Gunaratne et al., 2013). Cultivation 
was rainfed, and augmented with water from earthen reservoirs (wewas) 
connected to irrigation networks or ‘cascades’ (Panabokke, 2002). 
Farmers said that these traditional paddy cultivation methods under-
went a metamorphosis in the 1960s with the Green Revolution when: 

“The whole country was asked to shift from using indigenous paddy 
varieties because yields were low. We were introduced to new va-
rieties, told to move away from our bullocks, use tractors to plough 
our fields, and adopt new methods to cultivate paddy” F13a. 

These new methods promoted hybrid paddy varieties, chemical fer-
tilisers and biocides that simplified complex, traditional rice agro-
ecosystems. F21a described this transformation thus “we cultivate new 
varieties now such as H11, BG11, MI, BG 34–8 or AT 62–355 that do not 
have names and a heritage, but only numbers!”. 

Farmers recalled the assistance they received for land development 
from government (GO), non-government (NGO) and private organisa-
tions who supported the conversion of chena lands to FGs, and con-
ventional rice and vegetable cultivation to organic regimes. Most 

organisations donated plants, fertilisers, and offered training in various 
aspects of land management while others provided land leases, con-
struction materials, vegetable seeds, tools, livestock, bee boxes, micro-
finance, water supply and paid for the certification of organic produce 
(Appendix E). 

3.1.3. Landscape designs 
Ancestral knowledge, local experience and the support received for 

land development enriched landscape designs in landholdings. Almost 
all farmers (as had their ancestors) initiated the design of their lands 
after marriage using combinations of long- and short-term crops which, 
according to F21b were “…. principally meant to serve our food needs 
and then income. We do not buy rice or coconuts – all of these are 
sourced from our land, even timber”. F13b elaborated “we plant fruit 
trees and then cultivate annual crops such as cowpea, green gram and 
others in the understory”. 

Trees were a vital component of all landscape designs that farmers 
planted considering the biophysical characteristics of their lands. F21c 
explained: 

“We have not cut down big trees because they protect the land from 
soil erosion and prevent rocks from rolling down. Trees will protect 
us. This is why we conserve the forest on top of our land. At the start, 
soils were very poor and unsuitable even for sugar cane unless we 
added chemical fertiliser; that is why we practiced soil conservation. 
This was our main priority. To do this we planted Gliricidia hedge-
rows and erected stone barriers”. 

Farmers retained native vegetation and had concerns about planting 
space; “the old coconut trees are quite densely planted. We cannot plant 
other trees between coconut trees because they will cast more shade and 
then understory crops will not be successful” F21d. To resolve this 
problem, farmers “cleaned the land, cut unwanted trees and created 
some order” F40a. 

Farmers were extremely knowledgeable about the physiognomy of 
crops and their growth requirements. Those in Hakmana were aware for 
example, that cinnamon “does not perform well when interplanted with 
coconut, so, both crops must be planted separately” F21e, and “the use of 
chemical fertiliser results in cinnamon bark becoming thin” F27a. 
Farmers knew that pepper “needs drought to trigger flowering” F80 and 
understood that “sterility in banana plants could be overcome by loos-
ening soil, removing roots, fertilising and replanting elsewhere” F60. 
The selection and maintenance of crops were based on farmers’ values 
for their tree-dominated landholdings. 

Table 1 
Number of land use plots (LUP) classified by their tenure status and this number as a proportion (%) of LUPs in each and all 255 locations (number followed by %). Note 
that each landholding has one or more plots of diverse land uses.  

Locations Number of LUPs in each category of tenure Total LUPs in 
locations  

Inherited/ 
ancestral 

Purchased No 
status 

Government 
grant 

Viharagam 
Devalagam 

Licence Deed of 
Transfer 

Lease  

Moneragala 11, 28% 11, 28% 11, 28%   6,15%   39 
Polpithigama 15, 35% 15, 35% 5,12% 7,16%  1, 2%   43 
Kundasale 30, 71% 9, 21%  3, 7%     42 
Badalkumbura 7, 39% 4, 22%  4, 22%  2,11% 1, 6%  18 
Pallama 9, 45% 10, 50% 1, 5%      20 
Uva Paranagama 17, 81% 3, 14%      1, 5% 21 
Weligepola 7, 29% 5, 21%   12, 50%    24 
Naula 8, 40% 10, 50%  2, 10%     20 
Hakmana 16, 57% 11, 39%   1, 4%    28 
Total no. of LUPs 120 78 17 15 13 9 1 1 255 
No. of LUPs % total LUPs in 

locations 
47.1 30.6 6.7 6.3 5.1 3.5 0.4 0.4  

Inherited/ancestral (Paraveni); Purchased (Sinnakara); No status refers to encroached land; Temple owned (Viharagam Devalagam) 
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3.2. Farmers’ values 

Farmers identified 24 values for tree-dominated landholdings that 
are shown in the Use and Non-Use categories of Fig. 2 and Table 2. The 
Use category encompasses Direct (consumptive and non-consumptive), 
Indirect and Option values. The Direct consumptive category includes 
Utility values, whereas the Aesthetic value of land is in the non- 
consumptive category. Indirect use includes Environmental values, 
while Option refers to monetary values realised when biological assets 
(timber and fuelwood) are converted to cash. The Non-Use category 
incorporates Intrinsic and Bequest values (Pascual et al., 2010). 

3.2.1. Use values 

3.2.1.1. Utility values. The Utility category incorporates eight values 
directly obtained from land of which, seven are tangible and used for 
household consumption, or sold. These include floristic diversity (crops, 
plants), income in Sri Lankan rupees (LKR), low expense (below costs), 
food, timber, fuelwood, and medicine. In contrast, proximity to the 
home is an intangible and non-consumptive Utility value. Income, low 
expense, food, and medicine are outputs from both, long- and short-term 
crops, whereas timber and fuelwood can only be obtained from long- 
term crops. 

3.2.1.1.1. Floristic diversity. Forty percent of all farmers across lo-
cations attributed greater fulfilment of household needs to the diversity 
of crops and plants in their landholdings. As F12a confirmed, “we 
thought to cultivate a range of trees and other plants to satisfy our 
household and income needs”. 

3.2.1.1.2. Income. Farmers had the highest value (94%) for income 
since, as F40b confirmed “the economic value is foremost because we 
need to gain a livelihood”. F71a was forthright, “the most important 
benefit is income and if anybody tells you anything else, they will be 
lying. We need money to live”. 

Households derived various benefits using income generated from 
the sale and consumption of timber and non-timber products from their 
landholdings (Appendix F). Income from the sale of non-timber products 
was used to pay for households’ daily needs, medical treatment, family 
weddings, puberty ceremonies - kotahal magul, and repay loans; acquire 
possessions (machinery, electronic items, equipment, vehicles, jewel-
lery, kitchen items, land, plants, and seeds), and make investments 
(children’s education, bank deposits, electricity, water, and telephone 
connections, land, and livelihood development). Conversely, higher 
revenue generated from timber sales was used for house and furniture 
construction or retained as cash savings. According to F12b: 

“With the income earned, we built our house, toilet, and bathroom, 
bit by bit. We bought two pumps to irrigate our lands, after which we 
obtained electricity, bought a television, motorbike and all the 
utensils we needed”. 

