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Abstract 

Cashew (Anacardium occidentale L. [Sapindales: Anacardiaceae]) is 

an important industrial crop in Vietnam, and it has contributed to more than 

200,000 farmers’ household incomes in rural areas. Pest damage is one of 

the constraints on the farmers’ income, and overuse of insecticides has 

caused environmental and health problems. The integrated cashew 

improvement (ICI) program using weaver ants (Oecophylla smaragdina 

(Fabricius) [Hymenoptera: Formicidae]) as a key element developed for 

Vietnamese cashew farmers has been fully assessed. Weaver ants 

effectively controlled the main insect pests on cashew, including the tea 

mosquito bug, the brown shoot borer, leaf rollers and the leafminer. Weaver 

ants reduced the pest damage to an acceptable level compared to the 

insecticide treatment, or to levels under the control threshold. Damage 

caused by sternorrhynchan pests was either negligible or well below the 

control thresholds. This is because the ICI program enhanced the population 

of natural enemies, which, in turn, suppressed sternorrhynchan pests. The 

implementation of the ICI program enhanced arthropod diversity and natural 

enemy populations in comparison to the farmers’ conventional farming 

method (FCF), which heavily used insecticides.  

Compared to the farmers’ conventional farming method, the ICI 

program generally produced similar nut yield, but with a reduction of 

expenses by 10.3% and an increase of net profits by 13.3%. In addition, the 

ICI program also produced higher quality nuts than the FCF. 

The competition between weaver ants and other ant species was 

identified as an important factor in implementation of the ICI program. To 

resolve this, orchard understorey and boundary tree management, focussing 

on improving food sources of other ants, was proposed. Continuation of the 

ICI program implementation on a large scale is highly recommended for the 

Vietnam cashew industry. 
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Chapter 1:  General introduction 

1.1 Importance of pests and pesticide uses in cashew production in 
Vietnam  

Cashew (Anacardium occidentale L. [Sapindales: Anacardiaceae]) is a 

relatively new crop in Vietnam. Its growing areas reached commercial level 

during the 1990s. Cashew has become an important industrial crop in 

Vietnam with the annual export value of USD one billion (VINACAS, 2011). It 

is an important source of income for over 200,000 farmer households (Bien, 

2005). To improve the national economy, especially in the rural areas, the 

Ministry of Agriculture and Rural Development (MARD) in Vietnam has 

designated cashew development as a national priority. The present cashew 

productivity in Vietnam is low and unstable. The current yield is about 1.0 – 

1.1 t/ha although the potential productivity of new cultivars under good 

management could reach more than 3 t/ha. The low yield and instability is 

mainly due to unsuitable crop management and serious damage caused by 

pests such as tea mosquito bugs, shoot borers and anthracnose disease 

(Peng et al., 2006). 

The earliest surveys of cashew insect pest were carried out in the 

1980s.  Of 32 cashew insect pests that were found, seven species were 

identified as economically important (Hung, 1988; Bavappa, 1989). These 

were Cricula silk moth, Cricula trifenestrata (Helfer) [Lepidoptera: 

Satuniidae], bag worm, Oiketikus sp. (Lepidoptera: Psychidae); mango stem 

borer, Batocera rufomaculata (De Geer) [Coleoptera: Cerambycidae]; shoot 

borer, Alcidodes sp. [Coleoptera: Curculiondae]; stem borers, Plocaederus 

ferrugeneus, and P. obesus [Coleoptera: Cerambycidae]; and tea mosquito 

bug, Helopeltis antonii Sign [Hemiptera: Miridae]. Stem borers (P. 

ferrugeneus, and P. obesus), the tea mosquito bug (H. antonii), and the 

shoot brown borer (Alcidodes sp.) were considered the most important insect 

pests on cashew.  Bien et al. (2005) reported that among 11 common 
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cashew insect pests, the tea mosquito bug (H. antonii), and the stem borer 

(P. obesus) caused severe damage in South Vietnam. More than 40 cashew 

insect pest species were found in field surveys (Peng et al., 2010a, b). 

Among these, the most important insect pests were tea mosquito bugs (H. 

theivora, and H.antonii), and two species of shoot borers (Alcidodes sp. and 

the blue shoot borer (unidentified species)), that caused most of the damage 

on flushing shoots and young inflorescences. Recently, 42 species of insect 

pests on cashew were found in the South Central Coastal Region of Vietnam 

(Son, et al., 2010). Based on the reports by Hung (1988), Bavappa (1989), 

Bien et al. (2005), Peng et al. (2010) and Son et al. (2010), common cashew 

insect pests are listed in Table 1.1 

Table 1.1. The main cashew insect pests in Vietnam  

Common name  Scientific name  Family/order Damage 
level  

Tea mosquito bugs 
H. theivora,  
and H. antonii  

Miridae very severe  

Brown shoot borer  Alcidodes sp.  Curculionidae severe 

Blue shoot borer an unidentified species Curculionidae severe 

Branch borer Rhytidodera bowringii  Cerambycidae severe 

Fruit borer Nephopteryx sp. Pyralidae medium !

Stem borer  Plocaederus obesus Cerambycidae severe !

Leaf rollers  

A group of insect pests 
belonging to Pyralidae, 
Tortricidae,   
Gracillariidae, and 
Noctuidae 

Lepidoptera medium  

Leafminer  Acrocercops syngramma  Gracillariidae medium  

Thrips 
Selenothrips 
rubrocinctus , and 
Scirtothrips dorsalis 

Thripidae medium  

Leaf webber Lamida moncusalis Pyralidae slight  

Cricula silk moth Cricula trifenestrata Saturniidae slight 
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Bag worm Oiketikus sp. Psychidae slight 
 

To reduce insect pest and disease damage, most cashew farmers rely 

heavily on insecticides and fungicides, resulting in increased costs, pest 

resistance, the reduction of natural enemies and pollinators, environmental 

pollution, and a threat to farmers’ health and their animals (Peng et al., 

2006).  

A baseline survey conducted by Charles Darwin University (CDU) and 

the Institute of Agricultural Science of South Vietnam (IAS) found that 85% of 

cashew orchards were sprayed with insecticides 2.5 ± 1.3 times/year and 

58% were sprayed with fungicides 2.2 ± 1.0 times/year. Insecticides including 

Cypermethrin, Permethrin, Cartap, Fenvalerate, Dimethoate, Methidathion, 

Fenobucarb and Fipronil are usually recommended for insect pest control in 

cashew production in Vietnam (Lan et al., 2005; IAS, 2005, and Phuong, 

2006). The survey also showed that pesticide spray has already caused 

health problems for farmers and their animals, and problems to the 

environment. Most of the farmers that were interviewed (80%) suffered 

various kinds of poison symptoms during or after spraying pesticides in their 

cashew orchards. These poison symptoms included skin irritation, headache, 

vomiting, breathing difficulty, unconsciousness, sneezing, loss of appetite, 

dizziness, chest pains and/or tiredness. Also, some farmers mentioned that 

their animals were affected. Their poultry grew slowly and laid eggs 

irregularly. Their sows suffered miscarriage and piglets born during a 

pesticide spray period were weak and had poor health (Peng et al., 2006).  

More importantly, the survey found that most farmers did not use 

pesticides properly, such as using the wrong insecticides, overdoses or not 

wearing protective clothes (Peng et al., 2006). Lan et al. (2005) found that 

more than 88% of cashew farmers used insecticides to control anthracnose 

disease because they were not be able to distinguish between anthracnose 

and insect pest damage. 
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In addition to this, 95% of Vietnam cashew kernels are exported to 

developed countries such as the United States (40.8%), the EU (18.9%) and 

Australia (10.5%), where the food sanitation and safety guidelines are very 

strict (VINACAS, 2005). The misuse of pesticides in cashew cultivation is 

recognized as a potentially serious threat for sustainable cashew production 

and the export industry in Vietnam (Bien, 2005).  

1.2 History of using weaver ants  

To reduce the use of insecticides, cashew farmers are seeking 

alternative methods to control insect pests. The use of biological control 

agents is one of the options. The weaver ants1, Oecophylla smaragdina 

(Fabricius) and O. longinoda (Latreille) [Hymenoptera: Formicidae] have long 

been documented as effective biological control agents. More than 50 pest 

species belonging to 18 families on eight tropical tree crops and some forest 

trees are controlled by Oecophylla (Peng and Christian, 2009). The 

development of the use of weaver ants can be divided into three periods: 

before 1960, from 1960 to 1980 and after 1990. 

The use of weaver ants at the nest level (before 1960)  

The earliest record of using weaver ant as biological control agents 

was in A.D. 304 ; weaver ants were used at the nest level. Nets of weaver 

ants were collected in their natural habitat and introduced into the orchard 

regardless if they belonged to the same colony or not. The farmers were not 

able to manage the population of weaver ant colonies after introduction. Due 

to fighting among different colonies, the population of weaver ants were not 

stable over time, resulting in low effectiveness of pest control. To maintain 

high ant populations, the nests of weaver ants were repeatedly introduced, 

and this increased costs of establishing and maintaining weaver ants in the 

orchards. This method was traditionally practiced by citrus farmers in 

Southern China (Huang and Yang, 1987), in Southern Myanmar (Needham 

et al., 1986), and in the Mekong Delta in Vietnam (Cuc and Van Mele, 2000). 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Weaver ant is also called citrus yellow ant, red ant, green ant, yellow tree ant,  green tree 
ant, and kiến vàng (Vietnamese) 
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The pioneer research on using weaver ants as biological control agent 

was started on coconut plantations from the 1930s. In the Solomon Islands, a 

coreid bug, Ambpypenlta cocophaga (China) (Hemiptera: Coreidae) was 

successfully driven from coconut trees by an invasion of O. samragdina 

(Lever, 1933; Philips, 1940). O. longinoda can effectively control several 

pests on coconuts including the destructive coreid bug Pseudotheraptus wayi 

(Brown) (Hemiptera: Coreidae) on coconuts in East Africa (Way, 1953). O. 

smaragdina effectively controls the coreids Amblypelta cocophaga (China) 

and Amblypelta cristobalensis (Brown) (Hemiptera: Coreidae) on coconuts in 

the Solomon Islands (Brown, 1959). These early studies provided essential 

and useful information on the biology, behaviour and ecology of weaver ants 

for subsequent research.  

Large scale use of insecticides (1960 to 1980) 

After the advent of cheap and effective pesticides during the 1950s, 

the citrus farmers quickly dismissed the traditional ant method and relied on 

chemical pesticides to control insect pests that can be controlled by weaver 

ants. However, the frequent and heavy use of chemical pesticides on citrus 

caused repeated outbreaks of the main insect pests due to pest resistance to 

insecticides, and also caused new pest problems in China (Chen, 1985; 

Huang and Yang, 1987; Yang, 2002). The same problems arose in Vietnam. 

Although weaver ants were traditionally used to control insect pests, more 

than 60% of citrus farmers in the Mekong Delta replaced weaver ants with 

pesticides due to pressure from the pesticide industry. However, the more 

pesticides were used, the more pest outbreaks occurred (Van Mele and Cuc, 

2000).  Also, heavy use of pesticides greatly reduced the natural enemies 

that formerly suppressed a wide range of minor pests. As a result, minor 

pests such as red mite, rust mite, citrus leaf miner, citrus psyllid, aphids, 

scales, white fly and leaf rollers became new major citrus pests (Chen, 1985; 

Van Mele and Cuc, 2000). 

Using weaver ants at colony level (after 1990) 
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Recently, the trend of Good Agricultural Practices (GAP) and organic 

farming have promoted the development of IPM programs that minimize the 

use of pesticides. As a result, more researches have been pursuing the use 

of weaver ants in insect control since 1990. The weaver ant is now 

considered an effective biological control agent in a wide range of tropical 

tree crops. It can control all the major pests on cashew and mango in 

Australia (Peng et al., 2004; Peng and Christian, 2005), on citrus and cashew 

in Vietnam (Peng et al., 2010; Van Mele and Cuc, 2003), on cocoa in 

Malaysia (Ways and Khoo, 1989), on coconut in Papua New Guinea and the 

Solomon Islands (Stapley, 1980) and on coconut and cocoa in Tanzania and 

Ghana (Löhr and Oswald 1989; Way and Khoo, 1992).   

Since 1990, the management of weaver ants at the colony level has 

been emphasized. Although weaver ants control a wide range of insect 

pests, aggressive border fights between weaver ant colonies can seriously 

reduce their populations and effectiveness of pest control (Peng et al., 2004). 

Methods to prevent fighting between weaver ant colonies have been 

developed. The technology allows farmers to be able to maintain stable 

weaver ant populations in the orchard over a long period of time. In addition, 

problems associated with using weaver ants as biological agents have been 

resolved in IPM programs that use weaver ant as a major component, 

together with advanced farming practices and organically approved 

chemicals (Peng et al., 2004; Peng and Christian, 2005) 

Recently, an IPM program using the weaver ant (Oecophylla 

smaragdina) as a key component, developed by Charles Darwin University 

(CDU), has being successfully used by cashew growers in Australia, Papua 

New Guinea and Mozambique (Peng and Duncan, 1999; Peng et al., 2000, 

2001, 2002; Peng, et al., 1999, 2004). Weaver ants not only effectively 

controlled the major cashew insect pests such as the tea mosquito bugs and 

shoot borers, but also increased nut yield and nut quality (Peng et al., 1999, 

2004).  
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1.3 The major arguments over the use of weaver ants  

Based on the promising results of IPM programs, CDU and the 

Institute of Agricultural Science of South Vietnam (IAS)  conducted a 

collaborative project entitled “Implementation of the Integrated Cashew 

Improvement (ICI) program using weaver ant as a major component for 

cashew growers in Vietnam”- (No. 029/05/VIE) between 2006 and 2008. The 

ICI program was the core technology of the project. It was developed by 

cashew researchers at CDU, and included the use of weaver ants as a key 

element, together with advanced farming practices and environmentally 

friendly soft chemicals (such as nC24 agricultural mineral oil or potassium 

soap) that are not harmful to weaver ants or other natural enemies (Peng et 

al., 2010a). The aim of this program was to make cashew production in 

Vietnam safe, sustainable and more profitable. 

Against this background, it is hypothesized that the ICI program would 

be as good as insecticides in managing the main cashew insect pests below 

the control threshold. If this hypothesis is supported, my second hypothesis is 

that the ICI program could provide cashew growers with higher profits 

compared to the conventional farming practice. This is because insecticide 

spray continues to become more expensive due to the high costs of 

insecticides, spray equipment and labour. An interesting study conducted by 

Peng et al. (2004) found that cashew trees with weaver ants produced better 

quality nuts than those protected by insecticides. In the nut development 

stage, young nuts continuously secrete extra-floral nectar, which is 

continually taken away by the ants, resulting in clean and shiny nuts. 

However, with insecticide spray, the nectar is continuously deposited on nuts, 

and later, fungus grows on the surface of nuts, damaging them. However, 

there are no quantitative data to demonstrate this difference in external nut 

quality. In addition to this, the ICI program does not involve the use of 

insecticides, and therefore produces insecticide-free nuts. Therefore, my third 

hypothesis is that better quality cashew nuts could be produced with the ICI 

program than with conventional farming. 

Association between weaver ants and sternorrhynchan pests 
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Weaver ants feed on sugar solution and meat. The ants catch many 

kinds of arthropods for their meat requirement and collect nectar from many 

plant species (Blüthgen et al., 2000, 2004; Lim et al., 2008). They also forage 

honeydew (a sweet and sticky substance) excreted by sternorrhynchan 

species such as mealy bugs, aphids and scales. Ant-sternorrhynchan mutual 

relationships have been investigated by many researchers (Nixon, 1951; 

Way, 1963; Buckley, 1987; Gullan, 1997; Styrsky and Eubanks, 2006). The 

ants and sternorrhynchans receive reciprocal benefits from this relationship. 

Sternorrhynchans excrete honeydew for ants, and in turn, the ants provide 

protection for sternorrhynchans such as the reduction of natural enemies, 

sanitation and shelter (Way, 1963; Nixon, 1951; Gullan, 1997). This has lead 

to an argument that ants enhance the pest status of sternorrhynchans. Some 

studies reported that sternorrhynchan populations appear to increase when 

tended by ants (Nixon, 1951; Flanders, 1951). As a result, ant attendance 

enhances the pest damage level and significantly facilitates the spread of 

sternorrhynchans (Way, 1963; Hölldobler and Winson, 1990; Das, 1959; 

Beattie, 1985; Buckley, 1987, 1983; Delabie, 2001). However, others found 

that the presence of sternorrhynchans increased ant predation on 

herbivorous pests, thereby benefiting host plants (Way and Khoo, 1992; 

Rosenheim et al., 1997; Delabie, 2001; Karplan and Eubanks 2005; Styrsky 

and Eubanks 2006, 2010). 

In terms of this controversy, it is important to assess the effect of the 

ICI program on sternorrhynchans in cashew orchards. The main 

sternorrhynchans in cashew plantations in Vietnam are mealy bugs and 

aphids, which are considered minor pests (Son et al., 2010; Bien et al. 2005) 

although there are sometimes more serious local outbreaks (Mr Co, Dong 

Nai, 2006; Mr Chung, Binh Thuan, 2008; personal communications). The 

main question is whether these minor pests will become major pests after the 

main pests are controlled by weaver ants. Work conducted in a cashew 

plantation (plots with weaver ants, and plots without the ants or insecticides) 

in northern Australia over a period of five years by Peng, Christian and Gibb 

(1999b) found that the populations of mealy bugs and aphids were too low to 
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measure, and that weaver ants have no impact on the predators and 

parasitoids of mealy bugs, aphids and oriental scales. This work concluded 

that in cashew orchards in Australia, mealy bugs, aphids and scales are 

unlikely to become the major pests after weaver ants are used. Having 

considered the differences in arthropod assemblages and orchard 

management between Australia and Vietnam (Peng et al., 2004, 2010a, b; 

Son, et al., 2010), it is essential to know whether the findings of Peng et al. 

(1999b) also hold true in Vietnam cashew orchards. This is very important for 

a large-scale use of the ICI program in Vietnam. 

Effects of weaver ants on arthropod diversity in cashew orchards 

Agricultural intensification, including the conventional use of 

pesticides, has reduced biodiversity worldwide (Stoate et al., 2001; Butler et 

al., 2007). Ecological studies reported a close relationship between arthropod 

diversity and pest control. Pimentel (1961) concluded that species diversity 

and complex associations among species were essential to the stability and 

balance of the community system. Increases in the diversity of parasitoids 

and predators decrease pest outbreaks (Landis et al., 2000; Stiling and 

Cornelissen, 2005; Cardinale et al., 2006; Straub et al. 2008). Letourneau et 

al. (2009) showed that there was a very strong relationship between natural 

enemy diversity and herbivore suppression, and higher natural enemy 

species richness causes greater herbivore suppression. 

Weaver ants are well known for their highly territorial and aggressive 

foraging behaviour. Weaver ants attack many intrusive animals, including 

humans, and kill various kinds of arthropods for food (Way, 1954b; 

Hölldobler, 1983; Way and Khoo, 1992). This makes weaver ants efficient in 

the herbivore pest control. However, their aggressiveness may have negative 

effects in the orchard system by killing or repelling many arthropods including 

insect pests, their natural enemies and pollinators (Way and Khoo, 1992; 

Dejean and Corbara 2003; Blüthgen et al., 2000, 2004).   

Peng, Christian and Gibb (1999b) demonstrated that during the 

cashew flowering and fruiting period, canopy arthropod diversity was higher 
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in the plots with abundant weaver ants than in those without the ants or 

insecticides, but during the dormant period, the diversity was lower in the 

plots with weaver ants than in those without the ants or insecticides. This 

difference was explained by the changes in the population size of the insect 

pests (Peng et al., 1999b). Due to the big differences in cashew orchard 

management and arthropod assemblages between Australia and Vietnam, it 

is important to examine these patterns in cashew orchards in Vietnam before 

implementing weaver ants as biological agents at a large scale. 

In summary, this study will concentrate on (1) testing my three 

hypotheses: (a) ‘the ICI program would be as good as insecticides to manage 

the main cashew insect pests below the control threshold’, (b) ‘the ICI 

program could provide cashew growers with higher profits compared to the 

conventional farming practice’ and (c) ‘better quality cashew nuts could be 

produced with the ICI program than with conventional farming, (2) 

determining the effect of weaver ants on sternorrhynchan pests, and (3) 

investigating the impact of weaver ants on arthropod diversity in cashew 

orchards. 
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Chapter 2:  General methods 

2.1 Study sites 

This study was conducted at two sites: Mr Bi’s cashew orchard and Mr 

Kinh’s cashew orchards in Dong Nai province (Figure 2.1), one of the main 

cashew growing areas in Vietnam.  

The climate of the study area is tropical monsoonal, with two distinct 

seasons: the dry season from November to April, and the wet season from 

May to October. The annual rainfall is between 1800 to 2000 mm, with a 

mean temperature of 27oC and a mean relative humidity of 82% 

(Hydrometeorology Centre of Dong Nai province, 2009).  

 

Figure 2.1. Location of two study sites in the Dong Nai province, Vietnam 

(Google Earth®, 2009). 

