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ABSTRACT 

Insects and mites have become the most destructive pests of tea plantations in India. 

These pests cause 5 to 55% loss in total crop production. The major pests infesting tea 

plantations in Terai-Dooars region in northern West Bengal include tea mosquito bug 

(Helopeltis theivora), red spider mite and caterpillars of at least three species of 

lepidopteran moths.  H. theivora is marked as one of the common and the most 

destructive sucking pests of tea. It has been estimated that about 80% of the tea 

plantations in India suffer from the infestation of this bug as such it is declared as a 

pest of national importance.  

Synthetic pesticides are being used indiscriminately to curve the menace of tea 

pests since the 1950s, which has led to rapid change in their susceptibility to 

pesticides with the increase in tolerance level. The population of H. theivora from the 

central region of Terai was found to have higher tolerance against organophosphate 

and synthetic pyrethroid pesticides. Populations of H. theivora from conventional 

plantations managed with synthetic chemical pesticides were in general, more tolerant 

to pesticides than those from bio-organically managed plantations. 

Detoxification of pesticide by an organism is the primary mechanism for the 

development of tolerance and resistance thereof. Endogenous and exogenous 

compounds are metabolised in insects and other animals by a guild of enzymes known 

as ‘detoxifying’ or ‘defence’ enzymes. Three large enzyme families, namely general 

esterases (GE), cytochrome P450 monooxygenases (CYP450) and glutathione S-

transferases (GST) have been reported to play a significant role in metabolising 

pesticides. Thus, a study was undertaken to find out the tolerance level of H. theivora 

population from Terai against organophosphate and synthetic pyrethroid pesticides. 

The involvement of the three principal defence enzymes in conferring higher 

tolerance to H. theivora and their correlation with resistance ratio were also studied. 

The resistance ratio and the activity of the defence enzyme GE and CYP450 were 

found to be highly positively correlated. The resistance ratio was also found to be 

dependent on the activity of the defence enzyme as a linear function. The higher level 

of tolerance in H. theivora populations collected from conventionally managed 

plantations could be due to the enhanced activity ratio of both GE and CYP450. 

However, the involvement of GST in conferring tolerance in populations of H. 

theivora was not apparent. Moreover, the relation of resistance ratio and the activity 
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of GST were found to be feeble and negatively correlated. The different populations 

of H. theivora collected from tea estates of Terai showed variation in the activities of 

GE and CYP450. Exposure to a high dose of pesticide was found to select more 

tolerant individuals of a H. theivora population. An increase in resistance ratio of 105 

fold was observed within a few generations of pesticide exposure to the pest. Such a 

rapid increase in resistance ratio has been observed in a population of F2 generation 

when exposed to LC80 of monocrotophos, an organophosphate pesticide. The 

enhancement of resistance ratio was found to be associated with the enhancement of 

the activity of GE and CYP450 to the tune of 16.5 and 9.50 fold, respectively. 

Artificial selection by exposure to pesticide also resulted in induction of additional 

isozymes as revealed by the native PAGE analyses of both GE and CYP450 in F2 

generation. The observation indicated that in H. theivora system, there are 

involvements of various isozymes of the defence enzymes in the pesticides 

detoxification process.  

As the titer of defence enzymes, GE and CYP450 was found to be directly and 

positively correlated with the tolerance level in H. theivora, the activity level of the 

two defence enzymes, determined spectrophotometrically using microplate was 

shown to act as a tool to determine and monitor the tolerance level in the pest, H. 

theivora. Such enzyme based evaluation of tolerance level of the pest may be of help 

in its better management using appropriate dose and kind of pesticide.  

The inhibition pattern of two commonly used synergists of pesticides S, S, S-

tributylphosphorotrithioate (DEF) and piperonyl butoxide (PBO) that blocked the 

activity of GE and CYP450, respectively were also studied. In vitro assays showed 

that the two synergists are effective inhibitors of the respective defence enzymes. The 

percent inhibition of the defence enzyme was found to be a function of the 

concentration of the synergist. Thus, it is apparent that the two synergists can be used 

at a suitable concentration as inhibitors of the defence enzymes and thereby to 

improve the efficacy of pesticide for better management of H. theivora populations 

endowed with higher tolerance levels.  

Use of biocontrol agent is an alternative or supplement to synthetic pesticide 

for the management of pest with higher tolerance. Biological controls using natural 

enemies such as predators and parasitoids have been successfully implemented 

worldwide. Spiders were reported to be a dominant predatory arthropod group in tea 

plantations. They are well established obligatory predators that feed on diverse prey, 
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principally insects. Their role in the natural control of pests and thereby reducing crop 

damage is well known. Lynx spider, Oxyopes javanus was observed to remain 

associated with tea plantations feeding on H. theivora. In order to explore the 

biocontrol potential, a study was contemplated on the life history and predatory 

efficacy of the spider, O. javanus for the first time. 

Studies on the life history of the spider revealed that they perform intricate 

courtship dance prior to mating. Females lay eggs within a protective cocoon made up 

of silk. The cocoon containing eggs were deposited on a suitable substratum like 

mature tea leaves. Parental care in female spider was evident as they vigilantly 

guarded the cocoon during egg incubation period ranging from 13 – 30 days. A 

female of O. javanus laid 1 – 3 batches of eggs in her lifetime with 58 – 140 

spiderlings hatching out from each batch. A very high mortality rate of about 70% 

was observed in the post-embryonic developmental stages of the spider. Adult O. 

javanus were found to be a fast runner with saltatory leaping in between, adapted for 

capturing prey without spinning or laying any prey-trapping webs. The adult spider 

survived for about 2 to 3 months, endowing them with the quality of a good predator.  

In laboratory condition, with an increase in prey (H. theivora) density the 

predation rate increased in both the genders of O. javanus. Per capita predation on 

adult H. theivora by male and female O. javanus per day was 3.67 ± 1.52 and 11.67 ± 

1.53 (mean ± SD), respectively. Study on the predation potential showed that they 

exhibit a strong ‘type II’ functional response, with female spider being more efficient 

than male in predating H. theivora. At reasonably small prey density, the prey 

consumption rate was highest, reaching up to 100% implying that the spider predator 

has the potential to eliminate smaller population of the pest. The effectiveness of 

predation as calculated using Holling’s disk equation were 6.08 and 356.58 for male 

and female, respectively. The prey handling time was 0.138 and 0.012 days for male 

and female spider, respectively. Female O. javanus showed about fivefold higher 

searching efficacy than male.  

Self-limiting tendencies like intra-specific cannibalism and other interferences 

were largely absent in O. javanus, making them effective as a predator of H. theivora 

even at their higher density. Like other spiders, O. javanus was also found to be a 

generalist predator, which means unlike specialist predator they could survive by 

switching over to other alternative preys even during the time of scarcity of H. 

theivora in tea plantations. It appears that conservation and augmentation of the 
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spider, O. javanus can provide effective natural and biological management of the 

major tea pest, H. theivora in tea plantations of Terai spreading over the sub-

Himalayan foothills and plains of NE India. 

From this study, it appears that H. theivora, a severe pest of tea plantations in 

Terai and the Dooars in northern West Bengal can be managed through proper 

monitoring of tolerance level and by using the biocontrol potential of the predatory 

spiders like O. javanus. The level of activity of the defence enzymes of field 

populations of H. theivora can be used for easy monitoring of their tolerance level. As 

a component of IPM, an augmentative release of O. javanus along with the 

application of the effective pesticide at proper concentration can be programmed to 

manage the pesticide tolerant populations of H. theivora.   
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PREFACE 

Ever since the human being learnt the art and technique of extensive agriculture to 

sate the hunger and needs of their rapidly growing populace, the problem of 

agricultural pest has also evolved. Scientists from across the globe have been pursuing 

research for years to develop effective and sustainable ways of managing pests, both 

agricultural and medical. The multi-front battle between the pest and human being is 

still far from won. Scientists have suggested many approaches and solutions for 

mitigating the pest related problem. Being one of the suggested solutions, application 

of various kinds of chemical pesticides gained popularity and hype within a short 

period of time for their effectiveness. During initial days, for about half a century, 

application of pesticides provided effective control of most of the agricultural as well 

as medical pests.  Recently, the unlimited human greed of making a huge profit has 

led to an extensive and indiscriminate application of synthetic chemical pesticides 

resulting in development and the evolution of resistance and tolerance among pests, in 

addition to the resurgence of primary pests, evolution of secondary pests and adverse 

effects on non-targeted organisms.  

 India as a developing economy depends largely on agriculture. About 80 

percent of Indian population dwelling in rural areas depends upon agriculture. 

Cultivation of tea as a prime agricultural/horticultural industry provides livelihood 

directly or indirectly to over a million in India including the northern part of West 

Bengal. Development of resistance against chemical pesticide in tea plantations 

infesting pest is a serious problem of the industry. Research work carried out by 

earlier workers and my colleagues from this region, reporting the development of 

pesticide resistance in tea pests made me realise the seriousness of the problem. The 

scientific work described in this thesis is an endeavour towards developing a suitable 

alternative approach of managing Helopeltis theivora, which is not only a notorious 

sucking pest of the tea plantations of India but also of many other economically 

important crops grown across the tropical continents. 

 The first half of the thesis describes experiments conducted on Helopeltis 

theivora by simulating the practice of the tea plantations of Terai in reference to 

repeated application of chemical pesticides. Such applications help in acquiring 

tolerance through generations at a faster rate. Correlation between the tolerance level 

and titer of some of the well established detoxifying enzymes especially general 
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esterases, cytochrome P450 and glutathione S-transferases expressed as activity level 

have been established. Development of an easy technique for detection of tolerance 

level in Helopeltis theivora, based on the activity of the defence enzyme has been 

suggested. In future, the technique may further be improvised and extended for 

detection of tolerance level and management of other tea and agricultural pests as 

well.  

The second half of the thesis describes the studies relating to the bio-ecology 

of a common lynx spider Oxyopes javanus, an efficient predator of H. theivora. The 

experiments designed to study the biology pertaining to mating and courtship, 

fecundity, developmental period, longevity etc. of the spider have been elaborated. 

Predation potential of O. javanus against H. theivora as a part of the study has also 

been furnished in the concluding sections. The results showed the spider to be an agile 

and efficient biological control agent of the sucking pest H. theivora. This study has 

brought to our knowledge about the immense potential of the predatory spider as a 

possible biocontrol agent of the pest. With conservation and augmentation of the 

spider in tea ecosystem as a biocontrol agent, sustainable management of the pest as a 

part of IPM may be contemplated.   

The outcome of my PhD work is expected to be helpful to the tea planters in 

choosing effective pesticide and apply at appropriate dose for better management of 

the pest. Such judicious application of pesticide would help to achieve the desired 

goal of reducing chemical contamination of the environment and economic burden to 

the planters. Further, it will also help in complying with the stringent maximum 

residue limit (MRL) set by various agencies for export of hard earned produce of the 

tea growers. This thesis would also be useful to the policy makers and other 

stakeholders in formulating policies concerning proper management of pest under 

regimes of IPM with combined application of effective pesticides and augmentation 

of biocontrol agents may prove its worth for production of tea sustainably.  

 

Kumar Basnet        15th July, 2017 
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1 INTRODUCTION 

1.1 A brief profile of tea plantations in northern part of West Bengal 

Tea (Camellia sinensis L. O. Kuntze) is grown in various parts of the world as a 

monoculture plantation crop in diverse climatic and topographic conditions of the 

tropical world. Tea grows with great adaptation in areas having annual precipitation 

between 1,000 and 5,000 mm, temperature ranging from –8 °C to 35 °C and at day 

length varying from 9.4 to 15.0 h. Tea is commercially grown between 41°N and 16°S 

latitudes, over 2.71 million hectares in about 34 countries in diverse agro-climatic 

conditions from sea level to 2,300 m amsl in the Himalayas (Hazarika et al., 2009; 

Roy et al., 2015). 

 The foliage crop tea is cultivated mostly in the tropical belt covering the third 

world countries but a lion’s share of the finished product (black and green tea) is 

exported to the developed countries of the temperate zone. The beverage is a popular 

refreshing and invigorating non-alcoholic drink with medicinal properties, consumed 

by people across the globe. As a beverage, tea is relished for aroma (viz. Darjeeling 

tea), as stimulant (viz. Assam tea) and for health enhancing properties (Banerjee, 

2001). 

 In India, the British colonizers for their irredeemable habit of drinking tea 

started cultivation of Assam variety of tea as a plantation crop as early as 1830s as an 

alternative to China, the only tea seller to the United Kingdom at the time. By 1838, 

the first consignment of Assam tea reached London for marketing. Major Robert 

Bruce is credited as the discoverer of the indigenous Assam variety of tea. Dr A. 

Campbell was the first person to plant Chinese variety of tea after examining their 

suitability in the agro-climatic condition of Darjeeling in 1841 after the annexation of 

the area by the East India Company in 1835. The commercial cultivation of the 

beverage started in1850s in the hilly terrain of Darjeeling. By 1874, 113 tea gardens 

and estates were established in Darjeeling, covering 7,643.70 hectares of land, 

producing about 3.9 million pounds of tea annually (www.ibef.org; accessed on 17th 

November 2015). The economically profitable venture soon spread to sub-Himalayan 

foothills of Assam and the adjoining plains of West Bengal and to the Nilgiri hills of 

southern India. Tea cultivation kept spreading to other parts of the country. Today, in 

India tea is grown in as many as 16 out of 29 (55.17%) states as an industrial crop, 

covering an area of about 563.98 thousand hectares, producing about 1,208.78 million 
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kg, providing employment and livelihood to 1,122,419 individuals (Anonymous, 

2014a). Tea provides direct employment to the people of weaker sections and women 

of rural India, besides providing indirect employment to many (Banerjee, 1993). 

Presently, India is the second largest producer, next to China contributing about 

24.46% to the world production and fourth largest exporter of tea (Anonymous, 

2014a; 2015a) earning foreign exchequer of 736.42 million USD (Anonymous, 

2015b). Tea has attained the status of classic and dominating export commodity of 

India. 

 In the sub-Himalayan region of northern part of West Bengal, tea is cultivated 

in about 122,620 hectares. In the foothills and plains, there are 308 major tea estates 

and 1,232 small tea gardens (Plate 1.1). The region contributes about 25% of the total 

tea production of India (www.teaboard.gov.in; accessed on 31.12.2014). 

Unlike other woody perennials, a unique feature of tea is that the leaves 

constitute the harvest. Therefore, the plant is maintained as a low bonsai type bush 

with maximum arborescence in a monoculture of vegetative growth with a flat 

plucking table or canopy. Tea has to be maintained as ‘bonsai’ for continuous 

production of harvestable vegetative shoot or flushes, which ideally consists of two 

leaves and a bud (Banerjee, 2001). Only 10% of the total dry matter produced goes 

into the production of consumable finished product. 

There exist many varieties or cultivars of tea, growing indigenously in 

different geographical regions across south-east Asia and India. Currently, Assam, 

China and Cambodian types are considered as distinct varieties of Camellia sinensis 

(L) O. Kuntze. These cultivars along with their hybrids are commercially grown in 

India for production of both quality and high-yielding tea (Wight, 1962; Sharma and 

Venkataramani, 1974; Bezbaruah, 1976). 

 

1.2 Arthropod pests of tea plantations 

Almost every part of a tea plant, be it leaf, stem, root, flower or seed is vulnerable to 

infestation by various pests. Continuous monoculture mode of plantation inter-planted 

with common forest trees for shade and other less studied edaphic factors possibly 

play major roles in colonisation of tea plants by various arthropods. Evergreen tea 

plant in extensive plantations provides a continuous supply of food along with 

relatively stable microhabitat and a unique ambience for pest sustenance and 

subsistence. The ability of arthropod community to adapt to the environment of tea 
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PLATE 1.1: Tea plantations in northern West Bengal, India
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agroecosystem enables them to infest tea bush extensively (Muraleedharan, 1993). 

Over a thousand species of arthropod pests are known from tea plantations all over the 

world with the maximum diversity in the tropics (Muraleedharan, 2007). One-third of 

the total pests species reported worldwide are recorded in India and almost half of 

them are found in NE region including Darjeeling hills and the Dooars 

(Mukhopadhyay and Roy, 2009). An accurate assessment of crop loss is difficult as 

the intensity of attack varies seasonally depending on climate, the topography of 

plantation and the cultural practices (Banerjee, 1993). However, various studies have 

shown that the insect and mite pests are the most destructive one, resulting in loss 

ranging from 5 to 55% of the total yield depending on the degree of infestation and 

management practices (Muraleedharan, 1992; Rattan, 1992; Sivapalan, 1999). In 

some severe cases, the loss can be as high as 100% of the harvest (Muraleedharan and 

Chen, 1997). As most commercial tea production involves vegetative clones as the 

planting material with discrete bush shape, leaf features and biochemical characters, 

the assemblage of insects and mites also varies. Their diverse feeding habits may be 

related directly to leaf size, orientation, texture, geometry, angle and nature of light 

intensity on the bush. Those clones having erect leaf allow a large gathering of sessile 

sap-feeders in comparison to the one with semi-erect and horizontal leaves. In 

contrast, mobile defoliators and leaf-eaters, which spend only a part of their life on 

tea, are dominant herbivores of plants with horizontal leaf. Plants with semi-erect leaf 

support both sap-suckers as well as defoliators (Banerjee, 2001). Each tea-growing 

zone suffers from distinctive pests, diseases and weeds depending upon climate, 

elevation, and the clone as well as the age of the tea bush. Table 1.1 summarises some 

of the common arthropod pests infesting tea. 

About 3% of the total pests species reported globally are known to have a 

cosmopolitan distribution (Chen and Chen, 1989; Hazarika et al., 2009). Some tea 

pests are perennial but the majority of them are seasonal, some infest during dry 

season while others are devastating in wet conditions. 

Due to favourable agro-climatic and other conditions, the pest activities are 

very high almost round the year in tea plantations of Terai-Dooars region in northern 

West Bengal (Barbora and Biswas, 1996; Sannigrahi and Talukdar, 2003). The major 

tea pests of this region include tea mosquito bug Helopeltis theivora, caterpillars of 

lepidopteran moths such as Hyposidra talaca, H. infixaria, Biston (=Buzura)  
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Table 1.1: Common pests of tea plantations in Darjeeling hills and Terai-Dooars in northern West Bengal 

Feeding habit Common Name Scientific Name Order: Family References 
Borers Red borer Zeuzera coffeae Lepidoptera: Cossidae (Das, 1965; Muraleedharan, 1991) 

 Shot-hole borer Euwallacea fornicatus Coleoptera: Scolytidae (Hazarika et al., 2009; Walgama, 
2012) 

Defoliators and 
nibblers Bunch caterpillar Andraca bipunctata Lepidoptera: Bombycidae (Banerjee, 1979) 

 Flush worm 
Enarmonia (=Cydia) 
leucostoma 

Lepidoptera: Gracillariidae (Muraleedharan, 1992) 

 Leaf roller Caloptilia theivora Lepidoptera: Gracillariidae 
(Muraleedharan, 1991; 
Muraleedharan, 2007) 

 Looper  
Biston (=Buzura) 
suppressaria 

Lepidoptera: Geometridae 
(Das, 1965; Basu Majumder et al., 
2012) 

 Looper Hyposidra infixaria Lepidoptera: Geometridae 
(Das, 1965; Mukhopadhyay and 
Roy, 2009) 

 Looper Hyposidra talaca, Lepidoptera: Geometridae (Mukhopadhyay and Roy, 2009; 
Das et al., 2010b) 

 Red slug Etrusia magnifica Lepdioptera: Zygaenidae (Das, 1965) 

 Tea tortrix Homona coffearia Lepidoptera: Tortricidae (Cranham, 1966; Muraleedharan, 
1993) 

              Contd………. 
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Contd………. 

Table 1.1: Common pests of tea plantations in Darjeeling hills and Terai-Dooars in northern West Bengal 

Feeding 

habit 
Common Name Scientific Name Order: Family References 

Mites Purple mite Calacarus carinatus Acarina: Eriophydae (Channabasavanna, 1996) 

 Red spider mites Oligonychus coffeae Acarina: Tetranychidae (Das, 1959; Muraleedharan, 2007) 

 Scarlet mite Brevipalpu scalifornicus Acarina: Tenuipalpidae (Das, 1965; Banerjee, 1976) 

Root feeders Root grub Holotricha impressa 
Coleoptera: 

Scarabaeidae 
(Das, 1965) 

 Termite Microtermes obesi Blatodea: Termitidae (Das, 1965; Muraleedharan, 1991) 

 Termite Odontotermes obesus Blatodea: Termitidae (Das, 1965; Muraleedharan, 1991) 

Sap suckers Assam thrips Scirtothrips dorsalis Thysanoptera: Thripidae (Das, 1965; Saha et al., 2011) 

 Tea jassid 
Emposca (Amrasca) 

flavescens 

Homoptera: 

Cicadellidae 

(Das, 1965; Mukhopadhyay and Sarker, 

2007) 

 
Tea mosquito 

bug 
Helopeltis theivora Heteroptera: Miridae (Das, 1965; Roy et al., 2015) 
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suppresseria, and red spider mite Oligonychus coffeae (Table 1.1).  Helopeltis 

theivora is one of the common and most destructive sucking pests of tea plantations in 

India. The systematic position of the bug is as follows:  

Class – Insecta 

Order – Heteroptera 

 Family – Miridae 

  Sub-family – Bryocorinae 

   Genus – Helopeltis 

    Species – Helopeltis theivora Waterhouse, 1886 

Adults are usually black with greenish abdomen, characterised by very long black 

antennae with pale basal segment. Head and wings are also black. A small, knobbed, 

drumstick like process is a prominent feature emerging out vertically from the 

scutellum. Eyes are distinct. Appendages consist of three pairs of legs, two pairs of 

semi-transparent wings in adults. Head with 4 segmented antennae with mouth parts 

typically for piercing and sucking is present insheathed in labium. Females possessing 

curved ovipositor are comparatively bigger (about 7.5 mm long) than males (about 6.3 

mm long) and (Plate 1.2). 

 

1.3 A profile of the sucking pest Helopeltis theivora 

Tea mosquito bug (TMB), Helopeltis theivora Waterhouse (Hemiptera: Miridae) is a 

sucking pest. It is polyphagous in nature thus feeds on the sap of diverse species of 

plant. The bug was reported as a minor pest of tea in yester years (1900 – 1950) (Das, 

1957). For reason (s) little understood, in due course of time, its status changed to a 

major pest, posing a serious threat to the tea plantations of the sub-Himalayan region 

of Assam and West Bengal in NE India. The bug was reported in 1965 to attain the 

status of a major pest of tea in the Dooars region of Assam and Darjeeling (Das, 

1965). Today, it has continued as one of the most destructive sucking pests causing 

considerable economic loss ranging from 25 to 50% (Prasad, 1992; Subramaniam, 

1995). It has been estimated that about 80% of the tea plantations in India suffers 

from TMB infestation as such it is declared as a pest of national importance 

(Muraleedharan, 1992; Gurusubramanian and Bora, 2007). The bug is a sucking pest 

of young foliage and growing shoot of tea in most of the tea-producing countries 

(Das, 1965; Rattan, 1992; Ahmed et al., 2011; Roy et al., 2015). All the post- 
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PLATE 1.2: Tea mosquito bug, Helopeltis theivora 

A) Female 

B) Male 
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embryonic developmental stages (five instars) and adults of TMB primarily feed on 

the young leaves, buds and tender stems of tea. The bug sucks plant sap from the 

parenchymatous tissues and in the process pumps in a mixture of salivary enzymes 

containing proteases and lipases, brings about necrosis of the infested tissues, leading 

to dieback of the tea shoot. A circular spot develops within 15 minutes to 1 hour 

around the puncture. With the passage of time, the spot develops a brown hallow and 

subsequently dries up, the phenomenon is likely due to the action of the salivary 

enzymes on parenchyma of tea leaves (Plate 1.3). Along with feeding, the oviposition 

is equally responsible for damaging tea plant by cracking tender shoots and midribs. 

The infestation hampers yield both quantitatively as well as qualitatively. Sometimes 

the infestation by TMB is erroneously called as ‘foggy burning disease’ for the 

physical appearance of the infested bush (Roy et al., 2015). Damaged buds are non-

yielding, which also adversely affects new flush of shoots. The leaves of severely 

infested tea plants are deeply pigmented giving darker green appearance with stunted 

growth (Das, 1965; Hazarika et al., 2009). In plantation of Terai-Dooars in West 

Bengal, India, the pest is found almost round the year with varying abundance and 

infestation. The severity of the infestation is also increasing year after year (Roy, 

2008). Plantations near or at forest fringe area are more prone to the infestation by the 

pest as the forest provides the alternate host plants during adverse conditions for the 

pest resulted by the anthropogenic maintenance processes like pruning, skiffing of 

bushes and spraying of pesticides. The infestation is more in moist and shady regions. 

It often starts from a small area in the tea plantations and spreads very rapidly to 

neighbouring bushes resulting in uneven development (Das, 1965). The infestation 

peaks in the months of May – July and extends up to the months of September – 

October. 

With the onset of winter and fall in the ambient temperature, the population 

density of the pest also goes down. The bug requires a humid and warm type of 

weather condition for thriving well, but excess rain affects the species adversely. 

Generally there exist two peaks in population density (Muraleedharan, 1992; Roy, 

2008). Synthetic pesticides are being used indiscriminately to curve the menace of the 

pest since early days (Sannigrahi and Talukdar, 2003; Roy et al., 2009a), that has led 

to rapid change in their susceptibility to pesticides with increase in their tolerance 

level. The terms resistance, less susceptibility, higher tolerance to pesticides are often 

interchangeably used, although true resistance does not occur unless a heritable
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PLATE 1.3: Damage symptoms of tea mosquito bug, Helopeltis theivora 

A) As found in tea plantation 

B) As observed in laboratory condition 
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genetic change occurs (Yu, 2014). In this thesis, meaning of the term ‘resistance’ has 

been used in broad sense (sensu lato) to include both high tolerance and less 

susceptibility of tea pests to pesticides. A review and analysis of the published 

literature indicated the development of different degrees of resistance in most of the 

major pest of tea in India is already underway. Thus, it is imperative to find out an 

easy way of determining tolerance/resistance level for better management of pest by 

using reasonable amount selected and effective chemical pesticide as a part of IPM. 

 

1.4 Glimpse of the distribution of Helopeltis spp. 

All members of the genus, Helopeltis (Heteroptera: Miridae) are notorious as serious 

pests of various economically important crops of the tropical world.  There are more 

than 41 known species of Helopeltis reported from across the tropical countries 

including countries from Western Africa, Sri Lanka, Bangladesh, India, Papua New 

Guinea to Northern Australia (Stonedahl, 1991; Anonymous, 1992; Rattan, 1992; 

Ahmed et al., 2011; Roy et al., 2015), of which, 26 are restricted to Africa (Schmitz, 

1968; 1988) and rest are known to have Asia-Pacific distribution (Stonedahl, 1991; 

Stonedahl et al., 1995). In India three species of the bug namely, H. theivora, H. 

bradyi, and H. antonii are found (Stonedahl, 1991; Sundararaju and Sundarababu, 

1999).  Over a hundred species of plants have been reported to be infested by 

Helopeltis spp., that includes cocoa (Theobroma cocoa), cashew (Anacardium 

occidentale), mango (Magnifera indica) and black pepper (Piper nigrum) (Stonedahl, 

1991; Muhamad and Way, 1995; Latip et al., 2010; Srikumar et al., 2015). Two 

species H. theivora and H. antonii are reported to infest tea plantations (Mann, 1907). 

In tea, the pest was first recorded in Java in the year 1847 (Rao, 1970) and in India it 

was recorded for the first time from tea plantations of Cachar region in Assam in the 

year 1865 (Watt and Mann, 1903). Subsequently the bug has attained the status of 

major pest of tea plantations of India including the sub-Himalayan region of West 

Bengal (Roy et al., 2010a). 

 

1.5 Natural enemies as biocontrol agents of tea pests 

Biological control using conservation of natural enemies has been actively practised 

for over a century with many completely successful instances and provided permanent 

management of the target species (Gurr and Wratten, 2000; Stiling and Cornelissen, 

2005). Use of biocontrol agent is an alternative or supplement to synthetic pesticide 
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applications. Conscious deployment of beneficial organisms, called natural enemies 

for the management of the pest is the method of ‘biocontrol’ in the classical sense. 

Biological control using natural enemies such as predators and parasitoids has been 

implemented worldwide. However, precautions should be taken to avoid any 

unwanted ecological consequences, while choosing organism for the purpose. 

Economic benefits of naturally occurring biological control in managing not only 

primary pest but also the unmanageable secondary pests resurged after the overuse of 

synthetic pesticides have been well documented. Moreover, the ecosystem services 

rendered by natural enemies in managing pest are largely free of cost unless specific 

procedures are needed for their augmentation and release (Gutierrez et al., 2005). 