In contrast, F13c proudly announced, “most of our income was spent 
on children’s education”. 

Farmers appreciated the difference between short- and long-term 
crops mainly with respect to their yielding time and period, and in-
come generation potential. F13d explained: 

“Vegetables are short-term crops, whereas trees such as cashew bear 
for a long time and generate income for many years. Cowpea lasts for 
2–3 months and needs to be replanted repeatedly”. 

Although they were aware of the advantages of long-term crops, 
young farmers deliberately cultivated the short-term, purple yam as a 
cash crop because “one can earn good income from this” F5b and, “in 
nine months, sell it and get high returns with little effort” F9a. However, 
many older farmers argued differently; “short-term crops generate quick 
money but have many risks that will destroy us without our knowledge. 
Long-term crops are safer” F61a. In addition, “one needs to use 

substantial amounts of agrochemicals when cultivating short-term crops 
that is also very difficult with monkeys and peacocks” F27b. 

3.2.1.1.3. Low expense. Sixteen percent of farmers appreciated that 
the cultivation of long-term crops incurred low expenses. F45 attributed 
this to “low maintenance and because they are less prone to insect 
damage”. F85a described his experience with pepper: 

“I have cultivated vegetables for nearly 20 years and pepper for 25 
years in this plot. Compared to annual crops, the perennial pepper 
needs less maintenance and incurs less expense. All it requires is a 
couple of visits when the panicles begin to ripen, for weeding, and 
applying fertiliser. We also collect fuelwood when visiting the plot. 
Expenditure occurs only once a year although the revenue generated 
is high. I have about 80 vines in that plot and earned 130,000 rupees 
this year from selling pepper. On the other hand, I have never made a 
profit from vegetable cultivation because, if I spend 15,000 rupees, I 
do not even earn 5000!” 

3.2.1.1.4. Food. The provision of food had paramount value to 59% 
of farmers. F34a confirmed that they cultivated mainly to “obtain food 
for household consumption, especially for their children”. All farmers 
gave the highest value to rice, their staple food, and continued with its 
cultivation despite climate variability and extreme events, animal, and 
insect stressors. Farmers appreciated that they had all the vegetables 
they needed, and leafy vegetables could be “harvested at all times” F85b. 
Special appreciation was shown for the coconut tree. 

“For people in this village, coconut is their main priority. Once the 
tree starts to bear, this goes on for a long time. So even when we grow 
old and are unable to do much, we can survive off the income from 
coconut trees” F34b. 

Moreover, said F58a, 

“It is expensive to live in towns because one needs money for 
everything. Whereas here, we can live even with a little money 
because jak, breadfruit, manioc, sweet potato, banana and banana 
flower pods are freely available from our forest garden”. 

3.2.1.1.5. Timber. Over one quarter of all farmers valued trees 
because they provided timber for house construction and household 
furniture (Appendix F). This negated the expense of buying timber. F21f 
described: 

“We have constructed this house using timber from some trees that 
were felled. Kalumediriya (Diospyros quaesita) was used for door-
frames, coconut for rafters, jak for window frames, and mee (Mad-
huca longifolia) for the roof. In addition, the bricks used to build this 
house were made from soil off our land which we baked using 
fuelwood from our trees. I only had to buy roof tiles. Even the 
furniture that is being made right now uses timber from this land. In 
fact, I have never bought timber!” 

3.2.1.1.6. Fuelwood. Five percent of farmers valued trees because 
they provided fuelwood that, according to F71b was, “a great saving, 
otherwise we will have to buy fuelwood spending money”.  

3.2.1.1.7. Proximity to the house . Ten percent of all farmers had 
great value for land located proximally to their homes for several rea-
sons. Older farmers such as F78a said that this land was “most valued 
because we live here and can look after what we own easily”. Other 
farmers valued their homestead property because the effort invested in 
its development had resulted in a crop-diverse, productive, and 
aesthetically pleasing environment. 

3.2.1.2. Aesthetic value. The direct, non-consumptive, Aesthetic value 
was important to 9% of farmers. As F12c stated “this has become a very 
beautiful garden. When we started cultivation, it was a degraded and 
bare paddy field. Now there are big trees and even the people who sold it 
to us are surprised at the difference in the land”. 
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3.2.1.3. Environmental values. Farmers identified ten Indirect Environ-
mental values including friendly biodiversity, enhanced soil fertility, 
increased leaf litter, cool environment, increased shade, improved air 
quality, reduced soil erosion, soil moisture retention, and groundwater 
recharge. Over half (56%) of all households attributed these values to 
the presence of trees (Table 2). 

3.2.1.3.1. Friendly biodiversity. Farmers described some of the 
faunal biodiversity which inhabited their landholdings as ‘friendly’, 
while those that damaged crops were ‘stressors”. Eighty-six percent of 
farmers observed and had the highest value for friendly biodiversity in 
their landholdings, which was also the highest of all Environmental 
values (Table 2). 

“Nowadays I see many earthworms in the soil and the pinum katussa 
(Sri Lanka Kangaroo lizard, Ortocryptis weiigmani). I hear birds 
singing and realise that the value of my land has increased” F6a. 

Tree-dominated landholdings or FGs provided habitat and served as 
corridors for biodiversity movements between fragmented natural for-
ests in the landscape mosaic (Fig. 4) The range of friendly faunal 
biodiversity that farmers observed in tree-dominated landholdings 
across locations is shown in Table 3. 

Birds were the most reported category, where on average, 87% of 
farmers also recognised the species seen. 

“This was a desolate land at first. Now we have pleasant birdsong and 
the sound of frogs when there is rain. We see parrots, mynahs, swifts, 
babblers, doves, orioles, red-vented bulbuls, kingfishers, egrets and 
woodpeckers” F21g. 

Twenty seven percent of farmers were aware of the types of snakes 
on their lands because some were venomous. “There are ahaetullas 
(Ahaetulla nasutus) and hump-nosed vipers (Hypnale spp.) especially in 
the rainy season, and it is a bit scary at times. Then there are scorpions” 
F9b, “cobras, cat snakes (Boiga sp.), and tarantulas” F21h. With 

increasing leaf litter, farmers saw skinks “actually everywhere!” F25a. 
Although 32% of farmers saw a range of insects in their tree-dominated 
landholdings (Table 3), other farmers observed a reduction in friendly 
biodiversity in recent times and were aware of the causes and conse-
quences of this. 

“We saw lots of butterflies before. Once we started using pesticides, 
butterfly populations reduced. Earlier we would see hordes of but-
terflies and say that they were going to Sri Pada (Adam’s Peak). Now 
we rarely see even one! Even bees are seen less frequently now. This 
has impacted the pollination of crops and decreased the productivity 
of our land”F40c. 

Farmers observed the same phenomenon with frogs: 

“We strongly feel that many animals have disappeared because of 
agrochemical use, especially pesticides. Earlier our paddy fields were 
full of frogs who would croak loudly and scare many insects. Frogs 
eat insects, especially the keedawa (brown paddy hopper) and do us 
the favour of controlling insects naturally”F61b. 