2.1.1 Mr Bi’s orchard 

Mr Bi’s orchard (10°55' N, 107° 0' E) is located in Quang Tien 

commune, Trang Bom district, Dong Nai province, Vietnam. It is about 50 km 

Mr Bi’s orchard 

Mr Kinh’s orchard 

Dong!Nai!
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northeast of Ho Chi Minh City. The surface topography is flat, with haplic 

acrisol soil. A block of one hectare of cashew was used within Mr Bi’s 

orchard, and it consisted of six rows of five-year old cashew trees. Three 

rows had the cultivar TL6/3 and three rows had the cultivar TL2/11. All the 

cashew trees were similar in tree height and canopy structure. 

2.1.2 Mr Kinh’s orchard 

Mr Kinh’s orchard (10°56' N, 107° 4' E) is located in Hung Loc 

Agricultural Research Centre, Hung Thinh commune, Trang Bom district, 

Dong Nai province, Vietnam. The orchard is about 60 km Northeast of Ho Chi 

Minh City. The surface has a slight slope and the soil is friable??. A block of 

one hectare in Mr Kinh’s orchard was used, and it consisted of 10 rows of 

six-year old cashew trees. This orchard previously belonged to a cashew 

breeding project for selection of high yielding cultivars. After the breeding 

project finished, the orchard was thinned and turned to nut production. Each 

cashew cultivar was planted in one row. The cashew cultivars were TL11/2, 

TL13/15, TL18/10, TL18/12, SK60-1, SK60-2, SK25, SK12/10, SK13/18, and 

SK13/20. All the cashew trees within a row were similar in tree height and 

canopy structure.  

2.2 Experiments 

This study used a combination of field experiments, field observations, 

laboratory rearing and arthropod sampling.  

2.2.1 Field experiments 

Field experiments were conducted at Mr Bi’s and Mr Kinh’s orchards 

for a period of two years from June 2007 to May 2009. This period covered 

two cropping seasons. In cashew production, the most important period with 

respect to cashew development is from pre-flowering flushing, flowering, and 

fruiting, through to the harvest. This period in Vietnam is from November to 

April of the next year.  During this period, the crop is subjected to various 

kinds of insect pests and diseases. For simplicity, I used either “2008” to refer 

to the first cropping season from November 2007 to May 2008, or “2009” to 
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refer to the second cropping season from November 2008 to May 2009 in 

this study. Each site was divided into 2 parts with equal numbers of trees of 

each variety. One part was managed with the integrated cashew 

improvement program using weaver ants as a major component (ICI 

treatment), and the other part was managed by the orchard owners with their 

conventional farming techniques (FCF treatment). 

Insect pest damage on cashew, nut yield and quality, and records of 

cost and benefit were recorded in each treatment and each orchard 

separately. 

2.2.2 Field observations 

Field observations were done in Mr Kinh’s orchard only. Four sampling 

times were conducted, during the months of February, June and October, 

2008, and February, 2009 to collect data on the presence of the natural 

enemies of mealy bugs on cashew leaves with mealy bugs.  Seventeen field 

observations were carried out to collect data on the presence of aphid natural 

enemies on flushing shoots. Seven field observations were made in 2008 

and 10 observations were made in 2009.  

2.2.3 Laboratory rearing 

Laboratory rearing was conducted at the laboratory of the Research 

Department of Industrial Crops in IAS. It involved rearing cashew insect pests 

and their natural enemies, which were collected during field observations in 

Mr Kinh’s orchard. 

2.2.4 Arthropod sampling 

 Arthropod sampling was carried out at Mr Bi’s and Mr Kinh’s orchards 

from November 2007 to May 2009. Canopy and ground arthropods were 

collected monthly using a vacuum sampling machine and pitfall traps, 

respectively.  
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2.3 Data analysis 

Data of nut grades and presence of natural enemies of 

sternorrhynchan pests were expressed in percentage. These percentage 

data were transformed using arcsine square root to achieve a normal 

distribution (McDonald, 2009). Because data of insect pest damage were not 

normally distributed after the transformation with arcsine square root, non-

parametric statistics were used. The Mann-Whitney U test and the Friedman 

two-way ANOVA by ranks (Siegel, 1956) were used to compare insect pest 

damage between the two treatments.  

ANOVA was used to analyse data of the presence of natural enemies 

on cashew leaves with mealy bugs and on flushing shoots between the two 

treatments. A group t-test was used to analyse data of percentage of grade-1 

nuts between the two treatments.  

Nut yield (kg/tree) was transformed using log10(x+1) to achieve a 

normal distribution. ANOVA was used to compare nut yield between the two 

treatments (McDonald, 2009).   

The Shannon-Weiner index was used to express the arthropod 

diversity. The group t-test was used to analyse the difference in the arthropod 

diversity between the two treatments. STATISTICA 8.0 was used to analyse 

data (StatSoft, Inc. 2008). Further details of data analysis were described in 

the following chapters. 
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Chapter 3:  Assessment of insect pest damage using the 
integrated cashew improvement program 

3.1 Introduction 

3.1.1 Cashew major insect pests in Vietnam 

Cashew was introduced to Vietnam in 18th century (Thanh, 2003); 

however, it did not become a commercial crop until the 1990s after the 

development of a cashew processing industry. Pests are the major factors 

threatening the sustainable development of the cashew industry (Bien et al., 

2005). Insect pest damage greatly affects cashew production in Vietnam. A 

tea mosquito bug outbreak reduced the national average nut yield by 50% 

and the total national nut production by 34% in 1999 (VINACAS, 2000). In 

recent years, pest damage and unsuitable weather have caused a significant 

reduction in nut yield; as a result, cashew farmers cut cashew to grow rubber, 

cacao or cassava. The cashew growing areas decreased by 20,000 ha in 

2009 (VINACAS, 2010).  

Among the 42 insect pests found on cashew in Vietnam (Son et al., 

2010; Peng et al., 2010a, b; Ngan, 2006), the tea mosquito bug (H. theivora), 

the brown shoot borer (Alcidodes sp.), the branch borer (R. bowringii), and 

the stem borer (P. obesus) are the main insect pests. Leaf rollers (a group of 

insect pests belonging to Pyralidae, Tortricidae, Gracillariidae, and 

Noctuidae) and the leafminer (A. syngramma) are minor insect pests in this 

area (Lan et al., 2005; Peng et al., 2006).  

Tea mosquito bug 

The tea mosquito bug (H. theivora; Figure 3.1) is widely distributed in 

cashew orchards (Lan et al., 2005; Peng et al., 2006, 2010a; Ngan, 2006). 

Both adults and nymphs of the pest feed on tender leaves and shoots, 

inflorescences, immature apples and nuts by piercing and sucking the sap. 

The damage caused by the pest is of two types. The primary damage 

consists of bruise lesions surrounding the feeding punctures (Figure 3.4) that 
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become brown a few days later, and then cause young shoots to turn brown, 

wither and die. Secondary damage occurs when the puncture holes are 

infected by pathogens, often called ‘inflorescence blight’ that causes the 

death of the whole branch (Peng et al., 2010b). Most damage caused by tea 

mosquito bugs is found in the bottom of the canopy rather than at the middle 

or top levels of tree canopies (Peng et al., 2001).  

 

Figure 3.1.  A tea mosquito bug (H. theivora) adult and its damage symptom 

on a cashew shoot. 

Shoot borer  

The brown shoot borer, Alcidodes sp. (Curculionidae), is one of the 

major cashew insect pests in Vietnam (Figure 3.2). The adult bores a row of 

holes on the tender shoot to deposit eggs. After hatching, the larva feeds on 

the inner tissues and makes a feeding tunnel down towards the mature part 

of the shoot, resulting in the death of the whole twig (Peng et al., 2010a, b).  
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Figure 3.2. The brown shoot borer and its damage symptom on a cashew 

shoot. 

Leaf rollers 

Six leaf roller species are found in cashew orchards in Vietnam. They 

belong to the families of Pyralidae, Tortricidae, Gracillaridae, and Noctuidae 

(Lepidoptera). Since these insect pests occur together at the same period in 

cashew orchards and have similar damage symptoms on foliar and floral 

flushing shoots, they are regarded as one group of pests for the field 

monitoring. Leaf roller larvae roll the young leaves or flushing buds together 

to make nests, and they feed inside. They can damage all the tender leaves 

of a tree when their populations are high. 
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Figure 3.3. The damage symptom of leaf rollers on cashew. 

Leafminer  

The leafminer, A. syngramma (Gracillariidae; Figure 3.4), damages 

young leaves. The larvae feed on the leaf tissues under the epidermal layer. 

The first signs are milky winding tunnels on the leaves. Later, the infestation 

shows as patches of white blisters on the upper surface of the leaf. The 

damage caused by larval feeding reduces the photosynthetic area of the 

trees. Leafminers can affect up to 80% of the young leaves (Abraham, 1958; 

Ayyanna et al., 1985; Sunderaraju, 1984).  
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Figure 3.4. The leafminer (A. syngramma) and its damage symptom on a 

cashew leaf. 

Two study sites were located in the Dong Nai province, the second 

largest cashew growing province in Vietnam, with about 45,000 ha 

(VINACAS, 2010). The aim of this study was to assess the damage caused 

by the tea mosquito bug, the brown shoot borer, leaf rollers, and the 

leafminer in the ICI and the FCF treatments. 

3.1.2 The integrated cashew improvement program 

The Integrated Cashew Improvement (ICI) program using weaver ants 

as a major component is based on the successful IPM programs developed 

by Charles Darwin University, Australia and successful cashew cultivation 

techniques recommended by the Institute of Agriculture Science of South 

Vietnam. The ICI program consists of the following main components: 

1. Planting materials of high yielding cultivars recommended by Ministry of 

Agriculture and Rural Development of Vietnam;  
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2. General farming activities: Apply advanced cultivation techniques in 

planting, pruning, weeding and intercropping, and fertilizer application; 

3. Pest control program: Use weaver ants to control the main insect pests, 

and apply physical treatments and soft chemicals to control insect pests 

that are less effectively controlled by weaver ants or are positively 

associated with weaver ants; and 

4. Harvesting and nut storage. 

The aim of this chapter is to evaluate the efficiency of the ICI program 

in cashew production in Vietnam. This chapter focuses on the assessment of 

on cashew insect pest damage under the ICI program compared to farmers’ 

conventional farming methods (FCF).  

3.2 Materials and methods 

3.2.1 Field experiment 

Field experiments were conducted at Mr Bi’s and Mr Kinh’s orchards 

in the Dong Nai province, Vietnam. The detailed study site description was 

presented in Chapter 2.  

Mr Bi’s orchard 

Mr Bi’s orchard was divided into two parts. One part with 60 trees was 

used for the ICI treatment and another part with 60 trees was used for the 

FCF treatment. These 120 trees were on six rows. A 20-metre buffer zone 

separated the two treatments (Figure 3.5).  

Weaver ants in the ICI treatment were managed using the following steps 

(Peng et al., 2008):  

1- Competitive ant species were surveyed and baited before 

transplanting weaver ants into the ICI treatment; 

2- Weaver ant colonies were transplanted; 

3- Weaver ant abundance was monitored and fights between weaver ant 

colonies and other competitive ant species were prevented; and 
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4- Weaver ants were provided supplementary food for two weeks after 

transplantation and during the period of cashew dormancy. 

An ant survey was conducted in early October 2007 to determine the ant 

species in each cashew tree in the ICI treatment. Because insecticides had 

been heavily used in Mr Bi’s orchard for many years, no weaver ants were 

found, but two other ant species were dominant: acrobat/cocktail ants 

(Crematogaster sp.) nested on branch joints in the tree canopy, and ghost 

ants (Tapinoma melanocephalum (Fabricius)) nested underground. To 

reduce the population of these ant species in the ICI treatment, minced fish 

mixed with Regent® 0.3G (Fipronil) was used. Before weaver ants were 

transplanted, cashew trees in the ICI treatment were divided into 6 groups. 

Each group contained 9 or 12 trees separated from each other by pruning 

overlapping branches. Trees within a group were connected with each other 

by linking twisted polystrings according to the methods provided by Peng et 

al. (2008). One colony was transplanted to one group of tree. A total of six 

weaver ant colonies were transplanted in late November 2007 (Figure 3.5).  

After baiting, Crematogaster ants disappeared, but ghost ants came 

back, and they competed with the weaver ant in January 2008. Regent® 0.3G 

(Fipronil) and engine oil were used in an attempt to control ghost ants, but it 

failed. To overcome the problem, the understorey management in the ICI 

treatment was improved to provide more food sources and shelters for ghost 

ants in the second cropping season. No herbicide was used in weed control.  

The understorey of the orchard was kept green during the rainy season. A 

mechanical cutter was used to slash the weeds whenever they reached over 

30 cm high to limit nutrition competition between weeds and cashews. During 

the dry season, leaf litter and weeds were maintained on the ground until two 

weeks prior to harvest (Table 3.2). A 2-metre wide leaf litter-free band was 

made surrounding the orchard to prevent bushfires during the dry season in 

early January, 2009.  

After fighting with ghost ants, only three weaver ant colonies survived, 

and so, a change in experimental management was necessary in the second 
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year.  During the cashew dormancy period (May to October, 2008), these 

weaver ant colonies were encouraged to develop on the orchard boundary 

dominated by Acacia2 (Acacia auriculiformis A. Cunn. ex Benth. [Fabales: 

Leguminosae]) surrounding the ICI treatment. When cashew trees started to 

have abundant leaf flushing shoots during the period of pre-flowering flush, 

three methods were used to encourage weaver ants to move into the ICI 

treatment: (1) polystrings were used to link Acacia trees and cashew trees, 

(2) supplementary food (minced fish meat) was provided on the cashew tree 

trunks, and (3) the Acacia trees were pruned to about one meter high to 

make the trees unattractive to weaver ants. Fig. 3.6 shows the distribution of 

the three colonies in the ICI treatment during the 2009 cropping season.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 Auri earleaf acacia, earpod wattle, northern black wattle, Papuan wattle, and tan wattle.  
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Figure 3.5. The experimental design in Mr Bi’s orchard in 2008 (x = cashew 

tree; C1, C2, C3, C4, C5 and C6 = weaver ant colony No.1, 2, 3, 4, 5 and 6, 

respectively). 
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Figure 3.6. The experimental design in Mr Bi’s orchard in 2009 (x = cashew 

tree; C1, C4 and C5 = weaver ant colony No.1, 4, and 5, respectively). 

Young cashew
 orchard 

C
as

he
w

 o
rc

ha
rd

 

He
dg
e!
ro
w
!o
f!A

ca
ci
a%
au

ric
ul
ifo

rm
is!

!

Cashew orchard 

Buffer!zone!

C1# C4#

Hedge!row!of!Acacia%auriculiformis!

C5#



!

!

25!

Table 3.1. Farming activities in Mr Bi’s orchard during the two years of the 

experiment. 

Farming activity 
Treatment 

ICI FCF 
2008   

Insect pest 
and disease 
control 

Insecticide 
spraying No 6 times with  

Sherpa® 25EC3 
Use of weaver 
ants Yes No 

Fungicide 
spraying No  No 

Understorey 
management 

Weed control 
Spraying  herbicide  
2 times with  
Roundup® 48S 

Spraying  herbicide  
2 times with  
Roundup® 48S 

Understorey 
clearing January January 

Fertilizer 
application 

Soil fertilizer  N:P2O5:K2O  
20:20:15; 200 kg/ha 

Liquid fertilizer 
VEDAGRO4, 24 t/ha 

Foliar fertilizer  Atonik®, Bortract® Atonik®, Bortract® 

2009   

Insect pest 
and disease 
control 

Insecticide 
spraying No 5 times with  

Sherpa® 25EC 
Use of  
weaver ants Yes No 

Fungicide 
spraying 

2 times with  
Carbenzim® 500FL 

2 times with 
Carbenzim® 500FL 

Understorey 
management 

Weed control Mechanical cutting 
Spraying  herbicide  
2 times with  
Roundup® 48S 

Understorey 
clearing March January 

Fertilizer 
application 

Soil fertilizer  N:P2O5:K2O 20:20:15; 
200 kg/ha 

N:P2O5:K2O 20:20:15; 
270 kg/ha 

Foliar 
fertilizer  Atonik®, Bortract® Atonik®, Bortract® 

 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 Active Ingredient: Cypermethrin 250gr/l; Spraying dose: 0.5l Sherpa + 500l water/ha/time 
4 VEDAGRO Contents: Organic matter: 35%, N: 3.5%, P2O5:0.7% , K2O: 2.3% 
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Mr Kinh’s orchard 

Mr Kinh’s orchard was divided into two parts. One part with 86 trees 

was used as the ICI treatment and the other part with 70 trees was used as 

the FCF treatment. These 156 trees were on 10 rows. A 20-metre wide buffer 

zone separated the two treatments (Figure 3.7). Monitoring ant trails and ant 

fighting tests were used to identify and separate weaver ant colonies (Peng 

et al., 2008). Nine weaver ant colonies were found in the ICI treatment. Five 

colonies were maintained in the ICI treatment in Mr Kinh’s orchard using 

published management techniques (Peng et al. 2008; Figure 3.7). The 

boundaries of each weaver ant colony were maintained by regularly pruning 

overlapping branches. Twisted polystrings were used to connect trees within 

a colony to strengthen ant communication (Peng, et al., 2008). 

In the FCF treatment, five weaver ant colonies were found, and all the 

nests were removed manually. The remaining ants on trees were also 

removed by spraying Sherpa 25EC (Cypermethrin) twice (with a three-day 

interval). No weaver ants were present in the FCF treatment during the two 

years of the experiment. 

To control weeds, mechanical cutting was used instead of herbicides. 

Leaf litter and weeds were maintained on the orchard floors until March 

(harvest time) in the ICI treatment in Mr Kinh’s orchard (Table 3.2). 

In the FCF treatment, conventional farming techniques were applied 

by the farmers who were working in the cashew orchards. Farming activities 

included canopy pruning, insect pest and disease control, understorey 

management, fertilizer application and harvest. All farming activities and 

expenses were recorded. The key differences between the two treatments 

are the methods used to control insect pests and understorey management 

(Table 3.1 and 3.2).  
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Figure 3.7. The experimental design in Mr Kinh’s orchard (x = cashew tree; 

C1, C2, C3, C4, and C5 = weaver ant colony No.1, 2, 3, 4, and 5, 

respectively). 
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Table 3.2. Farming activities in Mr Kinh’s orchard during the two years of the 
experiment. 

Farming activity 
Treatment 

ICI FCF 
2008    

Insect pest 
and disease 
control 

Insecticide 
spraying No 3 times  with  

Sherpa® 25EC5 
Use of  
weaver ants Yes No 

Fungicide 
spraying 

2 times with 
Carbenzim® 500FL 

2 times with 
Carbenzim® 500FL 

Understorey 
management 

Weed control Mechanical cutting 
Spraying  herbicide  
2 times with  
Roundup® 48S 

Understorey 
clearing March January 

Fertilizer 
application 

Soil fertilizer  
N:P2O5:K2O  
20:20 15;  
150 kg/ha 

N:P2O5:K2O  
20:20 15;  
150 kg/ha 

Foliar fertilizer  Atonik®, Foliar  
fertilizer MX 

Atonik®, Foliar  
fertilizer MX 

2009   

Insect pest 
and disease 
control 

Insecticide 
spraying No 3 times with  

Sherpa 25EC 
Use of  
weaver ants Yes No 

Fungicide 
spraying 

2 times with 
Carbenzim® 500FL 

2 times with 
Carbenzim® 500FL 

Understorey 
management 

Weed control Mechanical cutting 
Spraying  herbicide  
2 times with  
Roundup® 48S 

Understorey 
clearing March January 

Fertilizer 
application 

Soil fertilizer  
N:P2O5:K2O 
20:20 15;  
200 kg/ha 

N:P2O5:K2O  
20:20 15;  
200 kg/ha 

Foliar fertilizer  Atonik, Bortract Atonik, Bortract 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 Active Ingredient: Cypermethrin 250gr/l; Spraying dose: 0.5l Sherpa + 500l water /ha/time 
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Insect pest control threshold 

Control thresholds for cashew insect pests were not available in the 

literature in Vietnam, but based on interviews with provincial agents of Sub-

Departments of Plant Protection in Dong Nai and Binh Phuoc provinces, the 

following damage levels were recommended for cashew farmers to initiate 

insecticide application for the main cashew insect pests (Table 3.3). 

Table 3.3. Recommended control thresholds of the main cashew insect pests 

in Vietnam. 

Common 
name Scientific name Damage level Reference 

Tea mosquito 
bugs 

H.  theivora,  
and H. antonii 

6 – 10% of young 
shoots with fresh 
damage symptom 

Peng et al., 

1997 

Brown shoot 
borer Alcidodes sp. 

5% young shoots 
with fresh damage 
symptoms 

Sub-DPP 

agents6 

Leaf rollers Pyralidae, Tortricidae,  
Gracilaridae, Nodtuidae  

10% of young 
shoots with damage 
symptoms 

Leafminer A. syngramma 

10% young shoots 
with 50% of total leaf 
areas of the shoot 
damaged 

Mealy bugs D. brevipes, 
F. virgata 

10% young shoots 
with 10 mealy bugs 
per shoot 

Aphids 

Aphis gossypii 
[Hemiptera: 
Sternorrhyncha:Aphidae], 
Toxoptera sp. 
[Hemiptera: 
Sternorrhyncha:Aphidae] 

10% young shoots 
with 10 winged 
aphids per shoot 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Sub-Departments of Plant Protection in Binh Phuoc and Dong Nai provinces. 
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3.2.2 Data collection 

a. Measurement of weaver ant abundance  

Weaver ant abundance in the ICI treatment was expressed as a 

percentage per tree. The following formula was used: Weaver ant abundance 

(WA) = (the number of the main branches with a weaver ant trail in a tree/the 

total number of main branches in the tree) x 100 (Peng and Christian, 

2005a). This method has been evaluated as an effective method to assess 

weaver ant abundance (Van Mele et al., 2007).   