Natural enemies are important natural control agents of tea pests in India (Das et al., 

2005; Muraleedharan, 2007; Das et al., 2010a). Studies on the natural enemy complex 

of tea plantations from Darjeeling Hills, adjoining foothills and plain (Terai and the 

Dooars) regions led to the identification of 94 species of predators and 44 species of 

parasitoids of insect pests. Spiders and beetles (Coleoptera) were found to be the 

dominant representing 43% and 31%, respectively among the predatory arthropods 

followed by Hemiptera (8%), Neuroptera (5%), Mantodea (7%), Odonata (4%) and 

others (2%) (Das et al., 2010a). Parasitoids of tea pests reported belongs to 

Hymenoptera (42 species) and Diptera (2 species) (Das et al., 2005). 

Successful biological control also requires the augmentative release of the 

natural enemies from time to time. Literature on rearing and culture methods of the 

natural enemies of tea pests are scanty. However, Geocoris ochropterus, a good 

predator of tea aphids and thrips was reared successfully in the laboratory on ant 

pupae of Oecophylla smargdina by Mukhopadhyay and Sannigrahi (1993). Rearing of 

the reduviid predator, Sycanus croceovittatus was possible in the laboratory on termite 

diet (Das and Mukhapadhyay, 2008). Probably the most successful case of natural 

control of tea pest is reported from Sri Lanka where Tea tortrix, Homona coffearia 

was reported to be a serious pest of Sri Lankan tea plantations from 1910 to 1930s. A 

parasitoid Macrocentrus harmonae of the pest was collected from Java in 1935 – 36 

and introduced to the tea plantations of Sri Lanka. Since then the tortrix once causing 

havoc remained a minor pest, except for occasional outbreaks attributed to the 

destruction of parasitoid population by application of pesticides (Cranham, 1966). In 

the Republic of Georgia, natural enemies such as parasitoids and predators are 

employed to control major tea pests. Scale insects, a group of destructive tea pest was 
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kept under control by native natural enemies including parasitoids belonging to the 

families Aphelinidae and Coccinellidae (Gaprindashvili, 1975). 

Spiders such as Oxyopes sweta, Oxyopes spp., Plexippus sp., Phidippus sp., 

Marpissa sp. and neuropteran, Chrysoperla carnea were recorded as predators of 

TMB in Terai and the Dooars tea plantations in Northern parts of West Bengal (Das et 

al., 2010a). These predators were found to feed on both nymphal as well as adult 

stages of the bug. About 107 species of spiders belonging to 53 genera distributed 

over 20 families are recorded from the Dooars in West Bengal and Assam in NE India 

(Raychaudhuri, 2009). Spiders are highly resilient, long-lived and readily seek new 

hideout after anthropogenic disturbances (processes such as harvest, spraying of 

pesticides etc), but very little attention has been paid towards tapping their immense 

biocontrol potential in insect pest management in agriculture (Riechert and Bishop, 

1990) including tea cultivation of India. Therefore, a study to find out the predatory 

potential of the spider, Oxyopes javanus against one of its most preferred prey, 

Helopeltis theivora in Terai-Dooars tea plantations appears promising (Basnet and 

Mukhopadhyay, 2014). 

A healthy ecosystem ensures proper functioning of natural enemies against tea 

pests. Bio-organically managed (free of synthetic pesticides) tea plantations were 

found to have more diversity and activities of natural enemies vis-à-vis with less pest 

incidence than the conventionally managed (with the repetitive application of 

synthetic pesticides) tea plantations (Das et al., 2005; Das et al., 2010a). High 

pesticide input disrupts the natural balance operating in tea agroecosystem and the tri-

trophic relation involving, plant (host)-insect pest-natural enemies (predator, 

parasitoid), minimising the pest control efficacy of the natural enemies. However, 

populations of natural enemies were reported to recover from the pesticide stress with 

a fair colonisation within a short post pesticide application period of about three 

weeks (Das et al., 2005). Therefore, investigations aimed at tapping the potential of 

natural enemies for managing tea pests as an integral part of Integrated Pest 

Management (IPM) is the need of the hour. IPM, including various control measures, 

is the recommended approach for pest control, taking into account of the local 

agricultural conditions and occurrence of pest (WHO, 1990). 

International organisations such as Environmental Protection Agency, 

Commission of European Communities, Food and Agricultural Organization and 

several others have enforced low and stringent Maximum Residual Limits (MRLs) for 
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most of the pesticides used for managing tea pests in India. MRLs are the highest 

concentration (mg/Kg) of pesticide permissible in a food commodity (Cooper and 

Dobson, 2007). In the backdrop of such regulations and to maintain high export 

standards and minimising pesticide application, IPM with rational pesticide 

application and biological control is the only option left. Such pest management 

practice would lessen environmental pollution and preserves a healthy environment 

for natural enemy population providing them refuge, breeding places, food source and 

other requirements, thus helping in their in situ conservation and maintenance.
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2 REVIEW OF LITERATURE 
2.1 Management of insect pests in tea plantations: an analysis 

Managing pest menace is posing a major challenge in present day horticulture 

including tea plantations worldwide. To enhance agricultural productivity, pesticides 

are used as the principal means of controlling the pest populations. Over the last half a 

century, farmers and planters have changed the food production system in order to 

meet the demand from the ever swelling human populace of the world. Extensive use 

of pesticide is one of the new inputs to the farming technique. Pesticides primarily 

have been adopted to reduce or prevent agricultural loss inflicted by pest, to ensure 

better yield and availability of food, all through the year at reasonable price (Cooper 

and Dobson, 2007). As estimated by Pimentel (1997), pesticide ensures about a four-

fold return on the investments. Pesticide applications along with the advancement in 

crop variety, irrigation, soil health and mechanisation have resulted in increased crop 

yield ranging from 70 to 100 percent (Pretty, 2008).  With the use of pesticides, 

developing nations like India have carved the way to green revolution and quadrupled 

grain production to be self-sufficient and export the surplus to earn foreign exchequer 

(Pingali, 2012). Pesticide applications have resulted in manyfold increase in yield of 

almost every crop throughout the world (Cooper and Dobson, 2007). There is a 

positive correlation between crop yield and the quantum of pesticide used to a certain 

level (WHO, 1990). Global cereals production has more than doubled in over the last 

half a century (Tilman et al., 2002). In general, about 700 different chemicals 

including pesticides, herbicides and fungicides acting on almost 95 different 

biochemical targets are being used to control agricultural pests. Global production and 

consumption of pesticide are on the rise every year (Zhang et al., 2011). 

Tea plantations of India are no exception and follow global trend in terms of 

pesticide consumption. In most of the tea plantations, pests are conventionally 

managed by applying several rounds of organosynthetic pesticides (Sannigrahi and 

Talukdar, 2003; Gurusubramanian et al., 2008). About two dozen varieties of 

chemicals are infused in the tea plantations of Terai-Dooars region for managing pests 

and weeds (Gurusubramanian et al., 2008). For pest management, quinalphos, 

acephate, chlorpyriphos, monocrotophos, cypermethrin and deltamethrin are being 

profusely used at an average of 7.5 litres of pesticides applied per hectare per year 

(Roy et al., 2009a). Literature shows the consumption of synthetic pyrethroid in tea 

20 
 



plantations of the Dooars has also grown up steadily. For example, in 1998 the share 

in total pesticide consumption of the synthetic pyrethroid was 10.2% whereas, within 

a short span of six years, in 2004 the share rose to 40.91% (Roy et al., 2009a). 

Similarly, over the last two decades, pesticide use for the control of H. theivora has 

also doubled, with a concomitant increase in the cost of pest management 

(Gurusubramanian and Bora, 2007). 

Pesticides are applied almost round the year (Plate 2.1) on a routine basis 

(Sannigrahi and Talukdar, 2003; Gurusubramanian et al., 2008) which is not only an 

economic burden to tea planters but also the principal source of chemical stress to the 

plantation often resulting in resurgence of primary pests (Sivapalan, 1999), secondary 

pest outbreaks (Cranham, 1966), resistance development (WHO, 1990; Roy et al., 

2010a) and environmental contamination (Aktar et al., 2009) including undesirable 

residues in made tea (Chaudhury, 1999). Due to wide spectrum of toxicity, pesticides 

also suppress predatory and parasitic species along with other non-target organisms 

(Georghiou, 1972). Continuous use of synthetic pesticides is known to facilitate the 

development of higher tolerance or resistance in many insects (Martin et al., 2002; 

Komagata et al., 2010; Basnet et al., 2015). Resistance further enhances pesticide 

application frequencies, dosages, and decreased yields (Mullin and Scott, 1992). 

Pesticides create selection pressure to which the pest tends to evolve the stress 

evading mechanism, resulting in the development of higher tolerance or resistance 

and also the resurgence (Stenersen, 2004). Incidence pattern and nature of many age-

old tea pests, since the inception of tea as a plantation crop have also changed with the 

extensive application of pesticides, newer areas being brought under tea cultivation, 

introduction of new technology, changed edaphic factors and pattern of precipitation, 

rise in average temperature of an area, and management practices (Mukhopadhyay 

and Roy, 2009). Despite continuous use of pesticides, reports of pest control failure 

are frequent from tea plantations (Gurusubramanian et al., 2008; Roy et al., 2009a). 

Such failures may be caused by a change in the tolerance pattern of the pest species to 

the applied pesticide(s). In order to mitigate the problems arising from extensive 

application of pesticides, Tea Board of India has brought into effect the ‘Plant 

Protection Code, Ver. 3’ from 1st January 2015 to restrict the number of chemical 

pesticides being used in tea plantations (Anonymous, 2014b). Implementation of the 

code is also expected to reduce pesticide residue and facilitate qualification of Indian  
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PLATE 2.1: A planter applying pesticide in a tea plantation of northern West 

Bengal 
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tea in stringent MRL tests set by various national and international agencies for 

export. 

Knowledge of the tolerance level of a pest against pesticide is indispensable 

before the chemical pesticide is applied. Increasing the dose in an attempt to maintain 

the efficacy, without the knowledge of the susceptibility level of pest would lead to 

the waste of resources, pollution of the environment and above all causes 

enhancement of the pest-resistance (WHO, 1990). Pesticides acting through newer 

mechanisms are rarely available for replacement and moreover, they are becoming 

increasingly expensive due to stringent safety standards set by national and 

international organisations (Cooper and Dobson, 2007; Casida, 2009; Pingali, 2012). 

The rapid selection and spread of multiple and cross-resistance jeopardise the 

potential of some of the newly discovered pesticides even before they are applied. The 

balance between the benefits and the negative side-effect must be evaluated in each 

pesticide-based pest management programme (WHO, 1990). Hence, there is a 

pressing need to find out the better way of selecting and use of pesticide, if we are to 

maintain insect pest population under economic injury level sustainably by applying a 

reasonable amount of synthetic pesticides as a part of integrated pest management 

(IPM). 

 

2.2 Development mechanism and status of pesticides tolerance in insect pests 

Based on their functional group, pesticides are categorised as organophosphates, 

carbamates, pyrethroids, neonicotinoids, etc. Mode of action (MOA) of a pesticide is 

the specific way by which a pesticide kills an insect or inhibits its growth (WHO, 

1990). There are primarily four basic target sites of pesticides viz., 

acetylcholinesterase, the voltage-gated chloride channel, the acetylcholine receptor, 

and the gamma-aminobutyric acid receptor (Casida, 2009). Target site of action is the 

exact location of inhibition, such as by interfering with the activity of an enzyme 

within a metabolic pathway. Resistance development is one of the serious problems of 

pesticide based insect pest management. Resistance is defined as the development of 

an ability in a meta-population  of an organism to withstand doses of a toxicant which 

would prove lethal to the majority of individuals in a normal (susceptible) population 

of the species (WHO, 1990; Stenersen, 2004). Whalon and McGaughey (1998) have 

defined resistance as ‘the micro-evolutionary process whereby genetic adaptation 

through pesticide selection results in a population of arthropod, which present a 

24 
 



unique and often more difficult management challenges’. Resistance to pesticides by 

insects is one of the well known and documented cases of evolutionary adaptations to 

environmental changes brought about by the anthropogenic activities (Hemingway 

and Karunaratne, 1998). Resistance usually develops against only a single pesticide. 

However, it is also not uncommon in insects to develop resistance to more than one 

pesticide with similar or common MOA. Populations of housefly became resistant to 

dichlorodiphenyltrichloroethane (DDT) in the 1950s, also exhibited resistance with no 

previous exposure to pyrethroid pesticides used decades later, as both the pesticide 

have the same MOA (Sternburg et al., 1954) i.e. through the blockage of voltage-

gated sodium ion channels (Soderlund and Knipple, 2003; ffrench-Constant et al., 

2004). This phenomenon is known as cross-resistance. A closely related 

phenomenon known as multiple resistance occurs in insect populations that resist two 

or more pesticide classes due to the coexistence of more than one dissimilar MOA 

(Mullin and Scott, 1992). Insects develop this type of resistance by expressing 

multiple resistance mechanisms. This can happen if one pesticide is used until insects 

display a resistance and then another is used and the insect population becomes 

resistant to that one, and so on. Some populations of Colorado potato beetle, 

Leptinotarsa decemlineata is notorious for multiple resistance to more than 50 

pesticides with various MOA (Mullin and Scott, 1992). Multiple resistance is less 

common than cross-resistance but is of greater concern as it drastically reduces the 

number of available pesticides that can be used to control the insect bothering 

humankind in question. The efficiency of pesticide-based pest control programs is 

largely jeopardised due to the development of such resistant traits. 

Resistance in a pest population helps them to withstand the toxic effect of 

pesticides due to biochemical or physiological attributes that render pesticides 

ineffective against most individuals. For enhanced yield and greater return on the 

invested amount, most agriculturists blindly apply pesticides to minimise the damage 

caused by pests (Pimentel and Levitan, 1986). Intensive applications of pesticides 

along with the genetic makeup of the pest are the two most important factors 

responsible for the development of resistance. Genetic variations within a natural pest 

population may endow some individuals with traits helpful for better adaptation in 

surviving pesticide exposure. Insects with genes that confer resistance to a particular 

pesticide or class of pesticides with similar MOA survive exposure and are thereby 
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‘get selected’ to pass on the trait to later generations (Stenersen, 2004). Through the 

accumulation of such traits for generations, a population may develop resistance. 

The mechanisms of resistance development in insects may be categorised into 

four types, which are not mutually exclusive, thus one or more mechanisms may be 

involved in resistance development in a particular pest population. 

i. Behavioural resistance: This is the very first level of resistance developed in 

response to the initial encounter of an arthropod pest with a pesticide resulting 

in an altered behaviour, which can help them to avoid future contact with the 

pesticide (Sparks et al., 1989; Hostetler and Brenner, 1994).  

ii. Resistance due to barrier tissues: Thickening of the integument of the pest 

may act as a barrier and result in reduced penetration of the pesticide. Thus the 

concentration and effect of the pesticide at the target site get reduced. Excess 

lipid content or presence of increased fat body cells in the body mass of a pest 

may provide insulation or cause sequestrations of lipophilic pesticides, thus 

getting away with their toxic action at the target tissue (Stenersen, 2004; Yu, 

2014).  

iii. Metabolic resistance: Once the pesticide enters arthropod system it is rapidly 

metabolised and detoxified by a group of enzymes. Genetic changes such as 

gene up-regulation or amplification of enzyme-coding genes may lead to 

enhanced production of the detoxifying enzymes conferring higher tolerance 

or resistance. Increased quantities of detoxifying enzymes may also impart 

resistance by sequestering pesticides (Zhu and Luttrell, 2012; Shi et al., 2015). 

iv. Target site insensitivity: Each class of pesticide bind to specific target sites 

after entering the arthropod system. Alteration at the target site of the pesticide 

may occur through gene mutation and confer resistance by reduced or no 

binding of the pesticide at the target site. The target sites are generally the 

receptors at sodium ion (Na+) channels for pyrethroids and DDT, and 

acetylcholinesterases (AChE) for organophosphates and carbamates. Gamma 

aminobutyric acid (GABA) receptor for cyclodienes and gamma HCH 

(Sternburg et al., 1954; Ranson et al., 2000; Hemingway et al., 2004). 

Insect pests are known to develop resistance at alarmingly rapid pace. Worldwide, 

over 700 species of arthropods mostly insects and mites are reported to be resistant to 

one or more class of pesticides (http://www.pesticideresistance.org; accessed on 
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13.01.2016 and Bills et al., 2000). A strain of aphid, Aphis gossypii in China has been 

found to develop 228.59 fold resistance against deltamethrin (Cao et al., 2008). 

Tea pests from India are also known to have developed resistance. Variation of 

resistance level to endosulfan in six populations of Helopeltis theivora from tea 

growing sub-districts of Damdim, Chalsa, Nagrakata, Binnaguri, Dalgoan, and 

Kalchini tea plantations in the Dooars region of northern West Bengal has been 

reported (Roy et al., 2009a). The population of Kalchini was reported to be the most 

resistant to the commonly used pesticides, indicating the severity of infestation and 

the higher frequency of the pesticide application for managing the pest (Roy et al., 

2009b). Lepidopteran tea pests, Hyposidra talaca and H. infixaria from chemically 

managed tea plantations of Terai in the northern part of West Bengal are shown to 

have developed tolerance to synthetic pyrethroid, cypermethrin (Das et al., 2010b). 

Similarly, red spider mite, Oligonychus coffeae, a key arthropod pest of tea from 

various tea plantations in the Dooars and Terai also have developed a varying degree 

of tolerance to commonly used acaricides (Roy et al., 2010b). 

  

2.3 Variability of defence enzymes and their role in detoxification of pesticide 

in insects 

Detoxification of pesticide is the primary mechanism of resistance and has been aptly 

termed as ‘nature’s margin of safety’ (Georghiou, 1972). The detoxification of 

endogenous and exogenous compounds in most animals including insects is carried 

out by a family of enzymes known as ‘detoxifying enzymes’ or ‘defence enzymes’ as 

they catalyse various reactions needed for metabolising xenobiotics, providing 

defence against synthetic foreign chemicals including pesticides. In many arthropod 

pests, development of resistance to pesticide has been attributed to an increase in the 

activity of defence enzymes (Hernandez et al., 2002; Sun et al., 2010). Three large 

enzyme families, namely carboxyl/cholinesterases (CCE) also known as general 

esterases (GE), cytochrome P450 monooxygenases (CYP450) of phase I and 

glutathione S-transferases (GST) of phase II have been found to play a significant role 

in metabolism of pesticides (Hemingway and Karunaratne, 1998; Ranson et al., 2002; 

Stenersen, 2004; Yu, 2014). CYP gene family encodes a group of heme-containing 

monooxygenases called CYP450. Detoxification can be divided into phase I (primary) 

and phase II (secondary) processes. Phase I reactions consist of oxidation, hydrolysis 

and reduction and involves detoxifying enzymes such as GE and CYP450s (Yu, 
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2014). The phase I metabolites are sometimes polar enough to be excreted but are 

usually further acted upon by phase II enzymes. The polar products are conjugated 

with a variety of endogenous compounds in reactions catalised by phase II enzymes 

and are subsequently excreted. GSTs play important role in phase II reactions. The 

most important function of biotransformation is to decrease the lipophilicity (affinity 

to lipids) of xenobiotics including pesticides so that they can be excreted (Yu, 2014). 

The pesticide stress leads to the change in defence enzyme profile of the insect pests. 

Defence enzyme based metabolic resistance is the most important mechanism of 

resistance in insects to chemical pesticides. 

Metabolic resistance against pesticides has been shown to be manifested by 

the enhanced activity of CYP450 in many insect pests (Feyereisen, 1999). In 

pyrethroid-resistant insects such as Anopheles gambie (Djouaka et al., 2008), 

Tribolium castaneum (Zhu et al., 2010), and Musca domestica (Zhang and Scott, 

1996), genes of CYP6 family were reported to get up-regulated. Till date, a very little 

has been studied about CYP450s of the tea pest H. theivora. Pesticides synergized 

with piperonyl butoxide (PBO), an inhibitor of CYP450s have shown an increased 

susceptibility of the pest to various pesticides, confirming the role of the defence 

enzyme in metabolism (detoxification) of the xenobiotics (Roy et al., 2009b). 

The enhanced production of esterases is a well-known phenomenon 

responsible for pesticide resistance in insects (Miller et al., 1999; Hernandez et al., 

2002; Cao et al., 2008; Zhu and Luttrell, 2012). In a pyrethroid-resistant strain of tick 

Boophilus microplus, GE transcript was abundant than in susceptible one (Hernandez 

et al., 2002). Pyrethroid resistant mosquitoes showed elevated activity of the defence 

enzyme, GE (Sahgal et al., 1994). Cao et al., 2008 have shown that the up-regulation 

of GE gene was responsible for conferring resistance against deltamethrin in cotton 

aphids, Aphis gossypii. 

Sucking pests of tea, such as Empoasca flavescens and Scirtothrips dorsalis 

exposed to pesticides showed an elevated activity of defence enzymes viz GE, GST 

and CYP450 (Saha et al., 2011). Increased activity of GE, GST and CYP450 was 

evident in the pesticide-exposed populations of tea mosquito bug (TMB) from both 

the Dooars and Terai as compared to the pesticide unexposed susceptible population 

from bio-organically managed tea plantations of Darjeeling (Saha et al., 2012; Basnet 

et al., 2015). These findings imply the metabolic basis of higher tolerance to be 

functional in the studied TMB populations. Enhanced activities of CYP450 and GE 
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possibly with increased ability of pesticide detoxification have been reported to confer 

metabolic resistance in many insects (Hemingway et al., 2004). Saha et al. (2012) also 

have reported a positive correlation between the tolerance level and the activities of 

GE and CYP450 in populations of TMB from tea plantations in the northern part of 

West Bengal. The strong dependence of pesticide tolerance on the enhanced activity 

of detoxifying enzymes indicates their possible pesticide sequestering role, especially 

GE and CYP450 in TMB. Similarly, in caterpillars of a lepidopteran pest of tea 

Hyposidra talaca, a strong positive correlation (r > 0.9) between the pesticide 

tolerance levels and activity of GE has been reported (Mukhopadhyay et al., 2014), 

which indicates the involvement of the defence enzyme in imparting tolerance to the 

pest. Pesticide-exposed populations of H. talaca and H. infixaria were found to have 

enhanced activity of GE in comparison to the pesticide unexposed populations (Das, 

2014). Quantitative and qualitative variations in the activity of GE, depending on 

pesticide exposure were also reported in red spider mite (RSM), Oligonychus coffeae 

populations from Terai plantation (Sarker and Mukhopadhyay, 2008). The activities 

of GE and GST were reported significantly higher in the whole body homogenates of 

female RSM from conventional plantations as compared to the population from the 

bio-organically managed plantations (Das, 2014). Biochemical assay of detoxifying 

enzymes of pest gives an insight into the levels of their tolerance to pesticides and 

therefore, can serve as a useful tool in monitoring tolerance or resistance in insect pest 

populations. 

 

2.4 Buildup of pesticide resistance through generations in insects: an 

evolutionary process 

While pesticides have enormously improved the agricultural productivity and quality 

of human health worldwide, the evolution of resistance in many major pests, 

including those became pests only as a consequence of pesticide use has limited their 

utility (Mallet, 1989). Pesticide resistance is an evolutionary process engendered by 

the challenges from effective pesticides in the environment containing resistant 

individuals in a pest population. The evolution of pesticide resistance is one of the 

most convincing man-made examples of Darwinian evolution occurring over a period 

of a human lifespan (Lenormand et al., 1999; ffrench-Constant et al., 2004). The 

evolution of resistance is a phenomenon related to population genetics, influenced by 

complex interactions among biology of pest and ecology, properties of pesticide and 
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its use pattern (Georghiou and Taylor, 1977; Whalon et al., 2008). The endemic 

population of a pest usually comprises of biotypes with subtle differences from one 

another. Pesticide selection favours the fittest in the toxic environment. Selection 

operates at biochemical, physiological, and behavioural level as well (Georghiou, 

1972). An individual with alleles or gene duplication or sometimes amplification, 

making the pest less sensitive to the pesticide contaminated toxic environment, the 

chemically managed tea plantations in the context of this thesis, will have better 

opportunities to reproduce. Normally, such individuals with higher resistance or 

tolerance are rare. Thus, the alleles responsible for conferring resistance are at very 

low frequencies in pest population (Mullin and Scott, 1992). Subsequent generations 

of pests after the selection of the individuals with resistant allele (s) by pesticides will 

have an increased frequency of such alleles (Roush and McKenzie, 1987). Therefore, 

the spread of resistance in population challenged by pesticides is inevitable (Chanda 

et al., 2016). Virtually every control agent, be it chemical or microbial, is prone to 

development of resistance in arthropods, except in those that lack exposure (Mullin 

and Scott, 1992). If pest organisms cannot be completely eradicated by treating with 

pesticide or by other means, resistance/higher tolerance will occur in the pest 

population in near or distant future (Stenersen, 2004). Insects are known to evolve 

resistance in about a decade after the introduction of a new pesticide by virtue of their 

genetic plasticity (Yu, 2014). The introduced toxicant present in the environment 

exerts a selection pressure on an insect population and only those individuals that can 

survive the toxic effect are able to reproduce (Stenersen, 2004). The evolution of 

pesticide resistance in target pests is a significant management risk. To understand the 

evolution of resistance in pests is an important aspect for bringing in resistance 

management as the understanding can enable planters to avoid or minimise and 

sometimes reverse the resistance development process (Mallet, 1989). 

Diversity of genes belonging to different supergene families of detoxifying 

enzymes in the class Insecta, is an outcome of independent gene duplication event 

within each species after divergence from one another, suggesting the presence of 

same mutations in orthologous genes responsible for resistance by detoxification is 

only a matter of chance (Ranson et al., 2002). The extent of diversification and 

duplication is determined by life history and the ecology of the organism. The 

duplicated paralogs tend to be present in clusters rather than get dispersed throughout 

the genome. Besides conferring higher pesticide resistance, the expansion of the 
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defence enzyme supergene families may confer an increased ability of neurosensory 

perception, chemical detection, avoidance of natural enemies and recognition of 

oviposition sites in insects (Ranson et al., 2002). 

Resistance to dieldrin-chlordane-gamma-BHC in malaria vector Anopheles 

gambiae from northern Nigeria is reported to show mono-factorial (implying one 

locus) simple Mendelian inheritance pattern with incomplete dominance (Davidson, 

1956). The non-Mendelian inheritance is reported in mite pest, Tetranychus urticae 

where the resistance is reported to be controlled by mitochondrial genome (Leeuwen 

et al., 2008). The inheritance of insect growth regulator, pyriproxyfen resistance in 

arrhenotokous (haplodiploid) species such as Bemisia tabaci is multifactorial 

(polygenic). The effect of different loci on resistance is additive. The mode of 

inheritance is reported to be autosomal and incompletely dominant of the growth 

regulator. The inheritance pattern is also dependent upon the strain of the pest and 

may be the reason for the differential rate of resistance development (Crowder et al., 

2009). Inheritance of resistance to pyrethroid in Tribolium castaneum, a common 

stored grain pest was also reported to be multifactorial (Collins, 1998). Bacillus 

thuringiensis isrealensis produced Cry-toxin resistance in mosquito, Culex 

quinquefasciatus also showed multifactorial autosomal inheritance (Wirth et al., 

2010). 

Except for the report of accumulation of resistance to endosulphan, a 

cyclodiene in H. theivora after a repeated exposure through five generations (Roy et 

al., 2010a), study on the pattern of inheritance of resistance in pests of tea is lacking. 

There is a big research gap which needs to be filled up by researchers for proper 

management of resistance in tea pests. 

 

2.5 Spiders as biocontrol agent of insect pests 

There are about 40,000 species of spider known to science throughout the world 

(Marc et al., 1999). They are well established obligatory predators that feed on diverse 

prey, principally insects (Foelix, 2011) and are very effective in managing pest 

thereby reducing crop damage (Sunderland, 1999; Symondson et al., 2002). They are 

the major and the most abundant predator in many natural terrestrial ecosystems (van 

Hook, 1971) and most agroecosystems (Nyffeler and Sutherland, 2003) thus can be 

effective biocontrol agent if deployed properly (Symondson et al., 2002). Spiders are 

generalist predator and are often more efficient in pest control than other specialist 
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predators (Stiling and Cornelissen, 2005). Spider density of up to 1000 individual per 

square meter is reported under favourable conditions (Marc et al., 1999; Chatterjee et 

al., 2009) with an average abundance of 50 to 150 individuals per square meter (Marc 

et al., 1999). Spiders are highly resilient, long lived and readily seek new hideout after 

anthropogenic disturbances (processes such as harvest, spraying of pesticides etc). 

Quick re-colonisation of perturbed agroecosystem after harvest and pesticide 

application is achieved by spiders through dispersion by ballooning also known as 

kiting, which is a common aeronautical technique adopted by spiders for floating 

through the air on their own threads (gossamer threads). To release the thread, they 

stand on ‘tiptoe’ facing the wind with upwardly inclined abdomen until silk thread 

exudes. The thread exuded produces sufficient lift and drag for dispersal of spider 

(Marc et al., 1999; Foelix, 2011). Very little attention has been paid towards tapping 

the immense biocontrol potential of spiders in insect pest management in agriculture 

(Riechert and Bishop, 1990). 