Increased leaf litter, soil fertility, soil moisture retention, and reduced 
erosion; groundwater recharge 

Eighty three percent of farmers across locations valued tree- 
dominated landholdings for their fertile soils, which 61% attributed to 
the deposition and decomposition of leaf litter (Table 2). “Compared to 
earlier, our landholdings are more fertile now” F61c. Farmers also linked 
soil fertility to the resurgence of soil organisms such as “earthworms and 
beetles” F38, “gammiris atayas” (wood lice) F66, and “termites” F21i. 
They recognised that because of increased “shade, soils retained mois-
ture” F41 and “did not dry out in the drought” F5c. Farmers understood 
that increased tree cover led to “interception by the canopy and rain did 
not strike the ground with force. Because of this, soil erosion has 
reduced” F78b. Further, “due to root action of trees in our landholdings, 
the groundwater table has recharged” F36. Farmers were convinced that 

Table 2 
Average number of farmers who have Use (Utility, Aesthetic, Environmental, Option) and Non-Use (Intrinsic and Bequest) values for their tree-dominated landholdings 
as a proportion (%) of all 85 farmers in each, and all locations.  
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the productivity of land and their ability to generate greater income was 
linked to enhanced soil fertility. “There is greater vegetation now, the 
soil has improved, and our income has increased” F5d. 

Increased shade, cool environment, and improved air quality 
Fifty six percent of households valued the shade cast by trees, and an 

equal number (57%) enjoyed the cool environment it created. Nine 
percent of farmers also valued their garden environment for its better air 
and water quality. As F58b opined “living here is better than living in a 
town in all respects because the air is breathable, water clean, and the 
environment cool and very good for the body”. 

3.2.1.4. Option value. Forty percent of farming households realised that 
they had the option to convert biological assets such as timber and 
fuelwood trees into immediate cash during an emergency or for a 
funeral, wedding, or puberty ceremony. F23a described this value: 

“We look at trees like money in the bank. Were calamities to befall us 
such as an illness or other unfortunate event, we can tap the revenue 
in our trees to resolve these problems”. 

Most farmers considered trees as investments which served their 
livelihood needs when they were old or infirm. 

“I can convert my mahogany trees to cash in about five years. This is 
an investment that can be used if something were to happen, and I 
am unable to physically move. I know where the trees are planted 
and can sell them if need be” F75a. 

3.2.2. Non-Use values 

3.2.2.1. Intrinsic values. Farmers had three types of intrinsic values for 
their tree-dominated landholdings. Thirty two percent cherished its 
tranquility, 44% experienced contentment, and 23% took enormous 
pride in its development. As F21j described: “compared to towns, there is 
peace, quiet and clean air in our garden and we can relax and live freely 
here”. F12d expounded further: “more than income, we enjoy the se-
renity”. Celebrating what had been achieved after a lifetime of work, 
F53 said: 

“We are proud because we have developed this land with our own 
hands. The mind is peaceful when sitting under a tree. We are elated 
when this land generates income”. 

The feeling of elation was not transitory happiness, but a long-lasting 
contentment and lack of fear mainly felt by older farmers. Farmers such 
as F21k were delighted on seeing a tree that they had planted grow 
majestic with age, 

“What we have here is valuable for present and future generations. 
For example, I planted this mahogany tree in 1961. A tree of that size 
can be sold for a very good price now”. 

3.2.2.2. Bequest value. Sixty seven percent of farmers valued land with 
trees because they mainly intended to bequeath it to their children. This 
was also why none were willing to sell land. As F58c exclaimed, “if I sold 
this land, what will I give my children?” Farmers who had inherited 
ancestral land were intent on bequeathing it fairly between their chil-
dren. F21l explained: 

Fig. 4. The canopy of a forest garden located next to a fragmented natural forest in the landscape mosaic of Maragalakanda, Moneragala. Forest gardens provide 
corridors for biodiversity movements between fragmented natural forests in the landscape mosaic. 
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“We will not be able to manage these lands forever. One of our sons 
seems interested in the tea section and has even invested some 
money in that land. We hope to give it to him. This house and the 
land around it are for our daughter”. 

Farmers recounted the advice they had received from their parents 
that land should be developed primarily with trees. “My father culti-
vated many coconut and jak trees. He taught us that one should plant 
trees for future use if the land was not going to be cultivated with paddy” 
F61d. Moreover, land that farmers bequeathed to their progeny had to 
be developed and generating income when passed over. As F40d 
explained, “the land we got from our parents was already cultivated. We 

need to develop these lands further and give them to our children”. 
Farmers continued to plant tree saplings in their old age knowing full 
well that they would not live to see these plants as trees. “Teak is a 
valuable wood. Even if the trees take 25–30 years to grow and we won’t 
benefit, our children will” F70a. Farmers including F6b hoped that 
“when my children eat coconuts from this land, they will remember to 
thank me for planting these trees”. Nevertheless, farmers’ values for land 
were diminished by multiple stressors, which concurrently, negatively 
impacted or stressed agricultural livelihoods in all locations. 

Table 3 
The number of farmers as a proportion (%) of all 85 farmers across locations who observed a single faunal species or type, and faunal groups in their tree-dominated 
landholdings.  

Faunal 
groups 

Faunal species 
or type 

Proportion (%) of 
farmers who observed a 
faunal species or type 

Proportion (%) of 
farmers who observed 
a group of fauna 

Faunal 
groups 

Faunal 
species or 
type 

Proportion (%) of 
farmers who observed a 
faunal species or type 

Proportion (%) of 
farmers who observed 
a group of fauna 

Birds Common babbler 32 87% Insects Butterflies 26 32% 
Parrakeet 27 Bees  
Grey hornbill 26 Apis florea 2 
Common mynah 24 Apis cerana 2 
Jungle fowl 21 Beetles 1 
Spotted dove 20 Dragonflies 1 
Red vented bulbul 11 Cicadas 1 
Golden oriole 9 Ants 1 
Sunbirds 9 Other insects 1 
Magpie robin 8 Arachnids Spider - 

Tarantulas 
1 4% 

Woodpeckers 7 Scorpions 4 
House sparrow 7 Reptiles Lizards  59% 
Peacock 6 Calotes calotes 14 
Crows 5 Calotes 

versicolor 
12 

Tailor bird 5 Ortocryptis 
weiigmani 

5 

Black headed 
oriole 

5 Other lizards 31 

Indian pitta 5 Geckoes 8 
Fan tailed 
flycatcher 

4 Skinks 6 

Serpent eagle 4 Land monitor 8 
Orange breasted 
green pigeon 

4 Turtles 1 

Pompadour green 
pigeon 

4 Snakes  27% 

Asian koel 4 Hump nosed 
vipers 

18 

Wood pigeon 2 Other snakes 8 
Weaverbird 2 Ahaetulla 

nasutus 
7 

Swifts 2 Cat snakes 6 
Common coucal 2 Pythons 5 
Hill mynah 2 Cobras 5 
Water hen 2 Russel’s viper 4 
Kingfishers 2 Kraits 2 
Drongos 1 Rat snake 1 
Flowerpeckers 1 Cylinder snake 1 
Emerald dove 1 Mammals Spotted deer 4 12% 
Black eagle 1 Sambhur 1 
Egrets 1 Hare 1 
Lorikeet 1 Bats 2 
Other birds 48 Rats 1 

Amphibians Frogs and toads 28 28% Mongooses 1 
Salamander 2 Palm Squirrel 1 

Others Snail 1  Others Earthworms 20  

The first and fifth columns represent broad faunal groups of animals/insects observed by farmers in their tree-dominated landholdings, including birds, amphibians, 
insects (e.g., butterflies, dragonflies, cicadas), arachnids, reptiles, mammals, and others. The second and sixth columns generally describe the specific species (e.g., 
Russel’s viper) or types (e.g., cobras) seen. The third and seventh columns represent the number of farmers as a proportion (%) of all 85 farmers across locations who 
observed a faunal species or type across locations. For example, 21% of farmers observed jungle fowl in their tree-dominated landholdings while 48% referred to them 
generally as ‘other birds’. Similarly, 18% of all farmers observed Hump nosed vipers, while 4% saw scorpions. The fourth and eighth columns describe the number of 
farmers as a proportion (%) of all 85 farmers across locations who observed a specific group of fauna. For example, 87% of farmers observed birds in their tree- 
dominated landholdings, while only 27% recorded reptiles (snakes). 
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3.3. Stressors 

Agricultural livelihoods were concurrently stressed by animal and 
insect pests, climate variability and extreme events, and labour 
scarcities. 