The weaver ant population on the cashew tree was considered 

abundant if WA ≥ 50% or less abundant if WA < 50% (Peng and Christian, 

2005a).  When WA went below 50%, an ant survey was conducted to find out 

the reasons for the decline, and solutions were implemented to improve ant 

abundance. Ant monitoring was carried out fortnightly. 

b. Insect pest damage assessment 

The cashew insect pests that were assessed in this study included the 

tea mosquito bug (H. theivora), the brown shoot borer (Alcidodes sp.), leaf 

rollers (a group of insect pests that roll young leaves together), and the 

leafminer (A. syngramma).  The assessments of the damage of these insect 

pests were carried out fortnightly in both the ICI and FCF treatments on the 

same day. A preliminary survey showed that these insect pests were more 

abundant at the lower level of the tree canopy than at the upper level of the 

canopy. Therefore, the damage was assessed in the lower part of the 

canopy, from the ground up to two meters.  

Tea mosquito bug 

The tea mosquito bug (H. theivora; Figure 3.4) is widely distributed in 

every cashew growing district in the Dong Nai province (Lan et al., 2005; 

Peng et al., 2006; Ngan, 2006). In Vietnam, tea mosquito bug populations 

are low during the rainy season and increase gradually towards the end of 

the rainy season and the beginning of the dry season, which is closely 
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related to the emergence of thepre-flowering flush in October - November. 

Tea mosquito populations peaks in December and January when cashews 

are in the flowering and nut setting stage. The damage mainly occurs from 

December to March in South Vietnam (Thanh, 2003; Lan et al., 2005; Peng, 

et al., 2008). Assessment of the damage of tea mosquito bugs was based on 

fresh symptoms on young leaves, shoots, inflorescences, and immature 

apples and nuts on every single tree from November to April. 

Shoot borer  

The brown shoot borer, Alcidodes sp. (Curculionidae), is one of the 

major cashew insect pests in Vietnam. It is widely distributed in every cashew 

growing area. The peak damage of the shoot borer occurs from November to 

January. Assessment of brown shoot borer damage was based on fresh 

symptoms on foliar and flower shoots on every single tree from November to 

April. 

Leaf rollers 

Six leaf roller species are found in cashew orchards in Vietnam. They 

belong to the families Pyralidae, Tortricidae, Gracillaridae, and Noctuidae 

(Lepidoptera). Since these insect pests occur together at the same period in 

cashew orchards and have similar damage symptoms on foliar and floral 

flushing shoots, they were regarded as one group of insect pests for the field 

monitoring. The highest damage by leaf rollers usually happened during 

cashew leaf flushing periods from November to January. Assessment of leaf 

roller damage was based on fresh symptoms on young leaves, shoots and 

inflorescences on every single tree from November to April. 

Leafminer  

The leafminer, A. syngramma (Gracillariidae) is a minor cashew insect 

pest. It is widely distributed in every cashew growing area of Vietnam. The 

pest can be found throughout the year in cashew orchards, but infestation 

usually peaks during December to January. Assessment of leafminer 

damage was based on fresh symptoms on young leaves of flushing shoots 

on every single tree from November to April. The damage of leafminers was 
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taken into account if the damaged areas were ≥ 50% of the total leaf areas of 

a flushing shoot (Peng et al., 2006). 

3.2.3 Data analysis 

For each monitoring event, the percentage damage per tree of each 

insect pest in the ICI and FCF treatments was analysed using the Mann-

Whitney U test (Siegel, 1956). If there was a significant difference between 

the two treatments, the calculated mean percentage in each treatment was 

used. If there was no significant difference between the two treatments, the 

calculated mean percentage in one treatment was used for both treatments. 

These mean percentage data were analysed using the Friedman two-way 

ANOVA by ranks (Siegel, 1956). STATISTICA 8.0 (StatSoft, Inc. 2008).  

3.3 Results  

3.3.1 Weaver ant abundance 

Mr Bi’s orchard 

In Mr Bi’s orchard, weaver ant abundance varied from 11% to 77% in 

the ICI treatment during the first cropping season (Figure 3.8). Fighting 

between weaver ants and ghost ants was responsible for the reduction of 

weaver ant populations. In late January 2008, regular weaver ant and insect 

pest monitoring showed that the average abundance of the weaver ants was 

> 50%. Weaver ants were abundant on tree trunks and the main branches, 

but they were rarely seen foraging on aphid-free foliar and floral shoots, 

which resulted in over 50% of the flushing shoots, flowers and developing 

nuts being damaged by tea mosquito bugs, shoot borers and leaf rollers in 

the ICI treatment. Weaver ants showed very aggressive behaviour when the 

tree trunks were slight tapped because fighting between weaver ants and 

ghost ants occurred on the base of the trees.  
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Figure 3.8. Weaver ant abundance in Mr Bi’s orchard (AL= weaver ant 

abundant limit of 50%). 

The ghost ant population was suppressed by baiting in the ICI 

treatment in October 2007. However, ghost ants gradually re-established in 

the understorey of the orchard.  Ghost ants were initially thought to be too 

small (only 1.1 mm) to be effective competitors against weaver ants. In fact, 

these ants only feed on nectar secreted by flushing shoots, flower panicles 

and young nuts on cashew trees. They nest underground in complicated 

network systems with huge numbers of individuals. They foraged actively and 

collectively in very large numbers on cashew tender shoots. These sites are 

preferred foraging sites for weaver ants because cashew extra floral nectar is 

also a preferred food for weaver ants. I observed a weaver ant being 

attacked by several ghost ants when it fed on extra-floral nectar of a tender 

flower shoot. The ghost ants grasped the legs, antenna and mandibles of the 

weaver ant and eventually killed it. Ghost ants did not eat or take the dead 

weaver ant back to their nest; rather they let it drop to the orchard floor. 

Following this clue, I found many dead weaver ants on the orchard floor. 

During such encounters, some weaver ants acted quickly and escaped from 
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the ghost ant attack, but they were nevertheless chased away from flushing 

shoots, flowers and young nuts.  

To prevent ghost ant reinvasion after the baiting in October 2007, 

engine oil was sprayed around each tree base to stop ghost ants coming up 

from the ground, and fresh minced fish meat mixed with Regent® was used to 

bait ghost ants. The engine oil was only effective for 1 or 2 days. The fish bait 

was very attractive to ghost ants, and their populations were greatly reduced 

in the first 3 to 4 days. At the same time, however, the bait also attracted a lot 

of flies, and these flies died in a couple of hours and fell on the orchard floor 

or on the tree leaves. Due to the great reduction of ghost ants, weaver ants 

started to actively forage on flower terminals, tender leaf shoots and the 

orchard floor. Many dead flies were carried by weaver ants to their nests. As 

a result, many weaver ants were found dead in their nests and on the 

orchard floor because of the poison from dead flies. This led to a great 

reduction of weaver ant abundance from 57% to below 16% within a period 

of 2 weeks in February 2008 (Figure 3.8). The weaver ant population 

remained low until the leaf flushing in November 2008. 

In 2009 management of the orchard understorey was improved to 

provide more food and shelters for ghost ants. This was done by using a 

mechanical cutter instead of herbicide sprays to control weeds, delaying 

understorey clearing until two weeks prior to harvest, and no fire was set in 

the orchard. In addition to this, weaver ants were encouraged to develop on 

the orchard boundary trees, and later, they were encouraged to move to 

cashew trees during the flushing period. Consequently, the weaver ant 

population recovered and remained at a high level (> 60%) during 2009 

(Figure 3.8). 

Mr Kinh’s orchard 

Weaver ant abundance ranged from 41% to 74% in Mr Kinh orchard 

(Figure 3.9). Ghost ants were present in the orchard, and they were found to 

actively forage on orchard understorey. As a result, no fights between ghost 

ants and weaver ants were observed.  Weaver ant populations were 
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generally high and stable in Mr Kinh’s orchard during the two years of the 

experiment (Figure 3.9).  

 

Figure 3.9. Weaver ant abundance in Mr Kinh’s orchard (AL = weaver ant 

abundant limit of 50%). 

3.3.2 Assessment of damage of insect pests  

a. Tea mosquito bug 

Mr Bi’s orchard  

The tea mosquito bug damage increased over the control threshold of 

6% in the ICI treatment in December 2007.  The pest damage continued until 

reaching a peak of 53.2% in March 2008 (Fig. 3.10). The mean percentage of 

shoots damaged by the tea mosquito bug in the ICI treatment (25.3%) was 

significantly higher than that in the FCF (5.3%) in 2008 (p < 0.01; Table 3.4). 

However, following the effective management of ghost ants in 2009, the 

mean percentage of shoots damaged by the tea mosquito bug in the ICI 

treatment was reduced to 2.4% while the damage of FCF treatment was 

3.7%. There was no significant difference of the mean percentage of shoots 

damaged by the tea mosquito bug between the two treatments in 2009 (p = 

0.08; Table 3.4).  
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Figure 3.10. The mean percentage of shoots damaged by the tea mosquito 

bug (TMB) in the ICI and FCF treatments in Mr Bi’s orchard (CT: control 

threshold for tea mosquito bugs). The graph is in two parts to illustrate the 

consequence of the ghost ants and the low weaver ant population (on the 

left) and the results after effective management of the ghost ants (on the 

right). 

Table 3.4. The mean percentage of shoots damaged by the tea mosquito bug 

in the ICI and FCF treatments in Mr Bi’s orchard. 

Year Treatment Mean % shoots 
damaged /tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 25.3 ± 18.4 22 χ 2r =  11.0, n = 11,  

df = 1, p < 0.01 FCF 5.3 ± 7.5 11 

2009 
ICI 2.4 ± 1.7 15 χ 2r =  3.0, n = 11, 

df = 1, p = 0.08 FCF 3.7 ± 3.2 18 
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Mr Kinh’s orchard 

 

Figure 3.11. The mean percentage of shoots damaged by the tea mosquito 

bug (TMB) in the ICI and FCF treatments in Mr Kinh’s orchard (CT: control 

threshold for tea mosquito bugs). 

The mean percentage of shoots damaged by the tea mosquito bug in 

the ICI treatment (2.6%) was significantly higher than that in the FCF 

treatment (1.2%) in 2008 (p = 0.03; Table 3.6, Figure 3.11); however, the tea 

mosquito bug damage was below the control threshold of 6% in both 

treatments. In 2009, 4.4% of flushing shoots were damaged by the tea 

mosquito bug in the ICI treatment while 3.6% flushing shoots in the FCF 

treatment were damaged. There was no significant difference of tea mosquito 

bug damage between the two treatments in this cropping season (p = 0.59; 

Table 3.5; Figure 3.11). 
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Table 3.5. The mean percentage of shoots damaged by the tea mosquito bug 

in the ICI and FCF treatments in Mr Kinh’s orchard. 

Year Treatment 
Mean % shoots 

damaged /tree ± SD Rank sum 
Friedman 

Two-way ANOVA 

2008 
ICI 2.6 ± 1.8 13.0 χ 2r = 5.0, n = 7,  

df = 1, p = 0.03 FCF 1.2 ± 0.9 8.0 

2009 
ICI 4.4 ± 1.9 17.5 χ 2r = 3.6,  n = 10,  

df = 1,  p = 0.59 FCF 3.6 ± 2.3 12.5 
 
 

b. Shoot borer 

Mr Bi’s orchard 
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Figure 3.12. The mean percentage of shoots damaged by the brown shoot 

borer (BSB) in the ICI and FCF treatments in Mr Bi’s orchard (CT = control 

threshold for shoot borers).   

The brown shoot borer damage was evident in December 2007 and 

reached a peak (8.3%) in the ICI treatment in February 2008 (Figure 3.12). 

The brown shoot borer damage was significantly higher in the ICI treatment 

(3.0%) than in the FCF treatment (0.3%) in Mr Bi’s orchard in 2008 (p = 0.05; 

Table 3.6). However, in 2009, after ghost ant management was improved, 

the damage was less than 2% in most of the monitoring times (Figure 3.12). 

There was no significant difference in the brown shoot borer damage 

between two treatments in Mr Bi’s orchard in 2009 (p = 0.32; Table 3.6) 

Table 3.6. The mean percentage of shoots damaged by the brown shoot 

borer in the ICI and FCF treatments in Mr Bi’s orchard. 

Year Treatment Mean % shoots 
damaged/tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 3.0 ± 2.5 8.0 χ 2r =  4.0, n = 4,  

df= 1, p = 0.05 FCF 0.3 ± 0.3 4.0 

2009 
ICI 0.9 ± 0.9 16.0 χ 2r = 10.0, n = 11,  

df= 1, p = 0.32 FCF 1.4 ± 1.7 17.0 

 

Mr Kinh’s orchard 

The damage of the brown shoot borer in Mr Kinh’s orchard occurred 

during only one monitoring time (< 1% damage) in 2008 (Figure 3.13). There 

was no significant difference in the damage between the two treatments in 

2008 (U= 42, df = 1, p = 0.52). The damage by the brown shoot borer 

increased in both treatments in 2009 (Figure 3.13); however, the damage 

was less than the control threshold of 5% for this pest. There was no 

significant difference in the brown shoot borer damage between the two 

treatments in 2009 (p = 0.18; Table 3.7) 
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Figure 3.13. The mean percentage of shoots damaged by the brown shoot 

borer (BSB) in the ICI and FCF treatments in Mr Kinh’s orchard (CT = control 

threshold for the shoot borer).   

Table 3.7. The mean percentage of shoots damaged by the brown shoot 

borer in the ICI and FCF treatments in Mr Kinh’s orchard. 

Year Treatment Mean % shoots 
damaged/tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2009 
ICI 2.32 ± 1.59 16.5 χ 2r = 1.8, n = 10,  

df= 1, p = 0.18 FCF 1.97 ± 1.59 13.5 

 

c. Leaf rollers 

Mr Bi’s orchard 

The damage by leaf rollers in the ICI treatment in Mr Bi’s orchard 

increased to a peak of 56% in January 2008. The damage remained high 
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until April 2008 (Figure 3.14). The damage by leaf rollers was significantly 

higher in the ICI treatment than in the FCF treatment in 2008 (p = 0.03, Table 

3.8).  

In 2009, the damage by leaf rollers during most monitoring events for 

both treatments was under the control threshold of 10% (Figure 3.14). There 

was no significant difference in the damage by leaf rollers in the ICI and FCF 

treatments in Mr Bi’s orchard in 2009 (p = 0.32; Table 3.8). 

 

Figure 3.14.  The mean percentage of shoots damaged by leaf rollers in the 

ICI and FCF treatments in Mr Bi’s orchard (CT = control threshold for leaf 

rollers).   
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Table 3.8. The mean percentage of shoots damaged by leaf rollers in the ICI 

and FCF treatments in Mr Bi’s orchard. 

Year Treatment Mean % shoots 
damaged /tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 27.2 ± 19.0 18.0 χ 2r = 4.5, n = 10,  

df= 1, p = 0.03 FCF 7.6  ±   4.5 12.0 

2009 
ICI 5.1  ±   3.6 17.0 χ 2r = 1.0, n = 11,  

df= 1, p = 0.32 FCF 5.3  ±   4.8 16.0 
 

Mr Kinh’s 
orchard

 

Figure 3.15. The mean percentage of shoots damaged by leaf rollers in the 

ICI and FCF treatments in Mr Kinh’s orchard (CT = control threshold for leaf 

rollers). 
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In Mr Kinh’s orchard, the damage by leaf rollers peaked in December 

2007 then it generally declined until March 2008. During the two cropping 

seasons, the damage of leaf rollers varied with time of year, but it was always 

below the control threshold level of 10% (Figure 3.15). The damage was 

similar between the two treatments and between the two cropping seasons 

(Table 3.9).  

Table 3.9. The mean percentage of shoots damaged by leaf rollers in the ICI 

and FCF treatments in Mr Kinh’s orchard.  

Year Treatment Mean % shoots 
damaged /tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 3.2 ± 2.1 7.0 χ 2r =  0.33, n = 5,  

df= 1, p = 0.56 FCF 3.1 ± 2.2 8.0 

2009 
ICI 4.7 ± 2.6 16.0 χ 2r = 0.67, n = 10, 

df= 1,  p = 0.41 FCF 3.9 ± 3.0 14.0 
 

d. Leafminers 

Mr Bi’s orchard 

In Mr Bi’s orchard during the 2008 crop season, the shoot damage by 

leafminers in the ICI treatment was above 10% during most of the monitoring 

times and it reached a peak of 54.2% (Figure 3.16). The leafminer damage 

was significantly higher in the ICI treatment than in the FCF treatment in 

2008 (p < 0.01; Table 3.11). In 2009, the Mann-Whitney U test showed that 

the differences during each sampling period were not significant between the 

two treatments (Table 3.10). Thus, the Friedman Two-way ANOVA was not 

performed. The damage stayed under the control threshold of 10% in both 

treatments, and the damage was similar between the two treatments in this 

orchard (Table 3.10). 
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Figure 3.16. The mean percentage of shoots damaged by the leafminer in 

the ICI and FCF treatments in Mr Bi’s orchard (CT = control threshold for the 

leafminer).   

Table 3.10. The mean percentage of shoots damaged by the leafminer in the 

ICI and FCF treatments in Mr Bi’s orchard. 

Year Treatment Mean % shoots 
damaged /tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 19.8 ± 18.7 20.0 χ 2r = 10.0,  n = 10,  

df= 1, p < 0.01 FCF 1.3  ± 1.2 10.0 

2009 
ICI 1.5 ± 1.4 - Mann-Whitney U test:  

non-significant  FCF 1.8 ± 1.5 - 
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Mr Kinh’s orchard 

In Mr Kinh’s orchard during the 2008 crop season, leafminer damage 

reached a peak at the beginning of leaf flushing in December 2007, and then 

generally declined until March 2008. The damage in the two treatments was 

lower than the recommended control level (10%) during all the monitoring 

periods (Figure 3.17). There was no significant difference in the leafminer 

damage between the two treatments in either of the two cropping seasons 

(Table 3.11). 

 

 
Figure 3.17. The mean percentage of shoots damaged by the leafminer in 

the ICI and FCF treatments in Mr Kinh’s orchard (CT= control threshold for 

the leafminer).   
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Table 3.11. The mean percentage of shoots damaged by the leafminer in the 

ICI and FCF treatments in Mr Kinh’s orchard. 

Year Treatment Mean % shoots 
damaged /tree ± SD Rank sum 

Friedman 
Two-way ANOVA 

2008 
ICI 2.3 ± 2.4  11.0 χ 2r = 1.0 n = 7,  

df= 1, p =  0.32 FCF 2.2 ± 2.2 10.0 

2009 
ICI 1.9 ± 1.2 16.5 χ 2r = 3.0 n = 10,  

df= 1, p =  0.08 FCF 1.2 ± 0.9 13.5 
 

3.4 Discussion  

3.4.1 Effects of weaver ants on cashew insect pests 

Weaver ants were as effective as insecticides in controlling the major 

insect pests of cashews including the most destructive pest, the tea mosquito 

bug. For this pest, weaver ants were similar to insecticides, with both 

methods resulting in damage caused by the tea mosquito bug to levels below 

the control threshold of 6%. 

Data from field monitoring in two study sites showed the consistency 

of effectiveness of weaver ants on tea mosquito bugs when the weaver ant 

population was at a high level of abundance (> 50%). The results are 

consistent with studies in other countries that used weaver ants in tea 

mosquito bug control on cashew, mango and cocoa.  Peng et al. (1995, 

1997a, 1999, and 2004) found that weaver ants effectively control the tea 

mosquito bug (H. pernicialis Stonedahl Malipatil and Houston [Hemiptera: 

Miridae]) in cashew plantations in Australia. Weaver ants have been 

successfully used in the IPM program as a key element in cashew production 

in several countries: Australia, Papua New Guinea, and Mozambique (Peng 

et al. 1999; Peng 2001, 2002, and Peng et al. 2004). Dwomoh et al. (2008) 

reported that tea mosquito bug damage was under the control threshold of 

6% in both trees occupied by weaver ants and trees treated with insecticides 
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in cashew orchards in Ghana. Van Wijingaarden et al. (2007) demonstrated 

that weaver ants significantly reduced capsid (Hemiptera: Miridae) pest 

damage on cacao in Ghana. Way and Khoo (1991, 1992) reported that 

weaver ants effectively protected cacao from damage caused by H. theivora. 

Several natural enemies have been recorded as parasitoids of tea 

mosquito bugs, including three egg parasitic wasps (Telenomus sp. 

