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 AAABBBSSSTTTRRRAAACCCTTT   
 

Tea is grown as an intensively maintained perennial monoculture crop. More than 

1031 species of arthropods and nematods attack tea worldwide, of which 300 insect pests 

occur in India and 167 species are found in North-East India. Synthetic pesticides are the 

primary weapon to tackle these pests but indiscriminate use of these pesticides has caused 

problems like tolerance development in pests or pest resurgence. Termite is one of the 

major pests of tea but due to their surreptitious subterranean nature remain inconspicuous. 

They cause considerable damage to wooden furniture, buildings, fences, trees, crops and 

anything that consists of cellulose. Workers have reported termite to be one of the serious 

pest of tea, particularly in upper Assam where a plantation can have 50-100% of termite 

infestation. Very limited information is available about the termite pests of tea from this 

part of the country. Therefore, this work was contemplated with objectives to check first 

and foremost the types of termite pests that exist in Darjeeling Terai and the Dooars tea 

plantations. Second was to check the phylogenetic relationship among them. Third was to 

check if two of the most abundant termite pest species show any tolerance towards the 

commonly used pesticides and fourth was to check the role played by detoxifying 

enzymes in developing tolerance against synthetic pesticide. 

The occurrence study revealed ten species of termite from tea plantations of 

Darjeeling Terai and the Dooars region which account for more than 20% of total 

reported termite diversity of West Bengal. Among these 10 species, Odontotermes obesus 

and Microtermes obesi were the most abundant species. Besides, other termite species 
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like Coptotermes heimi, Heterotermes indicola, Pericapritermes assamensis and 

Odontotermes parvidens were also found infesting tea bushes but with less severity. Their 

distribution in Terai and the Dooars plantations were very sparse and could be recorded 

from only few of the plantations. Heterotermes indicola, Synhamitermes quadriceps and 

Pericapritermes assamensis were previously been reported from this part of West Bengal 

but from forest area. Present study recorded them for the first time from tea ecosystem. 

Procapritermes holmgreni and Euhamitermes lighti are being reported for the first time 

from tea plantations of northern part of West Bengal. A new species Nasutitermes 

longviewnsis sp. nov. was recorded for the first time from Longview tea estate of 

Darjeeling Terai. 

A phylogenetic relationship was drawn among the 10 termite species based on 

morphometric characters and RAPD based polymorphism. Dendrograms were 

constructed on the basis of shared fragments and the Similarity coefficients. Due to the 

lack of an out group the dendograms were an unrooted tree. The presented morphometric 

data based dendrogram shows broadly three major clusters (I, II and III), whereas RAPD 

based dendogram represented two broad clusters with coefficient value ranging from 0.38 

to 0.86. The topology of the tentative phylogenetic relationship revealed by the RAPD 

analysis is partially concurrent with the dendogram based on morphometrics, and both 

showed an overall similarity among the cluster I and II. Phylogenetic results of present 

study based on morphometric and RAPD analysis are in agreement with the results of 

Singla et al. (2015) and Murthy et al. (2015). Present study is a preliminary inventory to 

shed light on the phylogenetic status of the termites from this part of India. A further 

more elaborate work may give clearer picture of phylogeny of termites from this part of 

world. 
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Four commonly used pesticides (chlorpyrifos 20% EC, cypermethrin 35% EC, 

endosulfan 10% EC and imidacloprid 17.8% SL) were screened for tolerance status of O. 

obesus and M. obesi collected from different organically and conventionally managed tea 

plantations. The LC50 values obtained for these termite species indicated that a population 

from organically managed plantation has less tolerance level against these pesticides 

(3.92-15.04 ppm), whereas populations from conventionally managed plantations had 

higher LC50 values indicating higher level of tolerance (16.96-139.05 ppm). Similarly, the 

detoxifying enzymes namely general esterases, glutathione S-transferases and cytochrome 

P450 also exhibited differential activity based on management type of a plantation. 