3.3.1. Animal and insect pests 
All farmers complained that the cultivation of both, long- (Table 4) 

and short-term (Table 5) crops was impacted by a range of animal and 
insect pests. Giant squirrels (Ratufa macroura) decimated long-term, 
fruit and coconut; monkeys (mainly Toque macaques: Macaca sinica, 
Macaca sinica aurifrons, and tufted grey langurs: Semnopithecus priam 
thersites) destroyed fruit, coconut, and cloves, while wild boar (Sus 
scrofa) damaged plantation crops (rubber and cinnamon) in 75%, 60%, 
and 41% of landholdings across locations respectively (Table 4). The 
greatest destruction occurred in Kundasale wherein F71c lamented, “we 
are losing up to 50% of our crops to animal damage; if we can harvest 
more, this will change our economic status”. 

Giant squirrels were the biggest offenders of long-term crops because 
“… they ate everything. One cannot secure a mango or coconut because 
it eats them all” F9c. These animals were also difficult to control since 
“they approach stealthily and do not make the noise that monkeys make. 
So, one does not know that they are here” F21m. “We are cultivating, 
and they are eating!” complained F58d. 

Monkeys were equally destructive. F12e informed, “fruit crops are 
impossible with monkeys who were previously confined to forests but 
now enter our homes”. They come in troops “…perforate coconuts and 
drink the water… and whole bunches of tender coconut (kurumba) are 
thrown on to the ground” F25b. Farmers also regretted that: 

“These were villages which produced good kitul (Caryota urens) 
juggery (palm sugar) and treacle. Now, no one can tap a kitul flower 
because monkeys hold the clay pot to their mouths and gulp down 
the sap” F75b. 

Famers offered several explanations for the problem of animal 
stressors. According to F78c, 

“Issues with animal pests in Narampanawa (Kundasale) only arose 
after the Mahaweli river was dammed and the Dumbara valley 
inundated. With the destruction of forest habitat, animals moved 
upwards”. Whichever the cause, F61e rued “there is neither a reso-
lution to this problem that we know of, nor is there one forthcoming 
from the government!” 

Various animals impacted the yields of short-term crops. Porcupines 
ate paddy, finger millet, maize, vegetables, groundnut, manioc, taro 
(Colocasia esculenta) and purple yam; wild boar devoured paddy, purple 
yam, manioc, sweet potato, and vegetables, peacocks fed on paddy, 
pearl millet, purple yam, and vegetables, while diverse insect pests 
infested paddy and vegetable crops in 43%, 32%, 14% and 36% of 
landholdings across locations respectively (Table 5). Nine percent of 
landholdings dominated by long-term crops, and 9% of those rich in 
short-term crops (Tables 4 and 5) offered food for elephants during the 
dry season, which was when these animals roamed agricultural land-
scapes in search of food and water. 

Farmers used active, passive, and traditional methods to control 
pests (Tables 4 and 5). F12f described the efficacy of traditional pest 
control methods thus: 

“Pest impacts are low because we make a vow and do a pooja before 
cultivation starts. We boil milk, offer a coconut, and promise the gods 
that we will share our harvest with them. Because these rituals are 
undertaken with immense faith and at the auspicious (nekath) time, 
they work. We also keep continuous vigil to protect our fields”. 

Issues were severe in Polpithigama, where rain-fed paddy agriculture 
dominated. Most farmers used insecticides in response to insect pest 

attacks although they understood that this was always not the best so-
lution. F61f described their plight: 

“We used several different types of insecticides to no avail, after 
which the Agricultural inspector gave us another. Using that we 
saved some but lost more than half of our paddy crop. We cannot 
cultivate without insecticides, but the problem is that when one 
insecticide is used to treat a specific pest, issues pop up with other 
pests. We face similar problems with vegetable cultivation”. 

F12g suggested alternative pest control methods that they used in 
paddy cultivation: 

“The incidence of insect pests is much less when cultivation starts at 
the same time in the yãya (contiguous tract of paddy fields). When 
this does not happen, problems begin”. 

For example, cautioned F58e, “if the soil is wet when grain is 
ripening, there is a good chance that the brown planthopper will strike”. 
F34c corroborated this: 

“There are no issues with insect pests if we work all our fields at the 
same time before the monsoon sets in. Problems only arise if the 
monsoon fails and the time for cultivation has passed. Then, cater-
pillars start to eat the leaves and insect damage is greater”. 

According to F13e, the increased incidence of pests and diseases 
“leads to greater expense in terms of management and decreased income 
since crop yields are affected”. Moreover, the inability to cultivate rice 
meant that households would “… have to start buying rice. It is now 
more than a year since we harvested a crop and what we have in hand 
may last only for another three months” F40e. 

3.3.2. Climate variability and extreme events 
All farmers confirmed that changes experienced in rainfall during the 

Maha and Yala cultivation seasons indicated strongly that the climate 
had become more variable. “The pattern of rainfall has changed now” 
complained F13f, “it does not come in time and what we receive is much 
less” F51b. Rainfall did not follow “historic trends, either came early, 
late” F34d, or “there is rain at the wrong time and no rain when you want 
it” F26a. “Rain also falls with great intensity and ceases unceremoni-
ously before time” F51c. 

Farmers lamented that extreme climatic events including severe 
drought and excessive rainfall occurred more frequently. Drought was 
more common in the Yala because 38% of respondents complained of 
dry conditions in the Yala of 2012, while 61% reported this for Yala 
2013. According to F78d, “the great Yala drought in 2012 started at the 
end of the Sinhala New Year” and culminated with the Maha rains that 
“came after a gap of eight months in 2013′′ F23b. 

“Farmers prepare their fields and wait for rain since they cannot 
cultivate paddy if there is no rain” F12h. Moreover, “when seed is sown 
late then the harvest is delayed and may get caught to rain” F27c. Other 
consequences of delayed rainfall are that flowering begins later, “…and 
then the paddy crop becomes susceptible to insect pests including the 
paddy bug, paddy stem borer and brown planthopper” F34e (Table 5), 
because the harvest coincides with their breeding cycles. 