 For centuries, spiders are being used as biological control agent for managing 

various pests in Chinese (Zhang et al., 2004), Israelian and European apple orchards 

(Marc and Canard, 1997; Chatterjee et al., 2009). Thirty-nine species of spiders are 

reported from apple orchards of France, providing good control of a variety of pests 

(Marc and Canard, 1997). Nocturnal lynx spiders such as Anyphaena accentuate 

(Anyphaenidae), Clubiona brevipes, C. corticalis and C. leucaspis (Clubionidae) 

found in fruit orchards are effective control agents of aphids and larvae of 

lepidopteran pest. Diurnal lynx spider such as Ballus depressus (Salticidae) is also 

reported to be an active and effective predator of aphids and lepidopteran larval pests 

infesting apple orchards in France (Marc and Canard, 1997). The conservation of 

spiders has also been found to effectively reduce crop damage by active predation on 

the insect pests of agroecosystems such as rice, cotton, grapes, soybean etc. (Oraze 

and Grigarick, 1989; Carter and Rypstra, 1995; Marc et al., 1999). 

Lynx spiders (Oxyopidae) are the numerically predominating among the 

spider complex found in the cotton growing belt of Texas in the United States of 

America. They constitute >50% of the total spider species. The average density of 

Oxyopes spp. in the agroecosystem is approximately 1 – 1.5 per square meter all 

through the growing season. During pest outbreaks, spiders of the genus Oxyopes 

improve their predation rate (functional response) providing effective control of many 

pests (Nyffeler et al., 1987a). Oxyopes salticus, the most abundant spider in cotton 
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and soybean fields of the U.S feeds on various species of pests providing good control 

(Nyffeler et al., 1987b; Hanna and Hanna, 2013). 

Sivasubramanian et al., (2009) have found Oxyopes javanus, a lynx spider as a 

predator of both sucking and chewing pests of cotton. Spiders are highly abundant in 

tea plantations and other agricultural fields. If their population is augmented by 

conserving, they can regulate many insect pests (Marc et al., 1999; Basnet and 

Mukhopadhyay, 2014). 

The biocontrol potential of spiders is often negatively impacted by the 

application of the very pesticides that are intended to manage pests. Spiders are very 

sensitive to synthetic pesticide compared to phytophagous pests. Application of 

pesticide is reported to decrease both diversity as well as the density of spiders (Marc 

et al., 1999). Apparently, non-lethal doses of pesticides are also reported to cause a 

variety of sub-lethal effects that may adversely affect spiders’ functional response, 

foraging ability, mating behaviours and even the size and development of offspring  

(Tietjen and Cady, 2007; Hanna and Hanna, 2013). Peng et al. (2010) and Deng et al. 

(2006) have reported reduced egg sac production in spiders after exposure to 

pesticides. Nonlethal exposure to pesticides may also interfere with the production 

and or reception of pheromone signals, disrupting mating, population size, prey 

capture and other physiological processes of life. Sub-lethal pesticide exposure 

disrupts communication between female and male Oxyopes salticus disrupting mating 

and courtship behaviour (Hanna and Hanna, 2014). 

It is observed that, despite extensive application of pesticides for managing 

pests, spiders in the tea ecosystem can sustain themselves in fairly good number in 

terms of both diversity as well as abundance. Tea ecosystem provides enough food 

(prey) for the sustenance of spiders almost round the year besides providing suitable 

habitat. In tea agroecosystem, spiders as a predatory group largely dependent on tea 

pest excepting few stray species as food. Introduction, inoculation and augmentative 

release of natural enemies are some of the effective strategies for managing pest 

species in many instances (Gurr et al., 2000). Conservation of natural enemies 

supplemented by minimum input of synthetic chemical is expected to provide 

effective biocontrol of tea pests in northern West Bengal and the entire tea plantations 

of India. The study in this direction is an imperative for sustainable management of 

tea pests. 
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3 OBJECTIVES AND SCOPE OF THE STUDY 
3.1 Objectives 

Objectives of the proposed study are as follows: 

 To rear tea mosquito bugs Helopeltis theivora collected from Terai tea 

plantations in laboratory condition and carry out bioassays for determining 

lethal concentration (LC) values of some common pesticides belonging to 

organophosphate and synthetic pyrethroid groups. 

 To assess the activity of defence enzymes such as general esterase, glutathione 

S-transferase (GST) and cytochrome P450 (monooxygenases) quantitatively in 

pesticide selected H. theivora population. 

 To assess general esterase and cytochrome P450 (monooxygenases) 

qualitatively in pesticide selected H. theivora population. 

 To study the reaction pattern of synergists with defence enzymes in H. 

theivora population. 

 To develop a user-friendly and quick detection technique of pesticide 

tolerance level based on defence enzyme titer and activity for H. theivora 

populations. 

 To study aspects of the lifecycle, such as fecundity and developmental period 

of the common spider predator and its predation efficacy against H. theivora. 

 

3.2 Scope of the study 

A thorough study of the scientific literature published mostly on the management 

practices and damage potential confirmed the status of Helopeltis theivora as a major 

pest of tea plantations in India. The bug is one of the common and most destructive 

sucking pests that feed primarily on tender leaves and shoot of tea grown in Terai and 

the Dooars region in the northern part of the Indian state of West Bengal. The extent 

and severity of infestation even in other parts of India are such, that the bug is 

declared as a pest of national importance (Roy et al., 2015). Currently, the 

management of the pest is mostly based on synthetic chemicals. Such chemical driven 

pest management systems are reported to be responsible for the development of 

resistance in the pest besides other drawbacks (Gurusubramanian et al., 2008). The 

level of tolerance in H. theivora population on being detected at field level warrants a 
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choicest selection of pesticides and their concentrations for effective management of 

the pest. A research investigation in this direction is imperative if the chemical control 

has to be practiced sustainably. 

Review of literature revealed paucity of research towards conscious 

deployment of natural enemies as a part of the biological control for management of 

H. theivora and other tea pests. The tea agroecosystem of NE India treasures a 

bountiful of pests’ natural enemies including spiders, but seldom attention has been 

paid for tapping their immense potential as biocontrol agents for pest management. 

To bridge these identified research gaps, an important step in the direction of 

the sustainable management of Helopeltis theivora, objectives of the present research 

study (as mentioned in the preceding section) were set and delineated. The study 

intends to generate:- 

i) Baseline information on the levels of pesticide tolerance based on lethal 

concentration values in tea mosquito bug H. theivora population from tea 

plantations of Terai.  

ii)  An enzyme-based, quick assay technique for determining the level of 

pesticide tolerance in H. theivora populations will prove to be another helpful 

and handy tool in deciding upon the kind, dosage and formulation of pesticide 

for effective management of the pest. 

iii)  Knowledge of biology and predation potential of common spider predator, 

Oxyopes javanus against H. theivora that will greatly help in evaluating the 

efficacy of the natural enemy in biologically controlling the pest under 

Integrated Pest Management. 
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4 MATERIALS AND METHODS 
4.1 Study area 

West Bengal is a state of the Indian union located in the eastern part of the 

country bounded by countries like Bangladesh, Bhutan and Nepal and shares 

boundary with five Indian fellow states of Assam, Bihar, Jharkhand, Odisha and 

Sikkim. The state is a major producer of agricultural goods and is the sixth largest 

contributor to the net domestic product of India (Rajkumar, 2014). Agriculture is the 

leading employment generating sector in the state. Tea is an important agricultural 

product of the state besides rice and jute. About ¼ of the total Indian tea produced is 

contributed by the state with the world renowned ‘Darjeeling Tea’ as one of the finest 

products. In West Bengal, cultivation of tea is traditionally confined to Darjeeling, 

Terai and the Dooars in the northern region, covering an area of about 103,431 

hectares (www.teaboard.gov.in; accessed on 05.07.2016) mostly in the two districts of 

Darjeeling and Jalpaiguri. Recently farmers of North Dinajpur district are also 

venturing into the profitable cultivation of the foliage crop, tea. The present study 

encompasses the area of tea plantations spread across the flat Indo-Gangetic lowlands 

of Terai and the Dooars and the foothills of Darjeeling Himalayas in northern part of 

West Bengal (Figure 4.1 A and B). 
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FIGURE 4.1:  

A) Map showing position of West Bengal in the Indian union and the two major 

tea growing districts, Darjeeling and Jalpaiguri therein 

B) Map showing sampling sites from the two districts, Darjeeling and Jalpaiguri 

in northern part of West Bengal
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4.2 Sampling 

Both the adults and nymphal stages of the sucking pest, Helopeltis theivora were 

collected from conventionally and bio-organically managed tea plantations across 

Darjeeling foothills, Terai and the Dooars plains, using hand picking, aspirator and 

vacuum sampler (Plate 4.1). The collected specimens were divided into two sets. One 

was used for determining the pesticide tolerance level in terms of lethal concentration 

(LC) and the other was reared in the laboratory condition following a standard 

established method described in next section. The laboratory-reared specimens were 

used as the control and for further studies and analyses. 

Nymphs were easier to collect. Little activity during day time along with their 

greenish body colour blending and camouflaging with tea bushes compounded the 

difficulty in procuring adults. Weather and time of collection were important factors 

for the successful collection. During sunny days, adults were found hiding in the 

shades of tea bushes, escaping eyes of the collector. Dawn and dusk were found to be 

the optimum time for collection. Overcast days were also found to be suitable for the 

collection of adults H. theivora. Unlike adults, nymphs could be collected at any time 

of the day. It was found that H. theivora prefers tea bushes of shady and moist areas 

in a tea estate. 

 

4.3 Rearing of Helopeltis theivora 

Tube method of Sudhakaran (2000) was modified for rearing of the pest species. 

Adult specimens collected from the field were reared and mass cultured on pesticide-

free tea leaves under laboratory conditions for generations to conduct experiments. 

They were reared in plastic jars, glass hurricane lamp chimneys and insect rearing 

cages with dimension of 60×30×30 cm, sleeved by metal mesh of 2 mm2 with 12 L: 

12 D photoperiod at 25 ± 2 °C and 85 – 90% RH. Tea shoots with buds and young 

leaves were served to them every 24 hours in a conical flask or centrifuge tubes with 

cut end dipped in water to maintain the turgidity of leaves (Plate 4.2). They fed and 

oviposited on the young and turgid twigs provided. Females laid eggs on the midribs, 

buds and young stems. Shoots used for oviposition and bearing eggs were kept for 

incubation at room temperature (25 ± 2 °C). Dead insects at the bottom of the rearing 

cage or the glass chimney were removed using a long forceps (Jackson, 1974) and 

camel hair painting brush. Nymphs were also reared in a similar setup.  
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PLATE 4.1: Sampling of Helopeltis theivora by Vacuum sampler 
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PLATE 4.2: Rearing technique of Helopeltis theivora  

A) In glass hurricane chimney 

B) In wooden insect rearing cag 

C) Tea twig supplying technique for adult 

D) Tea twig supplying technique for nymph 
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4.4 Bioassay for determining tolerance level 

To determine their tolerance level expressed in lethal concentration (LC) values of the 

tested pesticides, bioassays of H. theivora populations obtained from culture as well 

as collected from the field were done by ‘leaf dip technique’ (Anonymous, 1990). The 

leaf dip technique is recommended by ‘Pesticide Resistance Action Committee of the 

International Group of National Association of Manufacturers of Agrochemical 

Products’. Taking a clue from the results obtained in a series of trials conducted, five 

concentrations of pesticide belonging to organophosphate and synthetic pyrethroid 

were prepared in distilled water for bioassay. Adults of H. theivora, containing both 

females and males in equal proportion were then exposed to the freshly prepared 

aqueous solutions of the two commonly used pesticides to determine their lethal 

concentrations (Plate 4.3). They were exposed in equal proportion to negate the effect 

of gender-based difference in tolerance level on the cumulative result of the bioassay. 

The two pesticides used were monocrotophos (36% SL) and cypermethrin (10% EC), 

representing organophosphate and synthetic pyrethroid, respectively. 

 

4.5 Selection of Helopeltis theivora by synthetic pesticides through generations 

The insect pest was selected using a high dose of an organophosphate pesticide, 

monocrotophos (36% SL). Adults of H. theivora with both females and males in equal 

proportion, obtained from laboratory culture were exposed to LC80, the concentration 

causing 80% mortality of the exposed individuals (Plate 4.3). The field recommended 

dose of these organophosphate pesticides for controlling H. theivora ranges from 

2,500 to 5,000 ppm (Anonymous, 2010; 2014b), many fold higher than the median 

lethal concentration (LC50) (Misra, 1989). The pesticide dose of LC80 was chosen for 

artificial selection (bottlenecking) of the pest population to simulate field condition in 

the laboratory. The selected individuals were reared in the setups as described above 

in section 4.3. The tolerance levels were studied after the artificial selection for three 

generations of parental (P), filial-l (F1) and filial-2 (F2). 

 

4.6 Sample preparation for assay of defence enzyme activity 

Adults of H. theivora (n=150) from each pesticide-selected generation were starved 

for 2 – 3 hours to allow digestion, assimilation and clearance of the gut content 

(ingested tea sap). 
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PLATE 4.3: Setup for bioassay and selection of Helopeltis theivora by exposure to 

pesticide through generations 
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The starved specimens were then homogenised in microcentrifuge tube using 

micropestle. Each individual was homogenised in 500 µL of ice-cold 100 mM sodium 

phosphate buffer (pH 7.0) in an ice bath. The whole-body homogenate was 

centrifuged at 11,500g for 20 minutes at 4 °C (Eppendorf Centrifuge, Model: 5417R). 

The activities of defence enzymes and quantification of the total protein content was 

done using the supernatant. 

 

4.7 Quantitative study of defence enzymes of Helopeltis theivora 

4.7.1 General esterases 

The activity of general esterases (EC.3.1.1.1) was estimated using α-naphthyl acetate 

(α-NA) as substrate following the method of van Asperen (1962), with minor 

modifications. Reactions between 200 μL of 30 mM α-NA and 20 μL of supernatant 

containing esterases from 150 pesticide-selected H. theivora per generation were 

carried out individually in each well of a flat bottom microplate (Tarsons with 

Catalogue No 941196). 50 μL of staining solution containing was added to the 

reaction mixture after 15 minutes of the initiation of the reaction. The staining 

solution was composed of 0.1% Fast Blue BB salt and 5% sodium dodecyl sulphate 

(SDS) in the ratio of 2:5 (v:v). After 5 minutes of the staining, optical density was 

measured at 570 nm in endpoint mode in a microplate reader (Dynex Technologies, 

USA). The three wells per microplate with all the ingredients of the reaction mixture 

except the supernatant, the source of esterase were used as control. The optical 

density was converted to the activity of general esterases with the help of a standard 

curve of α-naphthol (Plate 4.4 and 4.5A). 

 

4.7.2 Cytochrome P450 monooxygenase 

The total activity of cytochrome P450 monooxygenase was measured following the 

method of Brogdon and McAllister (1998) and Brogdon et al. (1997) with slight 

modifications. 200 μL of 6.3 mM 3, 3′, 5, 5′-tetramethylbenzidine (TMBZ) solution 

and 20 μL of supernatant from 150 pesticide-selected H. theivora per generation were 

mixed individually in a well of a flat bottom microplate having the specifications 

described in the preceding section. 6.3 mM TMBZ solution was prepared by 

dissolving 10 mg TMBZ in 5 ml absolute methanol followed by mixing with 15 ml of 

250 mM sodium acetate buffer, pH 5. 80 μL of 62.5 mM potassium phosphate buffer 
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PLATE 4.4: Microplate reader (Opsys MRXTC revelation, Dynex technologies, USA) 
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with pH 7.2 and 25 μL of 3% aqueous solution of hydrogen peroxide were added to 

the reaction mixture. Three wells per microplate, containing 20 μL of 100 mM 

sodium phosphate, pH 7.1 along with all other ingredients of the reaction mixture 

except the supernatant were used as control. 100 mM sodium phosphate buffer was 

used for homogenising the pest. Optical density was recorded at 630 nm after 30 

minutes of reaction at room temperature, using a microplate reader. The absorbance 

was used to calculate the activity of CYP450 with the help of a standard curve of 

cytochrome C from horse heart (Code No. RM510, Himedia). The activity of CYP450 

was expressed in nmol equivalent of cytochrome P450s per mg protein (Plate 4.4 and 

4.5B). 

 

4.7.3 Glutathione S-transferases 

Glutathione S-transferases (GST) activity in H. theivora homogenate was assayed by 

its catabolic prowess to conjugate glutathione with the substrate, 1-chloro 2, 4-

dinitrobenzene (CDNB) through the thiol group of the glutathione as shown in the 

reaction equation, GSH + CDNB → GS-DNB (conjugate) + HCL. The method of 

Brogdon & Barber (1990) was followed for the assay with slight modification. 10 µL 

of the supernatant was added to 200 µL of substrate solution (95 parts of 10.5 mM 

reduced glutathione prepared in 100 mM phosphate buffer, pH 6.5 plus 5 parts of 63 

mM CDNB in ethanol) in a well of a UV transparent microplate (Make: Greiner bio-

one; Ref 65580, Germany) (Plate 4.5C). After three minutes, optical density (OD) 

proportional to the increase in the amount of GS-DNB conjugate formed as a product 

of the reaction catalysed by the GST present in the homogenate was measured using 

microplate reader (Opsys MRX TC Revelation, Dynex Technologies, USA) at 340 

nm, the absorption maxima of the conjugate for 8 minutes. The ΔOD340 minute–1 

obtained was converted to the activity of GST using the following formula. The rate 

of increase in absorption is directly proportional to the GST activity in the sample. 

The molar extinction coefficient (ε340) for the GS-DNB conjugate was deduced to 

5.76 mM–1
 corrected for the path length of 0.6 cm (Perera et al., 2008), which is equal 

to the depth of a microplate well. 
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𝐺𝐺𝐺𝐺𝐺𝐺 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐴𝐴𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝐴𝐴𝑖𝑖−1µ𝑔𝑔 𝑝𝑝𝑝𝑝𝑝𝑝𝐴𝐴𝑝𝑝𝐴𝐴𝑖𝑖−1) =
𝛥𝛥𝛥𝛥𝛥𝛥 ×  𝑉𝑉𝑝𝑝𝑝𝑝𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴𝑝𝑝𝑖𝑖 

ε340 × 𝐺𝐺 × 𝑉𝑉𝑉𝑉𝑉𝑉𝑚𝑚𝑝𝑝𝑉𝑉𝑝𝑝 × 𝑃𝑃
 

Where:  

 ΔOD = 
Final  OD−Initial  OD

Reaction  time  in  minute
 

 Vreaction = Reaction volume 

 ε340 = 5.76 mM–1(molar extinction coefficient) 
 T = Reaction time in minute 

Vsample = Volume of sample 

P = Protein content per sample volume in µg 

 

4.8 Protein quantification 

The total protein content per μL of the supernatant was quantified following the 

procedure described by Lowry et al. (1951) and calculated using a standard curve 

prepared with the known concentrations (0.1 – 1.0 μg μL–1) of Bovine serum albumin 

(Appendix B). 

 

4.9 Qualitative study of defence enzymes 

4.9.1 Non-denaturing native PAGE 

The native polyacrylamide gel electrophoreses (PAGE) of whole body homogenate 

were carried out to study isozyme profile of general esterases and cytochrome P450 in 

pesticide-selected generations of H. theivora using 8% resolving and 4% stacking 

gels. The gels were pre-electrophoresed at 4 °C at 80V for overnight to remove excess 

ammonium persulfate (APS) followed by loading of the supernatant. The supernatants 

of the pest’s whole body homogenate were prepared by the method described in 

section 4.6. Samples were double diluted with sample buffer (10% glycerol, 0.002% 

bromophenol blue as tracking dye) prior to loading. 20 µg of total protein per well 

was loaded and electrophoresis was carried out using a freshly prepared tris-glycine 

buffer for over 4 hours at 4°C and fixed voltage of 120V in a mini gel setup (Model 

No. 05 – 01, Biotech, Yercauda, TN). 
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PLATE 4.5: Microplate showing reaction pattern of defence enzymes 

A) General esterases 

B) Cytochrome P450 

C) Glutathione S-transferase 
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4.9.2 Visualisation and analysis of GE isozymes 

For general esterases, the gels were stained following the method described by 

Georghiou and Pasteur (1978) with slight modifications. The gels were preincubated 

at room temperature for 15 minutes dipped in 100 ml of 40 mM phosphate buffer (pH 

6.5) containing 0.02% α-naphthyl acetate. The gels were then incubated at room 

temperature submerged in staining solution consisting of 100 ml 40 mM phosphate 

buffer, pH 6.5, containing 0.02% α-naphthyl acetate and 0.1% fast blue BB salt for 30 

minutes in dark with occasional shaking. 

 

4.9.3 Heme staining for analysis of CYP450 isozymes 

Non-denaturing native PAGE was carried out as described in the previous section. 

Bands of isozymes of cytochrome P450 (CYP450) with peroxidase activity was 

visualised following the method described by Butler and Lachance (1987). The gels 

were incubated at room temperature submerged in the staining solution containing 2 

mM methanolic solution of TMBZ and 250 mM sodium acetate buffer (pH 5.0) in the 

ratio of 3:7 (v:v) in dark with occasional shaking for two hours before the addition of 

hydrogen peroxide to the final concentration of 0.03%. 

 

4.10 Inhibition of GE and CYP450 isozymes by pesticide 

To study the inhibitory action of organophosphate pesticide, monocrotophos (36% 

SL) on general esterases and cytochrome P450, gels were divided vertically into two 

equal halves. Each half loaded with the sample of pesticide-selected H. theivora 

containing isozymes of the defence enzymes was stained separately either for GE or 

CYP450. One half was stained using staining solution without the pesticide and the 

other containing commercially formulated pesticide at a concentration of 855.35 ppm, 

which is equal to the median lethal concentration (LC50) value of the pesticide for the 

pesticide-selected F2 generation. The F2 generation was noted as the most tolerant 

amongst the studied generations. 
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4.11 Densitometric analysis 

Densitometric analysis of the stained gels were carried out by using gel analysis 

software, ImageAide, version 3.06.04 (Spectronics corporation, New York, USA) to 

determine the retention factor (Rf) and the activity profiles of isozyme groups of 

general esterases and cytochrome P450 monooxygenases. 

 

4.12 Reaction pattern of defence enzymes to synergists 

S, S, S-tributylphosphorotrithioate, also known as tribufos (DEF) and piperonyl 

butoxide (PBO), the two commonly used pesticide synergists were used as the 

detoxifying enzyme inhibitors to assess in vitro inhibition and their effectiveness 

against the detoxifying enzymes, GE and CYP450, respectively. Technical grade DEF 

(100%) manufactured by Sigma-Aldrich (Supelco), was procured from Chem Service 

Inc., West Chester, USA. PBO was purchased from Himedia Laboratories Pvt. Ltd, 

Mumbai, India. 

Stock solutions of the above mentioned two synergists, DEF and PBO were 

prepared in methanol. Aliquots of insect homogenate were incubated with the 

synergists at various dilutions for 30 minutes. Insect homogenate plus methanol was 

used as control. The activities of the detoxifying enzymes, GE and CYP450 after the 

incubation were determined as per the methods described in previous sections 4.7.1 

and 4.7.2, respectively. Half the maximum inhibitory concentration (IC50) was 

calculated by fitting data of enzyme activity inhibition to a linear probit regression 

model through transforming sigmoid concentration-inhibition commonly known as 

dose-response curve to a straight line. 

 

4.13 Defence enzyme based technique to determine pesticide tolerance levels in 

Helopeltis theivora 

4.13.1 Microplate assay 

Regression curve for determining tolerance level of unknow population of H. theivora 

were prepared. The regression curves as standard were prepared based on the known 

tolerance levels (LC50) of various population of H. theivora and the corresponding 

activity levels of the defence enzymes, GE and CYP450. To prepare the curves,  
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Table 4.1: Standard regression equations for determination of tolerance level 
(LC50) of Helopeltis theivora based on two defence enzymes  

Defence 
Enzymes 

 Organophosphate 

 

Synthetic Pyrethroid 

 

Expected 
LC50 

Regression 
Equation 

R2 Regression Equation R2 

GE Y=0.0399X+0.9582 0.94 Y=0.2560X-0.4887 0.97 Value of 
X CYP450 Y=0.0026X+0.0563 0.97 Y=0.0115X+0.0151 0.95 

 
-X axis represents LC50 

-Y axis represents the activity of the defence enzyme
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Figure 4.2: Curves based on detoxifying enzymes GE (A) and CYP450 (B), for 
determination of LC50 values against organophosphate in the field populations of 
Helopeltis theivora  

-error bar represents SD
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Figure 4.3: Curves based on detoxifying enzymes GE (A) and CYP450 (B), for 
determination of LC50 values against synthetic pyrethroid in the field populations of 
Helopeltis theivora  
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tolerance levels in terms of LC50 values against the two commonly used pesticides 

belonging to organophosphate and synthetic pyrethroid were determined. The LC50 

were then linearly regressed with the activities of the two above mentioned defence 

enzymes.  X and Y axes of the standard curves represent the LC50 values and the 

activities of detoxifying enzyme, respectively. Figures 4.2A & B, and 4.3A & B 

shows the curves for determining tolerance level against organophosphate and 

synthetic pyrethroid pesticide, respectively. The activities of the detoxifying enzymes 

were assessed as per the methods described in sections 4.7.1 and 4.7.2. The regression 

equations and the R2 values of the standard curves are shown in Table 4.1. Based on 

the standard curves prepared, the expected LC50 values of unknown populations of H. 

theivora were determined. The Chi-square test was performed between the expected 

and the observed LC50 values to assess the goodness of fit and the robustness of the 

curve for determination of LC50 values of unknown populations. 

 

4.14 Study on the biology of lynx spider Oxyopes javanus 

4.14.1 Rearing of Oxyopes javanus 

Adults of the lynx spider, Oxyopes javanus were collected from the tea plantations in 

Terai in the northern part of West Bengal and reared in laboratory condition (at 25 ± 

20 C; 85 – 90% RH; 12 L: 12 D photoperiod) individually in a jar to avoid any 

interferences like cannibalism. Depending upon the developmental stage of the spider, 

they were provided with nymphs and adults of H. theivora besides other insects found 

in tea plantations of Terai, as food. The rearing apparatus consisted of a wide mouth 

plastic jar lidded with a muslin cloth and tied by rubber bands. As suggested by 

Jackson (1974) a wet cotton plug was kept at the bottom of the jar as a source of water 

to the spider and also for maintaining moisture inside the jar. 

 

4.14.2 Study on life history of Oxyopes javanus 

A pair of mature male and female spider, O. javanus was kept in a jar for mating. 

Following successful mating, gravid females were separated from the males and 

reared individually to avoid any interference. Courtship and mating behaviour, 

oviposition pattern, fecundity, incubation period and life history were studied.  Five 

replications for each of the experiments were conducted. 
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4.15 Predation efficacy of Oxyopes javanus on Helopeltis theivora 

4.15.1 Functional Response 

Tea twigs with 2 – 3 leaves and a bud were kept in an experimental arena, a large 

plastic jar as described above with sufficient space (10,000 cm3) for free movement 

and activities of both prey and predator.  Adults of H. theivora ranging from 1 to 15 

per experimental arena were introduced, allowed 5 – 7 minutes for settling down 

followed by the release of either one male or female spider O. javanus to each of the 

arena. To determine the number of H. theivora predated by the spider, the numbers of 

survivors were counted in the arena after 24 hours.  Based on the number of the 

survivors and carcasses left, the number of H. theivora predated by the spider was 

determined. The experiment was repeated for five times. Controls were maintained 

with similar parameters but with no spider predator. 

 

4.15.2 Aggregative Response 

The experimental setup was made similar to the one used for functional response 

study. Adequate number (40) of H. theivora adults were provided to both male and 

female O. javanus. After the introduction of H. theivora into the experimental arena, 

O. javanus ranging from 1 to 6 per arena were released. Either male or female but not 

the mixture of both to avoid any interference was released in the arena at a time. The 

number of live H. theivora was counted after 24 hours to determine their resultant 

death due to cooperative predation of the spider, O. javanus. Five replications of the 

experiment were carried out. 

 

4.15.3 Prey handling and consumption time 

The time required by the spider, O. javanus to capture, kill and consume prey is 

defined as ‘prey handling time’ TH, which is calculated using disk equation by Holling 

(1959), explained in details under data analyses section. The prey consumption time 

i.e., the time period between the successful attack and the abandonment of the 

carcasses by the spider predator was recorded by using a stopwatch. For recording the 

prey consumption time, the experiment was carried out by introducing one H. 

theivora per arena per O. javanus in a similar setup as described in the section 4.15.2. 