Populations from conventionally managed Western and Eastern Terai, and Western, 

Central and Eastern Dooars plantations exhibited increased level of enzyme expression 

with very high activity ratios (2.70-20.66 folds) compared to the populations from 

organically managed Dooars and Terai plantations where detoxifying enzymes showed 

very low AR values (1.00-1.56 folds). The densitometric analysis of electrophoregram of 

GE revealed intense and darkly stained bands in population from conventionally managed 

plantations indicating higher expression level compared to faintly stained bands in the 

population from organic plantations showing low expression.  

The results of bioassay of pesticides and differential detoxifying enzymes expression 

in two termite pest species suggested that there is a directional selection of these pests due 

to the exposure to pesticides which in turn help in proliferation of a termite pest 

population with increased physiological capabilities of tolerating pesticide load. The 

simple regression relationship of resistance factor (RF) of chlorpyrifos and activity ratio 

(AR) of each detoxifying enzymes for both pest species distinctly showed a dependence 

of RF on AR. These findings suggested that with the increase of detoxifying enzyme 
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expression, the tolerance level of a pest increases. Therefore, hyperactivation of 

detoxifying enzymes can be used as an indicator of high tolerance level in termite pests.  

A termite colony has as many as four castes at different stages of development. To 

check if there is any difference in the tolerance status at caste level, worker and soldier 

castes of O. obesus and M. obesi collected from a conventional plantation were subjected 

to bioassay of pesticides and detoxifying enzyme analysis. Worker caste showed higher 

expression of GE (9.44), GST (299.75) and CYP450 (1.01) activities in comparison to 

soldiers. In addition densitometric analysis of non-denaturing gel of GE showed intensely 

stained bands in worker caste, whereas soldier exhibited faintly stained bands. This may 

be due to the fact that while foraging worker castes get more exposure to pesticides which 

in turn might have given rise to more tolerant worker caste. 

Even though present work has added to the knowledge of termite pest species from 

tea ecosystem of Darjeeling Terai and the Dooars region of West Bengal yet more 

extensive work can give much better information. A strategic approach with better 

knowledge of termite biology will give planters an edge over these pests which can help 

them in reducing pesticide load in the environment apart from economically much viable 

pest control alternatives. 
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 PPPRRREEEFFFAAACCCEEE   
 

As the word goes, Darjeeling Terai and the Dooars are famous for three T’s – Tourism, 

Timber and of course Tea. Tea industry not only contributes a large share in the economy of the 

country but also offers maximum employment to people of this reason. But in recent past tea 

industry has gone through a cataclysmic phase incurring tremendous losses due to pest attack. 

After the discovery of insecticidal property of DDT, there has been a huge surge of more toxic 

forms of pesticides which builds the primary defense against the pest attack on tea. However, 

insects have also evolved a way out to nullify these chemical attacks by developing tolerance to 

these chemicals. Tea industry has been using these chemical arsenals at their will and might to 

tackle tolerant variety of pests. This seems like an unending war where no one is ready to lose 

but the aftereffects of chemical war are in the forms of hazardous effect to the environment and 

its biotic components. Pesticides may bio-magnify through food chains/webs and affect non-

target organisms including humans, at times, even kill many beneficial organisms like 

biocontrol agents, livestock etc. Knowing the biology of a pest helps planters/farmers to control 

it more effectively with less input of chemical resources. As tea is heavily infested by a large 

array of arthropod pests, many workers have studied the biology of these tea pests to formulate 

Integrated Pest Management (IPM) strategies for most effective and economically viable pest 

control measures. Majority of such works are based on terrestrial pests, however, the pest like 

termites which are subterranean in nature require special attention.  
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Termites are one of the most interesting creatures on earth. For centuries its social structure 

has fascinated a scientists as well as a layman alike. Present work is one of such attempt to look 

into the meagerly touched forte of “termites of tea ecosystem” of Darjeeling Terai and the 

Dooars. The research embodied in this thesis deals with the termites of tea ecosystem based on 

four broad aspects. First two objectives of the thesis were to assess the diversity of different 

termite species and their phylogenetic relationship based on morphotaxonomy and RAPD based 

molecular taxonomy. Termite species from different tea plantations were accessed to make a 

list of them from this region along with their phylogenetic relationship with each other, which 

may serve as reference for future works. 