In contrast, “the Maha of 2012–2013 brought excessive rainfall” 
F78e, and consequently, “our crops were damaged” F70b. F21n 
expanded further: 

“.too much rain has a debilitating effect on the paddy crop and 
presently we are experiencing a fungal disease. Although we have 
not used a fungicide up to now, we will be compelled to do so. 
Darkened skies and cooler temperatures also exacerbate fungal dis-
eases. Moreover, since paddy lands are wetlands, they are prone to 
salt accumulation and upsurge in very wet situations”. 

Delayed, excessive rainfall also created other difficulties. F26b 
recalled that “it started to rain after the paddy harvest in the Maha of 
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Table 4 
Number of landholdings as a proportion (%) of all 85 landholdings across locations in which long-term or tree crops were damaged by animal, bird or insect pest stressors, and types of pests.  

LONG-TERM CROPS 

Stressors Animals Birds Insects  

Giant 
Squirrel 

Monkeys Wild boar Porcupine Barking 
deer 

Elephant Palm 
squirrel 

Mouse 
deer 

Civet 
cat 

Forest 
rats 

Flying 
squirrel 

Peacock Grey 
hornbill 

Parrots Insects Farmer responses 
across locations 
and methods used 

Crops impacted Coconut  

Fruit 

Fruit 
Coconut 
Cloves 
Fish tail 
palm 
(kitul) 

Rubber 
Cinnamon 
Coconut 

Coconut 
Rubber 

Rubber 
Sapu 
Cinnamon 
Nutmeg 
Cloves 
Eucalyptus 
Gliricidia 

Banana 
Papaya 
Coconut 

Fruit Cinnamon 
Gliricidia 

Fruit Banana 
Coconut 

Fruit Cinnamon Nutmeg 
Fruit 

Fruit Fruit 
Coconut 

Passive Extra 
vigilance, non- 
violence (ahimsa), 
planting close to 
home, making loud 
noises, polythene, 
and fertiliser bag 
barriers, erecting 
fences, hanging 
tins on ropes, 
cutting branches of 
trees, notifying the 
Wildlife 
Department, and 
stopping banana 
cultivation. 
Active Chasing 
pests, lighting 
firecrackers, 
throwing stones, 
using catapults, 
traps, air rifles, 
biological and 
chemical 
pesticides. 
Traditional 
Poojas, rituals 
(kem) and planting 
according to 
auspicious times 
(nekath). 

Number of 
landholdings in 
which long-term 
crops were 
damaged as a 
proportion (%) 
of all 
landholdings 
across locations 

75 60 41 22 11 9 5 2 2 2 1 7 5 2 7 

Each column represents an animal, bird, or insect pest stressor. The long-term crops they damage are in row 4. Each data point in row 5 represents the number of landholdings in which long-term crops were damaged as a 
proportion (%) of all 85 landholdings across locations. For example, giant squirrels destroyed fruit and coconut in 75% of landholdings, monkeys damaged fruit, coconut, cloves, and flowers of the kitul palm (Caryota 
urens) in 60% of landholdings, wild boar mutilated coconut, cinnamon, and rubber plants in 41% of landholdings, while porcupines ate coconut and rubber saplings in 22% of landholdings. The last column ‘farmer 
responses’ details the active, passive and traditional pest control methods used to ward off pests. Note that monkeys include toque macaques (Macaca sinica, Macaca sinica aurifrons) and tufted grey langurs (Semnopithecus 
priam thersites). Sapu refers to Michelia champaca. 
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Table 5 
Number of landholdings as a proportion (%) of all 85 landholdings across locations in which paddy and other short-term crops were damaged by animal, bird, or insect pest stressors, and types of pests.  

PADDY AND OTHER SHORT-TERM CROPS 

Stressors Insects Animals Birds  

Other 
Insects 

Brown 
plant 
hopper 

Paddy 
stem 
borer 

Paddy 
bug 

Leaf eating 
caterpillar 

Porcupine Wild 
boar 

Elephant Spotted 
deer 

Mongoose Hare Buffalo Monkeys Mice Mouse 
deer 

Peacock Jungle 
fowl 

Parrots Munias Farmer responses across 
locations and methods used 

Crops impacted Paddy 
Vegetables 

Paddy Paddy Paddy Paddy Paddy, 
Finger 
millet, 
Maize, 
Vegetables 
Groundnut, 
Manioc, 
Taro, 
Purple yam 

Paddy 
Purple 
yam, 
Manioc, 
Sweet 
potato, 
Veget 
ables 

Paddy 
Vegetables 

Finger 
millet 

Purple 
yam, 
Manioc 

Vegetables Paddy Vege 
tables Green 
gram, 
Groundnut, 
Manioc 

Maize 
vegetables 

Paddy 
Manioc 

Purple 
yam, 
Vegetables 

Paddy, 
Pearl 
millet, 
Purple 
yam, 
Vege 
tables 

Vegetables Paddy Paddy Passive 
Extra vigilance, notifying other 
farmers, non-violence 
(ahimsa), planting hedgerows 
for predator habitat, erecting 
fences, fixing electric bulbs 
around fields, lighting 
firecrackers, and making loud 
noises. 
Active 
Using biological and chemical 
pesticides, cattle urine. 
Traditional 
Poojas, rituals (kem), all 
farmers planting: at the same 
time, according to auspicious 
times (nekath) or seasons, 
hanging: madu, (Cycad 
revoluta) flowers, coconut 
torches, pineapple heads, and 
tins around fields. and maha 
patta wel (Derris scandens) in 
waterways. 

Number of 
landholdings in which 
short-term crops were 
damaged as a 
proportion (%) of all 
landholdings across 
locations 

36 20 14 14 5 43 32 9 7 7 7 5 5 5 4 14 2 2 2 

Each column represents an animal, bird, or insect pest stressor. The crops they affect are in row 4. Each data point in row 5 represents the number of landholdings affected as a proportion of all 85 landholdings across 
locations where, for example, porcupines destroyed paddy, finger millet, maize, vegetables, groundnut, manioc, taro and purple yam in 43% of landholdings, wild boar damaged paddy, purple yam, manioc, sweet potato 
and vegetable crops in 32% of landholdings, peacocks mutilated paddy, pearl millet, purple yam and vegetables in 14% of all landholdings, and diverse insect pests infested paddy and vegetable crops in 36% of 
landholdings. The last column ‘farmer responses’ details the active and passive actions including traditional pest control methods used by farmers to ward off pests across locations. Note that monkeys include toque 
macaques (Macaca sinica, Macaca sinica aurifrons) and tufted grey langurs (Semnopithecus priam thersites). 
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2012–2013. This made it difficult to dry the grain which then began to 
rot”. F75c recounted similar issues with vegetable cultivation: 

“Too much rain will cause flowers to fall and the entire plant rots 
thereafter. We can cultivate vegetables after the 15th of January but 
come April there is a glut in vegetables and then market prices fall to 
rock bottom”. 

Fifty nine percent of respondents stated that drought and excessive 
rainfall mainly impacted short-term crops. Although long-term crops 
were more resilient, 29% of farmers reported that pepper, clove, and 
cashew yields had decreased, which they attributed to changes in crop 
phenological response. According to F75d, 

“Pepper vines did not flower as they should have in November but 
are flowering now in December. This means that we can harvest only 
next August, after a year has passed”. 

Farmers also observed changes in both, day, and night-time tem-
peratures. F61g lamented “although the length of the (hot) period had 
decreased, heat intensity is greater”. Conversely now in historically 
chilly December and January, “it does not get cold ” F70c. 