[Hymenoptera: Scelionidae], Chaetostricha sp. [Hymenoptera: 

Trichogrammatidae] and Erythmelus helopeltidis Gahan [Hymenoptera: 

Mymaridae]) and a nymph parasitic wasp (Leiophron helopeltidis) 

(Sundararaju, 1984; Devasahayam and Nair, 1986; Lim et al., 1989). Other 

predators have been reported to prey on tea mosquito bugs, including the 

assassin bug, Endochus inornatus Stal [Hemiptera: Reduviidae] preying on 

H. antonii (Devasahayam and Nair, 1986) and black ants (Dolichoderus 

thoracicus (Smith)) attacking H. theivora (Way and Khoo, 1992). During 

monitoring, I observed praying mantis and spiders catching tea mosquito 

bugs in the field. However, these natural enemies are not abundant enough 

to maintain the tea mosquito bug population under the economic control 

threshold. This work confirms the findings by Peng et al. (1995, 1999, 1997a, 

2004) that among the natural enemies, the weaver ant is the most effective 

predator of tea mosquito bugs. 

 In addition to tea mosquito bugs, weaver ants effectively control the 

brown shoot borer. The brown shoot borer is an important insect pest on 

cashew in Vietnam because it damages the flushing shoot that will become 

the floral shoot. Thus, damage by the shoot borer can result in a great 

reduction of yield. I observed that it takes about 1 to 2 hours for a female 

brown shoot borer to punch holes and to lay eggs into a flushing shoot, but 

weaver ants patrol the flushing shoots every 30 to 60 seconds. Thus, the 

brown shoot borer is usually deterred or caught when damaging flushing 

shoots on trees occupied by weaver ants. Peng et al. (2008) found that 

damage caused by the brown shoot borer and the blue shoot borer was 

significantly lower on trees with weaver ants than on trees without weaver 

ants in cashew orchards in Binh Phuoc, Vietnam.  
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Weaver ants were also as effective as insecticides in protecting 

cashew from damage by leaf rollers and the leafminer. The damage of these 

pests was either similar in both treatments or under the control thresholds of 

10% of shoot damage.  Peng et al. (1995, 1997b, 1999, 2004 and 2005) 

reported that damage of the leaf roller (Anigraea ochrobasis Hampson 

[Lepidoptera: Noctuidae]), the mango tip borer (Penicillarira jocosatrix 

Guenée [Lepidoptera: Noctuidae]), and the fruit spotting bug (Amblypelta 

lutescens lutescens (Distant) [Hemiptera: Coreidae]) was similar between 

weaver ant plots and insecticide plots in cashew plantations in Australia. 

3.4.2 Understorey management of ghost ants  

The pest control efficiency of weaver ants is influenced by the food 

sources on host crops. Weaver ants are attracted to extra-floral nectar 

produced on cashew flushing shoots, flower inflorescences and immature 

nuts (Peng et al., 1997a, Rickson and Rickson, 1998). While patrolling and 

travelling to nectary locations, they catch and deter insect pests from 

oviposition and feeding. I observed weaver ants catching tea mosquito bug 

nymphs and adults, leaf roller larvae, and leaf weevils in the field. Thus, 

maintaining weaver ant populations at high and stable levels is crucial to 

ensure the success of insect pest control in cashew orchards (Peng et al., 

1997a, 1997b, 1999, 2004). Dwomoh et al. (2008) also found a negative 

correlation between numbers of weaver ant nests and pest damage on 

cashew trees in Ghana. Fierce border fighting between weaver ant colonies 

can greatly reduce weaver ant populations, and limits the effectiveness of 

weaver ants as biological control agents (Peng, et al., 1999). In this study, 

competition between weaver ants and ghost ants caused a serious decline in 

the weaver ant population. In 2008, the low weaver ant population in Mr Bi’s 

orchard resulted in insect pest damage that was much higher in the ICI 

treatment than in the FCF treatment, especially by the tea mosquito bug 

(Figure 3.10). Consequently, the yield and nut quality were much lower in the 

ICI treatment than in the FCF treatment in Mr Bi’ orchard in 2008 (see 

Chapter 6 for details).  
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Competition between weaver ants and other ant species is considered 

to be a problem in Australia, Asia and Africa. Crematogaster sp. and 

Paratrechina sp. compete with weaver ants in Australia (Peng et al., 2001a). 

Significant fighting between weaver ants and other ant species was reported 

in Papua New Guinea and the Solomon Islands (Brown, 1959; Greenslade, 

1971). Coastal brown ants (Pheidole megacephala (Fabricius)) compete with 

Africant weaver ants (Oecophylla Ionginoda (Latreille)) in East Africa (Way, 

1953; Loehr et al., 1990). Vietnamese citrus farmers using weaver ants to 

control citrus insect pests consider the black ant (D. thoracicus) as “a bad 

ant”. Farmers put dry banana leaves on branch joints of citrus trees to attract 

the black ant to make nests inside. The banana leaves are then burnt to 

reduce the black ant population (Van Mele and Cuc, 2003). 

Insecticides can sometimes be used to eliminate other competitive ant 

species to promote weaver ant populations (Vanderplank, 1959; Stapley, 

1973; Loehr et al., 1990; Way and Khoo, 1992). However, several attempts 

to eradicate ghost ants using Regent® (Fipronin) and engine oil failed in the 

ICI treatment in Mr Bi’s orchard.  

Weeds and leaf litter in orchards play an important role in the 

competition between weaver ants and ghost ants. In Mr Bi’s orchard, the 

farmer kept his orchard cleared of any weeds, especially during the period of 

flowering and nut setting. Herbicide was sprayed twice each year. Weeds 

and leaf litter were collected and burned or removed from the orchard to 

prevent bushfires in the dry season. Therefore, the orchard floor was bare 

soil. Thus, apart from cashew trees, no other plants could be used by the 

ghost ant during the dry season. In order to survive, they were forced to 

forage on cashew trees, resulting in competition between weaver ants and 

ghost ants for extra-floral nectar, and fights between the two species resulted 

in a huge reduction of weaver ants. However, at Mr Kinh’s orchard, which is 

15 km away from Mr Bi’s orchard, ghost ants were also common in the ICI 

treatment, but no such direct fights were observed. Weaver ants foraged on 

flushing shoots, flower panicles and young nuts on cashew trees. Ghost ants 

were rarely seen on cashew trees with abundant weaver ants, but they 
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actively foraged on weeds and cashew coppice, which were kept at about 

30cm high, between tree rows. This suggested that weeds provided an 

alternative food source for ghost ants. Therefore, to use weaver ants in 

cashew orchards, especially in the areas with abundant ghost ants, weeds 

should be kept at around 20 to 30cm high, and they should be managed by 

mechanically cutting, but not by herbicides.  

Weaver ant populations can also be enhanced by encouraging them 

to live on orchard boundary trees during the dormant period of cashew trees, 

and then encouraging them to go back to the cashew trees during the 

flushing period. High diversity of shrub and ground vegetation can help 

maintain high populations of both O. Ionginoda (Way, 1954) and O. 

smaragdina (Greenslade, 1971).  

In summary, the assessment of insect pest damage shows that the ICI 

program using weaver ants as biological control agents effectively controlled 

the main insect pests on cashew in comparison to the farmers’ conventional 

methods in which insecticides were used. The maintenance of high 

populations of weaver ants is the key to enhanced efficiency of insect pest 

control by weaver ants. Because elimination of ghost ants seems to be 

impossible in cashew orchards, appropriate orchard understorey 

management, focusing on improving the availability of other food sources 

through weed control and understorey clearing, can reduce competition and 

fights between weaver ants and ghost ants.  
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Chapter 4:  Effect of weaver ants on sternorrhynchan pests 
in cashew orchards 

4.1 Introduction  

Ant-sternorrhynchan mutual relationships are very common in 

arthropod food webs (Nixon, 1951; Way, 1963; Buckley, 1987; Gullan, 1997; 

Styrsky and Eubanks, 2006). Ant attendance benefits sternorrhynchans in 

many aspects, including protecting them from natural enemies, transporting 

them to better feeding places, direct physiological benefits, avoiding 

pathogen infection, and protecting them from detrimental weather conditions 

by shelter in the ant nests (Way, 1963; Dixon, 1998; Yao et al., 2000; Fischer 

et al., 2001; Collins and Leather, 2002). In turn, sternorrhynchans provide 

honeydew, an important food source for ants (Buckley, 1987, Blüthgen et al., 

2000, 2004). The consequences of such mutual relationship to host plants 

may increase or decrease plant performance, depending on the net effect 

between the relative cost of sternorrhynchan damage and the relative benefit 

of increased ant predation of herbivorous pests (Cushman and Beattie, 1991; 

Styrsky and Eubanks, 2010).  

Ants tending sternorrhynchans can change the damage level caused 

by the sternorrhynchans by increasing their population (Nixon, 1951; 

Flanders, 1951; Buckley, 1987; Holway et al., 2002), which may result in 

reduced host plant growth and seed production (Das, 1959; Way, 1963; 

Hölldobler and Wilson, 1990; Beattie, 1985; Buckley, 1991; Delabie, 2001) 

because sternorrhynchans suck plant sap and can transmit bacterial and viral 

diseases (Carter, 1962; Leston, 1978; Buckley, 1987; Delabie, 2001; Cooper, 

2005). The faba bean (Vicia faba [Fabales: Leguminosae]) suffered an 86% 

reduction of seed yield when the aphid (Aphis fabae Scopoli) population was 

30% to 50% more abundant due to ant (Lasius niger) attendance (Banks and 

Macaulay, 1967). Treehoppers (Publilia modesta (Uhler) [Hemiptera: 

Membracidae]) were more abundant when tended by ants (Formica 

obscuripes Forel), resulting in significant nitrogen reduction in goldenrod 
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plants (Solidago gigantea Aiton [Asterales: Compositae]) (Kay et al., 2004). 

The presence of Camponotus ants enhanced the aphid (Aphis coreopsidis 

(Thomas)) population by 34%, which caused a reduction in the production of 

viable seeds of the host plant (Bidens pilosa [Asterales: Compositae]; 

Renault et al., 2005).  

More studies found positive effects of ant-sternorrhynchan mutual 

relationship to host plants than those reporting negative effects. In these 

studies, host plants receive benefit from ant–sternorrhynchan mutual 

relationships because the presence of sternorrhynchans enhanced ant 

predation or deterred other insects, resulting in reduced plant damage 

caused by those insects and/or increased reproduction of the host plants 

(Styrsky and Eubanks, 2006). In mandarin (Citrus reticulate Blanco 

[Sapindales: Rutaceae]) orchards the presence of an ant–sternorrhynchan 

mutual relationship (Azteca sp. with Coccus viridis (Green) [Hemiptera: 

Coccoidae]) results in a 28% reduction in the damage caused by the leaf-

cutting ant (Atta cephalotes (L.) (Jutsum et al., 1981). The host plant 

(Solidago altissima L. [Asterales: Compositae]) increased plant growth by 

135% and the number of seeds increased by 569% in the presence of 

Publilia concava [Hemiptera: Membracidae]) being tended by Formica sp. 

(Messina, 1981). The mutual relationship between the fire ant (Solenopsis 

invicta Buren) and the cotton aphid (A. gossypii) enhanced biological control 

of caterpillar pests by the fire ant, resulting in increases of cotton bolls by 

16%, of cotton seeds by 25%, and of seed-cotton mass by 10% (Styrsky and 

Eubanks, 2010).  

Sternorrhynchans that damage cashews in Vietnam include mealy 

bugs and aphids. Two species of mealy bugs, the pineapple mealy bug 

(Dysmicoccus brevipes (Cockerell) [Hemiptera: Pseudococcidae]), and the 

guava mealy bug (Ferrisia virgata (Cockerell) [Hemiptera: Pseudococcidae]), 

are commonly found in cashew orchards (Peng, et al., 2008). They suck sap 

from flushing shoots, inflorescences and developing nuts. The damage can 

cause a reduction of flushing shoot development. Heavy infestation of mealy 

bugs may occur when farmers overuse insecticides for a long time (Mr Co, 
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per. com., 2007).  Two species of aphids, cotton aphid, Aphis gossypii and a 

brown aphid, Toxoptera sp. (Aphididae) occur in cashew orchards (Peng et 

al., 2008). Aphids suck sap of foliar and floral flush shoots and developing 

nuts. Heavy aphid infestation can make the leaves smaller and curled, and 

the flower can be withered. In addition, honeydew excreted by mealy bugs 

and aphids can encourage the development of black sooty mould fungus 

(Capnodium citri), which blacken leaves and reduce photosynthetic capacity 

of cashew trees. 

Weaver ants tend mealy bugs and aphids on cashew trees in Vietnam 

(Figure 4.1). A common concern of Vietnamese cashew farmers is whether 

these insect pests will become major ones after weaver ants control the main 

insect pests. Thus, it is essential to assess the damage caused by mealy 

bugs and aphids in relation to the use of weaver ants as biological control 

agents in the ICI program in cashew production in Vietnam. 

 
 
Figure 4.1. Weaver ants tending mealy bugs (left) and aphids (right).   
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4.2 Materials and methods 

4.2.1 Field experiment 

Assessment of sternorrhynchan pest damage was conducted at Mr 

Bi’s and Mr Kinh’s orchards in the Dong Nai Province, Vietnam. The detailed 

description of study sites and field experimental design were presented in 

Chapter 2 and 3. The presence of natural enemies of sternorrhynchans was 

done in Mr Kinh’s orchard only. 

4.2.2 Data collection 

a. Assessment of sternorrhynchan pest damage  

Mealy bugs 

Because two species of mealy bugs occur together at the same period 

in cashew orchards and have similar damage symptoms on foliar and floral 

flushing shoots and developing nuts, they are regarded as one group of 

insect pests. Mealy bugs usually occur on cashew during the period of leaf 

flushing, flowering and nut setting from November to April. A flushing shoot, a 

young inflorescence or a developing nut was recorded as “damaged” if more 

than 10 mealy bugs were found on it; otherwise it was recorded as  “not 

damaged” if less than 10 mealy bugs were on it. 

Aphids 

Two aphid species are considered as one group of insect pests in the 

field monitoring because they occur together at the same period in cashew 

orchards and cause the same damage symptoms. Aphids usually occur on 

cashew during leaf flushing, flowering and nut setting from November to 

April. A flushing shoot, a young inflorescence or a developing nut was 

recorded as “damaged” if more than 10 individuals of winged aphids were on 

it; otherwise it was recorded as  “not damaged” if less than 10 individuals of 

winged aphids were on it. 
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The assessments of mealy bug or aphid damage were conducted 

fortnightly in both the ICI and the FCF treatments at the two sites on the 

same day from November to April. A preliminary survey showed that both 

mealy bugs and aphids were more abundant at the lower level of the tree 

canopy than at the upper level of the tree canopy. Therefore, the damage 

assessment was made on all the flushing shoots in the lower part of the tree 

canopy, from the ground up to two meters.  

b. Assessment of the presence of natural enemies of mealy bugs and 
aphids 

Rearing natural enemies  

Larva or nymphs of each predator species (ladybirds, hover flies, 

midges, lacewings, antlions, butterflies and minute pirate bugs) were 

collected in the study site and reared individually in plastic boxes in the 

laboratory. The open top of the plastic box was covered with nylon mesh to 

allow for aeration. Moisture was provided by a small vial containing water-

soaked cotton wool. The predators were daily supplied with aphids or mealy 

bugs and observed regularly until the predators pupated or became adults. 

Parasites: Aphids or mealy bugs collected from the study site were 

reared separately in plastic boxes in the laboratory. The open top of the 

plastic box was covered with nylon mesh to allow for aeration. Moisture was 

provided by a small vial containing water-soaked cotton wool. The aphids or 

mealy bugs were supplied with fresh flush shoots of cashew daily and 

observed regularly until the parasites emerged. 

Natural enemies of mealy bugs 

To determine the presence of natural enemies at larval stage on 

leaves with mealy bugs, eight cashew rows were used in each treatment. 

One tree on each row was chosen for leaf collection using random number 

draws. Ten leaves with mealy bugs were collected from each cashew tree, so 

that 80 leaves with mealy bugs were collected in each treatment. Each leaf 

was put inside a zip lock plastic bag and taken to the laboratory to use a 

microscope to count the numbers of the natural enemies of mealy bugs. A 
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leaf was considered having natural enemies if at least one individual natural 

enemy was on the leaf. Frequencies of the presence of natural enemies were 

expressed in percentage of leaves with mealy bugs and their natural enemies 

per tree. Four sampling times were conducted during the months of 

February, June and October 2008, and February, 2009.  

Natural enemies of aphids 

Seventeen field observations were conducted fortnightly to collect data 

on the presence of natural enemies of aphids on flushing shoots. Seven field 

observations were conducted from November 2007 to February 2008, and 10 

observations were made from November 2008 to March 2009. The 

observations were made on all the flushing shoots in the lower part of the 

tree canopy. A flushing shoot was considered to have natural enemies if at 

least one individual natural enemy was on the shoot. Frequencies of the 

presence of natural enemies were expressed in percentage of flushing 

shoots with natural enemies of aphids per tree.  

4.2.3 Data analysis 

The percent damage per tree by mealy bugs or aphids in the ICI and 

FCF treatments was analyzed using the Mann-Whitney U test (Siegel, 1956). 

If there was a significant difference between the two treatments, the 

calculated mean percentage in each treatment was used. If there was no 

significant difference between the two treatments, the calculated mean 

percentage in one treatment was used for both treatments. These mean 

percentage data were then analyzed by the Friedman two-way ANOVA by 

ranks (Siegel, 1956). 

Data on the presence of natural enemies of mealy bugs or aphids 

were expressed as percentage, so an arcsine square root transformation was 

used to achieve a normal distribution (McDonald, 2009). ANOVA was used to 

compare the differences between treatments using STATISTICA 8.0 

(StatSoft, Inc. 2008). 
 



!

!

57!

4.3 Results 

4.3.1 Assessment of sternorrhynchan pest damage 

a. Mealy bugs 

Mr Bi’s orchard 

Figure 4.2. The mean percentage of flushing shoots damaged by mealy bugs 

in the ICI and FCF treatments in Mr Bi’s orchard (Control threshold: 10% of 

shoots damaged per tree). 

In Mr Bi’s orchard, the mealy bug damage occurred only in the ICI 

(0.6%) in one monitoring period in 2008 (Figure 4.2). There was no 

significant difference in the mealy bug damage between the two treatments 

(U = 9, df = 1, p = 0.07). The damage level was very low, and ranged from 

0.1 in to 0.4% in 2009 (Figure 4.2). There was no significant difference in the 

mealy bug damage between the two treatments in 2009 (p = 0.32, Table 4.1) 

Table 4.1. The mean percentage of flushing shoots damaged by mealy bugs 

in the ICI and FCF treatments in Mr Bi’s orchard. 

Year Treatment Mean % shoots 
damaged ± SD Rank sum Friedman 

Two-way ANOVA 

2009 
ICI 0.32 ± 0.47 5.0 χ 2r = 1.0, n = 3,  

df= 1,  p = 0.32 FCF 0.03 ± 0.15 4.0 
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Mr Kinh’s orchard 

 

Figure 4.3 The mean percentage of flushing shoots damaged by mealy bugs 

in the ICI and FCF treatments in Mr Kinh’s orchard (Control threshold: 10% of 

shoots damaged per tree). 

In Mr Kinh’s orchard, the damage of mealy bugs occurred in only one 

monitoring period in 2008 (Figure 4.3). There was no significant difference in 

the mealy bug damage between the two treatments in 2008 (U = 31.5, df = 1, 

p = 0.16). Although the damage by mealy bugs occurred more often in 2009 

(Figure 4.3), the damage was similar between the two treatments in 2009 (p 

= 0.16; Table 4.2).   

Table 4.2. The mean percentage of flushing shoots damaged by mealy bugs 

in the ICI and FCF treatments in Mr Kinh’s orchard. 

Year Treatment Mean % shoots 
damaged ± SD Rank sum Friedman 

Two-way ANOVA 

2009 
ICI 0.3 ± 0.8 13.0 χ 2r = 2.0, n = 8,  

df= 1,  p = 0.16 FCF 0.1 ± 0.3 11.0 
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b. Aphids 

Mr Bi’s orchard 

 

Figure 4.4. The mean percentage of flushing shoots damaged by aphids in 

the ICI and FCF treatments in Mr Bi’s orchard (CT = control threshold for 

aphids). 

 In Mr Bi’s orchard, aphid damage occurred during most of the 

monitoring periods in the ICI treatment, but occurred in only two monitoring 

periods in the FCF treatment during two cropping seasons. The damage in 

the ICI treatment increased sharply in December 2007 and reached a peak of 

10.4% in January 2008 (Figure 4.4). In 2009, the aphid damage level ranged 

from 1.1% in the FCF to 5.1% in the ICI treatment (Figure 4.4). There were 

significant differences in the aphid damage between the two treatments in 

both cropping seasons. The aphid damage was higher in the ICI treatment 

(5.9% and 1.7% in 2008 and 2009 respectively) than in the FCF treatment 

(0.01% in 2008 and 0.06% in 2009, Table 4.3). 
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Table 4.3. The mean percentage of flushing shoots damaged by aphids in 

the ICI and FCF treatments in Mr Bi’s orchard.  