The experiment was repeated for five times. 
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4.15.4 Data analyses 

The type of functional response was determined by fitting the data in the Holling’s 

disc equation, 𝑁𝑁𝐴𝐴  =  𝑉𝑉  𝐺𝐺𝐺𝐺  𝑁𝑁𝑝𝑝
(1+𝑉𝑉𝐺𝐺𝐻𝐻𝑁𝑁0)

 , where NA is the number of prey killed per spider 

predator, N0 is the number of prey provided to the predator, TT is the total time 

available for predation, which is equal to one day, TH is the prey handling time and a 

is the searching efficiency of the predator (Holling, 1959). The searching efficiency a 

was calculated using a linear regression technique (Daniel, 1987) where reciprocal of 

NA was regressed on the reciprocal of N0. The reciprocal of the slope is the prey 

searching efficiency a and the intercept is the handling time TH. The effectiveness of 

predation is determined by the ratio of a to TH. 

 

4.16 Statistical analyses 

4.16.1 Probit analysis 

To determine generation wise median lethal concentration (LC50), mortality data were 

converted to percent mortality followed by probit analysis (Finney, 1971). 

 

4.16.2 Preparation of standard curves and graphs 

Standard curves of α-naphthol, cytochrome C, and BSA were plotted using Microsoft 

Excel 2007 (Microsoft Corporation, USA). 

 

4.16.3 Statistical treatment of data 

Data were checked for normality applying Shapiro-Wilk’s test. Non-parametric tests 

such as Kruskal-Wallis and Wilcoxon Rank-Sum tests were applied when the data did 

not meet normality. Data of defence enzyme activities across generations were 

subjected to one-way analysis of variance (ANOVA) and posthoc Bonferroni 

separation test using a statistical package SPSS, version 20 (International Business 

Machine Corporation, USA). The activities of defence enzymes through generations 

were considered significantly different at p ≤ 0.05. To test statistical significance 

between the mean predation potentials of male and female spider individually, 

independent samples t-test was performed using the statistical software SPSS, version 

20.
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5 RESULTS AND DISCUSSIONS 
5.1 Life cycle parameters and biology of Helopeltis theivora reared on tea 

5.1.1 Developmental stages 

The utility of life cycle study of a pest species is immense for its proper management. 

Integrated pest management (IPM), the most effective and popular practice for 

sustainable management of pest typically involves monitoring of the population size 

of the insect pest. The monitoring and prediction of the population size of a pest are 

possible largely by studying its life cycle and biology (Apple and Smith, 1976). 

Studies on life cycle of Helopeltis theivora showed presence of egg, nymph (five 

instars) and adult as developmental stages, typical characteristics of hemimetabolous 

insect. 

 

5.1.1.1 Eggs 

The eggs were laid completely inserted into the tissues of tender stems, bases and 

midrib of leaves and shoots of tea twigs (Plate 5.1). Non-temperate mirid bug that 

breeds almost all through the year, prefer those oviposition sites that provide nutrition 

to the developing juveniles, till they mature (Muhamad and Way, 1995). The 

oviposition sites and the surrounding areas selected by the tropical insect pest H. 

theivora fulfilled nutritional and other habitat requirements of the developing 

individuals. Two chorionic processes per egg were seen emerging out at the site of 

egg deposition. The chorionic processes are also known as respiratory horns. The light 

coloured horns were deceptive unless observed against a dark background. The 

survival importance of the respiratory horn may lie in the fact that it makes the 

atmospheric respiration possible by projecting above the film of water flowing over 

the egg deposition site during heavy rains (Hinton, 1962). Such situation of heavy 

rains is a common feature prevailing in Terai and the Dooars regions during monsoon 

season. Eggs were pale in colour, slender and elongated, visible only under the 

microscope on the tissue sections cut through the site of the egg deposition (Plate 5.1). 

Endophytic (within plant tissue) oviposition is reported to provide suitable 

microclimate along with protection from egg parasitism (Wheeler Jr., 2001). Such 

adaptations may also help the pest in sustaining itself in the toxic environment of tea 

plantations during the time of pesticide spray besides protecting from parasite and 

predators. 

67 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PLATE 5.1: Transverse section of tea twig showing an egg of Helopeltis theivora  
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5.1.1.2 Nymphs 

The life cycle of H. theivora reared on tea progressed through five nymphal stages as 

in nearly all other true bugs. Each instar lasted for 2 to 3 days. The first instar nymphs 

were pale yellowish in appearance. With maturation, they gained their typical 

greenish colour. They preferred feeding on bud and the first leaf of the tea shoots 

provided. All the nymphal stages were voracious sap feeder. As soon as they emerged 

out, they started feeding on sap from the very first tender tea twig encountered. They 

were wingless but were capable of cursorial (fast running) locomotion. As reported 

and generalised by Wheeler Jr. (2001) for heteropteran bugs, the first instar nymphs 

quickly dispersed in search of tender tissues for feeding. Characteristic drumstick like 

structure also called as scutellar horn appeared after the second instar. Nymphs were 

equally potent depredator of tea as adults, causing punctures and necrosis on 

harvestable leaves and shoots consisting of two and a bud of a tea bush, inflicting 

huge economic loss to the tea planters (Plate 5.2). 

 

5.1.1.3 Adults 

Newly emerged adults were pale yellowish and turned greenish black within a span of 

an hour. Adults were dimorphic with females being bigger than males as reported by 

Das (1965). Males were more slender with cylindrical abdomen. Pronotum was 

prominently yellow in females than in males (Plate 1.1). The curved scutellar horn 

with swollen apex, a characteristic of bryocorines (Wheeler Jr., 2001), the tribe to 

which H. theivora belongs to, was a prominent morphological feature in adults. They 

were swift but not a strong flyer. Reduced flight muscle is a common phenomenon in 

heteropterans (Schuh and Slater, 1995), which could be the reason for such a weak 

flight in H. theivora. They remain active all through the day with the peak of the 

feeding activity during dusk and dawn mostly in shaded regions of tea plantations. On 

an overcast condition, they could be found feeding all through the day. 

 

5.1.2 Life cycle parameters 

Population forecasting along with the basic biology of a pest are the important 

prerequisite of IPM (Sørensen et al., 2012). The information obtained by studying life 

cycle are useful in optimisation of population growth models for forecasting and 

management strategies of the pest (Córdoba-Aguilar et al., 2014). Life cycle 

parameters were studied for tea mosquito bug, Helopeltis theivora when reared on tea,  
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PLATE 5.2: Nymphal stadia of Helopeltis theivora 

A) First instar B) Second instar C) Third instar D) Fourth instar E) Fifth instar
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 Camellia sinensis as host plant under laboratory condition (Table 5.1). Fecundity of 

H. theivora was recorded to be 34.38 ± 1.23 (mean ± SE) eggs per female from tea 

plantations of Terai in NE India, which is about 5.5 fold less than the reported 

fecundity of about 170 eggs per individual, from tea plantations of southern India 

(Sudhakaran, 2000). Such a variation can be due to the difference in the agro-climatic 

conditions of the two regions compared. As reported in other mirid bugs by Fritz 

(1982) and Wheeler Jr (2001), H. theivora also showed the iteroparous mode of 

reproduction, producing eggs for almost throughout its adult stage. 

The developmental period of each instar ranged from 2 – 3 days with no 

statistically significant difference among the stadia. The total developmental period 

varied from 19 to 22 days during March – April which is similar to the observation of 

Kalita et al. (1996) on H. theivora from Assam region of NE India. According to Das 

(1984), the duration of life cycle varies with season and also the climatic condition, 

thus the developmental period in different seasons of the year may range from 5 to 8 

weeks. 

The sex ratio at birth or emergence called as secondary sex ratio (male: 

female) was observed to be 1: 0.5 with χ2  value of 1.32 at df = 1 and p ≤ 0.05, which 

is less than the table value, suggesting that the difference in observed and the 

expected sex ratio of 1:1 is only a matter of chance. The ratio of male to female at the 

time of fertilisation or oviposition, emergence or birth and the sexually matured adult 

stages are respectively known as primary, secondary and tertiary sex ratios (Wilson 

and Hardy, 2002). Sudhakaran (2000) has reported the tertiary sex ratio of 0.95:1 in 

sexually mature adults of H. theivora population collected from the tea plantation of 

southern India. Insects achieve the tertiary also known as operational sex ratio by the 

presence of various non-visual cues in their habitat (Han et al., 2012a). The female-

biased tertiary sex ratio with more females for reproduction may help in the rapid 

proliferation of the mirid bugs (Silva et al., 2016).  

The adult longevity of H. theivora, when reared in laboratory condition was 

recorded to be 13 to 15 days, while Sudhakaran (2000) have reported the longevity in 

the range of 28 to 48 days from the southern India. Life spans of insects are dependent 

on ecological conditions (Carey, 2001). The genetic makeup of a species also 

determines the longevity (Tower and Arbeitman, 2009). The difference observed in 

the longevity of the two allopatric populations of Terai in the northern part of West  
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Table 5.1: Life cycle parameters of Helopeltis theivora reared on tea in 
laboratory 
 
Sl. No Parameters Observations* 

1 Fecundity 34.38 ± 1.23 eggs per female (n = 33) 

2 Total developmental period 20.66 ± 0.57 days (n = 44) 

3 Secondary sex ratio (male : female) 1 : 0.5 (χ2 = 1.32, p ≤ 0.05, df = 1) 

4 Adult longevity  13.75 ± 0.56 days (n = 42) 

 
*values are mean ± SE 
-experiments were conducted during March-April (average temp min: 16.50C; 
max: 26.80C; RH-80 ±5%; average rainfall-2.5 mm). 
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Bengal and South India could be due to the difference in their environmental, genetic 

and other conditions. 

 

5.1.3 Survivorship 

To determine the suitability of tea as a complete host plant in Terai region, study on 

the survivability of different developmental stages of H. theivora was carried out. The 

survivorship varied among the developmental stages of the bug. The survivability was 

highest in egg (27.67%) and the lowest was recorded in the fifth instar (7.54%) with 

intermediate values in other four instars (Table 5.2). The survivability was in 

agreement with most of the ‘r-selected’ species that includes the mirid bugs (Odum 

and Barrett, 2005; Córdoba-Aguilar et al., 2014; Mollá et al., 2014). In r-selected 

species, the survivability is highest in the initial stages of development and decreases 

with maturity as recorded in the mirid bug, H. theivora. 

 

5.2 Pesticide tolerance level in Helopeltis theivora population from Terai tea 

plantations 

The pesticide tolerance levels expressed in terms of median lethal concentration 

(LC50) values for the populations of H. theivora occurring in conventionally and bio-

organically managed tea plantations of Terai in the northern part of West Bengal were 

determined using standard bioassay technique. Five populations collected from 

different locations designated as Terai-I through Terai-V of H. theivora were assessed 

for the tolerance level. The coordinates and the location of the sampling sites are 

given in the Appendix-C. Bioassays are experiments designed to reveal the 

phenotypic response of pest after the exposure to one or more pesticide molecules. 

The bioassay involves the exposure of the pest (specimen) of interest to a series of 

known concentrations of a pesticide and analyses of the dose-response curve obtained 

along with comparing the mortality with a reference susceptible population 

(Anonymous, 2016). Conventionally managed tea plantations are those, wherein pests 

are managed using synthetic chemical pesticides and in bio-organically managed tea 

plantations, only bio-organically derived formulations of herbal pesticides and 

manures are used for pest management and enriching soils. Pesticides viz., 

monocrotophos (36% SL) and cypermethrin (10% EC), representing organophosphate 

and synthetic pyrethroid groups, respectively were chosen for bioassay of various  
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Table 5.2: Stage specific survivorship in laboratory -reared Helopeltis theivora 
 

Developmental Stages/Instars n Survival (%) 

Eggs 159 27.67 

Ist  44 23.89 

IInd  38 22.64 

IIIrd  36 16.35 

VIth  26 11.94 

Vth  19 07.54 
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populations of H. theivora and the results are presented in Table 5.3. The pesticides 

used for the bioassays were extensively used against H. theivora in recent past for 

their better efficacy (Anonymous, 2010; Saha and Mukhopadhyay, 2013; 

Mukhopadhyay et al., 2016) and are still the preferred one. Although the use of 

monocrotophos in tea plantations is not recommended by the Tea Board of India 

(Anonymous, 2014b) due to their greater persistence in the environment and the 

higher residue in the finished product, many tea planters prefer and still use the 

chemical for the management of pests clandestinely (per. comm.) for its efficacy and 

cost-effectiveness in managing pests. The Tea Board is the nodal organisation to 

oversee the safe usage of plant protection formulations (chemicals) for the 

management of pests in tea plantations of India, recommended by the Central 

Insecticides Board and Registration Committee (CIB), Government of India. The two 

pesticides used for bioassay features in the latest list of pesticides recommended by 

CIB for the management of various agricultural pests (http://cibrc.nic.in; accessed on 

17th February 2017). Thus, they are readily available in the market and planters use 

them clandestinely for the management of pest occurring in tea plantations. 

The population of H. theivora from the central Terai (Terai-I) showed the highest 

tolerance level expressed in terms of LC (lethal concentrations) to both the classes of 

pesticide tested followed by Terai-II, III, IV and V in descending order of tolerance. 

The result indicates that the quantum of pesticide used in the plantation of central 

Terai to be the highest amongst the tested plantations. As per the results of the 

bioassays shown in Table 5.3, it is imperative that the insecticide-exposed populations 

from conventionally managed tea plantations have acquired higher tolerance levels 

evident by the enhanced LC50 value. 

There are reports from across the globe that indiscriminate application of 

synthetic pesticides results in accumulation of higher tolerance and development of 

resistance in pests (Cooper and Dobson, 2007; Perry et al., 2011). Bass et al. (2014) 

have reported that the intensive applications of chemical pesticides to control peach 

potato or green peach aphid, Myzus persicae a pest of diverse crops with 

cosmopolitan distribution have led to the development of widespread and varied 

forms of resistance. In Sri Lanka, extensive use of synthetic chemical pesticides 

mostly organophosphate and synthetic pyrethroid as a part of the anti-malarial 

campaign has secondarily led to the development of resistance in bedbug, Climex 

hemipterus, a biting nuisance (Karunaratne et al., 2007). Such reports of resistance 
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Table 5.3: Pesticide tolerance levels (LC50) of Helopeltis theivora population from tea plantations of Terai region in northern West 
Bengal (n=150 for each population) 
 

Sl. 
No Population 

Pest 
Management 

Practice 

Organophosphate (Monocrotophos 36%SL) 
 

Synthetic Pyrethroid (Cypermethrin 10% EC) 

§LC50 χ2 Regression 
Equation 

Fiducial Limits 
(95%) 

§LC50 χ2 Regression 
Equation 

Fiducial 
Limits (95%) 

1 Terai-I Conventional 541.6 8.48 y = 2.268x-8.01 (429.18-682.76)  30.65 10.42 y = 2.538x-6.391 (25.80-36.43) 

2 Terai-II Conventional 77.52 3.05 y = 3.717x-13.2 (67.75-88.69)  17.35 5.25 y = 4.13x-12.511 (15.89-20.17) 

3 Terai-III Conventional 40.79 2.59 y = 3.061x-9.11 (37.31-44.60)  13.39 2.32 y = 2.015x-3.316 (10.37-17.28) 

4 Terai-IV Bio-organic 15.76 1.56 y = 3.533x-9.83 (13.74-18.08)  8.35 4.01 y = 2.779x-5.901 (06.87-10.14) 

5 Terai-V Bio-organic 10.35 3.49 y = 2.331x-4.36 (8.11-13.19)  6.33 3.89 y = 2.510x-4.544 (05.31-07.55) 

§values are expressed in ppm
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development in different insect species and the varying levels of tolerance among the 

H. theivora population, as found in this study (Table 5.3) clearly indicate that the 

quantum of application of pesticides determines resistance level and their 

indiscriminate application would further aggravate the rate of resistance evolution. An 

excessive (no threshold) and a blanket spray of pesticide as a prophylactic measure 

would result in the development of heritable tolerance in insect pests (Haydock, 2005; 

Basnet et al., 2015). Such a practice of blanket spray needs to be abandoned 

completely to minimise the development of resistance in pest. Proper monitoring of 

tolerance/resistance level, as well as the use of the appropriate pesticide in terms of 

effectiveness, is required for sustainable pest management. Indiscriminate application 

of pesticides would just lead to wastage of resources and pesticide contamination of 

the environment and the most importantly the consumable/marketable tea. 

 

5.3 Tolerance level in monocrotophos selected Helopeltis theivora 

Selection by exposing to a high concentration (LC80) of monocrotophos (36% SL) an 

organophosphate pesticide enhanced the tolerance level in adult H. theivora. As 

shown in Table 5.4, after the selection by the pesticide, the tolerance level expressed 

in terms of LC50 value increased about 105 fold in F2 as compared to P generation. 

The repeated exposure to LC80 of pesticide led to the selection of pesticide-tolerant 

individuals from the population. The increase in tolerance level through generations 

was significantly different from one another at p < 0.05 level of significance. The 

tolerance levels of the generations, when selected by exposure to the pesticide was in 

the order of P < F1 < F2. Observed and the expected LC50 values were not significantly 

different, as the calculated values of χ2 in none of the tested generations were greater 

than the table value at df = 4 and p < 0.05 level of significance (Table 5.4)  Similarly, 

H. theivora population also showed an increase in its resistance ratio through 

generations when selected by exposure to endosulfan, a pesticide belonging to the 

class of cyclodienes (Roy et al., 2010a). These observations along with the discussion 

presented in section 5.2 further suggest that continuous and enhanced application of 

the same pesticide or pesticide with a similar mode of action may select individuals 

that are more tolerant, leading to the development of resistance in the pest population. 

Alternatively, use of more than one pesticide or pesticide with different modes of 

action may yield better results in managing such pests. 
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Table 5.4: Relative tolerance level (LC50) across three generations of Helopeltis 
theivora when selected by exposure to LC80 of organophosphate pesticide 
(monocrotophos, 36% SL) 

§values are expressed in ppm 
a,b,c, mean values with different superscripts in a column were significantly different at 
p < 0.05 level of significance as per Tukey HSD and Bonferroni multiple comparison 
tests  

Sl. No. Generation 
§LC50 

χ2 Regression equation 
Dose Fiducial Limits (95%) 

1 P 08.2a 6.60-10.18 7.27 y=2.9532x-6.5587 

2 F1 15.48b 12.99-18.45 2.99 y=3.6623x-10.3450 

3 F2 855.38c 595.97-1227.74 1.07 y=1.3770x-3.1690 
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 Tolerance to a pesticide in arthropods is preadaptive, i.e, the mechanisms 

controlling the tolerance are already present in the population at very low frequencies 

prior to exposure to any pesticides. Such preadaptation can be the result of their 

exposure to other toxicants in their present environment or the evolutionary history of 

the arthropod (Yu, 2014). Repeated applications of pesticide lead to the artificial 

selection of resistant individual by exerting bottlenecking (drastic reduction) effect on 

the size of the parental population. Those selected individuals with higher tolerance 

level form the basis of artificially selected tolerant population in the later generations 

(Plate 5.3). Such tolerant populations are difficult to manage by resorting to the 

conventional practices of management. 

  

5.4 Quantitative activity of defence enzymes in Helopeltis theivora population 

from Terai tea plantations 

5.4.1 General esterases 

The activities of general esterases (GE) in different populations of Helopeltis theivora 

from conventionally and bio-organically managed tea plantations of Terai in northern 

West Bengal were assessed. Independent sample t-test revealed that the population 

from conventionally managed tea plantations exhibited significantly higher activities 

of GE with t (59) = 6.67 and F-value of 23.25 at p ˂ 0.01 than those from the bio-

organically managed and the laboratory-reared reference population (Tables 5.3 and 

5.5), indicating that exposure to synthetic pesticide leads to enhancement of GE 

activity. The observation also suggests that level of GE activity can provide clues 

about the pest management practices (conventional or bio-organic) prevailing in the 

tea plantation from which the H. theivora population was assessed. In many insect 

pests, GEs are often involved in providing higher tolerance to pesticides belonging to 

the groups of organophosphate, carbamate and synthetic pyrethroid to a lesser extent 

(Hemingway and Ranson, 2000). The higher activity of GE observed in H. theivora 

populations from tea plantations following conventional method of managing pests 

may be due to the greater application of organophosphate and other related pesticides. 

Gurusubramanian et al. (2008) have reported that organophosphate insecticides 

constitute about 64% of the total input of synthetic pesticide in tea plantations of NE 

India including Terai and the Dooars in the northern part of West Bengal. 
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PLATE 5.3: Schematic representation of the bottleneck effect and artificial selection 
caused by repeated application of pesticide 
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Analysis for bivariate correlation between the resistance ratio (RR) and the GE 

activity ratio (AR) showed the existence of a strong positive correlation between the 

two covariates with a very high Pearson’s correlation coefficient (r) of 0.941 at p ˂ 

0.01 (2-tailed) (Table 5.5). The RR is the ratio of relative tolerance (LC50) of the test 

population (Terai-I through V) to the susceptible laboratory-reared population while 

the AR is the ratio of the defence enzyme (GE) activity of population (Terai-I through 

V) studied to the activity of the susceptible laboratory-reared population. The result 

also resonates that the activity of GE can act as an indicator of the relative tolerance 

level in the population of H. theivora. Higher RR and the corresponding enhanced AR 

in the population from conventional plantations indicates that exposure to higher 

doses of synthetic pesticides enhances the activity of the defence enzyme, GE. 

Simple regression analysis was performed to determine the dependence of RR 

on the AR of GE. Linear relationship of RR and AR was found to be statistically 

significant with an R2
 of 0.885 and F-value of 23.06 at p ˂ 0.05 (Table 5.5). These 

findings suggest that the resistance ratio is a function of the activity level of the 

defence enzyme, GE in populations of H. theivora. Organophosphate resistance in 

mosquito belonging to the genus Culex is also attributed to the elevated activity of 

GEs (Hemingway and Ranson, 2000). The elevated activity of GEs sequesters 

pesticide rapidly, thus confer higher tolerance to insects (Kadous et al., 1983).  

Activities of GE in H. theivora populations collected from different 

conventional populations (Terai-I, II and III) were subjected to one-way analysis of 

variance (ANOVA), indicated that there exists a strong variation among the tested 

populations in terms of the activity of the defence enzyme with F-value of 20.72 at α 

= 0.05 and df = 2, 29. The variation in GE activity among the tested population further 

indicated that the quantum of pesticides applied varied among the tea plantations, 

which possibly led to different levels of GE activity in the H. theivora populations 

imparting various levels of tolerance in them. It also showed that there existed a 

heterogeneity containing both resistant and susceptible individuals within and among 

the populations of H. theivora. Applications of pesticides often lead to the selection of 

tolerant individuals of a population and with further selection due to repeated 

application of a pesticide or pesticides having similar functional group, the frequency 

of such tolerant individual in the population becomes very high (Plate 5.3). Such 

populations with higher tolerance or resistance pose a major challenge for their 

management and a grave threat to the tea crop and the entire tea industry at large.  
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The higher LC50 values vis-à-vis pesticide tolerance levels in H. theivora 

populations from conventionally managed plantations can be attributed to the 

enhanced activity ratio (AR) of general esterases in the tested populations (Table 5.5). 

 

5.4.2 Cytochrome P450 monooxygenases 

Populations of Helopeltis theivora collected from different conventionally and bio-

organically managed tea plantations of Terai in northern West Bengal were also 

assessed for the activities of cytochrome P450 monooxygenases (CYP450).  Lavene’s 

test for equality of variance showed the existence of variability in the activity of 

CYP450 among the conventional and bio-organically managed H. theivora 

populations with F-value of 20.36 at α = 0.001 (Table 5.5). Independent sample t-test 

was performed to determine the variation in activities of CYP450 among the 

population of H. theivora.  Populations from conventionally managed tea plantations 

were found to have a significantly higher activity of CYP450 than in the bio-

organically managed population with a t-value of 6.79 at p ˂ 0.01(2-tailed) and df = 

59 (Table 5.5). 

The relation and dependence of the resistance ratio (RR) on the CYP450 

activity ratio (AR) in populations of H. theivora were also studied. Bivariate 

correlation analysis between the two variables deduced the Pearson’s correlation 

coefficient (r) of magnitude 0.854 at p ˂ 0.05 (1-tailed), suggesting the existance of a 

strong positive correlation between them. Similar to the definition given in section 

5.4.1, RR is the ratio of relative tolerance (LC50) of the tested population (Terai-I 

through V) to the susceptible laboratory-reared population, and AR is the ratio of 

CYP450 activity of the tested populations to the activity of the susceptible laboratory-

reared reference population. The observation indicates that the activity of CYP450 

can also be used as an indicator of the relative resistance level in the population of H. 

theivora. CYP450 monooxygenases are involved in the metabolism of synthetic 

pyrethroid, organophosphate and carbamate pesticides (Feyereisen, 1999), thus the 

elevated activity of CYP450 in insects confer higher tolerance and resistance to 

pesticides (Hemingway and Ranson, 2000; Hemingway et al., 2004). 

Higher RR and the corresponding enhanced CYP450 AR in the population 

from conventional plantations indicated that AR is directly proportional to the extent 

of pesticide exposure and possibly the RR. As found in the present study, elevated 

level of CYP450 activity was also reported to be associated with pyrethroid resistance 
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in anopheline mosquitoes (Vulule et al., 1994; Brogdon et al., 1997; Hemingway and 

Ranson, 2000). 

The dependence of RR on the AR of CYP450 was determined by simple 

regression analysis. The regression analysis yielded R2
 of 0.854 and F = 8.10 at p ˂ 

0.06 signifying 85.4% dependence of RR on the AR of CYP450 in the populations of 

H. theivora. These results also indicated that the linear relationship of RR and AR to 

be statistically significant. Further, it is imperative that the RR is a function of the 

activity level of the defence enzyme, CYP450 in H. theivora populations.  

Activities of CYP450 from the conventional populations (Terai-I, II, and III) 

when subjected to one-way ANOVA revealed the existence of a strong variation 

among the studied populations of H. theivora with F = 4.86 at α = 0.05 with df = 2, 29 

(Table 5.5). The variation in the CYP450 activity among the populations of the pest 

may be due to varying quantum of pesticide application in the tea plantations from 

which the populations of H. theivora were collected. In other words, the quantum of 

pesticide application and the extent of exposure of H. theivora populations to 

pesticides determined the levels of CYP450 activity and eventually the level of 

tolerance or resistance. 

 

5.4.3 Glutathione S-transferases 

Populations of H. theivora acquired from different tea plantations, some managed 

conventionally and other bio-organically in Terai of northern West Bengal were also 

assessed for the activities of glutathione S-transferases (GST). Independent sample t-

test revealed t (59) = 1.30 and F-value of 8.20 at p ˂ 0.05 which indicated that there 

existed no significant difference in the activity of GST between conventionally and 

bio-organically managed as well as the laboratory-reared reference population of the 

pest (Tables 5.3 and 5.5). Statistically non-significant difference in GST activities 

showed that there exists no relationship between application of synthetic pesticide and 

the activity of GST in the pest, H. theivora (Table 5.5). However, the increased 

exposure to pesticide could enhance the activity of two other important defence 

enzymes, GE and CYP450 as described in the preceding sections 5.2 and 5.3. In 

mosquitoes and other insects, GST often acts as an important detoxifying enzyme in 

conjugation with CYP450 and GE (Hemingway et al., 1991). Thus, it may be possible 

that in the pest H. theivora, GST gets induced only when the defence enzymes, 

CYP450 and GE becomes ineffective in metabolising or detoxifying pesticides. 
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Although many researchers have reported the involvement of GST in conferring 

resistance (Fournier et al., 1992; Kostaropoulos et al., 2001), the exact role of this 

defence enzyme in pesticide tolerance and resistance is difficult to ascertain (Syvanen 

et al., 1996). As cited by Ranson et al. (2001), there are only two reports of a direct 

relationship between GST over-expression and resistance as shown in populations of 

diamondback moth, Plutella xylostella (Huang et al., 1998) and fruit fly, Drosophila 

melanogaster (Tang and Tu, 1994). 

As defined in the preceding sections 5.4.2 and 5.4.3, the AR is the ratio of 

GST activity of the tested population (Terai-I throughV) to the activity of the 

susceptible laboratory-reared population. The correlation between the resistance ratio 

(RR) and the GST activity ratio (AR) was studied by bivariate correlation analysis, 

which deduced a negative, non-significant Pearson’s correlation coefficient (r) of 

magnitude –0.1, at p ˂ 0.01 (2-tailed) level of significance (Table 5.5). The 

observation suggests that there exists a weak negative correlation between the two 

variables. Such a weak correlation further suggested that GST may not be playing any 

significant role in imparting tolerance against pesticides in H. theivora.  

As per the results of simple regression analysis of RR on the AR of GST, there 

was a linear relationship between the two variables. The relation was found to be 

statistically nonsignificant with an R2
 of only 0.006 and F (1, 3) value of 0.01 at p ˃ 

0.05 level of significance (Table 5.5). Further, it suggested that the resistance ratio 

was almost independent and not a function of the activity level of the defence enzyme 

GST in H. theivora population. 