3.3.3. Labour scarcity 
Over 10% of all farmers suffered labour scarcities that mainly 

affected the cultivation of short-term crops. F26c bemoaned, “we do not 
cultivate annual crops now because there is no one to do the work”. F12i 
complained about paddy cultivation since “we have to hire a lot of la-
bour …so this, and their food costs make cultivation costly”. The 
problem was aggravated because 13% of farmers’ children were reluc-
tant to engage in farming and sought Off-farm employment. F61h 
expressed his disappointment thus, 

“Unfortunately, our sons are not keen on stepping into a paddy field 
and using a mamoty (hoe). They want to wear shoes and never 
remove them; the shirt they wear must never become un-creased; 
they want to sit under a fan and earn a salary at the end of the 
month. They do not want to toil in the sun and sweat. They talk big 
about having this job and the other job, but the bottom line is that 
they are beggars, while we are rich. We can, at any time, fell a tree 
and convert that to cash, give this land out on lease, rent, or even sell 
it. We are unlike our sons who depend on their father for a loan when 
they run out of money!” 

3.4. Strategies to overcome stressors 

Farmers used different strategies to overcome stressors in the present 
(current) and future. They cultivated diverse annual and semi-perennial 
crops in anticipation of immediate gains, and greater numbers of 
perennial (tree) crops, which biological assets would buffer risk into the 
future. 

3.4.1. Current strategies 
Although farmers across all locations adopted various strategies to 

cope with multiple stressors, they continued to maintain FGs and mainly 
cultivate greater numbers of tree or long-term crops in other sections of 
their landholdings. To mitigate impacts of animal and insect pests, they 
specifically cultivated “crops that animals do not eat, such as pepper” 
F49a. Another strategy was to cultivate plantation crops such as tea, 
rubber, and timber “because monkeys do not favour these crops, and 
hence there are fewer damages and losses” F21o. However, timber was 
the unanimous crop of choice because, as F78f indicated “I am unsure 
about other crops”. 

Farmers on Maragalakanda, Moneragala used novel mitigation 
methods learnt from watching animal behaviour in recent years. They 
planted ‘decoy’ crops that served as alternate food for different animals 
at different times. F5e explained: 

“We plant purple yam between banana plants hoping that monkeys 
will eat this and leave the yams alone. It is now April and the tender 
jak is ripening. In June there will be ripe jak for monkeys to eat. This 
is when we can cultivate our Yala crops of groundnut and vegetables. 
Then monkeys will not eat groundnut because they have jak to eat” 

Farmers coped with rainfall variability by diversifying land use and 
crops, altering cultivation times and seasonal cultivation patterns, 

Table 6 
The average number of farmers who chose long- or short-term crops and other 
response strategies to stressors as a proportion (%) of all farmers in each and all 
locations, and types of crops favoured.  

Column 
Location 

A 
Long- 
term 
crops 

B 
Types of 
Long-term 
crops 

C 
Short- 
term 
crops 

D 
Types of 
Short-term 
crops 

E 
Other 
strategies 

Moneragala 100 Avocado, 
orange, 
betelnut, 
cloves, 
breadfruit, 
rambutan, 
mango, 
cinnamon, 
pepper, jak, 
teak*, lime 

10 Purple yam, 
paddy, 
vegetables  

Hakmana 100 Mahogany*, 
teak*, tea, 
rubber, 
cinnamon, 
coconut, 
pepper 

20 Banana, 
vegetables 

Grocery 
store 

Badalkumbura 100 Rubber, 
pepper, 
coconut, 
satinwood*, 
mixed crops 

20 Vegetables, 
banana, 
maize, 
paddy  

Polpithigama 90 Fruit, teak*, 
neem*, 
coconut, 
cashew, 
mixed crops 

30 Paddy, 
vegetables  

Pallama 80 Mango, 
cashew, lime, 
coconut, 
orange, teak*, 
mixed crops 

20 Cowpea, 
green gram, 
groundnut, 
vegetables, 
watermelon  

Weligepola 100 Coconut, 
cinnamon, 
pepper 

20 Banana, 
taro, 
vegetables  

Naula 100 Teak*, 
coconut, 
pepper, 
mixed crops 

10 Vegetables, 
paddy (3- 
month 
variety) 

Animal 
husbandry 

Kundasale 100 Nutmeg, 
cloves, 
coconut, 
pepper 

11 Banana  

Uva 
Paranagama 

100 Pepper, tea, 
coconut, 
Eucalyptus 
spp.* 

33 Vegetables, 
Banana  

Average 97%  19%   

Each numerical data point in columns A and C represent the number of farmers 
as a proportion (%) of all 85 farmers who cultivated long- and short-term crops 
as a response strategy to stressors in that location. Long- or short-term crops 
considered are shown in columns B and D respectively. Other response strategies 
(e.g., operating a grocery store) are described in Column E. For example, in 
Pallama, 80% of farmers planned to grow long-term crops whereas only 20% 
farmers intended to cultivate short-term crops. On average, 97% of all farmers 
opted to cultivate long-term crops, whereas only 19% chose short-term crops. 
The asterisk* indicates timber crops. Neem refers to Azadirachta indica, while 
satinwood is Chloroxylon swietenia. Note that all paddy crops if not specified 
otherwise, are 4-month varieties. 
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mainly in the Yala. Nearly 30% of farmers across locations diversified 
paddy land use into cash crops while others cultivated drought-tolerant 
crops such as maize in highland areas because, “it can survive with being 
watered once a week; kurakkan, is another possibility” F49b. Root crops 
were also preferred because, “one can sell these at a good price and 
obtain returns with little effort” F40f. 

3.4.2. Future strategies 
Farmers were conscious however, that in the future what “they were 

doing would have to change... because there is less water” F40g. They 
wanted to “… cultivate crops that adapt to changing times of rainfall” 
F75e, and “ increase tree crops" F9d in their landholdings because they 
knew full well that "only trees will survive the drought” F34f. Farmers 
preferred tree crops also because they were easier to maintain in a 
labour-scarce scenario that arose when their children sought Off-farm 
employment. On average, almost all farmers (97%) planned to in-
crease the cultivation of tree crops to cope with multiple stressors 
(Table 6). Nevertheless, farmers were aware that they needed to 
“cultivate short-term crops, otherwise what will we eat?” F49c. Paddy 
farmers opined that in a situation of reduced rainfall “we should culti-
vate traditional paddy varieties because they are resilient to drought” 
F85c, or plant “...other crops that are viable in paddy fields” F49d, such 
as brinjal (aubergine) for example. All these reasons explain why, on 
average, 19% of farmers across locations proposed to cultivate alternate, 
short-term crops instead of paddy in their fields (Table 6). 

4. Discussion 

Investigations on the contextual factors that effect valuation, 
pluralistic values for tree-dominated agriculture, stressors that impact 
livelihoods, and their current and future response strategies revealed 
that farmers in Sri Lanka’s IZ value, adopt, and maintain FGs for live-
lihood security because they are sustainable despite stress. In discussing 
these results and their significance, we offer recommendations for 
improving land management and policy formulation in Sri Lanka. 