T he second and third objectives deals with the eco-toxicological study of two major 

termite pest species. O. obesus and M. obesi have been serious pests in many crop fields and 

have also been reported from tea ecosystem of Assam.  In third objective, termites collected 

from tea plantations of different parts of Darjeeling Terai and the Dooars having with different 

management type were subjected to bioassays of different pesticides. Results of these 

experiments helped in mapping the tea plantation areas with differential level of tolerance 

shown by these termite pests which can serve as an impetus for developing appropriate IPM 

strategies. Fourth part of the objective mainly focused on the screening of the expression of 

some of the well established detoxifying enzymes, like general esterases, glutathione S-

transferases and cytochrome P450 monoxygenases. A linear relationship between resistance 

factor of a pesticide and activity ratio of these enzymes was observed which signifies the 

dependency of tolerance status of a pest on expression level of its detoxifying enzymes. In 

future this relationship can be exploited for developing easy methods of identifying 



P a g e  | x 
 

resistance/tolerance in pest populations, furthermore, developing cheap and effective control 

measures. 

My thesis and its outcomes are expected to come handy for developing IPM strategies 

based on biology of termite pests of Darjeeling Terai and the Dooars tea ecosystem. A thorough 

strategized control system based on data input from this type of findings will certainly help in 

reducing the load of pesticides in tea ecosystem in addition also helping planters to reduce their 

expenses by investing judiciously in chemical pest control. 

 

 

 

 

Ritesh Biswa          04/05/2018 
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ANOVA   – Analysis of variance 

AR    – Activity Ratio  

bp    – Base pair 

BOD    – Biological Oxygen Demand 

ca    – Circa 

cal    – Calorie  

CDNB   – 1-chloro-2, 4-dinitrobenzene 

cm    – Centimetre 

CTC    – Cut, Tear, Curl 

CYP450   – Cytochrome P450 

DNA    – Deoxyribo nucleic acid 

dNTPs   – Deoxyribo nucleotide triphosphates 

E    – East 

EC    – Emulsifiable concentration 

EDTA   – Ethylenediaminetetraacetic acid 

EU    – Equivalent unit 

FAO    – Food and Agriculture Organization of the United Nations 

ft    – Feet 

GABA   – Gamma-aminobutyric acid 

GE    – General esterase 

GSH    – Glutathione reduced  

GST    – Glutathione S-transferase 

h    – Hour 

ha    – Hectare 
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HCL    – Hydrochloric acid 

H2O2   – Hydrogen peroxide 

IARI    – Indian Agricultural Research Institute 

IPM    – Integrated Pest Management 

JH    – Juvenile hormone 

KCl    – Potassium chloride 

kg    – Kilogram 

LC50    – Lethal Concentration 50 

LC95    – Lethal Concentration 95 

LD50    – Lethal Dose 50 

m    – Metre 

M    – Mole 

MBT    – Modified Bucket Trap 

mg    – Milligram 

MgCl2   – Magnesium chloride 

min    – Minute 

ml    – Millilitre 

mm    – Millimetre 

mM    – Millimole 

mn tonnes   – Million tonnes 

MRLs   – Maximum residue levels 

msl    – Mean sea level 

N   – North 

ND    – Not detected  

ng    – Nanogram 

nm    – Nanometre 

nM    – Nanomole 

NPIB   – Network Project on Insect Biosystematics 

NTSYS   – Numerical Taxonomy and Multivariate Analysis System 

PBS    – Phosphate-buffered saline 

PCR    – Polymerase chain reaction 

PH    – Pouvoir Hydrogèn (negative log of concentration of H+ ions) 

PHYLIP  – PHYLogeny Inference Package 

pM    – Picomole 

ppm    – Parts per million 

RAPD   – Random Amplified Polymorphic DNA 

RF   – Resistance factor 

RFLP   – Restriction Fragment Length Polymorphism 

RH    – Relative humidity 

S   – South 

SAHN   – Sequential Agglomerative Hierarchical and Nested 
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SDS    – Sodium dodecyl sulfate 