Year Treatment Mean % shoots 
damaged ± SD Rank sum Friedman 

Two-way ANOVA 

2008 
ICI 5.89 ± 4.53 13.5 χ 2r = 6.0, n = 7,  

df= 1, p < 0.01 FCF 0.01 ± 0.05 7.5 

2009 
ICI 1.72 ± 2.66 20.0 χ 2r =  7.0, n = 11, 

df= 1, p = 0.05 FCF 0.06 ± 0.35 13.0 
 

Mr Kinh’s orchard 

 

Figure 4.5. The mean percentage of flushing shoots damaged by aphids in 

the ICI and FCF treatments in Mr Kinh’s orchard (CT = control threshold for 

aphids). 
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In Mr Kinh’s orchard, the peak of aphid damage of 4.9% in the ICI 

treatment in December 2007 declined to less than 2% in 2008. The aphid 

damage occurred during all monitoring periods in 2009 (Figure 4.5). There 

were significant differences in the aphid damage between the two treatments 

in both cropping seasons. The aphid damage was higher in the ICI treatment 

(1.8% and 1.7% in 2008 and 2009, respectively) than in the FCF treatment 

(0.5% and 0.3% in 2008 and 2009, respectively, Table 4.4).  

Table 4.4. The mean percentage of flushing shoots damaged by aphids in 

the ICI and FCF treatments in Mr Kinh’s orchard. 

Year Treatment Mean % shoots 
damaged ± SD Rank sum Friedman 

Two-way ANOVA 

2008 
ICI 1.8 ± 1.9 13.0 χ 2r = 5.0, n = 7, 

df= 1, p = 0.03 FCF 0.5 ± 1.1   8.0 

2009 
ICI 1.7 ± 1.1 19.5 χ 2r = 9.0, n = 10, 

df= 1, p < 0.01 FCF 0.3 ± 0.5 10.5 

4.3.2 Assessment of natural enemies of mealy bugs and aphids 

a. Mealy bugs 

Laboratory rearing showed that there were fourteen natural enemies 

of mealy bugs, including nine species of predators and six species of 

parasitoids in Mr Kinh’s orchard (Appendix A, Table A.1). The nine species of 

predators were two species of ladybirds, one species of midge fly, one 

species of butterfly, two species of lacewings, one species of minute pirate 

bug, and one species of antlion. The 6 species of parasitoids were parasitic 

wasps (Appendix A, Figure A.1 to A.3). 

ANOVA on mean percentage (after arcsine√x transformation) of 

leaves with mealy bugs and their natural enemies showed that significances 

were found for sampling periods and between treatments but not for the 

interaction between sampling periods and treatments (Table 4.5). 
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Table 4.5. ANOVA on mean percentage (after arcsine√x transformation) of 

leaves with the natural enemies of mealy bugs in the ICI and FCF treatments 

in Mr Kinh’s orchard.  

Effect Sum Square df Mean Square F-value p-value 
Sampling time (S) 0.600 3 0.200 4.552 < 0.01 
Treatment (T) 3.666 1 3.666 83.390 < 0.01 
Interaction of S 
and T  0.186 3 0.062 1.411 0.25 

 

The presence of the natural enemies of mealy bugs on leaves with 

mealy bugs varied from 62.5 to 72.5% in the ICI treatment and from 12.5 to 

43.8% in the FCF treatment in four sampling periods. There were very 

significant differences in the presence of the natural enemies on leaves with 

mealy bugs between the two treatments, with more natural enemies being 

present in the ICI treatment than in the FCF treatment (Table 4.6).  

Table 4.6. The mean percentage of leaves with the natural enemies of mealy 

bugs in the ICI and FCF treatments in Mr Kinh’s orchard. 

Treatment 
Mean percentage of leaves with mealy bugs  

and their natural enemies ± SD (%) 

Feb-08 Jun-08 Oct-08 Feb-09 

ICI 66.3 ± 9.2 62.5 ± 32.0 72.5 ± 16.7 62.5 ± 14.9 

FCF 12.5 ± 4.6 21.3 ± 18.1 43.8 ± 9.2 15.0 ± 7.6 
 

b. Aphids 

Fifteen natural enemies of aphids were found in field observations and 

laboratory rearing (Appendix A, Table A.2). They were four species of 

ladybirds, four species of hover flies, two species of other predator flies, one 

species of lacewing, and four species of parasitic wasps (Appendix A, Figure 

A.4 to A.6). 
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ANOVA on mean percentage (arcsine√x transformation) flushing 

shoots with natural enemies of aphids showed that treatments were 

significantly different, but not years or the interaction between year and 

treatment (Table 4.7). 

Table 4.7. ANOVA of mean percentage (after arcsine√x transformation) of 

flushing shoots with natural enemies of aphids in the ICI and FCF treatments 

in Mr Kinh’s orchard.  

Effect Sum Square df Mean Square F-value p-value 
Year (Y) 0.000028 1 0.000028 0.0573 0.81 
Treatment (T) 0.028926 1 0.028926 58.856 < 0. 01 

Interaction of 
Y and T  0.000001 1 0.000001 0.00119 0.97 

 

The presence of natural enemies of aphids on flushing shoots varied 

from 0.46 to 0.60% in the ICI treatment and from 0.03 to 0.04% in the FCF 

treatment. The presence of aphid natural enemies on flushing shoots was 

significantly higher in the ICI treatment than in the FCF treatment in both 

cropping seasons (Table 4.8).   

Table 4.8. The mean percentage of flushing shoots with natural enemies of 

aphids in the ICI and FCF treatments in Mr Kinh’s orchard. 

Treatment 
Mean percentage of flushing shoots  

with natural enemies of aphids ± SD (%) 

2008 2009 

ICI 0.60 ± 0.51 0.46 ± 0.16 

FCF 0.04 ± 0.08 0.03 ± 0.08 
 

4.4. Discussion 

4.4.1 Mealy bug and aphid damage  

The previous chapter showed that weaver ants can effectively control 

the major cashew insect pests, but they tend mealy bugs and aphids. Thus, 
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they do not control all the cashew insect pests. However, the question is: Do 

weaver ants promote the damage caused by sternorrhynchan pests to the 

extent that it exceeds the control threshold?  

The damage level of flushing shoots caused by mealy bugs was 

similar between the ICI and FCF treatments in both cropping seasons, and 

the average damage level was <1%, which is much lower than the control 

threshold. Although the damage caused by aphids in the ICI treatment was 

significantly higher than in the FCF treatment, the average damage levels 

ranged from 1.7 to 5.9% (Table 4.3 and 4.4), which were well below the 

control threshold level of 10% for aphids. Results of field observations and 

laboratory rearing showed that there were at least 29 natural enemy species 

of mealy bugs and aphids existing in cashew orchards (Appendix A, Tables 

A.1 and A.2). Most of them are effective natural enemies of mealy bugs and 

aphids, such as ladybirds, lacewings, hover flies, midge flies, Leucopis flies, 

minute assassin bugs and parasitic wasps. Data from field observations 

demonstrated that the presence of these natural enemies in the ICI treatment 

was significantly higher than in the FCF treatment (Tables 4.6 and 4.8). This 

indicates that the ICI program can promote the natural enemy populations of 

sternorrhynchan pests, which effectively suppress sternorrhynchan pest 

populations below the control threshold. These results confirm that the 

conclusion by Peng et al. (1999b) ‘mealy bugs, aphids and scales are 

unlikely to become the major pests after weaver ants are used’ is also 

applicable to Vietnam cashew orchards. 

Based on the experience of using the ICI program, it is important for 

cashew farmers to know that when weaver ants are first transplanted into 

cashew orchards, aphid and mealy bug populations can be increased. At this 

time, no control measure is needed because this increase wil only last for a 

short period. When mealy bug and aphid populations are high, their natural 

enemy populations also increase, resulting in a decline of the pest 

populations.  
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The fighting between weaver ants and ghost ants (see Chapter 3 for 

details) may significantly contribute to the increased damage caused by 

aphids in the ICI treatment in 2008 in Mr Bi’s orchard (Fig. 4.4). Due to the 

fighting, flushing shoots were not protected from insect pest attack, especially 

from tea mosquito bugs. More than 50% of the flushing shoots, 

inflorescences, and immature nuts were damaged during this cropping 

season, leading to a reduction of feeding sites for both weaver ants and 

ghost ants. Moreover, weaver ants were chased away from the remaining 

healthy flushing shoots by ghost ants. Therefore, weaver ants aggregated on 

the flushing shoots with aphids to protect their last food source. The 

overcrowded weaver ants on these shoots may have disrupted the predation 

and parasitization of natural enemies of aphids which may have accelerated 

the aphid population, resulting in more damage caused by aphids in the ICI 

treatment in 2008.  

4.4.2 Roles of sternorrhynchans in the use of weaver ants as biological 
control agents 

Ant-sternorrhynchan mutual relationships have been exploited in 

several tree crops to increase ant predation of other insect pests that are 

more harmful than sternorrhynchan pests. Chinese farmers have used 

weaver ants to control insect pests on citrus orchards with the presence of 

mealy bugs for centuries. However, mealy bug populations remained 

relatively low because they were effectively controlled by parasitoids (Huang 

and Yang, 1987). Weaver ants have mutual relationships with scales, mealy 

bugs and flatids on citrus in southern China, but the ants do not significantly 

affect the activity and population size of the main natural enemies of these 

insect pests (Chen, 1962). In South Vietnam, citrus farmers have not 

considered coccids as major pests on citrus although weaver ants and 

coccids are closely associated in citrus orchards (Barzman et al., 1996). 

Natural enemies of sternorrhynchans are not affected by weaver ants during 

flowering and fruiting periods, resulting in very little damage caused by 

sternorrhynchan pests to cashews (Peng et al., 1999).  Sternorrhynchan 
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pests tended by weaver ants do not noticeably damage clove, tea, rubber or 

jackfruit (Way 1954; Das 1959; Butani 1979).  

It is noteworthy that during the dormant stage, cashew trees do not 

produce new leaves, so sternorrhynchan honeydew is an important 

alternative food source for weaver ants in the wet season. The presence of 

sternorrhynchan populations in cashew orchards enables weaver ants to 

remain high and stable throughout of the year. Thus, the establishment of ant 

colonies would be more sustainable in agricultural systems where 

sternorrhynchan pests are present (Peng et al., 1997a; Van Mele and Cuc, 

2003). Ant-sternorrhynchan mutual relationships are keystone interactions in 

many agricultural systems. Management of this relationship can enhance the 

efficiency of using ants as biological control agents to control insect pests 

(Eubanks and Styrsky, 2006).  

It should be mentioned that in cashew orchards with weaver ants, a 

few trees with high numbers of mealy bugs or aphids were found and these 

were damaged over the control threshold. In this case, the mealy bug or 

aphid population can be reduced by spot spraying soft chemicals (such as 

nC24 agricultural mineral oil or potassium soap) that are not harmful to 

weaver ants or other natural enemies (Mensah et al., 1995; Beattie et al., 

2002; Peng and Christian, 2005a, 2005b, Liang et al., 2007) 

!

!

!
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Chapter 5:  Effect of weaver ants on arthropod diversity 
and natural enemies of insect pests in 
cashew orchards 

5.1 Introduction  

Biodiversity plays an important part in pest management in term of 

biological control (Pimentel, 1961; Mooney et al., 1995; Schläpfer et al., 

1999). Attempts have been made to promote the diversity of the natural 

enemies of insect pests in order to reduce the pest problem (Barbosa, 1998; 

Bengtsson et al., 2005; Hole et al., 2005). However, the effectiveness of the 

natural enemies in controlling the pests may depend on complex interactions. 

Several studies showed that a negative interaction among natural enemies 

can reduce their ability to control pests because intra-guild predation and 

facultative hyper-parasitism may interrupt pest suppression (Rosenheim et 

al.; 1993; Schmitz, 2007). Thus, a high diversity of natural enemies may not 

have a positive effect on pest control. Adding or removing a natural enemy 

species may change the inter-specific competition among natural enemies 

and affect their ability to control pests (Rosenheim et al.; 1993, 2007; Straub, 

2006; Schmitz, 2007). However, in most cases, enhancement of natural 

enemy species richness increases pest suppression (Pimentel, 1961; Landis 

et al., 2000; Stiling and Cornelissen, 2005; Cardinale et al., 2006; Straub et 

al. 2008; Letourneau et al., 2009).  

As predators of insects, some ant species play very important roles in 

insect pest control in agricultural systems (Ways and Khoo, 1992). Among 

these species, weaver ants have attracted the attention of many researchers 

and farmers. These ants forage on plant extra-floral nectar and 

sternorrhynchan-honeydew, as well as on a variety of arthropods for their 

protein requirement (Peng et al., 1997a, 1999; Rickson and Rickson, 1998; 

Bluthgen et al. 2000, 2004). Weaver ants can control more than 50 insect 

pest species on tree crops and forestry trees (Way and Khoo, 1992; Peng et 

al., 2004; Lim et al., 2008). Over the last 20 years, these ants have been 
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successfully used to control insect pests on citrus (Huang and Yang, 1987; 

Van Mele and Cuc, 2000), coconut (Cocos nucifera L. [Arecaceae: Palmae]), 

cocoa (Theobroma cacao L. [Malvales: Malvaceae]) (Vanderplank, 1960; 

Way and Khoo, 1992), mango (Mangifera indica L. [Sapindales: 

Anacardiaceae]) (Peng and Christian, 2005a), cashew (Peng et al., 1997a, 

2004) and African mahogany (Khaya spp. [Sapindales: Meliaceae]) (Lim et 

al., 2008; Peng et al. 2009). Highly territorial and aggressive behavior and 

extensive foraging activity make weaver ants effective biological control 

agents (Hölldobler, 1983; Hölldobler and Wilson, 1990, 1997; Way and Khoo, 

1992; Peng et al., 1997a, 2004; Peng and Christian, 2005a). Because 

weaver ants can be used as key elements in insect pest control in cashew 

orchards, it is necessary to determine whether their aggressive behavior will 

have negative effects in the arthropod diversity and reduce the natural enemy 

abundance. 

The aims of this chapter are to assess the effect of weaver ants on 

arthropod diversity generally and on the natural enemies of cashew insect 

pests. 

5.2 Materials and methods 

5.2.1 Field experiment 

This study was conducted at Mr Bi’s and Mr Kinh’s orchards in the 

Dong Nai province, Vietnam. The detailed description of study sites and field 

experimental design were given in Chapter 2 and 3.  

5.2.2 Data collection 

Canopy arthropod sampling  

A vacuum sampler (Ryobi Sweeper Vac, model RSV1100A MKII) was 

used to sample arthropods in cashew tree canopies. The sampler was 

adapted to vacuum insects by holding a nylon screen bag (50-mesh) in the 

suction pipe. Each flushing shoot was vacuumed for 10 seconds.  Ten 

flushing shoots were vacuumed on each tree and five trees were used to 
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produce one sample. Ten samples were taken from each treatment. A total of 

20 samples were made during each sampling period at each site. The 

samples were put in a freezer for 24 hours before all the arthropods of each 

sample were transferred into a bottle with 75% alcohol and the bottle was 

labeled and stored for later identification. The arthropods of the ten samples 

in each treatment were pooled for each sampling period. The canopy 

arthropods were collected monthly from November 2007 to May 2009 (a total 

of 20 sampling periods). 

Ground arthropod sampling  

Pitfall traps were used to sample ground arthropods. Twenty pitfall 

traps were evenly distributed between the rows of cashew trees in each 

treatment. Each pitfall trap consisted of two 0.5 l plastic cups, one placed 

inside the other. A rain cover (25 x 25 cm) was placed approximately 15 cm 

above each pitfall trap to prevent rain or debris falling into the trap. The 

diameter of the upper surface of the trap was 8 cm, and the depth was 13 

cm. The rim was set at ground level. A volume of 100 ml of a solution of 

saturated salt water was put into the traps to preserve the trapped 

arthropods. A few drops of washing detergent was added to reduce the 

surface tension, so the catch would sink. Each trapping period lasted two 

days. The arthropods were washed, separated, and transferred into a bottle 

with 75% alcohol, and the bottle was labeled and stored for later 

identification. For each sampling period, the arthropods of the 20 pitfall traps 

were pooled. The ground arthropods were sampled monthly from November 

2007 to May 2009 (a total of 20 periods). 

Arthropod identification 

Arthropods were identified at an IAS laboratory. Arthropods were 

sorted to species level when it was possible using extensive collections and 

the experience of colleagues at the Plant Protection Research Department of 

the IAS. In some cases, it was not possible to assign all arthropods to 
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species level and family or genus was used. In these cases, morpho-species 

were determined. 

5.2.3 Data analysis 

Diversity indices are used to incorporate abundance and species 

richness to create a single measure of a community. They allow comparisons 

of the diversity between communities. Higher values of diversity indices 

indicate more diverse communities. Among many indices, the Shannon-

Weiner diversity index (H’) is most commonly used (Magurran, 1988, Clarke 

and Warwich, 2001). This index assumes that individuals are randomly 

sampled from a population and that all species are represented in the 

sample. The Shannon-Weiner index emphasizes the rare species in the 

community and is sensitive to the sample size (Magurran, 1988). Hence, this 

index should only be compared across equivalent sample designs 

(Magurran, 1988; Clarke and Warwich, 2001). The Shannon-Weiner index 

was chosen for this study because all the arthropods were collected in the 

same way and it is better at discriminating diversity of arthropods between 

the two treatments. 

The transformation of square root was used to normalize the data of 

canopy and ground arthropods before calculating the Shannon-Weiner index 

(H’) using the PRIMER v6 program (Clarke and Warwich, 2001; Clarke and 

Gorley, 2001).  

                                  H’ = - i

S

1i
i plnp∑

=

 

Where S = total number of species present or species richness of the 

sample; pi = ni/N is the proportion of the total count arising from the ith 

species; ni = number individuals of species i; and N = total individuals 

in the sample. 

Arthropods were classified into three categories: natural enemies of 

cashew insect pests, cashew insect pests and other arthropods. The natural 

enemies only included predators of insect pests.  
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To compare the effect of the ICI and the FCF treatments on the 

populations of natural enemies and cashew insect pests, a ratio of natural 

enemies to insect pests (NE/IP ratio) was calculated for each sampling time 

as: 

 

The higher the ratio, the more favorable the conditions for cashew 

orchards. Because the number of cashew insect pests caught in the pitfall 

traps was not sufficient to calculate the NE/IP ratio, the NE/IP ratio was only 

calculated for the tree canopy samples. 

A group t-test was used to compare the Shannon-Weiner diversity 

indices of the arthropods and the NE/IP ratios between the two treatments. In 

Mr Bi’s orchard the NE/IP ratios were analyzed separately by year because 

of the competition between weaver ants and ghost ants in 2008. 

STATISTICA 8.0 was used to analyse data (StatSoft, Inc. 2008). 

 

 

   

NE/IP ratio  =  Total numbers of individuals of natural enemies   
Total numbers of indivduals of cashew insect pests 
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5.3 Results 

5.3.1 Diversity of canopy arthropods 

Overall canopy arthropods  

A total of 223 arthropod taxa were collected during the two years of 

the experiment in both orchards, and these arthropods belonged to 73 

families. The total number of taxa and the total number of individuals of 

arthropods that occurred in the ICI and the FCF treatments in both orchards 

are presented in Table 5.1.  

The canopy arthropod diversity varied across sample periods. The 

diversity indices ranged from 3.74 to 4.25 in the ICI treatment and from 3.05 

to 4.14 in the FCF treatment in Mr Bi’s orchards. In Mr Kinh’s orchard, the 

diversity varied from 3.33 to 4.16 in the ICI treatment and from 3.10 to 3.91 in 

the FCF treatment (Figure 5.1). 

The arthropod diversity was generally higher in the ICI treatment than 

in the FCF treatment in both orchards. The arthropod diversity in the FCF 

treatment was lower during the cashew pre-flowering flushing, flowering and 

fruiting periods (November to April) than during the cashew dormant period 

(May to October) in both orchards (Figure 5.1). However, the diversity in the 

ICI treatments was relatively stable at the different cashew growing stages 

(Figure 5.1). 

Table 5.1. Overall canopy arthropods in the ICI and FCF treatments in Mr 

Bi’s and Mr Kinh’s orchards.  

Category 
Mr Bi’s  orchard Mr Kinh’s orchard 
ICI FCF ICI FCF 

No. of taxa 223 207 205 191 
No. of individuals 5119 2766 4957 3027 
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Diversity of canopy arthropods across sample periods 

 

 

Figure 5.1. Canopy arthropod diversity in the ICI and FCF treatments in Mr 

Bi’s and Mr Kinh’s orchards over time (Flushing = cashew growth period). 

There were very significant differences in the mean Shannon-Weiner 

indices between the ICI and FCF treatments in both orchards (Table 5.2). 

The mean arthropod diversity was significantly higher in the ICI treatment 

than in the FCF treatment in Mr Bi’s and in Mr Kinh’s orchards (Table 5.2). 
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Table 5.2. The mean Shannon-Weiner index of canopy arthropods in the ICI 

and FCF treatments in Mr Bi’s and Mr Kinh’s orchards. 

Site 
Mean of H’ ± SD 

Group t-Test 
ICI FCF 

   Mr Bi’s orchard 3.99 ± 0.16 3.67 ± 0.27 t = 4.50; df = 38; 
p < 0.01 

   Mr Kinh’s orchard 3.95 ± 0.20 3.64 ± 0.21 t = 4.80; df = 38; 
p < 0.01 

 

5.3.2 Diversity of ground arthropods 

Diversity of overall ground arthropods  

A total of 77 arthropod taxa belonging to 42 families were caught 

during the two years of the experiment in both orchards. The numbers of taxa 

and the number of individuals of arthropods found in the ICI and the FCF 

treatments varied between treatments and between orchards (Table 5.3).  