One-way ANOVA of the levels of the activities of GST among the conventional 

populations (Terai-I, II, and III) showed the lack of variation in activity among the 

tested populations with F-value of 2.07 at α ˃ 0.05 and df = 2, 29. It further showed 

the existence of homogeneity in terms of activity of GST among the tested population. 

Exposure to pesticides does not seem to influence the level of activity or expression of 

GST in H. theivora population. 
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Table 5.5: Relative tolerance level against monocrotophos (36%SL) and the corresponding defence enzyme activity (mean ± SE, 
n=180) in Helopeltis theivora populations from tea plantations in Terai of northern West Bengal 

Sl. 
No Population* §RR 

Defence Enzymes 
GE  CYP450  GST 

†Activity 
¥AR ††Activity ¥AR †††Activity ¥AR 

1 Lab reared --- 0.50±0.14d ---  0.08±0.01b,c ---  0.095±0.012d --- 
2 Terai-I 66.04 7.43±0.75a 14.86  0.35±0.04a 4.37  0.046±0.007a,c 0.48 
3 Terai-II 09.45 4.17±0.62b 8.34  0.25±0.04a,b 3.12  0.045±0.005a,c 0.47 
4 Terai-III 04.94 2.27±0.15b,c 4.50  0.18±0.01b,c 2.25  0.061±0.006a,c 0.64 
5 Terai-IV 01.92 1.93±0.39 c 3.86  0.09±0.01b,c 1.12  0.026±0.003b,c 0.27 
6 Terai-V 01.26 1.23±0.20 c 2.26  0.08±0.01b,c 1.00  0.047±0.008a,c 0.49 

*Terai-I, II, III are conventionally and IV and V are bio-organically managed populations 
§Resistance ratio is the ratio of relative tolerance of the population (Terai-I through IV) to the susceptible laboratory-reared population  
†Unit of activity is μmol α-napthol formed mg protein-1 min-1 

¥Activity ratio is the ratio of defence enzyme activity of population (Terai-I through IV) to the activity of the susceptible laboratory-reared 
population 
†† Unit of activity is nmol cytochrome C equivalent mg protein-1 

†††Unit of activity is mM µg protein-1 min-1 
a,b,c,d mean values with different superscripts in a column were significantly different at p < 0.05 level of significance as per Tukey’s 
Honestly Significant Difference and Bonferroni multiple comparison tests 
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5.5 Quantitative study of defence enzymes in pesticide-selected Helopeltis 

theivora 

5.5.1 General esterases 

Selection by the exposure to an extreme dose (LC80) of the organophosphate pesticide 

(monocrotophos, 36% SL) enhanced the tolerance level in adult Helopeltis theivora. 

The enhancement of the tolerance level was in concurrence with enhanced activity of 

GE to the tune of 5.32 and 16.4 fold in F1 and F2 generations, respectively in 

reference to the parental generation (P) (Table 5.6). The tolerance level expressed in 

terms of LC50 values and the activity of GE showed a strong positive correlation as 

suggested by a very high Pearson’s correlation coefficient value (r = 0.999). 

Hydrolytic enzymes including GE are the most effective detoxifying agents for 

degradation of organophosphate compounds. They mostly function by hydrolysing the 

ester bonds of the organophosphate pesticides (Georghiou, 1972). 

In peach aphid Myzus persica, a high degree of resistance after selection by 

application of parathion, an organophosphate pesticide for only a few generations was 

reported. The trait was partly inheritable and the resistant individuals were found to 

have gene duplications up to 64 fold (Stenersen, 2004). In insect pests, metabolic 

detoxification of pesticides is the principal mechanism to overcome xenobiotics 

including pesticide stresses. The elevated activity of general esterases (GE) has been 

shown to confer higher tolerance and subsequently resistance against 

organophosphate pesticide in many insect pests (Hemingway et al., 2004; Wu et al., 

2011). Association and strong role of GE with the metabolic resistance to 

organophosphate in the Chinese population of cotton bollworm, Helicoverpa 

armigera was documented by Han et al (2012b). In the aphid M. persicae, excess 

production of GE as a result of gene duplication has been reported to confer resistance 

to parathion (Devonshire and Sawicki, 1979; Devonshire and Field, 1991). 

 

5.5.2 Cytochrome P450 monooxygenases 

The activity of cytochrome P450 (CYP450) monooxygenases were enhanced by 1.96 

and 9.50 fold in pesticide-selected F1 and F2 generations, respectively in comparison 

to P generation of H. theivora (Table 5.6). It appears that the increase in the activity 

of CYP450 is also responsible for the rise in tolerance level of the selected generation 

as mentioned in preceding section 5.4.2. A high correlation coefficient value (r = 

0.999) observed between CYP450 activity and the tolerance level (LC50) suggested 
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their intimate interdependence. CYP450 also known as mixed function oxidases, are 

dependent on NADPH and molecular oxygen, and are the most important as well as 

prevalent detoxifying enzymes that provide resistance to organophosphate pesticides 

(Georghiou, 1972). 

Insects with higher tolerance or resistance are known to exhibit greater 

CYP450 activity (Feyereisen, 1999). The increase in toxicity level of pesticide when 

applied with a synergist, piperonyl butoxide indicated involvement of CYP450 in 

inducing metabolic resistance to pesticides in H. theivora (Roy et al., 2009b). 

CYP450 and GE are phase I (primary) detoxifying enzymes that biotransform 

xenobiotics including pesticides, by the process of oxidation, reduction and hydrolysis 

(Yu, 2014).  Our observations in H. theivora system broadly concur with the 

hypothesis advocating detoxifying enzyme-based biotransformation of 

organophosphate pesticides. Enhancement of about 16.4 and 9.5 fold in the total 

activities of GE and CYP450, respectively in the pesticide-selected H. theivora was 

recorded. The enhancement of the activity of the defence enzymes was found to be 

related to the elevated level of pesticide tolerance in the pest. The activities of the 

defence enzymes between the less tolerant parental (P) generation and the subsequent 

more tolerant generations F1 and F2 were significantly different at p ≤ 0.05, 

suggesting their major role in pesticide detoxification. Han et al. (2012b) have shown 

the enhancement of resistance and the activity of detoxifying enzymes could be 

correlated in the organophosphate selected Chinese strain of cotton bollworm, 

Helicoverpa armigera. 

 

5.5.3 Glutathione S-transferases 

Populations of H. theivora selected by exposure to LC80, a high dose of pesticide 

showed enhanced resistance ratio with a reverse trend in the activity of glutathione S-

transferases (GST). In F1 and F2, the more tolerant generations, the activity levels of 

GST were mere 0.52 and 0.88 fold of P, respectively (Table 5.6). It appeared that the 

increase in the activity of CYP450 and GE was mainly responsible for the 

enhancement in tolerance level and resistance ratio as mentioned in preceding 

sections, 5.5.1 and 5.5.2. Although many researchers have suggested the role of 

phase-I and II defence enzymes in pesticide sequestration and subsequently conferring 

the tolerance (Yu, 2014), the role of GST, the phase II defence enzyme in imparting 
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Table 5.6: Relative tolerance levels and the corresponding defence enzyme activity (mean ± SE, n=150) in organophosphate 
pesticide (monocrotophos, 36%SL) selected generations of Helopeltis theivora  

Sl. 
No Generation 

§Resistance 
Ratio 

Defence Enzyme Activity 

†GE Activity 

¥Activity 
Ratio 

††CYP450 
Activity 

¥Activity 
Ratio 

†††GST Activity 
¥Activity 

Ratio 

1 P --- 0.50 ± 0.14a --- 0.83 ± 0.17a --- 0.095±0.012b --- 

2 F1 1.88 2.66 ± 0.82b 5.32 1.63 ± 0.15b 1.96 0.050±0.005a 0.52 

3 F2 104.32 8.20 ± 0.90c 16.40 7.60 ± 1.37c 9.50 0.084±0.008b 0.88 
§Resistance ratio is the ratio of relative tolerance of the progeny population (F1 and F2) to the parental (P)   
†Unit of activity is expressed in μmol α-napthol formed mg protein-1 min-1 

¥Activity ratio is the ratio of defence enzyme activity of progeny population (F1 and F2) to that of parental (P) 
†† Unit of activity is expressed in nmol cytochrome C equivalent mg protein-1 

††† Unit of activity is expressed in mM per min per µg protein 
a,b,c,d mean values with different superscripts in a column were significantly different at p < 0.05 level of significance as per Tukey HSD 
and Bonferroni multiple comparison tests 
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resistance is not apparently significant in pesticide selected populations of H. 

theivora. The difference in the activities of GST as defence enzyme between the less 

tolerant (susceptible) P generation and the subsequent more tolerant F1 and F2 

generations were not statistically significant at p ≤ 0.05, which strongly suggests that 

the defence enzyme has no major involvement in conferring tolerance against 

organophosphate pesticide in the pest. Similarly, GST was not found to contribute to 

the development of higher tolerance and resistance in the cotton bollworm, 

Helicoverpa armigera in China and also in other parts of the world (Han et al., 

2012b). 

 

5.6 Qualitative study of defence enzymes in pesticide-selected Helopeltis 

theivora 

5.6.1 General esterases 

The native polyacrylamide gel electrophoresis (PAGE) of whole body homogenate of 

pesticide-selected H. theivora revealed four bands. Each band was considered a 

separate group of isozyme (s) of the general esterases (GE). The number of 

isozyme(s) present in each band was not known, therefore, each band was considered 

as a group. The bands were designated as group I (lowest mobility) through group IV 

(highest mobility) in the pesticide-tolerant F2 generation, while only three bands 

belonging to group I, II and IV were apparent in the moderately tolerant F1 and less 

tolerant (susceptible) P generation (Figure 5.1). Esterase belonging to group III 

additionally appeared in F2 generation. 

Densitometric analyses of the electropherograms were carried out to estimate 

the contribution of various esterase isozyme groups in total esterase activity across the 

tested generations. As indicated by densitometric analysis, isozyme (s) belonging to 

group II was found to be the most active and dominant among all the esterases in the 

tested generations. In P and F1 generations, the group I and IV esterases contributed 

little to the total activity. The additional isozyme (s), belonging to group III (Rf = 

0.24) found in the F2 generation had a share of about 21%, bringing down the share of 

the most active group II isozyme in the total esterase activity from about 85%  to 

approximately 51% (Figure 5.2). 
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5.6.2 Cytochrome P450 

The native PAGE of whole body homogenate of H. theivora revealed two blue bands 

pertaining to the peroxidase activity of CYP450 isozymes, designated as group I 

(lowest mobility) and group II (highest mobility) in the F1 and F2 generations. In 

comparison, only one band belonging to group I with apparently minor activity (not 

easily detectable in the densitometric analysis) was found in pesticide susceptible P 

generation (Figure 5.3). Densitometric analysis revealed that the isozyme belonging to 

group I was the most active amongst all the monooxygenases in the tested generations 

but the contribution of the group towards the total activity decreased in pesticide-

selected subsequent generations of F1 and F2 with an increase in the activity of the 

isozyme (s) belonging to group II (Figures 5.3 and 5.4). 

 

5.6.3 General esterase vis-à-vis Cytochrome P450 

The qualitative changes of the isozymes were evident in the overall staining 

intensities of the groups/band (s) of respective detoxifying enzymes in native PAGE 

(Figures 5.1, 5.2, 5.3 and 5.4). The overall staining intensity was in the order of P ˂ 

F1 ˂ F2 for the two detoxifying enzymes, GE and CYP450. The difference in the 

staining intensity of general esterases was also reported in pesticide-susceptible and 

resistant strains of Helicoverpa armigera (Srinivas et al., 2004; Han et al., 2012b), 

corroborating our present findings.  The results of the densitometric analyses also 

indicated the possible involvement of various isozymes of the detoxifying enzymes in 

imparting a higher level of tolerance or resistance. It is apparent from our 

observations that the overall increase in the enzyme activity of GE and CYP450 does 

not necessarily mean that the activities of all the isozymes or isozyme groups get 

enhanced. The results also showed that the contribution of some of the isozyme of the 

two detoxifying enzymes got enhanced and contributed significantly to the total 

activity, while that of others diminished. The staining intensity of the group III of GE 

increased and appeared to take over the function of detoxification in pesticide selected 

F2 generation. The presence of group III of GE in the pesticide-selected F2 generation 

is in concurrence with the hypothesis of Yu (2014), which proposes the induction of 

new detoxifying enzymes (including isozymes) rather than activation of pre-existing 

one. 
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Saha et al. (2012) have also reported six such esterase groups in H. theivora collected 

from chemically managed conventional tea plantations in sub-Himalayan West 

Bengal. The recommended field dose of most of the organophosphate pesticides for 

managing H. theivora ranges from 2,500 to 5,000 ppm (Anonymous, 2010; 2014b). 

Applications of pesticide at such a high dose lead to drastic reduction in the 

population size (bottleneck effect), an apparent initial control of the pest but results in 

accumulation (focusing) on allele (s) conferring resistance in the resurging 

population, which can be the reason for the repeated control failure of H. theivora 

reported in various tea plantations. The group I isozyme of CYP450 was marked as 

the most active in all the three generations. Such observations strongly suggest that 

the selection of H. theivora with pesticide or a cocktail of pesticides as is the practice 

in tea plantations, for generations may induce the expression of more esterase and 

CYP450 genes for pesticide detoxification. Wu et al. (2011) have shown that 

qualitative changes of esterases can also give rise to the development of resistance in 

insects. 

 

5.6.4 Inhibitory effect of organophosphate pesticide on isozymes of general 

esterases 

The esterase isozymes separated by electrophoresis on the polyacrylamide gels were 

inhibited by organophosphate pesticide during the process of staining, following the 

method described in the section 4.10. The isozyme belonging to group II with the 

contribution of 85.50 and 88.20% to the total activity of the esterases, respectively in 

P and F1 generations was found to be the most active or the least inhibited among all 

the esterases. While in the F2 generation, the isozyme belonging to group III with the 

contribution of 36.70% to the total activity was the most active amongst the isozymes 

after inhibition. The isozymes belonging to group III was induced additionally in the 

most tolerant generation F2, in response to the selection pressure exerted by exposure 

to pesticide. It could be possible that the tolerance conferred against the pesticide in 

the selected H. theivora was a manifestation of the elevated activity of the induced 

isozyme.  The process of selection of H. theivora by exposure to pesticide is described 

in section 4.5. The pesticide completely inhibited the isozyme belonging to group IV 

in P, whereas in F1 and F2 generations, there were incomplete inhibitions leaving 

substantial activities, respectively of about 6.83 and 22.08% of the total activity of the 

esterases (Figure 5.5; Table 5.7). 
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Table 5.7: Comparison of the isozyme profile of general esterases in organophosphate pesticide selected Helopeltis theivora  

Generation Isozyme 
Group 

UNINHIBITED  INHIBITED 
Raw 

Volume  
(in pixel) 

Raw Volume 
(%) Rf 

Profile 
Height 

Raw Volume  
(in pixel) 

Raw Volume 
(%) Rf 

Profile 
Height 

P 
I 161678.34 18.11 0.11 26.238  44476.99 14.5 0.11 25.33 
II 719021.44 80.54 0.20 49.766  262184.7 85.5 0.20 37.07 
IV 012053.19 01.35 0.44 25.155  -----------------BLOCKED COMPLETELY----------------- 

F1 
I 098988.64 12.96 0.11 42.046  21967.33 04.89 0.11 27.39 
II 645931.25 84.62 0.20 69.274  396327.0 88.28 0.20 62.67 
IV 018426.06 02.42 0.43 28.533  30656.92 06.83 0.43 21.90 

F2 

I 117874.30 05.88 0.11 37.84  86056.49 07.91 0.11 44.27 
II 1025765.3 51.13 0.21 99.803  362422.9 33.32 0.20 89.50 
III 417604.59 20.17 0.24 99.852  399172.4 36.70 0.24 95.99 
IV 444793.53 22.17 0.41 39.651  240141.6 22.08 0.41 36.68 
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5.6.5 General esterase isozymes in presence and absence of pesticide inhibition 

As indicated by the densitometric analysis of the electropherogram of the general 

esterases, there was a marked difference in the activities of isozymes of general 

esterases in presence and absence of inhibitor. In general, as per the raw volume (in 

pixel) of the electrophoregram, there was a drastic reduction in the activity of the 

defence enzyme when inhibited by the pesticide. 

In absence of inhibition, the contribution to the total activity of the defence 

enzyme, the isozyme belonging to group IV in P generation was 1.35%. The activity 

of the isozyme got obliterated completely when inhibited by pesticide during staining. 

Similarly, the activity of the isozymes belonging to the group I got reduced in parental 

generation. The contribution to the total esterase activity of isozyme (s) belonging to 

group I decreased from 18.11% in uninhibited condition to 14.5% when inhibited. 

Interestingly, the activity of group II isozyme increased, thus the contribution to the 

total activity rose from 80.5% to 85.5% after inhibition in the same generation (Figure 

5.6). 

In F1 generation, the share in the total activity of the group II and IV isozyme 

increased respectively from 84.62% and 2.42% in absence of inhibition to 88.28% 

and 6.83% when inhibited by the pesticide with the concomitant decrease in the 

activity of group I from 12.96% to 4.89%. 

 In the most tolerant F2 generation, the share of group II isozyme to the total 

esterase activity decreased from 51.13% to 33.32% when inhibited. The decrease was 

compensated by an increase in the activities of groups I and III. The activity of group 

I increased from 5.88% in absence of inhibtion  to 7.91% when inhibited and that of 

group III increased from 20.82% to 36.08%, respectively in absence and presence of 

inhibition. There was no such difference in the contribution of group IV isozyme 

towards the total activity of the esterases (Figures 5.1, 5.2, 5.5, and 5.6). These 

observations suggest that the isozymes induced by the exposure to pesticides are the 

least inhibited and plays a pivotal role in conferring higher tolerance level and 

resistance, when challenged by pesticides. 
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5.6.6 Inhibitory effect of organophosphate pesticide on isozymes of cytochrome 

P450 

Densitometric analysis of the electropherogram of the isozymes of CYP450 revealed 

that, when inhibited by the organophosphate pesticide during the process of staining, 

the heights and the volumes of isozyme profile were found to be significantly reduced 

in comparison to pesticide uninhibited electropherogram profile. In both F1 and F2 

generations, the isozyme (s) belonging to group II along with other less prominent 

minor bands were totally blocked and were not detectable in the electropherogram 

(Figures 5.3, 5.4, 5.7 and Table 5.8). 

 

5.6.7 Cytochrome P450 isozymes in presence and absence of pesticide inhibition 

When inhibited by the organophosphate pesticide, the isozymes belonging to group II 

were totally blocked in all the tested generations, consequently, the group I 

isozyme(s) contributed 100% to the total activity of CYP450 monooxygenases. The 

overall raw volume corresponding to the activity of the isozyme(s) also got reduced 

considerably in all the generations (Figures 5.3, 5.4, 5.7 and 5.8). 

Inhibition by organophosphate pesticide did not block the isozymes of the 

defence enzyme completely. Additional isozymes induced in pesticide-selected 

generations were the least inhibited. Those non-inhibited isozyme(s) could be the one 

conferring higher tolerance. The GE isozyme belonging to group III expressed in the 

F2 because of pesticide selection was found to be the most prominent with 36.70% of 

total enzyme activity after inhibition. CYP450 isozyme groups were not completely 

blocked by the pesticide inhibition. Although the total activity was reduced, the 

activity of the CYP450 isozyme belonging to group I was significantly visible 

(Figures 5.3, 5.7 and 5.8) indicating its involvement in detoxification of the 

organophosphate pesticide. The induction of CYP450 and GE in pesticide-exposed 

insects (Han et al., 2012b) and their roles in pesticide metabolism and detoxification 

are well documented (Zhu and Luttrell, 2012; Yu, 2014). 

From these observations, it appears that different alleles of detoxifying 

enzymes responsible for imposing higher tolerance or resistance are operative in H. 

theivora population. Further, these observations indicate that continuous application 

of the same pesticide or pesticides with a similar mode of action at very high dose 

may have implication in selecting more tolerant individuals.  
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Table 5.8: Comparison of the isozyme profile of cytochrome P450 in organophosphate pesticide selected Helopeltis theivora  

Generation Isozyme 
Group 

UNINHIBITED 

 

INHIBITED 
Raw Volume 

(in pixel) 
Raw Volume 

(%) Rf 
Profile 
Height 

Raw Volume 
(in pixel) 

Raw Volume 
(%) Rf 

Profile 
Height 

P I 1505321 100 0.11 97.80  1088739 100 0.13 99.61 

F1 I 1751194 99.04 0.12 110.20  1236218 100 0.13 109.64 
II 17008.08 0.96 0.88 17.12  -----------------BLOCKED COMPLETELY----------------- 

F2 I 2216224 52.88 0.13 100.04  1745694 100 0.14 119.43 
II 1974486 47.12 0.83 27.44   -----------------BLOCKED COMPLETELY----------------- 
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It is also possible that the application of pesticide can develop a cross-resistance to 

another pesticide with a similar mode of action. There are many instances of 

development of cross-resistance in insects in response to application of pesticides 

(Yu, 2014). Cross-resistance refers to a condition in which a population of insect 

resistant to one pesticide develops resistance to another pesticide by default to which 

it has not been exposed. Cross-resistance can develop from enhancement of 

nonspecific defence enzymes such as CYP450 and GEs. Thus, in populations of H. 

theivora also, enhancement of defence enzymes by exposure to monocrotophos as 

shown in this study can result in the development of resistance against other 

organophosphate compounds such as quinalphos, as they do share a common basic 

structural skeleton and the mode of action. The mode of action of the two pesticides is 

by blocking acetylcholinesterases (AChE) to disrupt the axonal transmission of nerve 

impulses. 

An endemic population of a pest usually comprises a variety of biotypes with 

subtle differences from one another in terms of survival. Directional selection results 

in survival of the fittest having gene (s) for the greater tolerance or resistance. These 

tolerant forms have much reduced mortality in the toxic environment created by the 

application of the pesticide (s). Subsequent generations of such selected pests, 

therefore, have an increased frequency of the alleles responsible for the resistance, a 

case of bottleneck effect (ffrench-Constant et al., 2004). As suggested by Basnet et al. 

(2015), periodic change of pesticide with different functional group or mode of action 

along with the augmentative release of natural enemies such as lynx spider (Basnet 

and Mukhopadhyay, 2014) is expected to perform better in managing such tolerant H. 

theivora populations. Further, the pest population may be better tackled with effective 

pesticides in such situations with proper surveillance of tolerance level (Basnet and 

Mukhopadhyay, 2014). 

 

5.7 In vitro reaction pattern of synergists with detoxifying enzymes of 

Helopeltis theivora 

A synergist is a chemical added to pesticide formulations containing active and other 

ingredients, which increases the efficacy of the pesticide. They usually are structural 

analogues of chemical pesticides and effective inhibitor of defence/detoxifying 

enzymes.
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For their metabolic enzyme inhibiting ability, synergists have been used extensively 

both for enhancing the effectiveness of pesticides and as an analytical tool for 

diagnosing resistance mechanism as well (Bernard and Philogène, 1993; Young et al., 

2006). Synergists have evolved as an invaluable tool for studying metabolic resistance 

mechanisms and pesticide detoxification in insects (López-Soler et al., 2011). They 

are the most promising tools for overcoming metabolic resistance as they can directly 

inhibit the resistance mechanism itself (Raffa and Priester, 1985). The two common 

pesticide synergists S, S, S - tributylphosphorotrithioate and piperonyl butoxide have 

been tested in present study by applying as the inhibitor of GE and CYP450, 

respectively. 

 

5.7.1 Inhibition of general esterase by synergist, S, S, S -

tributylphosphorotrithioate 

Percent inhibition of GE activity of the whole body homogenate of H. theivora was 

subjected to one-way ANOVA, which deduced F-value of 3195.75 at p ≤ 0.001 and df 

= 8, 297 (Table 5.9), showing a strong variation in the in vitro inhibition of the 

defence enzyme. The variation suggested that the inhibition was dependent on the 

effective concentrations of the inhibitor S, S, S – tributylphosphorotrithioate (DEF) in 

the reaction mixture. 

Bivariate nonparametric correlation analysis between the concentration of 

DEF and the percent inhibition of GE activity deduced a statistically significant 

Pearson’s correlation coefficient ‘r’= 0.979 at p ˂ 0.001 (2-tailed), suggesting the 

prevalence of a positive correlation between the two covariates (Table 5.10). The 

observation further asserts that the inhibition of the activity of GE by DEF is a dose-

dependent interaction. 

Simple regression analysis showed that the linear relationship between the 

percent inhibition of GE activity and concentration of the synergist used as inhibitor 

to be statistically significant with an R2
 = 0.958 at p ˂ 0.001 (Table 5.11). The 

observation too asserts the dependence of inhibition of GE activity on the 

concentration of DEF used. The finding further shows that the in vitro GE activity 

inhibition by DEF is a linear function of the concentration of the inhibitor for H. 

theivora population. 
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Table 5.9: One-way analysis of variance of percent inhibition of general esterases activity and cytochrome P450 by S, S, S – 
tributylphosphorotrithioate and piperonyl butoxide, respectively in Helopeltis theivora; n=305 

Source df 
Inhibition of General Esterases  Inhibition of Cytochrome P450 

¥SS §MS F Sig. ¥SS §MS F Sig. 
Between Groups 8 252434.50 31554.31 3195.754 0.000  2.07 0.26 11.58 0.000 
Within Groups 297 002932.52 9.87    6.64 0.02   
Total 305 255367.03     8.71    
¥Sum of squares 
§Mean of square 
 
 
Table 5.10: Correlation between the concentration of inhibitor and the percent inhibition of the defence enzymes in Helopeltis 
theivora 
 

Covariates 
Percent inhibition of General Esterase   Percent inhibition of Cytochrome P450 

¥Concentration (mM) §Inhibition †Concentration (mM) ††Inhibition 
Pearson Correlation ¥†Concentration 1 0.979  1 0.987 
Sig. (2-tailed)   0.000   0.000 
n  306 306  306 306 
Pearson Correlation §††Inhibition 0.979 1  0.987  
Sig. (2-tailed)  0.000   0.000  
n  306 306  306 306 

¥Concentration of S, S, S – tributylphosphorotrithioate  
§General Esterase Inhibition 
†Concentration of piperonyl butoxide 
††Cytochrome P450 Inhibition in mM
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Table 5.11: Simple regression analysis of inhibitor concentration of percent 
inhibitions of defence enzymes in Helopeltis theivora 

Model Summery 
 Defence Enzyme versus Inhibitor 

General Esterases  
versus #DEF 

 Cytochrome P450  
versus §PBO 

r 0.979 0.987 
R2 0.958 0.975 
Adjusted R2 0.958 0.975 
SE of the estimate 5.930 4.763 
F 6939.18 11676.69 
Sig. 0.000 0.000 
# S, S, S-tributylphosphorotrithioate 
§ Piperonyl butoxide 
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The observation needs careful interpretation as the dose-response curve (Figure 5.9) 

obtained is a non-linear hyperbola indicating the increase in the concentration of the 

inhibitor failed to inhibit the defence enzyme proportionately beyond a certain point. 

The graph attained an asymptote beyond the point, suggesting that 100% inhibition is 

not achievable with the increase in the concentration of the inhibitor. The lack of cent 

percent inhibition indicates the presence of more than one isozymes of GE in the 

whole body homogenate of the pest. Qualitative studies on GE, as described in section 

5.6.1 also have shown the presence of multiple isozymes (groups) of the defence 

enzyme. Inhibition of all the isozymes by DEF may not be trivial due to their 

substrate specificity and variability in active sites, leaving a substantial amount of GE 

activity intact. The half the maximum inhibitory concentration, commonly called as 

IC50 of DEF as computed through probit analysis was found to be 0.52 mM with a 

95% confidence interval of 0.47 – 0.58 mM (Figure 5.10). The concentration of the 

DEF needed to inhibit half (50%) of the maximum activity of GE in vitro assay at a 

specific substrate concentration is its IC50. 

DEF is an organophosphate compound (Lewis, 2004) widely acclaimed as an 

effective synergist of pesticide (Alves et al., 2008). Most pesticides are esters of 

substituted phosphoric, carbamic or cyclopropane carboxylic acid and are prone to 

degradation by the action of hydrolytic enzymes such as GE (Devonshire, 1991; 

Devonshire and Field, 1991). Resistance to pesticides in insects is due to the enhanced 

activities of defence enzyme including GE (Perera et al., 2008). DEF functions by 

inhibiting hydrolytic defence enzymes especially GE involved in the metabolism of 

pesticides with ester linkages (Soderland and Bloomquist, 1990; López-Soler et al., 

2011), making pesticide effective and persistent. The ability of synergists like DEF to 

biochemically inhibit defence enzymes can be harnessed for increasing the 

effectiveness of pesticides vis-à-vis for the management of resistant or more tolerant 

pests. For using DEF as pesticide synergist in the field, care must be taken as the 

chemical also act as a plant defoliant when applied at a dose beyond certain 

concentration in cotton plantations (Potter et al., 2002) and may show such defoliant 

activity in tea plantations as well. Moreover, increasing the concentration of DEF did 

not attend 100% inhibition as stated above, which suggests that application of the 

higher dose of the synergist to improve the efficacy of pesticide would lead only to 

waste of resources and chemical contamination of the environment. 
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Figure 5.9: Inhibition of general esterase by S, S, S - tributylphosphorotrithioate 
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The aim of this study was to ascertain the inhibitory effect of DEF on the esterases of 

H. theivora for possible application of the chemical as a synergist of suitable pesticide 

for the management of insect pest with higher pesticide tolerance or resistance in tea 

plantations. 