4.1. Livelihood security 

Farming households in Sri Lanka’s IZ cultivate short- and long-term 
crops in diverse land uses. Of all, they highly value FGs because this land 
use consistently fulfils their livelihood needs for income, food, timber, 
and fuelwood over time, uses minimal inputs, has low maintenance re-
quirements, incurs low expenditure, is less susceptible to insect pests, 
resilient to climate variability and extreme events, and carries low risk. 
Land is converted to plantations only if there is adequate space as in 
Bangladesh (Salam et al., 2000). Short-term paddy is cultivated despite 
its vulnerability to climate risks, animal and insect pests since rice is a 
traditional staple food and its agriculture has evolved with farmers’ 
beliefs, values, and their socio-ecological knowledge (Abeywardana 
et al., 2019; IUCN, 2016). Farmers cultivate short-term, annual crops in 
cash and chena plots because they are lucrative and generate immediate 
cash income that is essential to meet increasing household expenses 
(Melvani et al., 2020). 

The simultaneous adoption of diverse crops and multiple land uses in 
landholdings increases income through cash generated from sales, and 
savings from the avoided cost of food, fuelwood and timber used for 
household consumption. It allows access and availability to food 
throughout the year and ensures households with food and fuelwood 
self-sufficiency. This is confirmed by a parallel study (Melvani et al., 
2020) which demonstrated that farming households were food and 
fuelwood self-sufficient to nearly one third (38%) of the total annual 
value of food and fuelwood they consumed ($ 1448) in 2012–2013. 
However, the value of household consumption is usually not accounted 
for in agriculture’s contribution to a country’s Gross Domestic Product 
(GDP) (Grishin et al., 2019), and may explain why in Sri Lanka, agri-
culture’s annual contribution to GDP from 2010 to 2020 for example, 

did not exceed 9% (O’Neill, 2021). Moreover, the range of material 
assets acquired (e.g., vehicles), and investments (e.g., children’s edu-
cation) made was further evidence of the substantial financial gains 
farmers obtained from tree-dominated landholdings. 

Farmers were, however, not satisfied with only amassing wealth in 
the present. They wanted to manage land sustainably for future gener-
ations as had their ancestors, and farmers in other cultures (del 
Angel-Pérez, 2013; Fox et al., 2017). To this end, farmers drew sophis-
ticated landscape designs based on the temporal dimension of crop 
harvests (long- and short-term) using their experiential understanding of 
plant reproductive phenologies. Long-term, valuable timber crops were 
a critical component of landscape designs because farmers knew that 
these valuable biological assets could be converted to cash in an emer-
gency or when they grew old, infirm, and unable to work. Similar tra-
ditions are followed in Africa and India, where farmers plant trees for 
livelihood insurance (Anyonge and Roshetko, 2003), as future in-
vestments (Jose and Shanmugaratnam, 1993), or for fuelwood to light 
their funeral pyres (Conroy, 1992). 

Farmers’ values for tree-dominated landholdings go beyond liveli-
hood sustainability. They value the aesthetic beauty of their land and 
attribute this to its high floristic diversity as do farmers in Mexico 
(Aguilar-Støen et al., 2009). Households in this study take great pride in 
their shady, cool, and tranquil environments which also afford habitat 
for biodiversity. Owing to a strong conservation ethic, farmers in this 
and other Sri Lankan studies have the highest regard for friendly faunal 
biodiversity and are willing to share their resources with them (Guna-
tilleke et al., 2008). All these intangible, Intrinsic values for land, trees 
and biodiversity are intertwined with the religio-cultural traditions of 
Sri Lanka (Bandara, 2009; Hochegger, 1998), and offer spiritual 
contentment to farming households. Similar values are upheld for sacred 
groves in India (Chandrakanth et al., 2004) and Spanish home gardens 
in Vall Fosca (Calvet-Mir et al., 2012). These Intrinsic values for FGs 
have perpetuated through time and align with farmers’ Bequest values 
for land passed down by generations of ancestors. Consequently, 
farmers’ ultimate desire in this and other patri/matrilineal cultures 
(Guillerme et al., 2011; Soini, 2005) is to bequeath land with trees that is 
agriculturally more productive than when they had inherited it. 

4.2. Sustainability despite stress 

Farmers’ values underpin their capacity to adapt to stress and 
manage land sustainably (Hansen and Greve, 2014). They mainly 
counter climate variability and extreme events by changing land use to 
tree-dominated agriculture by cultivating long-term crops. Farmers also 
diversify short-term crops, and alter cultivation times, which practices 
are similar to farmers’ adaptation responses in Southeast Asia and Kenya 
(Hoang et al., 2014; Lasco et al., 2011). Nevertheless, farmers in this 
study continue to be vulnerable because with increasing rainfall vari-
ability, they are no longer able to rely on historical rainfall data (Mel-
vani et al., 2020) especially when cultivating short-term crops. 
Moreover, with higher frequencies of extreme climatic events there is 
the increased potential for crop damage from insect pests and diseases 
(Marambe et al., 2015), and consequent financial losses (Melvani et al., 
2020). 

Farmers manage labour scarcities by cultivating timber crops that 
require less manpower as do farmers in Indonesia (Rohadi et al., 2010). 
They deliberately design landholdings with timber and other long-term 
crops to buffer risk, which thereafter serve as vegetation corridors be-
tween forest fragments at maturity. This enables the movement of 
biodiversity across the landscape mosaic where tree-dominated land-
holdings become invaluable refugia in this, and other Sri Lankan, and 
Indian studies (Karunarathna and Amarasinghe, 2011; Kudavidanage 
et al., 2012; Kumara and Ukuwela, 2009; Raheem et al., 2008; Ulman 
et al., 2021, 2018). Farmers recognise that ‘friendly’ biodiversity’ en-
ables crop pollination and biological pest control (Kremen and Miles, 
2012); know that soil organisms are instrumental to nutrient recycling 
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and soil fertility (Jacoby et al., 2017), and appreciate that all these vital 
environmental services increase agricultural productivity (Brussaard 
et al., 2007). Farmers’ concerns with respect to the harmful effects of 
biocides align with other researchers, and confirm that these agro-
chemicals are detrimental to pollinator and amphibian populations 
(Bambaradeniya et al., 2004), destroy soil fauna (Ghosh and Sur, 2017), 
and reduce the long-term productivity of agricultural land (Chaudhry 
et al., 2012). 

In contrast, farmers have little tolerance for ‘unfriendly biodiversity’ 
or animal and insect pest stressors that they manage using combinations 
of ingenuity, traditional knowledge (Widanapathirana and Dassa-
nayake, 2013) and technical support from GOs and NGOs. The type of 
stressor dictates the measures adopted, and farmers in this and other 
studies are adept at finding solutions to their own problems (Choruma 
and Odume, 2019). They cultivate fruit-bearing, less valuable, decoy 
crops as alternative food for monkeys, plant non-fruit bearing timber 
crops to deter giant squirrels and other animal pests, or use conventional 
pest-control methods also adopted by other Sri Lankan farmers (e.g. 
lighting firecrackers, see Tables 4 and 5) (Horgan and Kudavidanage, 
2020). Despite these efforts, most animal pests can neither be fully 
restrained nor easily killed because several farmers in this and other Sri 
Lankan studies practice ahimsa (non-violence) (Nekaris et al., 2013), or 
have a ‘live and let live’ attitude that Kennedy (2000) attributes to their 
long history of living with primates as fellow forest dwellers. However, 
as revealed in this study, the issue is not confined to a single pest that 
destroys a single crop at one time but involves multiple pests who 
destroy diverse long- and short-term crops at the same time. While 
short-term crops are mainly affected, the damage inflicted on all crops 
causes financial losses and economic uncertainty for farmers (Melvani 
et al., 2020; Rudran et al., 2021). 