Table 5.3. Overall ground arthropods in the ICI and FCF treatments in Mr Bi’s 

and Mr Kinh’s orchards.  

Category 
Mr Bi’s  orchard Mr Kinh’s orchard 
ICI FCF ICI FCF 

No of taxa 77 66 73 68 
No of individuals 4473 4168 6160 4415 
 

Diversity of ground arthropods across sample periods 

The ground arthropod diversity varied across sample periods. In Mr 

Bi’s orchard the diversity ranged from 2.50 to 3.26 in the ICI treatment and 

from 2.37 to 3.18 in the FCF treatment. In Mr Kinh’s orchard the diversity 

varied from 2.56 to 3.30 in the ICI treatment and from 2.22 to 3.15 in the FCF 

treatment (Figure 5.2). The patterns of arthropod diversity in the ICI and FCF 

treatments were generally similar in both orchards (Figure 5.3). The group t-

test showed that there were no significant differences in the mean diversity of 
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ground arthropods between the ICI and FCF treatments in either orchard 

(Table 5.4). 

Table 5.4. The mean Shannon-Weiner index of ground arthropods in the ICI 

and FCF treatments in Mr Bi’s and Mr Kinh’s orchards. 

Site 
Mean of H’ ± SD 

Group t-Test 
ICI FCF 

 Mr Bi’s orchard 2.98 ± 0.21 2.89 ± 0.21 t = 1.27; df = 38;  
p= 0.21 

Mr Kinh’s orchard 2.90 ± 0.26 2.83 ± 0.24 t = 0.88; df = 38;  
p = 0.38 
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Figure 5.2. Ground arthropod diversity in the ICI and FCF treatments in Mr 

Bi’s and Mr Kinh’s orchards over time. 
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5.3.3 Ratio of natural enemies to insect pests  

 
   

 
Figure 5.3. The NE/IP ratio in the ICI and FCF treatments in the tree 

canopies of Mr Bi’s and Kinh’s orchards over time (Flushing = cashew growth 

period). 
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The NE/IP ratios varied across sample periods. In Mr Bi’s orchard, the 

NE/IP ratios ranged from 0.6 to 22.2 in the ICI and from 0.2 to 16.0 in the 

FCF treatments (Figure 5.3). In Mr Kinh’s orchard, the NE/IP ratios ranged 

from 2.5 to 13.0 in the ICI and from 0.5 to 7.3 in the FCF treatments (Figure 

5.3). The NE/IP ratios were generally higher in the ICI treament than in the 

FCF treatment during the two cropping seasons, especially during the 

cashew flushing periods (November to April) exept in Mr Bi’s orchard in 2008 

(those ratios being similar between the two treatments) (Figure 5.3). 

The group t-test showed that in Mr Bi’s orchard, the mean NE/IP ratios 

was similar between the two treatments in 2008 (p = 0.92; Table 5.5). 

However, the mean NE/IP ratio was significantly higher in the ICI treatment 

than in the FCF treatment in 2009 (p <0.01, Table 5.5). In Mr Kinh’s orchard, 

the mean NE/IP ratio was significantly higher in the ICI treatment than in the 

FCF treatment during the two cropping seasons (p < 0.01, Table 5.5). 

Table 5.5. The mean ratio of natural enemies to cashew insect pests in 

canopy samples in the ICI and FCF treatment in Mr Kinh’s  and Mr Bi’s 

orchards. 

Site Year 
Mean of NE/IP ratio ± SD 

Group t-Test 
ICI FCF 

Mr Bi’s 
orchard 

2008 4.48 ± 3.04 4.58 ± 5.82 t = 0.10; df =10; 
p = 0.92 

2009 8.70 ± 6.01 3.28 ± 3.07 t = 3.01; df =26; 
p < 0.01 

Mr Kinh’s 
orchard 2008-2009 7.23 ± 3.14 2.28 ± 1.95 t= 5.49; df = 38; p 

< 0.01 
 

5.4 Discussion 

5.4.1 Diversity of arthropods 

Canopy arthropod diversity was significantly higher in the ICI 

treatment than in the FCF treatment in both orchards. The main difference 
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between the treatments was pest control. Weaver ants were used as 

biological control agents, and no insecticide sprays were used in the ICI 

treatment, but insecticides were used to control insect pests in the FCF 

treatment. During the flushing period (November to April), cashews produce 

young leaves, flushing foliar and floral shoots and young nuts, which attract 

various kinds of insects, including insect pests. Natural enemies are also 

present to prey on the insect pests. In the FCF treatment, insecticides were 

used to suppress the insect pest populations, which lead to a great reduction 

of arthropods (numbers of species and numbers of individuals). Many studies 

have showed that the use of pesticides reduced biodiversity, especially 

arthropod diversity in agricultural systems (Croft and Brown, 1975; Croft, 

1990; Swift et al., 1996; Stoate et al., 2001; Butler et al., 2007). When the 

insecticides were not used, during the cashew dormant period, arthropod 

populations recovered. This explains why the arthropod diversity in the FCF 

treatments was lower in the flushing period than in the dormant period, and 

the arthropod diversity in the ICI treatment was relatively stable throughout 

flushing and dormant periods. The results of this study agreed with the 

results of Peng et al. (1999b) who found that regular use of insecticides in 

cashew orchards reduced the natural enemies of scales, leading to an 

outbreak of the scale. The populations of natural enemies of scales 

increased two years after the use of insecticides was stopped. Thus, the use 

of weaver ants increased the biodiversity of canopy arthropods when 

compared with insecticide treatments. Peng et al (1999b) reported that 

weaver ants did not affect arthropod diversity and populations of natural 

enemies of scales in cashew plantations in Australia (Peng et al., 1999b). 

Results of this study showed that the ground arthropod diversity was 

similar between the ICI and FCF treatment in both orchards. This contrasts 

with other studies that assessed the effects of pesticides on ground 

arthropod populations. Kromp (1989), Theiling and Croft (1989), Carcamo et 

al. (1995) and Epstein et al. (2001) found that populations of ground 

arthropods were significantly decreased by pesticides due to direct killing, 

decreased fecundity, changes in predation habits, developmental time and 
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longevity. The reduction of pesticides in farming practices significantly 

increases populations of ground arthropods.  

The fact that implementation of the ICI program did not increase the 

ground arthropod diversity in both orchards can be explained by the size of 

the study sites and the experimental duration. Only 0.5 ha of the cashew 

orchard was used for the ICI treatment in each study site. These study sites 

were located within big cashew growing areas of Dong Nai province that 

have been sprayed with pesticides every year for many years. Runoff water 

during the rainy season can carry pesticide residues from the FCF treatment 

and from other orchards to the ICI treatment and nullify the effect of the ICI 

treatment on the ground arthropod populations. The duration of two years for 

the experiment may not have been long enough to create a favorable 

environment for ground arthropod diversity in the ICI treatments of the two 

orchards. 

5.4.2 Ratio of natural enemies to insect pests 

The similarity of the NE/IP ratios between the two treatments in Mr Bi’s 

orchard in 2008 was due to the competition between weaver ants and ghost 

ants. After weaver ants were introduced in to the ICI treatment in Mr Bi’s 

orchard in November 2007, ghost ants gradually reinvaded the orchard. 

Severe fights for extra-floral nectar on cashew flushing terminals between the 

two ant species were observed because the orchard floor did not have any 

food for the ghost ants. Weeds and grass were removed by the orchard 

owner to prevent bushfires during the 2008 dry season. Under these 

conditions, ghost ants were forced to go to cashew trees to forage, resulting 

in serious fights with weaver ants on cashew trees (see Chapter 3 for 

details). Consequently, weaver ants were unable to be effective against 

insect pests. In turn, insect pest populations of tea mosquito bugs, leaf 

rollers, leafminers and flower caterpillars were very high. In 2009, the 

competition between weaver ants and ghost ants was reduced by providing a 

suitable orchard understorey for the ghost ants. Weaver ants were then 

effective in controlling the main insect pests (see Chapter 3 for details). As a 
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result, the mean NE/IP ratio in 2009 doubled the ratio of 2008 (Table 5.3). 

This shows that without appropriate management strategy, adding a natural 

enemy species can cause inter-specific competition among the natural 

enemies and reduce their capability for pest suppression. With the 

appropriate management of the orchard understorey in Mr Kinh’s orchard, 

ghost ants were abundant, but they did not fight weaver ants on cashew 

trees because weeds, grass and leaf litter provided them with foraging sites. 

Therefore, the ratios of natural enemies to insect pests were significantly 

higher in the ICI treatment than in the FCF treatment in Mr Kinh’s orchard. 

This indicates that the implementation of the ICI program enhances the 

population of natural enemies in cashew orchards leading to the effective 

suppression of insect pests. Nentwig (1988) found that an increase in the 

ratio of predacious and parasitic to herbivorous insects can result in an 

increase of the predator pressure on herbivorous insects. (Note: This 

sentence probably still needs work, but “strip-managed area” is not clear. 

In summary, the use of weaver ants as biological control agents in the 

ICI program increases the canopy arthropod diversity in cashew orchards in 

comparison to the farmers’ conventional farming. The significant increase of 

the ratio of natural enemies to cashew insect pests in the ICI treatment 

indicates that implementation of the ICI program enhances the population of 

natural enemies, which can result in effective suppression of insect pests in 

cashew orchards. Suitable understorey management plays an important role 

in reducing the competition between weaver ants and other ant species and 

increasing the efficiency of insect pest control by weaver ants. 
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Chapter 6:  Economic evaluation 

6.1 Introduction 

Cashew is an important industrial crop in Vietnam. Cashew production 

involves about 200,000 farmers’ households (Bien, 2005), and it essentially 

contributes to farmers’ annual income in rural areas (Thuy et al., 2008). Quoc 

et al. (2005) suggested that increased nut yield and decreased pest damage 

are the priorities for cashew production in Vietnam. Oliver et al. (1992) 

indicated that the profitability of cashew production is highly sensitive to 

variations in cashew yields and prices. High quality nuts are essential to 

ensure a price premium. Insect pests are one of the main factors responsible 

for lower yield and nut quality. The main insect pests are tea mosquito bugs, 

shoot borers, leaf rollers and leafminers. The results of this study have 

demonstrated that weaver ants effectively control these insect pests (see 

Chapter 3 for details). Whether the effective control of the main insect pests 

by weaver ants can lead to higher farm profit is a major concern of cashew 

farmers. This chapter focuses on the assessment of effects of weaver ants 

on cashew nut yield and quality, and the economic implications. 

6.2 Materials and methods 

6.2.1 Field experiments 

This study was conducted at Mr Bi’s and Mr Kinh’s orchards in the 

Dong Nai province, Vietnam. The detailed description of study sites and field 

experimental design were presented in Chapter 2 and 3.  
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6. 2.2 Data collection 

a. Nut yield and quality assessment  

Nut yield  

During the harvest period, nuts, which had fallen to the orchard floor 

after maturing, were collected separately for each tree. The numbers of trees 

harvested in each treatment at each site are presented in Table 6.1.  

Table 6.1. The numbers of trees harvested in the ICI and FCF treatments in 

Mr Bi’s and Mr Kinh’s orchards in 2008 and 2009. 

Site Year Treatment No. of 
rows 

No. of 
trees/row 

Total no. of 
trees harvested 

Mr Bi’s 
orchard 

2008 
ICI 6 10 60 

FCF 6 10 60 

2009 
ICI 4 9 -10 38 

FCF 4 9 -10 39 

Mr Kinh’s 
orchard 

2008 
ICI 10 7-11 86 

FCF 10 5-8 70 

2009 
ICI 10 7-11 86 

FCF 10 5-8 70 
 

Nut quality 

Nuts which were physiologically ripe and had dropped to the orchard floor 

were considered “mature nuts”. Unripe nuts, which had fallen to the orchard 

floor due to high winds or pest damage, were considered “immature nuts”. 

To assess nut quality, nuts were collected from five trees from each row 

during two periods: 25 February to 1 March in 2008 and from 5 March to 12 

March in 2009 (the peak of the harvest). The nuts were sorted into three 

grades based on nut appearance and damage symptoms on nut shells 

caused by insect pests or diseases, namely: 
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Grade-1: Good - shiny and clean nut shell; no black sooty mould; no 

damage symptoms of insect pests; and mature nuts; 

Grade-2: Satisfactory - no major damage symptoms of insect pests, and 

mature nuts; or 

Grade-3: Bad - mature nuts with deformed shape due to heavy insect pest 

damage, or immature nuts. 

Nuts of each grade were weighed. Percentage of nuts of each grade was 

calculated based on proportion of weight.  

b. Economic assessment 

Management activities and their expenses for the ICI and FCF 

treatments were separately recorded. The expenses included costs of 

agrochemicals and labour. The list of agrochemicals and labour for farming 

activities is presented in Table 6.2. Cost of labour for establishing and 

managing weaver ant colonies was also taken into account as part of the ICI 

treatment expenses. Income was calculated by multiplying nut yield per 

hectare by nut price. Nut yield per hectare were calculated by multiplying nut 

yield per tree by tree density per hectare. Tree densities were 160 trees per 

ha in Mr Bi’s orchard and 300 trees per ha in Mr Kinh’s orchard.  The 

average nut price of the whole harvest was used in the calculation of income. 

It is noteworthy that nut quality was not taken into consideration in the 

economic assessment in this study. The following formulae were used to 

calculate the net profit: 

Expenses = Costs of labour + Costs of agrochemicals 

Income = Nut yield x Nut price  

Net profit = Income – Expenses  

 

 Percentage increase in net profit =! X 100 

Percentage increase in expenses =! ICI expenses – FCF expenses 
            FCF expenses 

X 100 

ICI net profit – FCF net profit 
            FCF net profit 
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Table 6.2. Agrochemicals used and orchards management in the ICI and 

FCF treatments. 

Items ICI FCF 

Agrochemicals 

Fungicides, foliar fertilizers, 

NPK fertilizers and fuel 

Herbicides, insecticides, 

fungicides, foliar fertilizers, 

NPK fertilizers and fuel 

Labour  

Weaver ant management, 

spraying fungicides and foliar 

fertilizers, pruning, weed 

cutting, orchard floor clearing 

and harvest 

Spraying herbicides, 

insecticides, fungicides 

and foliar fertilizers, 

pruning, orchard floor 

clearing and harvest 

 

6.2.3 Data analysis 

A log10(x+1) transformation was used to achieve a normal distribution 

of data on nut yield. ANOVA was used to analyse data on nut yield between 

the two treatments. Because highly significant differences were found 

between years, the detailed ANOVA analysis was done separately for each 

year in both orchards.  

 The nut quality assessment was based on the mean percentage of 

grade-1 nuts. Data on percentage of grade-1 nuts were transformed using 

arsine square root before being analysed using a group t- test. A Chi-square 

test was used to compare the expenses and the net profit between the two 

treatments. STATISTICA 8.0 was used to analyse data (StatSoft, Inc. 2008). 

 



!

!

86!

6.3 Results 

6.3.1 Nut yield assessment 

Mr Bi’s orchard 

ANOVA on the mean nut yield (after log10(x+1) transformation) in the 

ICI and FCF treatments in Mr Bi’s orchard showed significant differences due 

to treatments but not to cultivars or to the interaction between treatments and 

cultivars in both 2008 (Table 6.3) and 2009 (Table 6.4). 

Table 6.3. ANOVA on mean nut yield [after log10(x+1) transformation] in the 

ICI and FCF treatments in Mr Bi’s orchard in 2008. 

Effect Sum Square df Mean Square F-value p-value 

Treatment (T) 18.56685 1 18.56685 2565.74 < 0.01 
Cultivar (C) 0.00057 1 0.00057 0.08 0.78 
Interaction (TxC) 0.00123 1 0.00123 0.17 0.68 
  

Table 6.4. ANOVA on mean nut yield [after log10(x+1) transformation] in the 

ICI and FCF treatments in Mr Bi’s orchard in 2009. 

Effect Sum Square df Mean Square F-value p-value 
Treatment (T) 0.0172 1 0.0172 3.93 0.05 

Cultivar (C) 0.0022 1 0.0022 0.49 0.48 
Interaction of (TxC) 0.0015 1 0.0015 0.33 0.57 
 

The nut yield was significantly higher in the FCF treatment (9.25 

kg/tree) than in the ICI treatment (1.26 kg/tree) in 2008 (Table 6.5). However, 

in 2009 the nut yield in the ICI treatment (14.28 kg/tree) was significantly 

higher than that in the FCF treatment (13.31 kg/tree) (Table 6.5).  
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Table 6.5.#The mean nut yield (kg/tree) in the ICI and FCF treatments in Mr 

Bi’s orchard. 

Treatment 
Mean nut yield ± SD (kg/tree) 

2008 2009 

ICI 1.26 ± 0.54 14.28 ± 3.15 

FCF 9.25 ± 1.44 13.31 ± 2.14 
 

Mr Kinh’s orchard 

Table 6.6. ANOVA on mean nut yield [after log10(x+1) transformation] in the 

ICI and FCF treatments in Mr Kinh’s orchard in 2008. 

Effect Sum Square df Mean Square F-value p-value 
Treatment (T) 0.12135 1 0.12135 4.313 0.04 

Cultivar (C) 3.09444 9 0.34383 12.221 < 0.01 
Interaction (TxC)  0.42976 9 0.04775 1.697 0.10 
 

 ANOVA on the mean nut yield showed significant differences 

between treatments and cultivars, but not in the interaction between 

treatment and cultivar in Mr Kinh’s orchard in 2008 (Table 6.6). The nut yield 

was significantly lower in the ICI treatment (2.90 kg/tree) than in the FCF 

treatment (3.11 kg/tree) (Table 6.7). 

Table 6.7. The mean nut yield (kg/tree) in the ICI and FCF treatments in Mr 

Kinh’s orchard. 

Treatment 
Mean nut yield  ±  SD (kg/tree) 

2008 2009 

ICI 2.90 ± 2.27 3.71 ± 1.71 

FCF 3.11 ± 1.72 3.97 ± 1.37 
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In 2009 there were significant differences between cultivars but not 

between the treatments or the interaction between treatments and cultivars in 

Mr Kinh’s orchard in 2009 (Table 6.8). The nut yield was similar between the 

two treatments (Table 6.7) 

Table 6. 8. ANOVA on mean nut yield [after log10(x+1) transformation] in the 

ICI and FCF treatments in Mr Kinh’s orchard in 2009. 

Effect Sum Square df Mean Square F-value p-value 
Treatment (T) 0.04908 1 0.04908 3.360 0.07 

Cultivar (C) 1.10852 9 0.12317 8.432 < 0.01 
Interaction (TxC) 0.12997 9 0.01444 0.989 0.45 

 

6.3.2 Economic assessment 

 Because fighting between ghost ants and weaver ants resulted in a 

great reduction of nut yield in the ICI treatment in Mr Bi’ orchard in 2008, the 

economic assessment was based on three harvests: the 2009 harvest in Mr 

Bi’s orchard, and the 2008 and 2009 harvest in Mr Kinh’s orchard. Table 6.9 

presents the detailed expenses, income and net profit in the ICI and FCF in 

Mr Bi’s and Mr Kinh’s orchards during the two years of the experiment. 



Keith Christian
89
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Mr Bi’s orchard 

In 2009 the total expenses were significantly lower in the ICI treatment 

(9840) than in the FCF treatment (10254), and the net profit was significantly 

higher in the ICI treatment (13699) than in the FCF treatment (11684) (p < 

0.01, Table 6.10). 

Mr Kinh’s orchard  

 The expenses were significantly lower in the ICI treatment than in the 

FCF treatment, and the net profit was significantly higher in the ICI treatment 

than in the FCF treatment in both years (p < 0.01, Table 6.10).  

Table 6.10. Total expenses and net profits (VND/ha x 1000) in the ICI and 

FCF treatments in Mr Bi’s and Mr Kinh’s orchards. 

Site Year Treatment Expenses Net profit Chi-square test 

Mr Bi’s 
orchard 2009 

ICI 9840 13699 χ2 = 112.2, df = 1, 
p < 0.01 FCF 10254 11684 

Mr Kinh’s 
orchard 

2008 
ICI 6030 5741 χ2 = 106.0, df = 1, 

p < 0.01 FCF 6960 5066 

2009 
ICI 6990 4377 χ2 = 79.3, df = 1, 

p < 0.01 FCF 8154 4,005 
 

 The decrease of total expenses varied from 4.0 to 14.3%, and the 

increase in net profits ranged from 9.3 to 17.2% in the ICI treatment 

compared to those in the FCF treatment (Table 6.11). 
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Table 6.11. Percentage increase or decrease in total expenses and net 

profits in the ICI treatment in comparison to those in the FCF treatment in Mr 

Bi’s and Mr Kinh’s orchards. 

Site Year 
Percentage increase (+) or decrease (-) 

Expenses  Net profit  

Mr Bi’s orchard 2009 -4.0 +17.2 

Mr Kinh’s orchard 
2008 -13.4 +13.3 

2009 -14.3 + 9.3 

Average  -10.3  +13.3  
 

6.3.3 Nut quality assessment 

Mr Bi’s orchard 

There were significant differences in percentages of grade-1 nuts 

between the ICI and FCF treatments in both cropping seasons. The mean 

percentage of grade-1 nuts was 28.3% lower in the ICI treatment than in the 

FCF treatment in 2008 (p < 0.01, Table 6.12). In 2009, the mean percentage 

of grade-1 nuts was 16.8% higher in the ICI treatment than in the FCF 

treatment (p < 0.01, Table 6.12) 

Table 6.12. The mean percentages of grade-1 nuts in the ICI and FCF 

treatments in Mr Bi’s orchard.  