 

5.7.2 Inhibition of cytochrome P450 by synergist, piperonyl butoxide 

The percent inhibitions of CYP450 activity by various concentrations of pyperonyl 

butoxide (PBO) were subjected to ANOVA. The analysis deduced F-value of 11.589 

at α = 0.05 and df = 8, 297 (Table 5.9) suggested strong variations in inhibition both 

within and between the tested populations. The observed variation in inhibition of 

CYP450 activity in whole body homogenate of H. theivora by PBO suggested that the 

in vitro inhibition was dependent on the concentrations of the synergist used in the 

present study as an inhibitor for the analysis. 

The correlation between the concentration of PBO and the percent inhibition 

of CYP450 activity was determined by bivariate correlation analysis. A very high 

Pearson’s correlation coefficient (r) of magnitude 0.987 at p ˂ 0.001 (2-tailed) was 

found, suggesting the prevalence of a strong positive correlation between the two 

variates (Table 5.10). The observation also indicated that the inhibition of the activity 

of CYP450 by PBO is a concentration-dependent interaction. 

Regression analysis revealed that there exists a statistically significant linear 

relationship between the percent inhibition of CYP450 activity and concentration of 

the inhibitor. The coefficient of determination (R2) of 0.975 at p ˂ 0.001 (Table 5.11) 

also implies a strong dependence of the inhibition on the concentration of the 

inhibitor. The finding further shows that in vitro inhibition of CYP450 activity by 

PBO is a linear function of the concentration of the synergist acting as an inhibitor for 

H. theivora population. The non-linear hyperbolic dose-response curve obtained 

(Figure 5.11) suggested that the increase in the concentration of the synergist failed to 

inhibit the defence enzyme proportionately beyond a certain level. Therefore, care 

must be taken to deduce the importance of the apparently linear dependence of 

inhibition on the concentration of the synergist used as an inhibitor for the assay. The 

asymptote in graph attained after a point suggested that the complete inhibition is not 

possible by increasing the concentration of the inhibitor. Such a lack of cent percent 

inhibition clearly indicated the presence of more than one isoforms of CYP450 in the 

whole body homogenate of the pest. Qualitative studies of CYP450, as described in 
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section 5.6.2 also have shown the presence of multiple isozymes (groups) of the 

defence enzyme. As there exist a substrate specificity and variability in active sites 

among different isozymes, inhibition of all of them by PBO may not be possible. 

Therefore, a substantial amount of CYP450 activity may remain intact even after 

treatment with inhibitor. The IC50 of PBO as deduced by probit analysis was found to 

be 0.88 mM with a 95% confidence interval of 0.79 – 0.98 mM (Figure 5.12). IC50 is 

the concentration of the inhibitor needed to inhibit half (50%) of the maximum 

activity of an enzyme in vitro assay at a specific substrate concentration (Yung-Chi 

and Prusoff, 1973). The IC50 value acts as a reference for choosing the appropriate 

dose of synergist needed for management of the pest by planters. 

As discussed in preceding sections, CYP450 monooxygenases are involved in 

the metabolism of synthetic pyrethroids, organophosphates and carbamate pesticides 

(Feyereisen, 1999). Roy et al. (2009b) have shown the synergistic action of PBO on 

the toxicity of various pesticides against H. theivora. PBO delays detoxification of 

pesticides in insects by inhibiting detoxifying enzymes especially CYP450 

monooxygenases (Knowles, 1991; Hodgson and Levi, 1998). The addition of PBO as 

a synergist to pesticide reduces the dose of the active ingredient required to generate 

the desired pesticide effect. The half-life of PBO ranges from 4.3 days in the soil to 

3.4 hours in the air. Thus, PBO in the environment is not persistent and gets degraded 

rapidly thus, it does not act as a serious pollutant (Arnold, 1998). Therefore, PBO 

appears to be a safe and appropriate synergistic chemical that is reliable for the 

management of the resistant pest. Although PBO is widely used as household and 

storage pest control formulation, its potential as a synergist to maintain the efficacy of 

pesticide is not tapped to the fullest in horticulture and agricultural systems (Young et 

al., 2005) including tea plantations. Hence, the inhibition of CYP450 by using the 

precise dose of the inhibitor as a synergist of appropriate pesticide can help planters in 

managing the resistant pest sustainably. 

 

5.8 Defence enzyme based techniques to determine pesticide tolerance levels 

in Helopeltis theivora 

The level of pesticide tolerance is a vital component, a plant protectionist should 

consider while developing and formulating pest management strategies for the 

optimal use of pesticides. The desired goal of the minimal use of pesticide requires
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Figure 5.11: Dose response curve showing inhibition of cytochrome P450 by 
piperonyl butoxide 
-error bar represents SE 
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continuous monitoring of the emergence and development of tolerance and resistance 

to pesticides in a given pest. Biochemical assays, especially based on the activity of 

defence enzymes appear as an important technique to determine the levels of pesticide 

tolerance in a pest (Anonymous, 2016). 

 

5.8.1 Microplate-based Assay 

The observed and the expected LC50 values, respectively were computed based on the 

tolerance level determined by bioassay performed as per the technique described in 

materials and methods section and by fitting the data of enzyme activities to a 

reference equation (Table 4.1). The two reference equations used as standard were 

prepared based on the tolerance level of H. theivora population against pesticide of 

class organophosphate and synthetic parathyroid and the corresponding defence 

enzyme activity in the population. Chi-square (χ2) test was performed to assess the 

goodness of fit between the observed and the expected values of LC50. In none of the 

tested populations, the calculated χ2 was more than the table value of 7.81 at α = 0.05 

and df = 3 (Table 5.12 and 5.13). The observation convincingly suggests that the 

expected and the observed LC50 values were not significantly different from one 

another. The standard equation developed, therefore, appears to be robust enough for 

determining the relative LC50 values of unknown populations of H. theivora for the 

pesticides belonging to the group organophosphate and synthetic pyrethroids. 

However, care must be taken to interpret the LC50 obtained based on the standard 

equation, as the tolerance level in insect as reviewed in section 2.2 is determined by 

an array of factors. The tolerance level obtained should be taken as relative instead as 

an absolute value. Detection of the activity levels of detoxifying enzyme appears to 

act as an alternative to the conventional bioassays for indexing pesticide tolerance 

level in several insect pests (Maa and Liao, 2000; Lopez-Soler et al., 2008; Perera et 

al., 2008). 

Our observations also bear out the idea of applying metabolic enzyme-based 

detection and indexing of the level of tolerance in H. theivora population. Such 

biochemical-based technique can, therefore, help to determine the level of tolerance 

of a pest population with a much lower number of insects compared to the 

conventional labour intensive, time-consuming bioassays. 
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Table 5.12: The observed and the expected tolerance levels (LC50) of Helopeltis 
theivora populations based on GE activity 

  
 Organophosphate  Synthetic Pyrethroid 

Population GE 
Activity 

Observed 
LC50 

Expected 
LC50 

χ2 Observed 
LC50 

Expected 
LC50 

χ2 

1 4.17 77.52 80.72 

6.9 

17.35 18.23 

0.83 2 2.27 40.79 32.88 13.39 10.78 
3 1.93 15.76 24.36 8.35 9.45 
4 1.23 10.35 6.81 6.33 6.71 

 
 
 
 
 
 
 
 
 
Table 5.13: The observed and the expected tolerance levels (LC50) of Helopeltis 
theivora populations based on CYP450 activity 

  
 Organophosphate  Synthetic Pyrethroid 

Populat
ion 

CYP450 
Activity 

Observed 
LC50 

Expected 
LC50 

χ2 Observed 
LC50 

Expected 
LC50 

χ2 

1 0.25 77.52 74.50 

1.86 

17.35 20.43 

1.13 2 0.18 40.79 47.58 13.39 14.34 
3 0.09 15.76 12.96 8.35 6.51 
4 0.08 10.35 9.12 6.33 5.64 
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Such a rapid, easy to monitor technique can be adopted at the field laboratory level as 

an on-spot tool for quick determination and continuous surveillance of tolerance 

status of a pest population during the control programme. Information on resistance 

status would guide planters to choose proper pesticide and design pest management 

strategy accordingly, saving both the cost of application of pesticides as well as 

reducing environmental contamination. 

 

5.9 Life cycle parameters of spider Oxyopes javanus  

5.9.1 Courtship and Mating Behaviour 

The male O. javanus performed an intricate courtship dance by shaking or moving 

body up and down also by raising the prosoma and drumming pedipalps to lure the 

female (Plate 5.4). The courtship dance always preceded the successful mating. The 

responsive female showed interest by moving her pedipalps up and down alternately, 

simply once or twice.  During the process, the male and female came very close and 

made a very short physical contact with their first pair of legs. The male then 

approached the female very cautiously from the side and mounted her from the front 

or directly from behind. The female twisted her abdomen in such a way that the male 

could insert one of the palps in the ventrally located genitalia of the female for 

depositing the sperm packets within seconds with utmost elegance. No long-term 

physical contacts lasting more than few seconds were observed between them. The 

process of courtship followed by mating that lasted for 10 – 20 minutes. Successful 

mating was marked by the change in attitude of the female towards the male. 

Subsequent to mating, behaviour of both the genders changed dramatically. The 

female now approached the male as a predator and tried to get hold for eating him up. 

The majority of such attempts were not successful, as after mating males were in a 

hurry to flee the scene to find a safe hideout. Those males successful in avoiding 

sexual predation were observed to be able to mate with a new female every alternate 

day. 

Finding a potential mate is the first step towards successful reproduction, 

which may not be trivial for all spiders for their solitary nature of life (Foelix, 2011). 

Proper self-introduction by male spiders to females is necessary as females do often 

treat males as a prey. 
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PLATE 5.4: Oxyopes javanus performing courtship dance 
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Courtship signalling identifies males as conspecific mating partner, arouses 

receptivity and reproductive behaviour along with suppressing the hunting behaviour 

of predatory females. Courtship involves sequential movements of appendages and 

body, creating visual and vibratory signals. The correct display prevents sexual 

cannibalism before mating (Herberstein, 2011). As the courtship behaviour is species 

specific, it maintains reproductive isolation preventing cross-fertilisation (Barth, 

1993).  During short physical contact (copulation), specialised tarsal segment of the 

pedipalp of the male is inserted into the female’s genital opening and the sperm 

packets are deposited in her seminal receptacles (Foelix, 2011). 

5.9.2 Ovipositon, fecundity and incubation period 

The female O. javanus spun a protective cocoon of silk with fine mesh also called as 

egg sac around newly laid eggs. In tea plantations, egg masses were mostly observed 

to be deposited on mature leaves below the tea canopy. They lay eggs on the dorsal 

surface of mature leaves. In laboratory conditions, egg masses were mostly 

(about 70%) deposited on the muslin cloth used for covering the mouth of the 

rearing jar. In some cases ventral side of the leaves of the tea shoots kept inside the jar 

were also selected for the deposition of the egg sac. Occasionally, egg sacs were also 

found to be deposited on the sidewalls of the rearing jar (Plate 5.5). 

After deposition of eggs, females were found to be vigilantly guarding the 

eggs against any threat (Plates 5.5) and became very aggressive throughout the 

incubation period. In the laboratory, the incubation period varied from 13 to 30 

days during summer season spanning from May – July. The guardian female seldom 

fed with minimal physical activities during the egg incubation period. 

Fecundity ranged between 72 to 148 eggs per egg sac. Each female spider laid 

1 – 3 batches of eggs in her lifetime. The hatchability and the emergence was 

recorded ranging from 58 – 140 spiderlings per egg sac or cocoon (Table 5.14). 

Although a firm and tough cocoon provides protection and maintains microclimatic 

condition, especially humidity within for the developing spiderlings, (Hieber, 1985) 

while hatching, it also poses a problem for the neonates in their exit from the egg-case 

during hatching. 
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PLATE 5.5: Female Oxyopes javanus guarding egg mass/cocoon 

In tea plantations
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Nevertheless, the spiderlings manage to create a small opening by enzymatic 

digestion of the cocoon for the exit (Herberstein, 2011). Maternal care in female O. 

javanus was demonstrated as she actively guarded the cocoon until the end of 

incubation period. The spider males were found to be polygamous and parental care 

was largely lacking in them. Normally the newly hatched spiderlings cling by 

abdominal hairs onto the body of mother (Rovner et al., 1973), however, spiderlings 

of O. javanus did not show such behaviour. 

 

5.9.3 Developmental stages 

5.9.3.1 Spiderlings 

Very tiny spiderlings hatched out inside the cocoon. The first stage was an immobile 

pale white larva with a pale greenish tinge in the abdomen. Larvae observed to be 

covered by an embryonic membrane and were non-feeding, indicating the retrieval of 

nourishment from the yolk possibly present within their abdomen. After two moults 

within a week, the larva changed into a mobile spiderling, which is also known as the 

nymphal stage (Plate 5.6). In the present study, spiderlings were recorded to undergo 

9 – 10 moults to attain adulthood depending upon the gender, with male requiring 

lesser number of moults. A very high mortality (70 ± 2%) of the post-embryonic 

stages before reaching adulthood was recorded in the laboratory conditions (25 ± 2oC, 

85 – 90% RH and 12 L: 12 D photoperiod). After the last moult, the functional sexual 

organ developed and further growth in size was not observed. At this stage, the tarsal 

segment of pedipalp of male was found to be covered by hair-like structures or 

bristles which grew bulb-like housing several sex-related structures. 

 

5.9.3.2 Morphology of adult Oxyopes javanus 

Body and all the legs were found to be light brownish. The abdomen was green in 

male while chalky white in female. The cephalic region was marked by two 

longitudinal black lines on the either side. There were eight simple eyes in the 

cephalic region positioned to cover the vision angle of almost 360°. Males were 

smaller than the females and had a pair of pear shaped terminal tarsal segments of 

pedipalp or male palp (Plate 5.7). Adults used their strong legs clothed with fine hairs 

and conspicuous long spines for fast running and capturing prey. 
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PLATE 5.6: Spiderlings of Oxyopes javanus 

A) Newly hatched 

B) Under binocular microscope (Magnification≈40X) 

 

PLATE 5.7: Adult Oxyopes javanus 

A) Female  

B) Male 

127 
 





They used their strong hind legs for jumping and at times found clearing up to a 

distance of 15 cm in a leap. For this ability, they are also known as jumping or lynx 

spiders. The average longevity of adult female and male O. javanus was recorded as 

93.3 ± 5.11 and 51.2 ± 6.42 days (mean ± SE), respectively (Table 5.8a). 

The ontogeny of a spider is divisible into three stages: an embryonic, a larval and a 

nympho-imaginal period. The embryonic period starts from the time of egg 

fertilisation until the features of spider’s body without morphological characters of the 

adult are established (within cocoon). The larval stage is unable to feed and depends 

upon their yolk supply for nutrition and energy. All the organ systems develop during 

the nympho-imaginal period. Imagoes (adult) differ from juveniles by attaining sexual 

maturity (Foelix, 2011). A developing O. javanus passed through all these stages, 

completing life cycle within a short span of about 3 months. Both genders of spider 

usually took a similar developmental period to reach maturity, but the life span of 

females is often somewhat longer than males (Levy, 2009). As found in other spiders, 

females of O. javanus were found to be bigger with greater longevity than males. 

 

5.10 Predation efficiency and biological control potential of Oxyopes javanus 

against Helopeltis theivora 

5.10.1 Functional response 

With the increase in the number of adult prey (H. theivora) per experimental arena, 

the predation rate increased in both the sexes of O. javanus. When the sufficient 

number of prey were provided, females of O. javanus (n = 5) showed mean per capita 

predation of 11.67 (SD = 1.53) much higher in comparison to a male (n = 5), 

predating only on 3.67 (SD = 1.52) adult H. theivora. Independent sample t-test 

showed that the mean per capita predation was significantly higher in females than in 

males of O. javanus with t (8) = 6.41 at p = 0.001. Thus, it could be inferred that the 

female spiders were associated with significantly greater predation potential than 

males. Higher predation rate of females may be necessary to meet the requirement of 

their enhanced investment on reproduction than males (Givens, 1978; Walker and 

Rypstra, 2002). It may also be needed to maintain larger body size of female O. 

javanus demanding a high development and maintenance cost. 
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Table 5.14: Life cycle parameters of Oxyopes javanus reared in laboratory 
 
Sl. No Parameters Observations 

1 Fecundity 72 to 148 eggs per egg sac (n=13) 

2 Egg sac per female 1 to 3 in life time (n=13) 

3 Hatchability 48 to 140 per egg sac (n=13) 

4 Mortality of spiderling 70±2% (n=144) 

5 Adult longevity  

(in days; n=10; mean ± SE) 

female - 93.3 ± 5.11 

male - 51.2 ± 6.42 

 
-experiments were conducted during May-June with RH 85 – 90% and 12L: 12D 
photoperiod 
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The proportion of prey consumption was highest, which reached up to 100% at lower 

prey density in both the sexes, implying that the predator, O. javanus has the potential 

to eliminate smaller populations of the prey, H. theivora. In the present study, both 

sexes of O. javanus showed ‘type II’ form of functional response (Holling, 1959). In 

type II response, prey consumption increases at a decreasing rate, usually because of 

reduction in capture rate attributed to the handling time  (Holling, 1959; Rypstra, 

1995; Marc et al., 1999) and with the increase in prey density beyond certain 

threshold, the predation rate becomes stable or reaches an asymptote (Holling, 1965). 

The predation rate in male O. javanus became almost constant beyond the prey 

density of 9 per experimental arena. On the other hand, predation rate of female O. 

javanus continued to increase until 12 insects (H. theivora) as prey were there per 

arena. After such a high density of prey, the predation rate attained a stable phase 

(Figure 5.13).Type II responses are common in spiders (Rypstra, 1995; Marc et al., 

1999). Searching efficiency for female spider was comparatively higher than males. 

The difference in predation effectiveness across the two genders was of the tune of 

about 59 fold, where female spider predator being more efficient (Table 5.15 and 

5.16). 

 

5.10.2 Aggregative response 

The effect of increasing density of spider on predation rate is defined here as 

‘aggregative response’. Aggregative response study showed that at lower density, O. 

javanus fed cooperatively on H. theivora. However, with an increase in density, the 

average per capita predation rate of O. javanus decreased in both the sexes, which is a 

common phenomenon for most prey-predator interaction. With the increase in the 

number of O. javanus predating on the same number of prey, their propensity 

expressed in prey consumed per individual spider (♀&♂) got reduced (Table 5.10 and 

Figure 5.14). This implies the existence of some interference and competition among 

the spider predators more so among females than in males as indicated by the gradient 

of the slope of the trend lines in Figure 5.14. Thus, it is imperative to maintain a 

suitable density of the spider O. javanus in tea plantations for their deployment as a 

biological control agent of the pest. 
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Table 5.15: Functional responses of Oxyopes javanus to adult Helopeltis theivora 
as prey  

Parameters Spider predator 
Male Female 

a 0.84 4.60 
TH 0.14 0.01 
a/ TH 6.08 356.58 
a = predation efficiency 
TH = handling time (days) 
 a/TH = effectiveness of predation 
 
 
 
 
 
 
 

Table 5.16: Regression of Oxyopes javanus density on predation efficiency 

Statistics Spider Predator 
Female Male 

 R2  0.95 0.74 
 SE  0.77 0.26 
 p-Value  0.001 0.02 
 Regression Equation* y = 15.816 - 1.5362x y = 3.7285 - 0.2084x 

*Regression of spider number versus predation efficiency 
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5.10.3 Prey consumption time 

The prey consumption time i.e., the time required for consumption of one live adult 

H. theivora was found to be 47.73 ± 1.69 minutes and 63.13 ± 6.01 minutes (mean ± 

SE) for male and female O. javanus, respectively (Figure 5.15). The population 

density of O. javanus in the tea plantations of Terai was found to vary from 1 – 2 

spiders per bush during May-October. The density of the spider was largely 

dependent on the availability of prey population. The population started building up 

during April-May with the onset of the population of H. theivora and gradually 

declined with the setting in of monsoon as the population of H. theivora also 

dwindled in tea plantations. 

For deploying predators as biocontrol agents, the predator-prey relationship 

has to be well understood. The lynx (hunting) spider, O. javanus is predominantly 

found in the canopy (top tier or table) of tea bushes sharing the same habitat with tea 

mosquito bug, H. theivora. As mentioned in the introductory chapter, the bug feeds on 

tender leaves, inserts eggs in leaf tissue and the internodes for incubation and 

completes its life cycle in tea bush canopy. Most hunting spiders prey upon insects 

that they encounter during their ‘active period’ (Riechert and Lawrence, 1997; Marc 

et al., 1999). From the activities and the foraging behaviour of O. javanus, it appears 

that their ‘active period’ is during dusk and dawn which coincides with the feeding 

period of H. theivora too enabling O. javanus as an effective predator of the bug. 

Competition, intra-guild predation i.e., predation upon members of same trophic level 

and cannibalism are the prominent limiting factors for the aggregative response of 

spider (Riechert and Lockley, 1984; Riechert and Lawrence, 1997; Marc et al., 1999). 

Some spiders reduce their own density through intra-cohort cannibalism, (Riechert 

and Lockley, 1984; Wise and Chen, 1999). Such self-limiting tendencies may result in 

depressed aggregative response and lead to eruption of pest population (Fagan and 

Hurd, 1991). In O. javanus, no such behaviours were recorded in the present study. 
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Figure 5.13: Predatory efficacy of Oxyopes javanus (♂&♀) with variable density of 
adult Helopeltis theivora  
-error bar indicates SE 
 

 

 
Figure 5.14: Predation efficacy of Oxyopes javanus (♀&♂) with increase in its 
density  
-error bar indicates SE 
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Specialist predators may drive the pest (prey) to local extinction and then die off 

themselves, setting the niche free for secondary pest outbreak. Generalist predators 

subsist on alternative prey when the pest density is low (Symondson et al., 2002; 

Stiling and Cornelissen, 2005). The population of H. theivora also fluctuated with the 

change in climatic condition in the tea plantation areas of Terai and the Dooars of 

North Bengal and their density touched the lowest mark during winter (December 

through February) (Mukhopadhyay and Roy, 2009). In such period of insufficient 

prey abundance, O. javanus being a generalist predator can thrive well on other 

alterative preys. Thus, it is highly promising to deem O. javanus as a potential 

biocontrol agent for managing population of H. theivora in tea plantations under IPM 

of NE India including North Bengal region. 

About 107 species of spiders belonging to 53 genera distributed over 20 

families are recorded from forest and agricultural areas of the Dooars in West Bengal 

and Assam in NE India (Raychaudhuri, 2009). Conserving, augmenting and finally 

integrating such a diverse spider fauna (Raychaudhuri et al., 2016), especially O. 

javanus along with other practices of pest management, may help in keeping a check 

on the population of not only H. theivora but also of other soft-bodied tea pests. This 

would reduce pesticide load in the tea plantations and the cost of tea production. Crop 

with negligible or less pesticide exposure supports greater density and diversity of 

spider than those with repeated spraying of pesticides (Yardim and Edwards, 1998; 

Marc et al., 1999; Holland et al., 2000).  Spider diversity and density is higher in 

organic than in conventional fields (Marc et al., 1999; Das et al., 2010a). Avoiding 

spray of pesticides during the active period of spider can help to conserve them 

(Riechert and Lockley, 1984). The risk associated with spiders being used as 

biocontrol agent is minimal (Stiling and Cornelissen, 2005). Therefore, conservation 

and augmentation of spiders and other natural enemies should be encouraged 

especially in the bio-organically managed tea plantations of sub-Himalayan foothills 

and plains of Darjeeling and NE India as a whole for sustainable production of tea. 
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Figure 5.15: Prey consumption time of Oxyopes javanus 

-error bar indicates SE 
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CONCLUSIONS

 
 



6 CONCLUSIONS  
 Helopeltis theivora is a major pest of tea plantations in India. They lay eggs 

endophytically and pass through five nymphal instars before molting to adult, 

hence hemimetabola. The percent survivability decreases with advancement of 

developmental stage. Total developmental period varies from 19 to 22 days in 

climatic condition of Terai, in northern part of West Bengal. 

 The population of H. theivora from the central region of Terai was found to be 

the most tolerant against monocrotophos and cypermethrin, representing 

pesticides of organophosphate and synthetic pyrethroid, respectively.  

 Populations of H. theivora from conventional plantations managed with 

chemical pesticides were generally more tolerant to pesticides than those from 

bio-organically managed ones. 

 Conventional management of pests with chemical pesticides exerts directional 

selection pressure leading to selection of more tolerant individuals and 

bottlenecking of population for development of high resistance. In bio-

organically managed plantations such pressure for evolution of more tolerant 

form of H. theivora is low.  

 Exposure to synthetic pesticides leads to enhancement of the 

defence/detoxifying enzymes, general esterases and cytochrome P450 in 

populations of H. theivora. The activities of the defence enzymes were 

significantly higher in populations of H. theivora collected from conventional 

than from bio-organically managed plantations.  

 A strong correlation of resistance ratio and the activities of general esterases 

and cytochrome P450 in the populations of H. theivora could be observed 

from tea plantations of Terai. The resistance ratio is dependent and is a 

function of the activity of the defence enzymes. The higher level of tolerance 

in H. theivora populations of conventionally managed plantations is attributed 

to the enhanced activity ratio of both the defence enzymes.  

 There are variations in the activities of general esterases and cytochrome P450 

among the populations of H. theivora from Terai possibly depending upon the 

quantam of pesticide to which they are exposed. The variation indicates the 

existence of heterogeneous population containing both the susceptible as well 

as tolerant individuals in the populations of the pest. Exposure to 
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inappropriately high dose of pesticides leads to selection of tolerant 

individuals. 

 There is no statistically significant difference in the activities of defence 

enzyme glutathione S-transferases among the populations of H. theivora from 

conventionally and bio-organically managed tea plantations. 

 There is a non-significant negative correlation between the glutathione S-

transfersases activity ratio and the resistance ratio in the populations of H. 

theivora in tea plantations of Terai. Resistance ratio was recorded as 

independent and not a function of the activity of glutathione S-transferases in 

the bug. 

 Exposures to high dose of pesticide lead to artificial selection of resistant/more 

tolerant individuals of H. theivora. An increase in resistance ratio of 105 fold 

was observed in as early as F2 generation of the pest when exposed to LC80 of 

monocrotophos. The enhancement of resistance ratio was found to be highly 

correlated with the enhancement of the activity of general esterases and 

cytochrome P450 to the tune of 16.5 and 9.50 fold, respectively. To the 

contrary, the defence enzyme glutathione S-transferases showed a reverse 

trend by decreasing the specific activity with increase in tolerance level in F2 

generation. 

 Artificial selection by exposure to pesticide resulted in induction of additional 

isozymes as revealed by the native PAGE analyses of both general esterases 

and cytochrome P450 in F2 generation. The observation indicated that various 

isozymes of defence enzymes are involved in detoxification of pesticides in H. 

theivora. 

 Those isozymes that are induced in response to artificial selection are not 

inhibited by the pesticide that was used for selection. The observation 

suggested that the tolerance against the pesticide in artificially selected F2 

generation is conferred by the induction of such isozymes.  

 S, S, S - tributylphosphorotrithioate and piperonyl butoxide are good inhibitor 

of general esterases and cytochrome P450, respectively in H. theivora. The in 

vitro inhibition of the two defence enzymes is a function of the concentration 

of the inhibitors. Thus, the two inhibitors can be used as synergists at suitable 

concentration to improve the efficacy of pesticide for management of H. 

theivora population with higher tolerance levels. 
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 The titer of defence enzymes, especially the general esterses and the 

cytochrome P450 is directly and positively correlated with the tolerance levels 

in H. theivora. Thus, the activity level determined using microplate can act as 

a tool to determine and monitor the tolerance level in the pest. 

 In view of the rapid development of tolerance, prophylactic and ‘no threshold’ 

spray of pesticides should be completely abandoned. Regular monitoring of 

pesticide tolerance level should be done and choice of the most effective 

pesticide for management of the pest under IPM is necessary.  

 Oxyopes javanus, a lynx spider is observed as a natural predator of H. theivora 

in Terai tea plantations, which appear is a potential biocontrol agent of the 

pest.  