SL    – Soluble (liquid) concentrate 

sq km   – Square kilometre 

SSLPs   – Simple Sequence Length Polymorphisms 

SSRs    – Simple Sequence Repeats 

T.E.    – Tea estate 

TMBZ   – 3,3',5,5'-tetramethylbenzidine 

Tris-HCl   – Trisaminomethane hydrochloride  

U    – Unit 

UPGMA   – Unweighted Pair Group Methods with Arithmetic Average 

V    – Volt  

VNTRs   – Variable Number Tandem Repeats 

W   – West 
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CCCHHHAAAPPPTTTEEERRR   111   
IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN 

 

1.1. TEA: JOURNEY FROM THE WILDERNESS TO THE CUP OF CIVILIZATION 

Tea [Camellia sinensis (L.) O. Kuntze] is an evergreen plant that is cultivated in 

tropical and sub-tropical climates for its leaves, which are dried, fermented, processed and 

consumed as much-loved beverage. For centuries tea has been an integral part of people 

around the globe for its refreshing aromatic flavor which invigorates billions of life every 

morning with its first sip. In fact after water, tea is the second most consumed beverage in 

the world (van der Wal, 2008). It was discovered in around 2700 BC, crowning it to be one 

of the oldest beverages in the world. It has been an integral part of human civilization for 

having tremendous medicinal, commercial and cultural value. 

The genus Camellia belongs to the family Theaceae. It was first elaborately 

described by Sealy in 1958 with reported 82 species, classified into 12 sections. Chang 

(1998) later rearranged the native Chinese Camellia into 280 species under four subgenera 

and 22 sections. All Camellia spp. does not produce the globally renowned beverage ‘tea’ 

(Benerjee, 1988), in fact many species are cultivated to produce ‘tea tree oils’ and some 
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others like Camellia japonica, Camellia sasanqua etc. are grown as ornamental plants 

(Benerjee, 1992). A free grown tea tree can reach a height of 30-40 feet if left un-pruned 

(Carr and Stephens, 1992). However, for the ease of harvesting young shoots they are 

either pruned or skiffed time to time to maintain a bed of reachable height. From these beds 

freshly grown shoots (comprising two leaves and a bud) are hand plucked to prepare tea. 

Once harvested, these leaves (two and a bud) are brought back to factory where they are 

processed through various steps to prepare different forms of teas like ‘green tea’, ‘CTC 

(cut, tear, curl) tea’, ‘black tea’, ‘orthodox tea’ and etc. In India, geographical location of a 

plantation has been an important and determining factor for developing unique tea 

varieties. A bag of tea leaves coming from a particular place like Darjeeling will have a 

specific aroma and taste that is hard to reproduce in any other place in the world.  

Tea is grown in an area with different types of porous, well-drained, acidic soils (pH 

3.3 to 6.0). The optimum range of acidity for growth of tea is in between 5.0 – 5.6. Soil 

with pH 5.7 or above usually requires acidity fixing by adding aluminium sulphate, 

sulphate of ammonia, elemental sulphur etc (Sinha, 2010; Sengupta, 2007). Varieties of tea 

can thrive in diverse agro-ecological conditions experiencing a wide range of climatic 

parameters such as temperatures from −8°C to 35°C, annual rainfall from 938 mm to 8000 

mm, radiation intensity from 0.3 to 0.8 cal/cm2/min, and relative humidity from 30% to 

90% (Sinha, 2010; Sengupta, 2007). 

Historically, tea plants are native to East and South-East Asia and probably 

originated around the point of confluence of the lands of North-East India, north Burma 

(present Myanmar) and South-West China. Although there are tales of tea's first use as a 

beverage, no one is sure of its exact origins. The first recorded drinking of tea is in China, 
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with the earliest records of tea consumption dating back to the 10th century BC. The first 

authentic account of tea was documented in the book ‘Cha Ching’ (Tea Book) by Lo-Yu 

describing the preparation of a cup of tea from made tea and its manufacture 

(Weatherstone, 1992). Tea had also been known to Japanese as a beverage since 13th 

century. However, paleographic record suggests that the Japanese tea dates back from early 

9th century (Okano, 1993). There are suggestive evidences of tea being consumed in 

different form viz. as drink, as vegetables, or even chewed by tribals and village folks of 

Bhutan, Nepal, North East India, Tibet, Myanmar, Laos, Vietnam, Thailand and Cambodia 

(Sinha, 2010). Trade of tea by the Chinese to western nations in the 19th century spread tea 

and the tea plant to numerous locations around the world (Sinha, 2010). 