Year Treatment 
Mean % of 

grade-1 nuts ± SD 
Group t-Test 

2008 
ICI 1.3 ± 1.7 t = -11.24,  df = 10, 

p < 0.01 FCF 29.6 ± 5.2 

2009 
ICI 52.4 ± 9.4 t= 3.25,  df = 10, 

p < 0.01 FCF 35.6 ± 8.4 
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Mr Kinh’s orchard 

There were significant differences in percentage of grade-1 nuts 

between the two treatments in both cropping seasons. The mean 

percentagesof grade-1 nuts in the ICI treatment were 8.7 and 5.9% higher 

than those in the FCF treatment in 2008 and 2009, respectively (Table 6.13).  

Table 6.13. The mean percentages of grade-1 nuts in the ICI and FCF 

treatments in Mr Kinh’s orchard.  

Year Treatment 
Mean % of  

grade-1 nuts ± SD 
Group t-Test 

2008 
ICI 36.6 ± 6.3 t= 3.09,  df = 18,  

p < 0.01 FCF 27.9 ± 6.4 

2009 
ICI 30.7 ± 4.7 t= 2.50,  df = 18,  

p= 0.02 FCF 24.8 ± 5.9 

6.4 Discussion 

6.4.1 Effects of the ICI program on cashew profits  

With the exception of 2008 in Mr Bi’s orchard due to the competition of 

the two ant species, the result of the economic assessment showed that the 

average expenses were reduced by 10.3% and the average net profit was 

increased by 13.3% (Table 6.11) in the ICI treatment in 2009 in Mr Bi’s  and 

2008 and 2009 in Mr Kinh’s orchard. This indicates that the ICI program is 

cost effective, which confirms my second hypothesis. In Australia, the 

implementation of weaver ant technology in cashew plantations reduced the 

total expenses by $235/ha/year and increased the average nut yield by 861 

kg/ha in comparison with those treated with insecticide sprays. As a result, 

the net benefit of the weaver ant treatment increased by $1557/ha/year 

(71.2%; Peng et al., 2004). Also, in mango orchards the average net profit of 

trees protected by weaver ant plus soft chemicals was 73% higher than that 

of trees protected by chemical insecticides (Peng and Christian, 2005b).  
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6.4.2 Importance to maintain weaver ants at the high and stable level 

The abundance of weaver ant populations is crucial to nut yield and 

quality. Fights between ghost ants and weaver ants in Mr Bi’s orchard in 

2008 reduced weaver ant populations to under 20% during the flowering and 

fruit setting period. As a result, more than 50% of the flushing shoots, 

inflorescences and immature nuts were damaged (see Chapter 3 for details). 

Therefore, the nut yield and nut quality were greatly reduced in the 2008 

harvest.  

There are several possible factors that can decrease weaver ant 

abundance: Natural death, big rainfall, dispersal, competition with other ant 

species, and inadequate management (Peng et al, 2009). Dispersal and 

competition with other ant species are the important causes of decreases in 

the abundance of weaver ants. During the dormant period in the wet season 

cashew trees do not produce young leaves and they are not attractive to a 

range of insects. Weaver ants usually expand their foraging area to include 

other cashew trees or hedge rows that may already be occupied by another 

weaver ant colony. Consequently, boundary fights occur. To stop ant fights, 

thick engine lubrication oil can be used to paint a 20 cm band around the tree 

base to cut the fighting trails. At the same time, additional food (5% sugar 

solution and dry fish) should be provided weekly.  

  Competition between weaver ants and other ant species, such as 

crazy ants, big-headed ants, crematogaster ants and ghost ants, is often 

observed in cashew orchards.  To reduce competitive ant populations, the 

use of suitable ant baits is recommended (Vanderplank, 1959; Stapley, 1973; 

Loehr et al., 1990; Way and Khoo, 1992). In this study, proper understorey 

management played an important role in competition between ant species. 

The field experiments strongly showed that weeds and debris on the orchard 

floor substantially reduced the competition because the weeds and debris 

provided alternative food sources and shelter for the ghost ants. 

After the successful management of ghost ants in 2009, the nut yield 

and quality in the ICI treatment were significantly higher than those in the 
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FCF treatment (Table 6.5 and 6.12). Peng, et al. (1998b) found that the 

abundance of weaver ant populations was positively correlated with nut yield 

and was responsible for 66 to 90% of the total variation in cashew nut yield. 

Dwomoh et al. (2008) found that trees with weaver ants have similar yield 

with trees sprayed with insecticide in cashew orchards in Ghana. Peng et al. 

(2004) showed that the implementation of weaver ants increased nut yield by 

48.3% compared to cashew treated with insecticide spray in Australia. 

6.4.3 Effect of the ICI program on nut quality  

Immature cashew nuts produce extra-floral nectar that attracts weaver ants 

(Peng et al., 1997a; Rickson and Rickson, 1998). The foraging of weaver 

ants on immature nuts not only protects the nuts from insect damage but also 

improves the nut appearance. The nectar removal by weaver ants eliminated 

the development of sooty mould. Therefore, the nuts in the ICI treatment are 

clean and shiny. In contrast, the nectar on the nuts in the FCF treatment 

accumulates and this encourages sooty mould development. The resulting 

black patches on nut shells made the nuts look dull. Consequently, nuts from 

the ICI treatment were of better quality than nuts from the FCF treatment. On 

average 10.5% more grade-1 nuts were produced in the ICI treatment than in 

the FCF treatment. In addition to the higher quality of external appearance in 

the ICI treatments, the nuts would contain much lower insecticide residues 

compared to those in the FCF treatments because no insecticides were used 

in the ICI treatment. These results confirm my third hypothesis. 

 At the moment, the market prices do not consider the nut quality, but 

the situation will change quickly when the ICI program is implemented at 

larger scales. The net profit would be even higher if the nut quality was taken 

into consideration. Koekoek (2002) reported that the price premium for 

organic cashews was 25% higher than the conventional nut price, and the 

organic market has increased about 15% annually. Peng et al. (1999, 2004) 

showed that cashew trees protected by weaver ants produced cleaner and 

shiner nuts than trees protected by insecticides. The quality of other tropical 

fruits is also improved in the presence of weaver ants. Barzman et al. (1996) 
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found that the juice quality and fruit appearance were better in citrus orchards 

with weaver ants than without weaver ants in South Vietnam.  

 In summary, when the weaver ant population was kept at high and 

stable levels, nut yield was generally similar between the ICI and FCF 

treatments, but total expenses were 10.3% lower in the ICI than in the FCF 

treatments, resulting in an average increase of 13.3% in net profits. Trees in 

the ICI treatment produced nuts of higher quality than trees in the FCF 

treatment. Importantly, once the nut quality is considered in nut trading, the 

ICI treatment will have even higher net profit, and this will encourage cashew 

farmers to use the ICI program in their orchards. 
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Chapter 7:  General discussion and recommendation 

7.1 Effectiveness of the ICI program 

Pest damage and misuse of pesticides in cashew pest control have 

been recognized as serious threats to sustainable cashew production and the 

cashew processing industry in Vietnam. However, the unavailability of 

effective and safe pest control strategies has forced farmers to continue to 

use pesticides to control insect pests. The ICI program based on the Charles 

Darwin University’s IPM program was fully assessed against farmers’ 

conventional methods in the following four aspects: pests, arthropod 

diversity, NE/IP ratio and economic evaluation. 

Weaver ants effectively control most of the main insect pests on 

cashew including the tea mosquito bug, the brown shoot borer, leaf rollers 

and the leafminer. The pest damage was reduced to  levels similar to the 

farmers’ conventional farming methods or to levels below the control 

threshold. Thus, my first hypothesis was confirmed. 

Although weaver ants were closely associated with sternorrhynchans, 

weaver ants did not promote damage caused by mealy bugs and aphids. The 

damage was either negligible or well below the control thresholds because 

the ICI program enhanced the population of natural enemies of 

sternorrhynchan pests which effectively controlled mealy bugs and aphids. 

This fully tested the results of Peng et al. (1999b). 

The territorial and aggressive behaviours of weaver ants draw into 

question their effects on arthropod diversity. In this study, the use of weaver 

ants to control insect pests in the ICI program enhanced the arthropod 

diversity in comparison to the farmers’ conventional farming method. 

Moreover, the significant increase of the ratio of natural enemies to cashew 

insect pests in the ICI treatment indicates that implementation of the ICI 

program enhanced the population of natural enemies, resulting in the 

effective suppression of insect pests in cashew orchards.  
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Importantly, cashew orchards implemented with the ICI program 

produce similar nut yield, but with a reduction of expenses by 10.3% and an 

increase of net profits by 13.3%. In addition to this, the ICI program produced 

higher quality nuts in comparison to the farmers’ conventional farming 

method. Thus, my second and third hypotheses were confirmed. 

In addition to these advantages, when weaver ants are used as 

biological control agents in cashew production, chemical insecticide sprays 

are stopped. Consequently, environmental pollution due to the use of 

insecticides is reduced. Cashew farmers and their farm animals can avoid 

the poisonous effect caused by insecticide spraying.   

7.2 Recommendation  

Orchard management 

Maintenance of high and stable weaver ant populations in cashew 

orchards is crucial to insect pest control and nut yield and quality in the ICI 

program. Prevention of fighting between weaver ant colonies and other 

competitive ant species is very important in weaver ant management.  Proper 

orchard understorey management, focusing on improving the availability of 

other food sources through weed control and understorey clearing, can 

reduce competition and fights between weaver ants and other ant species. In 

addition, supplying food and providing temporary shelters through orchard 

boundary tree management during the cashew dormant period can sustain 

and enhance weaver ant populations in cashew orchards. In this study, 

Acacia auriculiformis is recognized as a suitable tree species to grow around 

cashew orchards as hedgerows. This tree flushes in the wet season and it is 

a host of honey-producing scales that can supply food for weaver ants during 

the cashew dormant period. Acacias can also provide temporary shelters for 

weaver ants when cashews shed their leaves in the early dry season. 

Acacias are tolerant to pruning, which enables cashew farmers to manage 

the hedgerow to encourage weaver ants to move to cashew orchards when 

cashew trees are flushing. Sizes of cashew orchards in Vietnam are relatively 
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small, about 1 to 2 ha, and they are adjacent to each other. With regard to 

the implementation of the ICI program, the effectiveness of this program in 

one orchard can be reduced by insecticide drifting from nearby orchards that 

do not use the ICI program. Therefore, it is necessary to have a larger area 

to implement the ICI program, and under the local conditions in Vietnam, it is 

better to apply the ICI program at the commune level.  
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 w   w   w   w  
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Figure 7.1. An orchard design recommended for the implementation of the 

ICI program. “A” = Acacia hedgerow, “w” = weeds and grass, “x” = cashew 

tree, an enclosed line = a weaver ant colony. 

Based on this study, it is recommended that, for the implementation of 

the ICI program, an Acacia hedgerow is created around an orchard (Fig. 7.1). 

The hedgerow should be pruned regularly to maintain a height of about 1.5 - 

2.5 mduring the wet season. When cashew trees start the pre-flowering 

flushing, the hedgerow should be pruned to aheight of 1 m, and minced fish 

meat should be provided on cashew tree trunks to attract weaver ants to 

forage on cashew trees.  Two-metre weed bands need to be maintained 
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between the cashew tree rows, and weeds and grass should be kept at 20 – 

30 cm high by mechanical cutters or manual slashing, but not by herbicides. 

Weaver ants should be monitoredregularly to prevent fights between weaver 

ant colonies and between weaver ants and other ant species. 

Implementation of the ICI program in Vietnam 

Although the use of weaver ants to control insect pests has been 

traditionally practiced on citrus in Vietnam (Van Mele et al., 2000, 2002 and 

2003), it was never practiced on cashew before. Thus, promotion of the ICI 

program implementation needs the active participation of interested and well-

trained farmers. The ICI program has been developed based on local cashew 

growing conditions in Vietnam (Peng et al., 2010a, b). The initial 

implementation of the ICI program in Vietnam showed very promising results. 

The project has produced 113 TOT trainers who successfully conducted 98 

Farmer Field Schools (FFS). Cashew farmers were very interested in the ICI 

program and actively participated in the FFS. Weaver ants were as effective 

as insecticides in insect pest control. Results of demonstration orchards 

showed that net profit was 13% higher in the ICI than in the FCF plots. More 

than 95% of farmers were pleased with the FFS contents, training methods 

and the results of demonstration plots (Peng et al., 2009). Thus, continuation 

of the ICI program implementation on a large scale is highly recommended 

for the Vietnam cashew industry 

Presently, cashew nut processors are buying nuts mainly based on 

nut weight, regardless of nut quality. A price premium based on nut quality 

will be an important incentive for cashew farmers to shift to the ICI program. 

In addition, cashew nuts produced from the ICI orchards are free from 

insecticide residues because insecticides are not used in the ICI program. 

This will enable cashew farmers to participate in “Good Agricultural 

Practices” (GAP) or aim towards producing “organic cashew”, which is 

increasingly demanded in the international market. Organic cashew should 

be considered as one of the key issues for developing the sustainable 

cashew production and processing industry in Vietnam.  
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Appendix A 

Table  A.1. Natural enemies of mealy bugs collected in the ICI treatment at 

Mr Kinh’s orchard. 

Common name Family/Order No of species 
Ladybirds Coccinellidae  2 
Midge  Cecidomyiidae  1 

Butterfly Lepidoptera  1 
Antlion Myrmeleontidae  1 
Lacewings Hemerobiidae  2 

Minute pirate bug Anthocoridae  1 
Parasitic wasps Hymenoptera  6 
Total  14 

   

 

Figure A.1. Predators of mealy bugs in cashew orchards. 
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Figure A.2. Additional predators of mealy bugs in cashew orchards. 

 

Figure A.3. Parasitic wasps of mealy bugs in cashew orchards.  
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Table A.2. Natural enemies of aphids collected in the ICI treatment at Mr 

Kinh’s orchard. 

Common name Family/Order No of species 
Ladybirds Coccinellidae  4 
Hover flies Syrphidae  4 

Lacewing Hemerobiidae  1 
Leucopis fly Chamaemyiidae  1 
Predator fly Diptera  1 

Parasitic wasps Hymenoptera  4 
Total  15 

 

 

Figure A.4. Four ladybird species preying on aphids in cashew orchards.  
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Figure A.5. Four hover fly species preying on aphids in cashew orchards. 

 

Figure A.6. Predators of aphids in cashew orchards: two predator flies and 
the brown lacewing. 
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Figure A.7. Four parasitic wasps of aphids in cashew orchards. 
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Appendix B 

Table B.1. Canopy arthropods collected in Mr Bi’s  and Mr Kinh’s orchards 
during the two years of the experiments. 
 

Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
 Predators              

Araneae Araneidae  
Orb-web 
spider sp.1 2 0 5 5 Unknown 

Araneae Araneidae  
Orb-web 
spider sp.2 2 2 2 2 Unknown 

Araneae Araneidae  Orb-web 
spider sp.3 

5 5 2 0 Unknown 

Araneae Araneidae  
Orb-web 
spider sp.4 5 3 5 2 Unknown 

Araneae Araneidae  
Orb-web 
spider sp.5 5 3 9 5 Unknown 

Araneae Araneidae  Orb-web 
spider sp.6 

1 4 2 2 Unknown 

Araneae Araneidae  Orb-web 
spider sp.7 

2 3 2 1 Unknown 

Araneae Araneidae  
Orb-web 
spider sp.8 27 13 13 8 Unknown 

Araneae Clubionidae  
Sac spider 
sp.1 1 1 5 0 Unknown 

Araneae Clubionidae  Sac spider 
sp.2 

5 12 7 8 Unknown 

Araneae Clubionidae  Sac spider 
sp.3 

11 4 9 1 Unknown 

Araneae Clubionidae  
Sac spider 
sp.4 3 4 10 2 Unknown 

Araneae Clubionidae  
Sac spider 
sp.5 

36 16 22 13 Unknown 

Araneae Clubionidae  Sac spider 
sp.6 

10 6 14 4 Unknown 

Araneae Clubionidae  
Sac spider 
sp.7 7 4 9 0 Unknown 

Araneae Clubionidae  
Sac spider 
sp.8 6 7 5 13 Unknown 

Araneae Clubionidae  Sac spider 
sp.9 

3 2 2 2 Unknown 

Araneae Eriophora  Garden orb 
web spider  

6 3 9 4 Unknown 

Araneae Lycosidae  
Wolf spider 
sp.1 6 6 8 5 Unknown 

Araneae Lycosidae  Wolf spider 18 6 20 7 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
sp.2 

Araneae Miturgidae  Long-legged 
sac spider 

32 2 28 17 Unknown 

Araneae Oxiopidae  Lynx spider  
sp.1 

57 39 55 36 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  
Lynx spider  
sp.2 26 20 14 10 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  Lynx spider  
sp.3 

37 13 31 15 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  
Lynx spider  
sp.4 

28 20 29 12 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  
Lynx spider  
sp.5 48 9 33 9 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  Lynx spider  
sp.6 

5 2 13 6 

Tea mosquito 
bug nymph, 
leaf rollers, 
flower 
caterpillars 

Araneae Oxiopidae  
Lynx spider  
sp.7 7 4 20 12 

Tea mosquito 
bug nymph, 
leaf rollers 

Araneae Oxiopidae  
Lynx spider  
sp.8 

0 1 3 4 
Tea mosquito 
bug nymph, 
leaf rollers 

Araneae Oxiopidae  Lynx spider  
sp.9 

1 1 5 2 
Tea mosquito 
bug nymph, 
leaf rollers 

Araneae Oxiopidae  
Lynx spider  
sp.10 0 0 4 4 

Tea mosquito 
bug nymph, 
leaf rollers 

Araneae Pholcidae 
Long leg 
spider sp.1 21 17 22 9 Unknown 

Araneae Pholcidae Long leg 6 9 6 7 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
spider sp.2 

Araneae Pholcidae Long leg 
spider sp.3 

5 2 3 6 Unknown 

Araneae Pholcidae 
Long leg 
spider sp.4 5 11 10 10 Unknown 

Araneae Pholcidae 
Long leg 
spider sp.5 2 3 2 3 Unknown 

Araneae Phoroncidia  Comb footed 
spider 

32 47 27 46 Unknown 

Araneae Salticidae  Jumping 
spider sp.1 

45 12 49 35 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.2 13 6 4 3 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.3 

13 5 17 12 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.4 

5 4 12 4 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.5 27 6 17 5 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.6 5 5 10 5 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.7 

7 5 18 7 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.8 

35 18 30 23 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.9 18 25 21 15 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.10 

92 32 87 46 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.11 

20 13 19 7 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.12 25 14 21 17 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.13 11 8 12 8 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.14 

17 7 28 15 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.15 

21 1 18 3 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.16 6 3 4 2 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.17 

6 6 3 2 Caterpillars 

Araneae Salticidae  Jumping 
spider sp.18 

15 4 24 11 Caterpillars 

Araneae Salticidae  
Jumping 
spider sp.19 110 40 98 49 Caterpillars 

Araneae Salticidae  Jumping 13 10 11 3 Caterpillars 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
spider sp.20 

Araneae Salticidae  Jumping 
spider sp.21 

4 6 3 6 Caterpillars 

Araneae Tetranathidae 
Long jawed 
spiders  4 7 3 7 Unknown 

Araneae Theridiidae  
Tangle- web 
spider sp.1 1 1 3 2 Unknown 

Araneae Theridiidae  Tangle- web 
spider sp.2 

10 8 13 6 Unknown 

Araneae Theridiidae  Tangle- web 
spider sp.3 

7 4 9 3 Unknown 

Araneae Theridiidae  
Tangle- web 
spider sp.4 4 3 1 1 Unknown 

Araneae Theridiidae  
Tangle- web 
spider sp.5 

7 3 3 7 Unknown 

Araneae Theridiidae  Tangle- web 
spider sp.6 

4 3 10 3 Unknown 

Araneae Thomisidae  
Crab spider 
sp.1 1 1 1 2 Unknown 

Araneae Thomisidae  
Crab spider 
sp.2 11 1 8 1 Unknown 

Araneae Thomisidae  Crab spider 
sp.3 

6 4 7 4 Unknown 

Araneae Thomisidae  Crab spider 
sp.4 

7 0 4 2 Unknown 

Araneae Thomisidae  
Crab spider 
sp.5 3 0 2 1 Unknown 

Araneae Unidentified  
 Other spider 
sp.1 

3 0 4 0 Unknown 

Araneae Unidentified   Other spider 
sp.2 

2 0 3 5 Unknown 

Araneae Unidentified  
 Other spider 
sp.3 2 0 0 0 Unknown 

Araneae Unidentified  
 Other spider 
sp.4 4 1 5 1 Unknown 

Coleoptera Coccinellidae 

Tranverse 
ladybird 
(Coccinella 
transversalis) 

24 16 29 15 Aphids 

Coleoptera Coccinellidae 

Mealybug 
destroyer 
(Cryptolaemus 
montrouzieri) 

33 13 19 4 
Aphids, 
mealybugs 

Coleoptera Coccinellidae Ladybird 
sp.1 

191 28 315 116 Aphids 

Coleoptera Coccinellidae Ladybird 
sp.2 

38 1 19 14 Unknown 

Coleoptera Coccinellidae Ladybird 7 2 0 1 Aphids 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
sp.3 

Coleoptera Staphylinidae Rove beetle 7 3 0 0 Insects  
Diptera Asilidae Robber fly  4 2 1 2 Caterpillars 
Diptera Chamaemyiidae Leucopis fly 207 138 155 79 Aphids 
Diptera Syrphidae Hover fly 11 3 2 2 Aphids  

Diptera Tachinidae Tachinid fly 24 29 24 10 Bag worms 
and caterpillars 

Hemiptera Anthocoridae Minute 
assassin bug 

23 12 18 8 Mealy bugs 

Heteroptera Lygaeidae 
Big eye bug 
(Geocoris 
sp.) 