 The spider perform intricate courtship dance before mating. Female lays eggs 

within a protective cocoon made up of silk. The cocoon containing eggs are 

deposited on a suitable substratum like mature tea leaves. Parental care in 

female spider is evident as they vigilantly guard the cocoon during egg 

incubation period, ranging from 13 – 30 days. 

 A female O. javanus can lay 1 – 3 batches of eggs in her lifetime with 58 – 

140 spiderlings hatching out from each batch. A very high mortality rate of 

about 70% is prevalent in the post-embryonic developmental stages of the 

spider.  

 The spiderlings undergo 9 – 10 moulting before transforming into adult.  

 Adult O. javanus are very fast runner, an adaptation required for hunting prey 

without spinning and laying any prey trapping webs.  

 Adults of O. javanus survive for about 2 – 3 months.  

 The spider O. javanus exhibit a strong ‘type II’ functional response. Females 

are more efficient than males in predating H. theivora.  

 O. javanus did not show any self-limiting tendencies like, intra-specific 

cannibalism and other interferences except during post-mating period and in 

situation of their very high density, making them a good predator of H. 

theivora.  

 The spider O. javanus is a generalist predator, which means unlike specialist 

predator, they can survive during the time of scarcity of H. theivora in tea 

plantations by feeding on alternative preys. 
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  H. theivora, a major pest of the tea plantations in Terai and the Dooars in the 

northern West Bengal can be largely managed if the biocontrol potential of the 

predatory spiders like O. javanus is fully realised, especially in bio-organic tea 

plantations. 
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Appendix-A 
 

LIST OF SAMPLING SITES 
 

Sl. 
No. Tea Gardens Latitude Longitude Block District 

1 Atal Satbhaiya 26.6739490 88.2117552 Naxalbari Darjeeling 
2 Bagrakote  26.8751372 88.5652404 Mal Jalpaiguri 
3 Binnaguri 26.7576674 89.0504551 Jalpaiguri Jalpaiguri 
4 Dalmore  26.7517723 89.1301554 Madarihat Jalpaiguri 
5 Kalchini 26.6980273 89.4218054 Kalchini Jalpaiguri 
6 Kamalpur  26.7112429 88.3057880 Naxalbari Darjeeling 
7 Kumai  26.9954472 88.8111153 Gorubathan Darjeeling 
8 Kumargram  26.6678478 89.8274703 Kumargram Jalpaiguri 
9 Lankapara  26.7940624 89.1862203 Madarihat Jalpaiguri 
10 Laxmipara  26.8158772 88.9981454 Dhupguri Jalpaiguri 
11 Longview  26.8192146 88.2499914 Kurseong Darjeeling 
12 Maruti 26.6984098 88.3092963 Naxalbari Darjeeling 
13 Matigara  26.7077459 88.3745847 Matigara Darjeeling 
14 Nagrakata  26.9135666 88.8921475 Nagrakata Jalpaiguri 
15 North Bengal University  26.7123224 88.3512609 Naxalbari Darjeeling 
16 Patharjhora 26.9488658 88.6517448 Mal Jalpaiguri 
17 Samsing 26.9866576 88.8064770 Matiali Jalpaiguri 
18 Simulbari 26.7920583 88.3048597 Kurseong Darjeeling 
19 Trihana 26.7617488 88.2624352 Naxalbari Darjeeling 
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Figure: BSA standard curve for determination of protein concentration 
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Appendix-C 
 

DATA MATRIX FOR PROBIT ANALYSIS TO DETERMINE HALF THE 
MAXIMUM INHIBITORY CONCENTRATION (IC50) 

 
1) In vitro inhibition of GE by DEF *n=34 for each concentration 

GE Inhibition 
Conc. (mM)* X=Log Dose %Inhibition Y=Probit of % Inhibition 

0.0794 -1.10 7.50 4.05 
0.1658 -0.78 12.88 3.82 
0.2500 -0.60 18.03 4.08 
0.3330 -0.48 29.00 4.45 
0.4762 -0.32 46.52 4.92 
0.6349 -0.20 60.88 5.28 
0.9995 0.00 75.35 5.67 
1.3333 0.12 82.25 5.92 

 
 

2) In vitro inhibition of CYP450 by PBO *n=34 for each concentration 

CYP450 Inhibition 
Conc. (mM)* Log Dose %Inhibition Probit of % Inhibition 

0.167 -0.78 7.267 3.52 
0.333 -0.48 13.787 3.92 
0.500 -0.30 25.649 4.36 
0.667 -0.18 40.611 4.77 
1.000 0.00 61.986 5.31 
1.333 0.12 66.261 5.41 
2.000 0.30 72.673 5.61 
2.667 0.43 86.566 6.13 
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Appendix-D 
 

LIST OF PUBLICATIONS 
 

1. Kumar Basnet, Min Bahadur & Ananda Mukhopadhyay, 2017. Change in 

activity of detoxifying enzymes in directionally selected population of tea 

mosquito bug (Helopeltis theivora) (Heteroptera: Miridae) by an 

organophosphate insecticide. Phytoparasitica Springer Journal. (Accepted for 

publication) 

2. Ananda Mukhopadhyay, Somnath Roy, Soma Das & Kumar Basnet, 2016. 

Pesticide Resistance in Insect and Mite Pests of Tea in Sub–Himalayan Terai–

Dooars Plantations: Status, Detection and Possible Management. In: Tea: 

Technological Initiatives (ed. by N Bag, A Bag & LMS Palni) New India 

Publishing Agency, New Delhi, India, p. 346. 

3. Kumar Basnet and Ananda Mukhopadhyay, 2015. Life history of the spider, 

Oxyopes javanus (Araneae: Oxyopidae), an active predator of tea mosquito 

bug Helopeltis theivora (Heteroptera: Miridae) in Terai-Dooars tea 

plantations. NBU Journal of Animal Sciences, 9: 1-8.  

4. Kumar Basnet and Ananda Mukhopadhyay, 2014. Biocontrol potential of 

lynx spider Oxyopes javanus (Araneae: Oxyopidae) against the tea mosquito 

bug, Helopeltis theivora (Heteroptera : Miridae). International Journal of 

Tropical Insect Science. Cambridge Journals, Cambridge University Press, 34: 

232-238. 

5. Kumar Basnet, Dhiraj Saha and Ananda Mukhopadhyay, 2015. Enhancement 

of Resistance vis-à-vis Defence-Enzyme Activity in Tea Mosquito Bug, 

Helopeltis theivora Waterhouse (Hemiptera:Miridae) Selected Through 

Exposure to Sub-lethal Doses of Monochrotophos. Proceedings of Zoological 

Society, Springer Journal. 68: 184-188. 
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PAPER PRESENTED AT SYMPOSIA AND SEMINARS 

1. Kumar Basnet and Ananda Mukhopadhyay, 2015. Defence enzyme based 

technique for determining insecticide-tolerance level in Tea mosquito bug, 

Helopeltis theivora Waterhouse. National Seminar on ‘Plant Protection in Tea: 

Recent Advances’ organized by TRA, Tocklai Tea Research Institute, Jorhat, 

Assam, India.  

2. Kumar Basnet and Ananda Mukhopadhyay, 2015. Climate change and its 

impact on the incidence of Tea mosquito bug, Helopeltis theivora Waterhouse 

in the tea plantations of North Bengal and their possible management. 

National Seminar on ‘Global climate change and its impact on Flora, Fauna 

and Microbial biodiversity held at St. Joseph’s College, Darjeeling, India. 

3. Kumar Basnet and Ananda Mukhopadhyay. 2014. Study on biological 

control potential of Lynx spider, Oxyopes shweta (Araenea: Oxyopidae) 

against tea mosquito bug, Helopeltis theivora (Heteroptera: Miridae). AZRA 

Silver Jubilee International Conference, organised by Applied Zoologists’ 

Research Association (AZRA) held at Cuttack, Odisha, India. 

4. Kumar Basnet and Ananda Mukhopadhyay. 2012. A new technique for 

determining the tolerance level of tea pests against pesticides. Plantation Crop 

Symposium XX, held at Coimbatore, Tamil Nadu, India. 
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Abstract. The tea (Camellia sinensis (L.) Kuntze) industry is the backbone of the
agroeconomy of the North Bengal region located at the foothills of the Himalayas in
North-East (NE) India. This region accounts for about 25% of the total tea production
in India. The tea mosquito bug, Helopeltis theivora Waterhouse, is one of the most
devastating sucking pests of tea in this region. Various kinds of synthetic insecticides are
continuously sprayed to control this bug. The lynx spiderOxyopes javanus Thorell has been
found to remain associated with tea plants and feed on H. theivora. The present study
investigated the predation potential and efficacy of the O. javanus spider against one of its
most common prey species, H. theivora. In the laboratory, with an increase in H. theivora
density, the predation rate of both male and female O. javanus increased. Per capita
predation rates exhibited by male and female O. javanus per day against adult H. theivora
were 3.67 ^ 1.52 and 11.67 ^ 1.53 (mean ^ standard deviation), respectively. At a
reasonably small prey density, the prey consumption rate was highest, reaching up to
100%, indicating that the spider predator has the potential to eliminate smaller
populations of the pest. The predation effectiveness calculated using Holling’s disc
equation was 6.08 and 356.58 for male and female O. javanus, respectively. The prey
handling time was 0.138 day for male O. javanus and 0.012 day for female O. javanus.
Female O. javanus exhibited about fivefold higher searching efficacy than male O. javanus.
It appears that the conservation or augmentation of O. javanus in the tea ecosystem
can provide effective biological management of the major tea pest, H. theivora, in
sub-Himalayan foothills and plains of NE India.

Key words: biocontrol, tea pest, Helopeltis theivora, functional response, aggregative
response, Oxyopes javanus, predation potential

Introduction

The tea (Camellia sinensis (L.) Kuntze) industry
is the backbone of the agroeconomy of many tea-
producing regions of the world including the
North Bengal region stretching over Darjeeling
Himalaya and its foothills and the adjoining plains

in North-East (NE) India. This region accounts for
about 25.31% of the total tea production in India
(http://www.teaboard.gov.in; accessed on 12
December 2013). The tea mosquito bug (Helopeltis
theivora Waterhouse (Heteroptera: Miridae)) is one
of the most devastating sucking pests of tea (Rattan,
1992; Muraleedharan, 2007) and is a menace to the
tea plantations (Roy et al., 2010). About 80% of tea
plantations in India are infested by H. theivora*E-mail: entoananda@gmail.com; am_nbu@yahoo.co.in
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(Bora et al., 2007). Synthetic insecticides such as
cyclodienes, organophosphates, pyrethroids and
imidacloprid are mostly used to control this bug
(Gurusubramanian et al., 2008).

Unfortunately, continuous and ‘no threshold’
use of insecticides has led to some undesirable
effects in relation to environmental contamination,
health hazards and pest resistance. Most of the
insecticides leave residues in made tea and their
persistence in the environment adversely affects
wildlife, aquatic biota and other non-target organ-
isms such as insect pollinators, natural enemies
of pests and decomposers of the region (Das et al.,
2005; Bishnu et al., 2009; Bhutia et al., 2013). Above
all, insecticide stress and selection have led to
the development of high tolerance or resistance in
many pests. Of late, there are reports of development
of insecticide resistance in some metapopulations of
H. theivora in sub-Himalayan Terai and the Dooars
areas of North Bengal (Roy et al., 2010) and in other
important insect pests (Scharf et al., 1998; Komagata
et al., 2010) as a consequence of repeated spraying
of few selected insecticides.

Use of biocontrol agents is an alternative or
supplement to synthetic insecticide applications.
Conscious deployment of beneficial organisms,
called natural enemies, for the management of pests
is the method of ‘biocontrol’ in a classical sense.

Spiders are the major components of predatory
arthropods in natural agroecosystems (Van Hook,
1971; Nyffeler and Sunderland, 2003) and can be
effective biocontrol agents (Symondson et al., 2002).
Spiders are generalist predators and are often
more efficient at pest control than other specialist
predators (Stiling and Cornelissen, 2005). Their
conservation has been found to effectively reduce
crop damage by active predation on the concerned
insect pests of agroecosystems such as rice, cotton,
grapes and soybean (Oraze and Grigarick, 1989;
Carter and Rypstra, 1995; Marc et al., 1999).
Introduction, inoculation and augmentative release
of natural enemies are some of the effective
strategies for managing pest species in many
instances (Gurr et al., 2000). Single-species study
provides important insights into the biocontrol
potential of the predator species in man-managed
agroecosystems (Hoefler et al., 2006). The lynx
spider Oxyopes javanus has been found to be asso-
ciated with the tea agroecosystem, more so in
organic plantations, feeding on nymphs and adults
of the tea mosquito bug,H. theivora (Das et al., 2010).

The present study investigated the predation
potential and efficacy of the O. javanus spider
against one of its most common prey species,
H. theivora, a notorious pest responsible for causing
severe damage to tea crop in NE India, including
the foothills and plains of Darjeeling Terai and the
Dooars areas.

Materials and methods

Both adult male and female O. javanus from a
similar cohort were collected from tea plantations of
the Terai–Dooars region of Darjeeling foothills and
plains during the summer months of August–
October 2012/2013. They were then acclimatized to
the laboratory conditions (temperature 28 ^ 2 8C
and relative humidity 80 ^ 5%) before carrying out
experiments on them.

Functional response: effect of prey density on predation

Tea twigs (two to three leaves and a bud) were
kept in an experimental arena (large plastic
container) with sufficient space (10,000 cm3) for
free movement and activities of both prey and
predator. Adult H. theivora ranging in number from
1 to 15 per experimental arena were introduced
and allowed 5–7min to settle down, followed by
the release of one spider (O. javanus), either male
or female, into each arena. The numbers of live
H. theivora were counted in the arena after 24 h
to determine the number of H. theivora predated
by the spider. The experiment was repeated five
times. Controls were maintained with similar
parameters, but with no spider predator.

Aggregative response: effect of predator (spider,
Oxyopes javanus) density on predation

The experimental setup was similar to the one
used for the functional response study. Adequate
numbers (40) of adult H. theivora were provided
to both male and female O. javanus. After the
introduction of H. theivora into the arena, O. javanus
ranging in number from 1 to 6 (only male or only
female) per arena were released. The number of live
H. theivora in the arena was counted after 24 h
to ensure that the cause of death was due to
cooperative predation ofO. javanus. The experiment
was repeated five times.

Prey handling and consumption time

The time required for the spider, O. javanus, to
capture, kill and consume prey is defined as ‘prey
handling time’ (TH), which was calculated using
Holling’s disc equation (Holling, 1959) described in
the ‘Data analyses’ section. The prey consumption
time, i.e. the period between successful attack and
abandonment of the carcass by the spider predator,
was recorded using a stop watch. For recording the
prey consumption time, the experiment was carried
out by introducing one H. theivora per arena per O.
javanus in a setup similar to that described in the
‘Functional response and Aggregative response’
sections. The experiment was repeated five times.
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Data analyses

To determine whether the mean predation
potential of an individual male and female spider
is statistically significantly different, indepen-
dent sample t test was performed using the SPSS
statistical software, version 16 (SPSS Incorporation,
Chicago, USA).

The type of functional response was determined
by fitting the data into Holling’s disc equation:

NA ¼
aTTNO

ð1þ aTHNOÞ
;

where NA is the number of prey killed per spider
predator, NO is the number of prey provided to
the predator, TT is the total time available for
predation, which is equal to 1 day, TH is the prey
handling time in days and a is the searching
efficiency of the predator (Holling, 1959). The
searching efficiency (a) was calculated using a
linear regression technique (Daniel, 1987), where
the reciprocal of NAwas regressed on the reciprocal
of NO. The reciprocal of the slope is the prey
searching efficiency (a) and the intercept is the prey
handling time (TH). The effectiveness of predation
is determined by the ratio of a to TH.

Results

With an increase in the number of prey
(H. theivora) per container, the predation rate of
both male and female O. javanus increased. Female
O. javanus (N ¼ 5) exhibited per capita predation of
11.67 (SD ¼ 1.53) when compared with male
O. javanus (N ¼ 5), which exhibited per capita
predation of 3.67 (SD ¼ 1.52) on adult H. theivora
when sufficient numbers of prey were available.
The independent sample t test showed a highly

significant difference in mean per capita predation
across the sexes in the spider predator at P ¼ 0.001
(t(8) ¼ 6.41), demonstrating that females have
significantly greater predation potential than
males. Females may exhibit a higher predation
rate to meet the requirements of their enhanced
investment on reproduction (Givens, 1978; Walker
and Rypstra, 2002). They may also do so to maintain
their larger body size, which demands a high
growth and maintenance cost. The proportion of
prey consumption was highest, which reached up
to 100% at a lower prey density in both the sexes,
indicating that the predator (O. javanus) has the
potential to eliminate smaller populations of the
prey (H. theivora).

In the present study, both male and female
O. javanus exhibited ‘type II’ form of functional
response (Holling, 1959). In type II response, prey
consumption increases at a decreasing rate, usually
because of a reduction in capture rate attributed
to the handling time (Holling, 1959; Rypstra, 1995;
Marc et al., 1999), and with the increase in prey
density beyond a certain threshold, the predation
rate becomes stable or asymptote (Holling, 1965).
The predation rate of male O. javanus became
almost constant beyond the prey density of nine
insects per arena. On the other hand, the predation
rate of female O. javanus continued to increase until
the prey (H. theivora) density reached up to 12
insects (H. theivora) per arena, after which the
predation rate attained a stable phase (Fig. 1).
Type II responses are common in spiders (Rypstra,
1995; Marc et al., 1999). The searching efficiency
of females was comparatively higher than that
of males. The difference in predation effectiveness
across the sexes was of the magnitude of about
59-fold, with female spider predators being more
efficient (Table 1).

The effect of increasing density of spiders on
predation rate is defined herein as ‘aggregative
response’. The aggregative response study showed
that at a lower density, O. javanus fed cooperatively
onH. theivora. However, with an increase in density,
the average per capita predation rate of O. javanus
decreased in both the sexes, which is a common

Table 1. Functional responses of the lynx
spider Oxyopes javanus to the adult tea
mosquito bug, Helopeltis theivora

Spider predator

Parameters Male Female

a 0.84 4.60
TH 0.14 0.01
a/TH 6.08 356.58

a, predation efficiency; TH, handling time
(days); a/TH, effectiveness of predation.
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Fig. 1. Predation efficacy of Oxyopes javanus (male and
female) with variable density of adult Helopeltis theivora
(error bar indicates SE).
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phenomenon for most prey–predator interactions.
With an increase in the number of O. javanus pre-
dating on the same number of prey, their propensity
(expressed as prey consumed per individual spider
(female and male)) decreased (Table 2 and Fig. 2).
This indicates the existence of some interference
and competition among the spider predators,
more so among females than among males as indi-
cated by the gradient of the slope of the trend lines
in Fig. 2.

The prey handling time was found to be
0.138 day for male O. javanus and 0.012 day for
female O. javanus with a difference of about
11-fold (Table 1). The prey consumption time was
0.033 ^ 0.001 day and 0.0044 ^ 0.0004 day (mean ^
SE), respectively, for male and female O. javanus.
When provided withH. theivora as prey, it appeared
that females could appropriate the available prey
resources better than males.

Discussion and conclusions

For applying predators as biocontrol agents,
the predator–prey relationship has to be well
understood. The lynx (hunting) spider O. javanus
is predominantly found in the canopy (top tier or
table) of tea bushes sharing the same habitat with
the tea mosquito bug, H. theivora. The bug feeds
on tender leaves, inserts eggs into leaf tissue and
internodes for incubation, and completes its life
cycle in the tea bush canopy. Most hunting
spiders prey upon the insects that they encounter
during their ‘active period’ (Riechert and Lawrence,
1997; Marc et al., 1999). From the activities and
foraging behaviour of O. javanus, it appears that
their ‘active period’ is around dusk and dawn,
which coincides with the feeding period of
H. theivora, thus enabling the effectiveness of
O. javanus against the bug. Spiders generally feed
on prey that is 50–80% of their body size (Nyffeler
et al., 1994; Marc et al., 1999). Given the body size
of O. javanus, one can easily assess that the body
size of the prey (H. theivora) is well within the
aforesaid range, thus making it a suitable prey for
the spider predator.

For a predator to be an efficient biocontrol
agent, it should not only reduce the pest population
below economic threshold levels and keep them
there, but also maintain its own population at stable
levels in the agroecosystem (Pedigo, 2002). Stability
in a predator–prey system is achieved by ‘density-
dependent’ responses of the predator to the prey
population. The predation rate should increase
with the increase in the prey (pest) density (density
dependence). The functional responses determine
the density-dependent control of the prey popu-
lation by the predator (Riechert and Lockley, 1984;
Morin, 2011). In the present study, O. javanus was
found to be capable of increasing its predation rate
with an increase in the prey number (Fig. 1).
Moreover, sex-based observations on predation
clearly suggest the superiority of female spiders
over male spiders as biocontrol agents against the
tea mosquito bug. Thus, this spider species can be
deemed as an avid natural enemy of the sucking
pest, H. theivora, of tea.

In some cases, due to the absence of inter-guild
feeding activity and other interferences, applying a
single predator species against a pest can be more
effective when compared with the use of multi-
species (Spiller, 1986). Other studies, however, have
documented that assemblage of many spider
species is more effective at reducing prey densities
than a single species of spider (Greenstone, 1999;
Sunderland, 1999). Introduction of two or more
biocontrol agents has been found to elevate the
mortality of a pest by 12.97% and to decrease pest
abundance by 27.17% (Stiling and Cornelissen,
2005). At decreasing prey densities, however,
competition between spider species may become
predominant and limit their effectiveness (Marshall
and Rypstra, 1999). Competition and intra-guild

Table 2. Regression of spider density (Oxyopes javanus)
on predation efficiency

Spider predator

Statistics Female Male

R 2 0.95 0.74
Standard error 0.77 0.26
P value 0.001 0.02
Regression equation* y ¼ 15.816

2 1.5362x
y ¼ 3.7285

2 0.2084x

* Regression of spider number versus predation efficiency.
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Fig. 2. Predation efficacy of Oxyopes javanus (female and
male)with an increase in its density (error bar indicates SE).
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predation, i.e. predation on members of the same
tropic level and cannibalism, are the prominent
limiting factors for aggregative responses of spiders
(Riechert and Lockley, 1984; Marc et al., 1999). Some
spiders reduce their own density through intra-
cohort cannibalism (Riechert and Lawrence, 1997;
Wise and Chen, 1999). Such self-limiting tendencies
may result in depressed aggregative response and
lead to an upsurge of pest population (Fagan and
Hurd, 1991). In the present study, no such
cannibalism was recorded among O. javanus.

Specialist predators may drive the pest (prey) to
local extinction and then die off themselves, setting
the stage for secondary pest outbreak. Generalist
predators subsist on alternative prey when the
pest density is low (Stiling and Cornelissen, 2005;
Symondson et al., 2002). The population of
H. theivora also fluctuates with the change in
seasons in the tea plantation areas of Terai and
the Dooars region of North Bengal and reaches the
lowest density during winter (December through
February) (Mukhopadhyay and Roy, 2009). In such
a period of insufficient prey abundance, O. javanus,
being a generalist predator, can thrive well on other
alternative prey. The effect of generalist biocontrol
agents on non-target species is negligible when
compared with the effect on the pest species (Stiling
and Cornelissen, 2005). Thus, it is highly obvious
that O. javanus holds a great potential as a
biocontrol agent for managing the population
abundance of H. theivora in tea plantations of NE
India, including the North Bengal region.

Generally, spiders are more sensitive to some
insecticides, belonging to the synthetic pyrethroid
(cypermethrin and deltamethrin) and organopho-
sphate classes, compared with many pests (Yardim
and Edwards, 1998; Marc et al., 1999). Depression of
the spider population as a consequence of frequent
application of synthetic insecticides can result in an
outbreak of pest population (Holland et al., 2000;
Tanaka et al., 2000). Tea plantations of Terai and the
Dooars areas of the North Bengal region are
frequently treated with synthetic insecticides
belonging to the aforesaid classes for managing
pests (Gurusubramanian et al., 2008), leading to a
decrease in the diversity and density of spiders and
other natural enemies of pests (Das et al., 2005),
which can be a cause for the present state of
outbreaks and the severity of H. theivora infestation
in the tea plantations of the region.

Nine species of spiders are reported in the tea
plantations of the North Bengal region (Ray
Chaudhuri, 2011). Conserving, augmenting and
finally integrating them (especially O. javanus),
along with other pest management practices, may
help in keeping a check on the populations of not
only H. theivora but also other soft-bodied tea pests.
This would reduce insecticide load in the tea

plantations and the cost of tea production.
Conservation of spiders can be accomplished
by reducing anthropogenic interferences and
unnecessary routine use of synthetic insecticides.
Crops with no or less insecticide exposure support
greater density and diversity of spiders than those
with repeated spraying of insecticides (Yardim and
Edwards, 1998; Marc et al., 1999; Holland et al.,
2000). Spider diversity and density are higher in
organic fields than in conventional fields (Marc et al.,
1999). Avoiding spraying of insecticides during the
active period of spiders can help to conserve them
(Riechert and Lockley, 1984). The risk associated
with spiders being used as biocontrol agents is
minimal (Stiling and Cornelissen, 2005), and so
their conservation and augmentation should be
encouraged, especially in the bio-organically man-
aged tea plantations of sub-Himalayan foothills and
plains of Darjeeling and NE India for sustainable
production of tea.
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Abstract Tea industry is the back bone of agro-economy

of the tea producing regions. Tea mosquito bug, Helopeltis

theivora Waterhouse is one of the most devastating sucking

pests of tea and is a menace to tea plantations of North

Bengal and other states of NE India. Insecticide forms the

mainstay of pest management programme in tea plantations.

Insecticide stress and selection have led to the development

of high tolerance or resistance in many pests including the

sucking bug H. theivora. LC50 value of an organophosphate

insecticide, monochrotophos (SL 36 %) to this species

increased about 105 fold when selected by exposure to sub-

lethal dose for three generations. Generation-wise relative

tolerance level when selected by sub-lethal dose of mon-

ochrotophos showed a significant increase in 1st and 2nd

filial generations as compared to the parental generation

(P\F1\F2). General esterases (GE) activity got enhanced

by 5.32 and 16.4 fold, and the activity of cytochrome P450

monooxygenases (CYP) increased by 1.96 and 9.50 fold in

F1 and F2 generations respectively as compared to parental

generation. The generation-wise increase in relative resis-

tance and the activity of defence enzymes were found to have

high positive correlation; r = 0.999 for GE and r = 0.994

for CYP. The study suggests that the titres of GE and CYP in

H. theivora can be used as the markers of relative tolerance to

insecticides in general, with mode of action similar to mon-

ochrotophos. Such defence-enzyme based detection tech-

nique for tolerance levels may help early identification of

resistant population of H. theivora; hence its management.

Keywords Helopeltis theivora � Tea pest � Insecticide
tolerance � Defence enzymes

Introduction

Tea [Camellia sinensis (L.) O’ Kuntze] is the largest non-

alcoholic beverage consumed throughout the world after

water. Tea is cultivated in different countries of the world

including India as perennial monoculture plantation which

provides congenial microclimate for association of an array

of arthropod pests. According to a recent estimate, more

than a thousand species of insects infest tea, out of which,

about 300 species are reported from India (Muraleedharan

2007) and 167 species are found to be associated with tea

plantations of NE India (Das 1965).

Tea industry is the backbone of agro-economy of many of

the tea producing regions of theworld includingNorth Bengal

Region stretching over Darjeeling Himalaya, its foothills and

the adjoining plains in NE India. The region contributes about

25.31 % of the tea produced in India (www.teaboard.gov.in;

accessed on 12.12.2013). Tea Mosquito Bug [Helopeltis

theivora Waterhouse (Heteroptera: Miridae)] is one of the

most devastating sucking pests (Rattan 1992; Muraleedharan

2007). About 80 % of tea plantation in India is affected byH.

theivora infestation (Bora et al. 2007) and is a menace to the

tea plantations of NE India and sub-Himalayan region of

North Bengal (Roy et al. 2009, 2010). In conventionally

managed tea plantations, insecticides form the chief means to

manage insect pests. Control of H. theivora is carried out by

synthetic insecticides such as cyclodienes, organophosphates,

pyrethroids and imidacloprid (Gurusubramanian et al. 2008).

Unfortunately, continuous and ‘no threshold’ use of insecti-

cides has led to some undesirable effects concerning envi-

ronmental contamination, health hazards and pest resistance.
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Above all, insecticide stress and selection has led to the

development of high tolerance levels or resistance in many

pests. Of late, there are reports of development of insecticide

resistance in some populations of H. theivora in sub-Hima-

layan Terai and the Dooars areas of North Bengal (Roy et al.

2010) and in other important insect pests (Komagata et al.

2010) as a consequence of repeated spraying of few selected

insecticides.