Many studies have: discussed the plight of Sri Lankan farmers whose 
agricultural livelihoods are disrupted by animal pests (Anuradha et al., 
2019; Landreth and Saito, 2014), explored the causes (Alexis, 1985; 
Bandara et al., 2019; Lindström, 2011), and assessed the remedial 
measures adopted (Cabral et al., 2018; Horgan and Kudavidanage, 2020; 
Perera, 2009). Farmers, conservationists and international agencies 
attribute the increasing problem of animal and insect stressors to habitat 
destruction (Dela, 2011; Food and Agriculture Organisation, 2020). In 
Sri Lanka this problem mainly occurs when forestland is cleared for 
agriculture (Dela, 2011; Food and Agriculture Organisation, 2016). 
Consequently there is erosion of the already fragmented forests in 
landscape mosaics, and more frequent incursions by hungry animals into 
agricultural landholdings in search of food (Nijman and Nekaris, 2010). 
This issue is growing in Sri Lanka’s north and south eastern regions due 
to forest clearance for new commercial plantations and agriculture 
projects (Reddy et al., 2017), and in the west due to population 
expansion (Bandara et al., 2019). Further destruction of forests will 
exacerbate animal pest-related crop losses, cause greater financial losses 
for farmers, and ultimately erode the sustainability of their 
landholdings. 

4.3. Integrating farmers’ values in decision-making and policy 

All the above issues necessitate that farmers’ pluralistic values be 
integrated into national decision- and policy making for land, agricul-
ture, forest, and biodiversity conservation. This proposition aligns with 
Sri Lanka’s Overarching Agricultural Policy, 2020 – 2025, and if 
implemented could increase the sustainable use of natural resources 
(e.g., land, water), conserve biodiversity, facilitate stressor manage-
ment, achieve greater agricultural productivity (Brodt et al., 2011), and 
ultimately lead to participatory land governance (Subramanian et al., 
2019). In this light, we make four recommendations. 

First, that farmers’ values be included in decision-making and policy 
formulation that affects their agricultural livelihoods. To achieve this we 
propose that conservation or ‘landcare’ committees be established at the 
village level comprised of farmers and other stakeholders who share 

landscape mosaics (Sobels et al., 2001) at the watershed scale. Man-
agement decisions made by numerous village landcare committees may 
in turn, be translated and expanded to effect participatory governance at 
the national level. 

Second, that ‘land sharing’ as practiced by farmers in this study be 
allowed to continue because of four key reasons: a) The combination of 
fragmented forests, tree-dominated and other agricultural land uses in 
the landscape mosaic recreates habitat (Lindenmayer, 2019) and con-
serves biodiversity (Anand et al., 2010; Perfecto et al., 2010), b) Aligns 
with farmers’ values for friendly biodiversity; c) Conserves fragmented 
forests in the landscape mosaic which offer critical habitat to animal and 
insect pests (unfriendly biodiversity), reduces their incursions into 
agricultural landholdings, and prevents crop losses; d) The removal of 
forest remnants will tilt the already precarious balance between con-
servation and degradation in the landscape mosaic, increase pest in-
cursions into landholdings, and reduce agricultural productivity. 

Third, considering the negative economic impacts of unfriendly 
biodiversity on agricultural livelihoods in this and other studies (Pra-
kash et al., 2020; Thakur et al., 2016), Sri Lanka’s National Land, Forest, 
and Agriculture Policies should, a) Prohibit the replacement of forest 
habitats with agricultural land uses specifically those in which 
short-term, annual (e.g., vegetables) or semi-perennial (e.g., banana) 
cash crops (that attract animal pests) are promoted, b) Consult with 
farmers and conservationists to arrive at a consensus on how land must 
be managed to suit biodiversity needs since this is ‘pest’ specific. For 
example, elephants need well defined, larger protected areas that 
encompass their ancient trails (Fernando et al., 2005), whereas mon-
keys, giant squirrels, wild boar, peacocks, porcupines, birds and but-
terflies (that are ubiquitous and have existed in shared landscapes for 
thousands of years), currently remain in matrices of remnant forests, FGs 
and other land uses; c) Protect all remnant natural forests immediately, 
irrespective of their size. This measure is of vital importance since the 
Government of Sri Lanka’s Land Circular 05/2001 that conserved ~500, 
000 ha of remnant forests has now been revoked (Hannan, 2020), and 
further forest destruction is imminent (Ranawana, 2020); d) Increase 
land allocated for protected areas (land sparing) allowing greater con-
nectivity between habitats. This strategy has also been recommended by 
Wikramanayake and Buthpitiya (2017) in their spatial plan to prioritize 
biodiversity conservation in Sri Lanka. 

Fourth, we recommend that, a) The Central Bank of Sri Lanka 
accurately evaluates the financial contributions made by agriculture 
(mainly FGs) to the national economy by including the monetary value 
of household consumption and contributions to GDP, and b) Recognise 
and reward these contributions through the provision of financial (e.g., 
subsidies, low-interest loans, tax relief) and non-financial (e.g., capacity 
building) incentives for tree-dominated agriculture. 

5. Conclusions 

We conclude that farming households in Sri Lanka’s IZ adopt and 
maintain FGs because of the multiple values they receive in the present 
and will receive in the future. Livelihood security is ensured through the 
provision of utility benefits including income, food, fuelwood, and 
timber for household consumption and sale. Farmers understand that 
high agrobiodiversity and the dominance of tree crops increases leaf 
litter, enhances soil fertility, provides habitat for friendly biodiversity, 
and increases the aesthetic value of tree-dominated landholdings. Tim-
ber crops are valuable biological assets that give farmers the option to 
convert to cash when they grow old or in an emergency. Farmers’ 
intrinsic values for tree-dominated landholdings are intertwined with 
land, biodiversity, and cultural traditions. They develop land in the 
present to bequeath to their children in the future. Pluralistic values 
guide farmers in shared coexistence within a biodiverse landscape 
mosaic. Although impacted by concurrent, multiple stressors including 
animal and insect pests, climate variability and extreme events, and 
labour scarcities, landholdings remain resilient because farmers adopt 
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diverse response strategies using skills acquired from ancestors and 
through local experience. Forest remnants are conserved, and trees and 
decoy crops cultivated to ward off animal stressors. Land use and crops 
are diversified to adapt to changing climatic conditions, while long-term 
or tree crops mitigate labour scarcities. This study describes farmers’ 
intimate knowledge of land and crops and how landholdings should be 
managed to counter multiple levels of stress. It also reveals hitherto 
unrecognised contributions that tree-dominated landholdings make to 
farming households and the GDP of Sri Lanka. Above all, it validates why 
farmers’ knowledge, and their pluralistic values need to be integrated 
into national-level decision-making and policy framing in order that Sri 
Lanka’s biodiversity is conserved through the sustainable management 
of her land, forests, and agriculture. 
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