39 16 11 9 
Tea mosquito 
bugs and 
caterpillars 

Hymenoptera Formicidae 
Weaver ant 
(Oecophylla 
smaragdina) 

865 10 684 10 

The main 
cashew insect 
pests and 
other 
arthropods 

Hymenoptera Vespidae  Wasp  1 0 0 0 
Caterpillars 
and spiders 

Mantodea Mantidae 
Praying 
mantis 

22 11 16 8 

Tea mosquito 
bugs, 
caterpillars and 
moths 

Neuroptera Hemerobiidae Brown 
lacewing 

74 29 26 29 Aphids 

Neuroptera Myrmeleontidae Ant lion 4 2 0 0 Mealy bugs 
 Pollinators              

Hymenoptera Apidae Honey bee 10 1 2 7 
Cashew 
flowers 

Hymenoptera Apidae Wild bee 2 1 4 0 Cashew 
flowers 

 Parasitic 
wasps              

Hymenoptera Bethylidae 
Bethtylid 
wasp  2 0 6 1 Leaf rollers 

Hymenoptera Braconidae Chelonus 
sp.1 

3 5 8 2 Leaf rollers 

Hymenoptera Braconidae Chelonus 
sp.2 

13 1 19 6 Leaf rollers 

Hymenoptera Encyrtidae 
Encyrtid 
wasp  sp.1 3 1 11 3 Mealy bugs 

Hymenoptera Encyrtidae 
Encyrtid 
wasp  sp.2 

4 0 26 15 Mealy bugs 

Hymenoptera Encyrtidae Encyrtid 
wasp  sp.3 

16 2 8 5 Aphids 

Hymenoptera Eulophidae 
Eulophid 
sp.2 13 2 15 5 Leafminer 

Hymenoptera Eupelmidae Eupelmid 5 10 10 5 Leaf rollers 



!

!

127!

Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
wasp sp.1 

Hymenoptera Pteromalidae  Pteromalid 
wasp sp.1  

14 4 5 0  Shoot borer 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.4 10 4 18 8 Shoot borer 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.9 24 9 28 16 Leaf rollers 

Insect pests              

Araneae Salticidae  Ant mimic 
spider sp. 1 

5 2 4 0 Weaver ants 

Araneae Salticidae  
Ant mimic 
spider sp. 2 2 1 2 9 Weaver ants 

Araneae Salticidae  
Ant mimic 
spider sp. 3 27 2 33 6 Weaver ants 

Araneae Salticidae  Ant mimic 
spider sp. 4 

8 2 1 0 Weaver ants 

Coleoptera Coleoptera 
Big leaf 
beetle 4 5 8 1 Leaves 

Coleoptera Coleoptera Leaf beetle 1 8 12 7 11 Leaves 
Coleoptera Coleoptera Leaf beetle 2 6 12 4 2 Leaves 
Coleoptera Coleoptera Leaf beetle 3 6 2 0 0 Leaves 
Coleoptera Coleoptera Leaf beetle 4 31 11 15 20 Leaves 
Coleoptera Coleoptera Leaf beetle 5 10 4 13 29 Leaves 

Coleoptera Curculionidae 

Golden 
powder 
weevil 
(Hypomeces 
sp.)  

0 1 0 0 Leaves 

Coleoptera Curculionidae Leaf weevil 24 10 4 3 Young leaves 

Coleoptera Curculionidae 
Shoot borer 
(Alcidodes 
sp.) 

7 5 2 7 Young shoots 

Hemiptera Alydidae Alydidae 12 4 3 2 
Young shoots 
and leaves 

Hemiptera Hemiptera Small green 
bug 

6 2 0 1 Young shoots 
and leaves 

Hemiptera Hemiptera Two-spot 
bug 

8 8 5 3 Flowers 

Hemiptera Miridae 
Tea moquito 
bug   
(H. theivora) 

161 307 53 94 

Young leaves, 
shoots, 
inflorescences, 
apple and nuts 

Homoptera Cicadellidae Leaf hopper 12 11 13 35 Young shoots 
and leaves 

Homoptera Flatidae Flatid 10 16 4 14 
Young shoots 
and leaves and 
flowers 

Homoptera Homoptera Leaf hopper 6 11 18 14 Young shoots 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
and leaves 

Lepidoptera Gracillariidae Leafminer 73 62 106 95 Young leaves 

Lepidoptera Lepidoptera 
Leaf 
caterpillar  20 8 11 13 Young leaves 

Lepidoptera Lepidoptera 
Leaf roller 
sp.1 0 2 1 2 

Young shoots 
and leaves 

Lepidoptera Lepidoptera Leaf roller 
sp.2 

13 7 19 12 Young shoots 
and leaves 

Lepidoptera Pyralidae Leaf roller 
sp.3 

15 15 33 11 Young shoots 
and leaves 

Lepidoptera Pyralidae 
Fruit borer 
(Nephoteryx  
sp.) 

27 14 22 4 Apples and 
nuts 

Lepidoptera Tortricidae Tortrix moth 6 0 11 11 
Young shoots 
and leaves 

Orthoptera Tettigoniidae Katydid 2 0 3 5 Leaves 
 Other 
arthropods              

Blattaria Blattidae Cockroaches 31 16 49 21 Unknown 
Coleoptera Coleoptera Beetle  sp.1 14 3 10 14 Unknown 
Coleoptera Coleoptera Beetle sp.2 1 1 0 0 Unknown 

Coleoptera Coleoptera Black leaf 
beetle  

474 353 514 557 Unknown 

Coleoptera Coleoptera 
Flower 
beelte 15 8 5 27 Unknown 

Coleoptera Coleoptera Red beetle 6 2 0 0 Unknown 

Coleoptera Curculionidae Alcidodes 
sp.1 

14 22 22 26 Unknown 

Coleoptera Elateridae Click beetle 15 11 6 3 Unknown 

Diptera Culicidae 
Black 
mosquito 44 62 79 85 Unknown 

Diptera Culicidae 
Green 
mosquito 180 111 154 141 Unknown 

Diptera Drosophilidae Drosophila 
fly 

116 92 184 171 Unknown 

Diptera Tipulidae Crane fly 
sp.1 

40 63 115 126 Unknown 

Diptera Tipulidae 
Crane fly 
sp.2 33 28 0 0 Unknown 

Homoptera Delphacidae 
Brown 
hopper 

24 40 51 35 Unknown 

Homoptera Delphacidae Green 
hopper 

53 42 10 5 Unknown 

Hymenoptera Aphelinidae  
Aphelinid 
wasp sp.1 6 12 23 4 Unknown 

Hymenoptera Aphelinidae  
Aphelinid 
wasp sp.2 0 0 2 2 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 

Hymenoptera Aphelinidae  Aphelinid 
wasp sp.3 

6 2 0 0 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.1 

4 5 0 0 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.2 9 4 1 1 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.3 

1 4 4 2 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.4 

27 19 14 6 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.5 14 7 6 1 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.6 8 4 0 0 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.7 

11 9 40 22 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.8 

7 1 25 15 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.9 10 4 1 5 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.10 

22 14 6 3 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.11 

27 15 39 16 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.12 0 0 0 1 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.13 14 3 27 9 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.14 

2 10 21 12 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.15 

1 3 13 2 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.16 5 5 2 0 Unknown 

Hymenoptera Braconidae 
Braconid 
wasp sp.17 

20 8 0 0 Unknown 

Hymenoptera Braconidae Braconid 
wasp sp.18 

30 11 0 0 Unknown 

Hymenoptera Chalcididae 
Brachimeria 
wasp sp.1 13 6 20 11 Unknown 

Hymenoptera Chalcididae 
Brachimeria 
wasp sp.2 17 3 2 0 Unknown 

Hymenoptera Chalcididae Brachimeria 
wasp sp.3 

9 5 0 0 Unknown 

Hymenoptera Chalcididae Brachimeria 
wasp sp.4 

3 0 0 1 Unknown 

Hymenoptera Chalcididae 
Brachimeria 
wasp sp.5 2 0 13 6 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 

Hymenoptera Chalcididae Brachimeria 
wasp sp.6 

0 1 0 0 Unknown 

Hymenoptera Chalcididae Brachimeria 
wasp sp.7 

9 0 17 3 Unknown 

Hymenoptera Chalcididae 
Brachimeria 
wasp sp.8 7 0 0 0 Unknown 

Hymenoptera Chalcididae 
Brachimeria 
wasp sp.9 

1 0 0 0 Unknown 

Hymenoptera Encyrtidae Encyrtid 
wasp  sp.4 

3 1 0 0 Unknown 

Hymenoptera Eulophidae 
Eulophid 
sp.1 5 5 15 10 Unknown 

 
      

 

Hymenoptera Eulophidae 
Eulophid 
sp.3 

0 0 4 0 Unknown 

Hymenoptera Eulophidae Eulophid 
sp.4 

12 2 6 2 Unknown 

Hymenoptera Eulophidae 
Eulophid 
sp.5 14 2 21 14 Unknown 

Hymenoptera Eupelmidae 
Eupelmid 
wasp sp.2 11 8 7 1 Unknown 

Hymenoptera Evaniidae  Hatchet 
wasp 

11 8 1 1 Unknown 

Hymenoptera Formicidae Big black ant 
sp.1 

70 73 91 57 Unknown 

Hymenoptera Formicidae 
Big black ant  
sp.2 26 19 8 9 Unknown 

Hymenoptera Formicidae 
Big black ant 
sp.3 

8 8 2 3 Unknown 

Hymenoptera Formicidae Medium 
black ant 

20 8 31 18 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.1 16 5 16 1 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.2 1 1 3 3 Unknown 

Hymenoptera Ichneumonidae Ichneumon 
wasps sp.3 

0 0 2 4 Unknown 

Hymenoptera Ichneumonidae Ichneumon 
wasps sp.4 

4 3 1 0 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.5 2 1 4 2 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.6 

3 2 0 1 Unknown 

Hymenoptera Ichneumonidae Ichneumon 
wasps sp.7 

2 1 0 0 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.8 3 2 9 3 Unknown 

Hymenoptera Ichneumonidae Ichneumon 5 0 3 0 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
wasps sp.9 

Hymenoptera Ichneumonidae Ichneumon 
wasps sp.10 

0 1 1 3 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.11 2 1 0 0 Unknown 

Hymenoptera Ichneumonidae 
Ichneumon 
wasps sp.12 6 2 2 1 Unknown 

Hymenoptera Mymaridae  Mymarid 
wasp sp.1 

4 3 1 3 Unknown 

Hymenoptera Mymaridae  Mymarid 
wasp sp.2 

7 7 0 0 Unknown 

Hymenoptera Mymaridae  
Mymarid 
wasp sp.3 3 3 0 0 Unknown 

Hymenoptera Pteromalidae  
Pteromalid 
wasp sp.1  

10 1 4 2 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.1 

23 7 93 35 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.2 10 5 7 0 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.3 6 13 12 1 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.5 

0 6 8 3 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.6 

15 1 19 23 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.7 2 1 10 1 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.8 

11 0 12 6 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.10 

10 1 2 0 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.11 5 6 12 3 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.12 3 8 7 3 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.13 

32 18 9 5 Unknown 

Hymenoptera Scelionidae  Scelionid 
wasp sp.14 

0 0 5 1 Unknown 

Hymenoptera Scelionidae  
Scelionid 
wasp sp.15 0 0 5 5 Unknown 

Hymenoptera Sphecidae 
Sphecid 
wasp sp.1 

8 11 3 4 Unknown 

Hymenoptera Sphecidae Sphecid 
wasp sp.2 

11 1 12 10 Unknown 

Hymenoptera Sphecidae 
Sphecid 
wasp sp.3 9 2 6 1 Unknown 

Hymenoptera Sphecidae Sphecid 7 4 0 0 Unknown 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard Host 

ICI FCF ICI FCF 
wasp sp.4 

Hymenoptera Sphecidae Sphecid 
wasp sp.5 

1 3 7 2 Unknown 

Hymenoptera Sphecidae 
Sphecid 
wasp sp.6 12 11 0 0 Unknown 

Hymenoptera Torymidae 
Torymid 
wasp sp.1 11 3 1 0 Unknown 

Hymenoptera Torymidae Torymid 
wasp sp.2 

11 1 19 9 Unknown 

Hymenoptera Trichogrammati
dae 

Trichogramm
atid sp.1 

3 1 0 0 Unknown 

Hymenoptera 
Trichogrammati
dae 

Trichogramm
atid sp.2 5 2 1 0 Unknown 

Hymenoptera 
Trichogrammati
dae 

Trichogramm
atid sp.3 

12 9 5 3 Unknown 

Hymenoptera Trichogrammati
dae 

Trichogramm
atid sp.5 

9 4 9 0 Unknown 

Hymenoptera 
Trichogrammati
dae 

Trichogramm
atid sp.5 14 0 0 0 Unknown 

Hymenoptera! Unidentified  
Other wasp 
sp.1 1 1 7 10 Unknown 

Hymenoptera! Unidentified! Other wasp 
sp.2 

1 0 3 1 Unknown 

Hymenoptera! Unidentified! Other wasp 
sp.3 

0 0 4 4 Unknown 

Hymenoptera! Unidentified! other wasp 
sp.4 3 0 4 1 Unknown 

Hymenoptera! Unidentified! Other wasp 
sp.5 

3 0 1 0 Unknown 

Orthoptera Acrididae Grass 
hopper 

9 2 21 5 Unknown 

Orthoptera Gryllidae Field cricket 20 8 25 21 Unknown 
 
!
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Table B.2. Ground arthropods collected in Mr Bi’s  and Mr Kinh’s orchards 
during the two years of the experiments 

Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard 

ICI FCF ICI FCF 
Predators           
Araneae Lycosidae Lycosid spider sp.1 61 91 106 96 
Araneae Lycosidae Lycosid spider sp.2 42 56 63 64 
Araneae Lycosidae Lycosid spider sp.3 16 34 35 43 
Araneae Oxiopidae Lynx spider 12 15 44 27 
Araneae Salticidae Jumping spider 10 8 13 3 
Coleoptera Carabidae Ground beetle sp.1 215 92 111 77 
Coleoptera Carabidae Ground beetle sp.2 26 26 3 22 
Coleoptera Carabidae Ground beetle sp.3 1 7 0 3 
Coleoptera Carabidae Ground beetle sp.4 78 29 11 23 
Coleoptera Carabidae Ground beetle sp.5 17 33 17 32 
Coleoptera Carabidae Ground beetle sp.6 0 0 4 1 
Coleoptera Carabidae Tiger beetle 14 1 10 4 

Coleoptera Coccinellidae 
Tranverse ladybird 
(Coccinella 
transversalis) 

16 13 7 7 

Coleoptera Coccinellidae Ladybird sp.1 8 5 4 25 
Coleoptera Staphylinidae Rover beetle sp.1 19 27 12 26 
Coleoptera Staphylinidae Rover beetle sp.2 15 9 3 9 
Dermaptera Dermaptera Ear wig 0 0 5 0 
Diptera Asilidae Robber fly 0 0 4 0 
Diptera Syrphidae Aphid predator fly 1 0 1 0 

Heteroptera Lygaeidae 
Big eye bug 
(Geocoris sp.) 33 30 62 3 

Hymenoptera Formicidae 
Weaver ant  
(O. smaragdina) 

344 272 1143 2 

Neuroptera Hemerobiidae Brown lacewing 15 6 0 11 
Neuroptera Myrmeleontidae Ant lion 3 5 1 4 
Pollinator   

        
Diptera Adidae Honey bee 0 8 28 4 
Pests           

Coleoptera Curculionidae 
Golden powder 
weevil (Hypomeces 
sp.) 

2 0 4 0 

Coleoptera Curculionidae 
Shoot borer 
(Acidodes sp.) 6 0 1 7 

Hemiptera Miridae 
Tea mosquito bug  
(H. theivora) 

1 4 0 8 

Homoptera Cicadellidae Cicada 2 4 2 5 
Homoptera Cicadellidae Leaf hopper 5 1 1 0 
Lepidoptera Gracillariidae Leafminer 69 46 62 50 

Lepidoptera Pyralidae 
Fruit borer 
(Nephoteryx sp.) 3 0 4 0 

Lepidoptera Pyralidae Leaf roller 7 7 4 7 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard 

ICI FCF ICI FCF 
Lepidoptera Tortricidae Tortrix moth 10 1 0 4 
Orthoptera Acrididae Grass hopper 292 325 92 47 
Other arthropods       
Araneae Gnaphosidae Ground spider sp.1 264 170 305 307 
Araneae Gnaphosidae Ground spider sp.2 101 118 129 100 
Araneae Pholcidae Daddy long leg 1 27 54 21 
Araneae Unknown  Unknown spider 5 6 14 3 
Blattaria Blattidae Cockroach sp.1 10 13 1 80 
Blattaria Blattidae Cockroach sp.2 4 61 230 193 
Blattaria Blattidae Cockroach sp.3 211 78 6 2 
Blattaria Blattidae Cockroach sp.4 77 63 3 5 

Coleoptera Cerambycidae 
Longicorn beetle 
sp.1 

0 0 1 0 

Coleoptera Cerambycidae 
Longicorn beetle 
sp.2 

0 0 1 0 

Coleoptera Coccinellidae Ladybird sp.2 3 0 0 0 
Coleoptera Coccinellidae Ladybird sp.3 3 14 2 0 
Coleoptera Coccinellidae Ladybird sp.4 0 10 8 5 
Coleoptera Coccinellidae Ladybird sp.5 0 0 0 1 
Coleoptera Coleoptera Beetle sp.1 17 6 59 62 
Coleoptera Coleoptera Beetle sp.2 46 31 23 4 
Coleoptera Coleoptera Black leaf beetle 100 35 137 90 
Coleoptera Coleoptera Twelve-spot beetle 5 6 5 0 
Coleoptera Curculionidae Weevil 1 0 36 0 
Coleoptera Elateridae Click beetle 3 6 7 31 
Coleoptera Scarabidae Dung beetle sp.1 46 5 161 95 
Coleoptera Scarabidae Dung beetle sp.2 81 58 0 24 
Coleoptera Scarabidae Dung beetle sp.3 22 28 1 1 
Diptera Diptera Fly 5 0 42 0 
Diptera Dolichopodidae Green fly 66 43 0 0 
Hemiptera Delphacidae Brown hopper 1 36 1 1 
Hemiptera Hemiptera Bug sp.1 1 0 67 56 
Hemiptera Hemiptera Bug sp.2 35 64 12 4 
Hemiptera Hemiptera Bug sp.3 37 13 0 0 
Hemiptera Hemiptera Bug sp.4 3 0 0 0 
Hymenoptera Formicidae Big black ant sp.1 97 154 253 341 
Hymenoptera Formicidae Big black ant sp.2 129 222 889 784 
Hymenoptera Formicidae Brown ant 3 1 24 13 
Hymenoptera Formicidae Crematogaster ant 47 29 0 6 
Hymenoptera Formicidae Ghost ant 592 1062 197 203 

Hymenoptera Formicidae 
Medium black ant 
sp.1 

25 1 211 242 

Hymenoptera Formicidae 
Medium black ant 
sp.2 2 2 25 88 

Hymenoptera Sphecidae Wasp sp.1 48 28 21 20 
Hymenoptera Sphecidae Wasp sp.2 39 5 15 28 
Hymenoptera Sphecidae Wasp sp.3 5 0 0 13 
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Order Family Name 
Mr Bi's 
orchard 

Mr Kinh's 
orchard 

ICI FCF ICI FCF 
Hymenoptera Unknown  Wasp sp.4 0 0 120 36 
Lepidoptera Lepidoptera Butterfly 1 0 0 1 
Lepidoptera Lepidoptera Moth 0 0 5 1 
Orthoptera Gryllidae Cricket sp.1 15 4 1077 765 
Orthoptera Gryllidae Cricket sp.2 787 401 16 6 
Orthoptera Gryllidae Cricket sp.3 28 11 17 12 
Scolopendromorpha Scolopendridae Centipede sp.1 2 1 120 27 
Scolopendromorpha Scolopendridae Centipede sp.2 62 86 0 78 
Scolopendromorpha Scolopendridae Centipede sp.3 19 30 1 0 
Scorpionida Scorpionidea Scorpion 7 0 1 1 
Spirostreptida Spirostreptidae Millipede sp.1 53 32 4 51 
Spirostreptida Spirostreptidae Millipede sp.2 19 53 1 0 
Spirostreptida Spirostreptidae Millipede sp.3 2 0 1 0 
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