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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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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- 

9 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

13 
 





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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