Detoxification of endogenous and exogenous compounds

are catalysed by cytochrome P450 enzymes system (CYP), a

group of heme-containing monooxygenases, encoded by

CYP gene family. Enhanced activity of CYP has been shown

to confer metabolic resistance to many insect pests against

insecticides (Feyereisen 1999). Genes of CYP6 family get

up-regulated in pyrethroid resistant insects such as Anoph-

eles gambie (Djouaka et al. 2008), Tribolium castaneum

(Zhu et al. 2010), and Musca domestica (Zhang and Scott

1996). Till date, very little is known about CYP in H.

theivora. Enhanced activities of detoxifying enzymes such

as CYP and non-specific esterases have been found to confer

metabolic resistance in many insect pests against insecti-

cides (Hemingway et al. 2004), presumably due to enhanced

insecticide detoxification. The overproduction of esterases is

a common phenomenon known to be associated with the

development of insecticide resistance (Miller et al. 1999;

Hernandez et al. 2002). In pyrethroid-resistant strain, ester-

ase transcript was more abundant than in susceptible strain

(Hernandez et al. 2002). Mosquitoes that are resistant to

pyrethroids showed elevated levels of esterases (Sahgal et al.

1994). Up-regulation of carboxylesterase gene was found to

be responsible for conferring resistance in cotton aphids,

Aphis gossypii against deltamethrin (Cao et al. 2008).

Many researchers have established the induction of CYP

and esterases in insect pests following exposure to xeno-

biotics. The inheritance of such induction ability is hardly

described in insect pests. This study is an endeavour to

investigate the alterations in the activity of defence

enzymes against an organophosphate insecticide, mon-

ochrotophos through generations of H. theivora and relate

the same with dose-mortality values following sub-lethal

treatments.

Materials and Methods

Rearing and Selection of Helopeltis theivora

Adult male and female H. theivora were collected from tea

plantations of Terai region in Darjeeling plains. Bioassay of

the collected specimen was done by ‘leaf dip technique’ rec-

ommended by ‘Insecticide Resistance Action Committee of

the International Group of National Association of Manu-

facturers of Agrochemical Products’ (Anonymous 1990) to

determine their insecticide tolerance level against mon-

ochrotophos (36 % SL) expressed in lethal concentration

values. Initially samples of adult H. theivora were exposed

to wide range of concentrations of insecticide. Based on the

results obtained, a series of five selected concentrations of

the insecticide was made in distilled water. H. theivora

adults were subjected to selection by exposure to sub-lethal

concentrations causing about 80 % mortality of the

exposed individuals. The selected specimens were reared in

an insect rearing cage (60 9 30 9 30 cm) sleeved by metal

mess of 2 mm2 (at 25 ± 2 �C; 85–90 % RH; 12 L:12 D

photoperiod). They were provided with fresh tea shoot with

young leaves and bud every 24 h with cut end dipped in

water in a conical flask to maintain the turgidity of leaves.

Nymphs were also reared in a similar setup. Females laid

eggs on the shoot provided for feeding. Shoots bearing

eggs were kept for incubation at room temperature

(25 ± 2 �C). The selection by exposing to sub–lethal

concentrations was carried out for three generations, viz.

parental (P), filial-l (F1) and filial-2 (F2).

Sample Preparation for Assay of Defence Enzyme

Activity

The monochrotophos selected H. theivora adults (n = 150)

were starved for 2–3 h to get rid of the gut content

(ingested tea sap) and then homogenised using micropestle

and a microcentrifuge tube. Each individual was homoge-

nised in 500 ll of ice-cold 0.1 M sodium phosphate buffer

(pH 7.0) in an ice-bath. The homogenate was centrifuged at

11,500 g for 20 min at 4 �C (Centrifuge Machine Make:

Eppendorf, Model: 5417R). The resultant supernatant was

used for the assay of defence enzymes and estimation of

protein content.

Assay of General Esterases Activity

The method of van Asperen (1962) with certain modifi-

cation, using a-naphthyl acetate (a-NA) as substrate was

employed for assessing the activity of general esterases.

Reaction between 200 ll of 30 mM a-NA and 20 ll of
supernatant containing esterases was carried out in each

well of a flat bottom microplate in triplicate (Make: Tar-

sons; Cat No 941196). 50 ll of staining solution, the

solution of 0.1 % Fast Blue BB salt and 5 % SDS in the

ratio of 2:5 (V:V), was added to the reaction mixture after

15 min to quench the reaction. After 5 min of adding

staining solution, optical density was measured at 570 nm

using a microplate reader (Make: Dynex Technologies,

USA; Model: Opsys MRX TC Revelation). Three controls

in triplicate per plate were used with all the ingredients of

the reaction mixture except the source of esterase, i.e., the
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supernatant. Standard curve of a-naphthol was used to

convert optical density to the activity of general esterases.

Assay of Cytochrome P450 Monooxygenases

The method of heme-peroxidase assay after Brogdon and

McAllister (1998) was used to measure the total activity of

cytochrome P450. 200 ll of 6.3 mM TMBZ solution

(10 mg TMBZ dissolved in 5 ml absolute methanol mixed

with 15 ml of 0.25 M sodium acetate buffer, pH 5.0) and

20 ll of supernatant were mixed in a well of a flat bottom

microplate (Make: Tarsons; Cat No 941196) in triplicate.

25 ll of 3 % aqueous solution of hydrogen peroxide and

80 ll of 0.0625 M potassium phosphate buffer, pH 7.2 were

added to the reaction mixture. Three controls in triplicate

were used per microplate, in which 20 ll of homogenizing

buffer (0.1 M sodium phosphate buffer, pH 7.1) instead of

the cytochrome P450 source, the supernatant was used along

with all other ingredients of the reaction mixture. Optical

density was recorded at 630 nm after 30 min of reaction in

room temperature, using a microplate reader (Make: Dynex

Technologies, USA; Model: Opsys MRX TC Revelation).

The absorbance was compared with a standard curve pre-

pared with known concentration (0–0.02 nmol) of cyto-

chrome C from horse heart (Himedia) to assess the activity

of CYP. The total activity was expressed as nmol equivalent

of cytochrome P450 per mg protein.

Protein Quantification

Total protein content per ll of the insect supernatant was

quantified following Folin-Lowry method (Lowry et al.

1951). Protein content was calculated in the insect super-

natant from a standard curve of known concentration of

bovin serum albumin (0.1–1.0 lg ll-1).

Statistical Analyses

Mortality data were converted to per cent mortality and

subjected to probit analysis to determine generation wise

LC50 values (Finney 1971). Data of defence enzyme activ-

ities across generations was subjected to analysis of variance

(ANOVA) using a statistical package SPSS, version 16

(SPSS Incorporation, USA). Standard curves of a-naphthol,
cytochrome C, and BSA were plotted using Microsoft Excel

for windows 2007 (Microsoft Corporation, USA).

Results and Discussion

Sub-lethal exposure to monochrotophos (36 % SL)

enhanced the tolerance level in adult H. theivora. Its LC50

value increased about 105 fold when selected by exposure to

sub-lethal dose of insecticide through three generations

(Table 1). The repeated exposure to sub-lethal doses of

insecticide has led to the selection of insecticide-tolerant

individuals. The increase in tolerance level as determined by

change in LC50 values through generations was significantly

different from one another at p\ 0.05 level of significance.

The tolerance level when selected by sub-lethal dose of the

insecticide was in the order of P\F1\F2. Observed and

the expected LC values were not significantly different; as

the calculated value of v2 in none of the tested generation

was greater than the table value at df = 4 and p = 0.05

level of significance. These observations suggest that con-

tinuous application of the same insecticide or insecticide

with similar mode of action may select more tolerant indi-

viduals and lead to development of resistance in the pest

population. Alternative use of more than one insecticide or

insecticide with different modes of action is expected to give

better results in managing such pests.

Activity of General Esterases (GE) in F1 and F2 gener-

ations got enhanced by about 5.32 and 16.4 fold respec-

tively than the parental population (P) (Table 2). Similarly,

the activity of CYP also got enhanced by 1.96 and 9.50 fold

for F1 and F2 generations respectively as compared to P

when selected by sub-lethal dose of the insecticide.

Increase in activity of GE and CYP by16.4 and 9.50 fold

respectively was matched with a rise in resistance ratio in

the tune of 104.32 (Table 2), thus emphasizing the

involvement of the two defence enzymes in biotransform-

ing ‘monochrotophos’. In insect pests, metabolic detoxifi-

cation of insecticides is the principal mechanism to survive

against xenobiotics/insecticides. Elevated activity of GE

has been shown to confer resistance against organophos-

phate in many insect pests (Hemingway et al. 2004; Wu

et al. 2011). Cypermethrin has been shown to enhance the

activity of cytochrome P450 (Shono et al. 1979). In this

study, exposure to an organophosphate insecticide has also

shown the enhancement of CYP, although not in the same

proportion as GE. Resistant insects have been known to

exhibit greater CYP activity (Feyereisen 1999). CYP and

GE are phase I (primary) detoxifying enzymes that bio-

transform xenobiotics, such as insecticides, by oxidation,

reduction and hydrolysis (Yu 2008). Among the three

generations tested, F2 population was found to be the most

heterogeneous in terms of insecticide response as indicated

by the gradual slope of the dose versus mortality response

curve. The broad fiducial limits also suggest the hetero-

geneity of F2 population (Table 1). The relative tolerance

and the activity of defence enzymes were found to have

high positive correlation coefficients, viz. r = 0.999 for GE

and 0.994 for CYP. Such a positive correlation between

relative tolerance to an insecticide and the activities of GE

and CYP in different populations of H. theivora from North

Bengal region was also reported by Saha et al. (2012). It
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was earlier noticed that H.theivora also showed increase in

its resistance ratio through generations when exposed to

sub-lethal dose of the cyclodiene insecticide, endosulfan

(Roy et al. 2010). In the present study, the relation of

defence enzyme activity and the relative toxicity (and RR)

of H. theivora to organophosphate insecticide through

generations is evident. The strong dependence of increas-

ing insecticide tolerance vis-a-vis enhanced activity of

defence enzymes indicates the possible sequestering role of

defence enzyme titres, especially GE and CYP in H. thei-

vora. This observation can be used for designing markers

of relative tolerance level in H. theivora against insecti-

cides that are applied in tea. Such defence enzyme based

detection technique of tolerance level will help to make

early diagnosis of tolerant populations and thus help

planters to devise better management practices.
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ABSTRACT
Oxyopes javanus, a common lynx spider occur abundantly in the tea agroecosystem of North East (NE) India was found
to be associated with Helopeltis theivora, a major pest of tea. The life history and predation potential of O. javanus
against H. theivora were studied in the laboratory. Eggs of O. javanus were laid protected in well knitted tough egg sac.
The fecundity was observed varying from 58 to 140 per egg sac and a spider laid 1-3 egg sacs in her lifetime. The
incubation period ranged from 13 to 30 days. A very high mortality of the post embryonic stages was recorded (70 ± 2
%).  An immobile pale white larva with a pale greenish tinge in the abdomen, hatched out from the egg. After one or two
molts, within a week, the larva transformed into a mobile spiderling, also called as nymph. Adults emerged out after 9-
10 molts, depending upon gender. Females underwent 1-2 additional molts to attain their sexual maturity. Male O.
javanus is smaller than the female and has a pair of tarsal segments of pedipalp specialized for copulation. Such a hairy
structure helps transfer and storage of sperm. Body and the legs were light brownish green with abdomen chalk white
in female.  The average life expectancy of adult female and male O. javanus was found to be 93.3 ± 5.11 and 51.2 ± 6.42
days (mean ± SE), respectively. Per day predation by a male and a female O. javanus on H. theivora was 3.67 ± 1.52 and
11.67 ± 1.53 (mean ± SE), respectively. The difference in mean per capita predation rate across the gender proved
statistically significant (p < 0.05). The prey consumption time was found to be 47.73 ± 1.69 minutes and 63.13 ± 6.01
minutes (mean ± SE) for male and female O. javanus, respectively. Population density of O. javanus in the tea plantaions
of Terai was found to be 1-2 spiders per bush during the flushing season of May-October.

Keywords: Helopeltis theivora, life history, Oxyopes javanus, predation efficacy, tea

INTRODUCTION
Plantations of tea Camellia sinensis (L) O’

Kuntze in North East (NE) India, contributes about
80% to the total Indian production. Tea plantations
are infested by a complex of insect species including
the looper caterpillars, red slug caterpillar, bunch
caterpillar, lobster caterpillar, tea jassid, tea thrips,
tea mosquito bug, red spider mite, scarlet mite etc
to mention a few. The quantum and frequency of
infestation of these pests, especially the tea mosquito
bug (Helopeltis theivora Waterhouse) is increasing
year by year throughout the tea growing belt of NE

India. Tea mosquito bug, H. theivora is not only a
notorious pest of tea plantations in NE India including
the sub-Himalayan region of West Bengal (Roy et
al. ,  2010), but also a severe pest of other
economically important crops (Latip et al., 2010;
Srikumar and Bhat, 2013). Most of the tea plantations
are managed conventionally by spraying various
kinds of synthetic insecticides (Gurusubramanian et
al., 2008). Repeated and ‘no threshold’ application
of certain selected insecticides have led to the
development of resistant trait in some populations
of H. theivora (Roy et al., 2010; Basnet et al.,
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2015). Such observations warrant the need of a
suitable alternative or supplement to the present
system of chemical based pest management practice
in tea plantations of NE India. Methods of Integrated
Pest Management may harness the predatory
potential of the lynx spider, Oxyopes javanus
Thorell occurring in the tea-ecosystem. Such
ecofriendly pest management shall help reducing
insecticide load, environmental contamination and
the pesticide residue in finished product.

Spiders are well established obligatory
predators that feed on diverse prey (Foelix, 2011)
and are very effective at managing pest and
reducing crop damage (Sunderland, 1999;
Symondson et al., 2002). They are generalist
predators and are better than other specialist one in
pest management (Stiling and Cornelissen, 2005).
Sivasubramanian et al. (2009) have found O.
javanus as a predator of both sucking and chewing
pests of cotton. Spiders are highly abundant in
agricultural fields and if conserved and augmented
can regulate many insect pests (Basnet and
Mukhopadhyay, 2014). Spiders are highly resilient,
long lived and readily seek new hideout after
anthropogenic disturbances (processes such as
harvest, spraying of insecticides etc), but very little
attention has been paid towards tapping their
immense biocontrol potential in insect pest
management in agriculture (Riechert and Bishop,
1990) and so also in tea cultivation of NE India. It is
observed that despite extensive application of
insecticide for managing pests, spiders in the tea
ecosystem can sustain themselves in fairly good
number in terms of both diversity as well as
abundance. Tea ecosystem provides enough food
(prey) for sustenance of spiders almost round the
year besides suitable habitat. In tea agroecosystem,
spiders as the predatory group largely depend on
tea pest excepting few stray species as food. Hence,
a thorough study of the life history of O. javanus
with its predation potential is the need of the hour.
Such studies provide knowledge useful in employing
natural enemy as biocontrol agent.

MATERIALS AND METHODS

Rearing: Adult lynx spiders Oxyopes javanus were
collected from the tea plantations of Terai (26042/

N, 88022/ E) in NE India and reared in laboratory
condition (at 25 ± 20 C; 85 - 90 % RH; 12 L: 12 D
photoperiod) in a jar singly to avoid any
interferences. Depending upon the developmental
stage of the spider, they were provided with nymphs
and adults of H. theivora besides other insects found
in tea plantations of Terai, as food. The rearing
apparatus consisted of a wide mouth plastic jar lidded
with muslin cloth and tied by rubber bands. As
suggested by Jackson (1974) a wet cotton plug was
kept at the bottom of the jar as a source of water to
the spider and also for maintaining moisture inside
the jar.

Tea mosquito bug, Helopeltis theivora was
mass cultured in laboratory for experimentation. The
bugs were reared in an insect rearing cage
(60×30×30 cm) sleeved by metal mess of 2 mm2

(at 25  ± 20 C; 85 - 90 % RH; 12 L: 12 D
photoperiod). They were provided with fresh tea
shoot with young leaves and bud every 24 hours
with cut end dipped in water in a conical flask to
maintain the turgidity of leaves. Nymphs were also
reared in similar setup. Females laid eggs on the
shoot, leaves and young stem provided for feeding.
Shoots bearing eggs were kept for incubation at
room temperature (25 ± 20 C). Dead insects at the
bottom of the cage were removed using a long
forceps (Jackson, 1974) and camel hair painting
brush.

Study on life history of Oxyopes javanus: A pair
of mature male and female spider (O. javanus) was
kept in a jar for mating. Mated females were
separated from the males and reared separately to
avoid cannibalism. Courtship and mating behavior,
oviposition pattern, fecundity, incubation period, and
life history were studied.  The experiments were
conducted with five replications.

Kumar Basnet and Ananda Mukhopadhyay
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Predation Potential (functional and aggregative
responses):

Functional response: dependence of predation
on prey density:

The experiments were carried out in an
experimental arena (plastic container of volume
10,000 cm3) with sufficient space for the free
movement of both the predator (O. javanus) and
the prey (H. theivora). Adult H. theivora varying
in number from 1 to 15 were released in the arena
and allowed a time of 5 to 7 minutes for acclimation,
followed by introduction of one laboratory
acclimatized spider (male and female separately)
per arena. Tea twigs were provided for feeding by
H. theivora. After 24 hours, the number of H.
theivora preyed on by the spider was counted to
determine the percapita consumption. Experiment
was replicated for five times. The data obtained was
fitted in the Holling’s disc equation:

where NA is the number of prey killed per spider
predator, NO is the number of prey provided to the
predator at the beginning of the experiment, TT is
the total time available for predation, i.e., one day,
TH is the prey handling time in day and a is the
searching efficiency of the predator (Holling, 1959).
The searching efficiency a was calculated using a
linear regression technique (Daniel and Cross, 2013)
where reciprocal of NA was regressed on the
reciprocal of N0. The reciprocal of the slope is the
prey searching efficiency a and the intercept is the
handling time TH.

Aggregative response: influence of spider
predator density on predation:

The experiment was carried out in an
experimental arena similar to the one described for
functional response study. Randomly selected 40
adult H. theivora were released per experimental
arena followed by the introduction of 1 to 6 adult

spider (male and female separately) in the arena.
The number of H. theivora preyed on by the spiders
in the arena was counted after 24 hours. The
experiment was repeated for five times.

RESULTS

Courtship and Mating Behavior: Mating was
preceded by the courtship dance of male spider. The
male performed an intricate courtship dance by
shaking or moving body up and down also by raising
the prosoma and drumming padipalps to lure the
female (Fig. 1). The responsive female showed
interest by moving her pedipalps up and down
alternately, simply once or twice. During the process,
the male and female came very close and made a
very short physical contact with their first pair of
legs. The male then approached the female very
cautiously from the side and mounted her from the
front or directly from behind. The female twisted
her abdomen in such a way that one of the male’s
palps could be inserted to the ventrally located
genitalia of female to deposit the sperm packets
within seconds. No long term physical contact lasting
more than few seconds was observed between
them. The process of courtship followed by mating
lasted for 10-20 minutes. Successful matings were
marked by change in the approach of female
towards male. Post mating, the behavior of both
spiders changed dramatically as female approached

Figure 1: Male performing courtship dance

Life history of spider Oxyopes javanus, a predator of tea pest Helopeltis theivora
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the males as a predator and tried to get hold of the
male for feeding. Majority of such attempts were
not successful, as after mating males were in a hurry
to flee the scene to find a safe hideout. Males
successful of avoiding sexual predation were
observed to be able to mate with a new female every
alternate day.

Ovipositon, fecundity and incubation period:
The female spider spun a protective cocoon also
called as egg sac around the eggs. In tea plantations
egg masses were observed to be deposited on
mature leaves below the tea canopy. In laboratory
conditions, egg masses were mostly (about 70%)
deposited on the muslin cloth used for covering the
mouth of the rearing jar. In some cases ventral side
of the leaves of the tea shoots kept inside the jar
was also selected for the deposition of the egg sac.
Egg sacs were also found to be deposited on the
side walls of the rearing jar.

After the deposition of eggs, females were
found to be vigilantly guarding the eggs against any
threat (Fig. 2) and become very aggressive
throughout the incubation period. In laboratory, the
incubation period was found to be 13 to 30 days
during May-June and 13-17 days during June-July
possibly showing the influence of the ambient
conditions. The female was found seldom feeding
and no physical activity was observed other than
guarding the egg before hatching or completion of
incubation period.

Fecundity was recorded ranging from 58-140
spiderlings per egg mass or egg sac or cocoon. Each

female spider laid 1-3 batches of eggs in her lifetime.

Developmental stages:

Spiderlings
Very tiny spiderlings hatched out inside the

cocoon. The first stage is an immobile pale white
larva with a pale greenish tinge in the abdomen.
Larvae were observed to be covered by an
embryonic membrane and were non-feeding,
indicating the retrieval of nourishment from the yolk
possibly present within their abdomen. After two
molts within a week, the larva changed into a mobile
spiderling, which is also known as nymphal stage
(Fig. 3). In present study, spiderlings were recorded
to undergo 9-10 molts to attain adulthood depending
upon the gender, with male requiring lesser numbers
of molts. A very high mortality (70 ± 2 %) of the
post embryonic stages before reaching adulthood
was recorded in the laboratory conditions
(Temperature of 25 ± 2oC, 85 - 90% relative
humidity and 12 L: 12 D photoperiod). After the last
molt, the functional sexual organ developed and
further growth in size was not observed. At this
stage, the tarsal segment of pedipalp of male was
found to be covered by hair like structures or bristles
which grew bulb-like housing several sex related
structures.

Figure 3: Spiderling; (a) newly hatched (b) under
binocular microscope (magnification-100X)

Morphology of an adult O. javanus:
Body and the legs were found to be light brownish.
The abdomen was green in male while chalky white
in female. The cephalic region is marked by two
longitudinal black lines on the either side. There are
eight simple eyes in the cephalic region positionedFigure 2: Female guarding egg mass / cocoon

Kumar Basnet and Ananda Mukhopadhyay
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in such a way that, it covers the vision angle of
almost 3600. Males are smaller than the females
and have a pair of pear shaped terminal tarsal
segments of pedipalp or male palp (Fig. 4). Adults
used their strong legs clothed with fine hairs and
conspicuous long spines for fast running and
capturing prey. They used strong hind legs for
jumping and at times found clearing up to a distance
of 15 cm in a leap. For this ability they are called
jumping or lynx spiders. The average longevity of
adult female and male O. javanus was found to be
93.3 ± 5.11 and 51.2 ± 6.42 days (mean ± SE),
respectively.

Figure 4: Adult Oxyopes javanus; (a) female, (b) 
male (magnification     5X)

Predation potential and population density:
Oxyopes javanus was found feeding on Helopeltis
theivora in the tea plantations of Terai in NE India
(Fig. 5). Predation rate per day by a male and a
female O. javanus on H. theivora, in laboratory

condition was 3.67 ± 1.52 and 11.67 ± 1.53 (mean ±
SE), respectively. The difference in mean per capita
predation rate across the gender of O. javanus was
found to be statistically significant at p-0.05.

The prey consumption time was found to be
47.73 ± 1.69 minutes and 63.13 ± 6.01 minutes
(mean ± SE) for male and female O. javanus,
respectively (Fig. 6). Population density of O.
javanus in the tea plantations of Terai was found
to vary from 1-2 spiders per bush during May-
October. The density of the spider was found to be
dependent on the availability of prey population and
other factors. The population started building up
during April-May with the onset of the population
of H. theivora and gradually declined with setting
in of monsoon as the population of H. theivora
dwindled in tea plantations.

DISCUSSION
Finding a potential mate is the first step

towards successful reproduction, which may not be
trivial for spiders for their solitary nature of life
(Foelix, 2011). Proper self introduction by male
spiders to females is necessary as females do often
treat males as prey. Courtship signaling identifies
males as conspecific mating partner, arouses
receptivity and reproductive behavior along with
suppressing the hunting behavior of predatory
females. Courtship involves sequential movements
of appendages and body, creating visual and

Figure 5: Oxyopes javanus feeding on Helopeltis
theivora

Figure 6: Prey handling time of Oxyopes javanus

Life history of spider Oxyopes javanus, a predator of tea pest Helopeltis theivora
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vibratory signals. The correct display prevents sexual
cannibalism before mating (Herberstein, 2011). As
the courtship behavior is species specific, it maintains
reproductive isolation preventing cross fertilization
(Barth, 1993).  During short physical contact
(copulation), specialized tarsal segment of the
pedipalp of the male is inserted into the female’s
genital opening and the sperm is deposited in her
seminal receptacles (Foelix, 2011).

Although a firm and tough coccon provides
protection and maintains microclimatic condition,
especially humidity within for the developing
spiderlings, (Hieber, 1985) it also poses a problem
for young one while trying to leave their egg case.
Nevertheless, the spiderlings manage to create a
small opening by enzymatic digestion of the cocoon
for hatching (Herberstein, 2011). Maternal care in
female O. javanus was demonstrated as she
actively guarded the cocoon until the end of
incubation period. Males were found to be
polygamous and such parental care was lacking in
them. Normally the newly hatched spiderlings cling
by abdominal hairs on to the body of mother (Rovner
et al., 1973), however spiderlings of O. javanus
did not show such behavior.

The ontogeny of a spider is divisible into three
stages: an embryonic, a larval and a nympho-
imaginal period. The embryonic period starts from
the time of egg fertilization until the spider’s body
without morphological characters of adult is
established (within cocoon). The larval stage is
unable to feed and depends upon their yolk supply
for nutrition and energy. All the organ systems
develop during nympho-imaginal period. Imagoes
(adult) differ from juveniles by attaining sexual
maturity (Foelix, 2011). The ontogeny of O. javanus
appeared to pass through all these stages, completing
life cycle within a short span of about 3 months.
Males and females of spider usually takes a similar
length of time to reach maturity, but life span of
female is often somewhat longer than males (Levy,
2009). As found in other spiders, females were found

to be bigger in size with higher longevity than males
of O. javanus.

For deploying predators as bio-control agents,
the predator-prey relationship has to be well
understood. The lynx (hunting) spider, O. javanus
is predominantly found in the canopy (top tier or
table) of tea bushes sharing the same habitat with
tea mosquito bug, H. theivora. The bug feeds on
tender leaves, inserts eggs in leaf tissue and the
internodes for incubation and completes its life cycle
in tea bush canopy.  Most hunting spiders prey upon
the insects that they encounter during their ‘active
period’ (Riechert and Lawrence, 1997; Marc et al.,
1999). From the activities and the foraging behaviour
of O. javanus, it appears that their ‘active period’
is around dusk and dawn which coincides with the
feeding period of H. theivora thus enabling O.
javanus as an effective predator of the bug.

Competition, intra-guild predation i.e.,
predation upon members of same tropic level and
cannibalism are the prominent limiting factors for
aggregative response of spider (Riechert and
Lockley, 1984; Marc et al., 1999). Some spiders
reduce their own density through intra cohort
cannibalism, (Riechert and Lockley, 1984; Wise and
Chen, 1999). Such self-limiting tendencies may
result in depressed aggregative response and lead
to erruption of pest population (Fagan and Hurd,
1991). In O. javanus, no such behaviours were
recorded in the present study.

Specialist predators may drive the pest (prey)
to local extinction and then die off themselves, setting
the niche free for secondary pest outbreak. Generalist
predators subsist on alternative prey when the pest
density is low (Symondson et al., 2002; Stiling and
Cornelissen, 2005). The population of H. theivora
also fluctuated with the change in climatic condition
in the tea plantation areas of Terai and the Dooars
of North Bengal and their density touched the lowest
mark during winter (December through February)
(Mukhopadhyay and Roy, 2009). In such period of
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insufficient prey abundance, O. javanus being a
generalist predator can thrive well on other alterative
preys. Thus it is highly promising to deem O.
javanus as a potential bio-control agent for
managing population of H. theivora in tea
plantations under IPM of NE India including North
Bengal region.

About 107 species of spiders belonging to 53
genera distributed over 20 families are recorded from
the Dooars in West Bengal and Assam in NE India
(Raychaudhari, 2009). Conserving, augmenting and
finally integrating such a diverse spider fauna
(Raychaudhuri et al., 2016), especially O. javanus
along with other practices of pest management, may
help in keeping a check on the population of not
only H. theivora but also of other soft bodied tea
pests. This would reduce pesticide load in the tea
plantations and the cost of tea production. Crop with
negligible or less pesticide exposure supports greater
density and diversity of spider than those with
repeated spraying of pesticides (Yardim and
Edwards, 1998; Marc et al., 1999; Holland et al.,
2000).  Spider diversity and density is higher in
organic than in conventional fields (Marc et al.,
1999; Das et al., 2010). Avoiding spray of pesticides

during the active period of spider can help to
conserve them (Riechert and Lockley, 1984). The
risk associated with spiders being used as bio-control
agent is minimal (Stiling and Cornelissen, 2005).
Therefore, conservation and augmentation of spiders
and other natural enemies should be encouraged
especially in the bio-organically managed tea
plantations of sub-Himalayan foothills and plains of
Darjeeling and NE India as a whole for sustainable
production of tea.
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