Today, around the world tea is cultivated in over 50 countries including China, India, 

Malaysia, Sri Lanka, Bangladesh, Taiwan, Iran, Malawi, Japan, Thailand, Kenya and 

Uganda etc. The national economy of many of these countries is largely dependent upon 

production and export of tea (Hazarika et al., 2009). As of 2014, China alone dominates the 

list by producing over 40% (2.1 million tonnes) of the total world tea production which is 

followed by India (24%) (1.2 million tonnes) and then Kenya (9%) (0.45 million tonnes) 

(FAO, 2017) (Figure 1.1 and 1.2). In recent decade tea production has gone manifold 

higher owing to advancement in cultivation techniques but mostly due to an increase in tea 

cultivating countries. Even more area is being included for tea cultivation. FAO statistics 

show a steep growth in the production of tea alongside more area being used to cultivate 

tea (Figure 1.3). China shows steady growth in production as well as more area being used 

for cultivation; however, India has not much accessed extra land for harvesting though an 

incline in the production is very much prominent (Figure 1.3) (FAO, 2017). 
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Figure 1.1: Graphical representation of total tea production from 2004 to 2014 by top ten tea producing countries of the world 
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Figure 1.3: Comparative account of a trend in the increase of annual production of tea against harvesting area of two 
major producer of world. Till 2004 India was a leading producer, however, 
of production and became leading producer of made tea. (data obtained from http://www.fao.org/faost
QC’ on 17/07/2017) 
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Figure 1.2: Pie diagram representing the percentile shares of top ten tea producing countries of the world (in tons) for the 
year 2014. China and India alone demands a lions’ share of over 60% of total world tea production (data obtained from 
http://www.fao.org/faostat/en/#data/ QC’ on 17/07/2017)
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In India, tea is cultivated at latitudes from 8° 12' N in Nagercoil in Tamil Nadu to 

32° 13' N in Kangra in Himachal Pradesh and at altitudes ranging from near sea level in 

Assam to world record altitude of 2414 m (7920 ft) above mean sea level (msl) in 

Korakundha in the Nilgiris in south India. The Limca Book of Records for cultivating tea 

at the highest altitude was again reset by planting tea at the altitude of 2456.7 m (8060 ft) 

(Sundar, 2017a). In North East India, tea is planted in the Brahmaputra and Barak Valleys 

of Assam, plains of the Dooars and Terai and Darjeeling hills in northern part of West 

Bengal. In Brahmaputra Valley, it is planted in plain lands at elevations ranging from 50 to 

120 m above msl (Hazarika and Muraleedharan, 2011). As mentioned, India produces 

about seven varieties of tea, out of which three specialty teas namely Darjeeling, Assam 

and Nilgiris, garner prime value. India is the second largest tea producers in the world 

(Figure 1.2). In total tea is grown in 13 states (Figure 1.4) among which Assam, West 

Bengal, Tamil Nadu and Kerala are the largest producers (Table 1.1). While CTC accounts 

for around 89 per cent of the production, orthodox/green and instant tea account for the 

remaining 11 per cent. There is a steady increase in the production over the years, which is 

due to extensive cultivation, improved technology, nutrition and fertility management 

(Saraswathy et al., 2007). As of December, 2013, India had around 563.98 thousand 

hectares of area under tea cultivation (Table 1.1) out of which Assam with 304.40 thousand 

hectares share the largest portion subsequently followed by West Bengal (140.44 thousand 

hectares), Tamil Nadu (69.62 thousand hectares) and Kerala (35.01 thousand hectares). 

Country-wide 966 million kg of tea was produced in 2010, of which 76 percent was 

produced in the North-Eastern states alone. About 203.86 million kg tea is exported from 

India which brings about US $ 413 million as foreign exchange for the country per annum 
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(Hazarika, 2011). According to an article by Sundar (2017b) published in The Hindu 

BusinessLine, India has produced a record 1.233 mn tonnes of tea in the financial year of 

2015-16. India is ranked fourth in terms of tea exports which reached 0.233 million tonnes 

(232.92 million kg) during the financial year 2015-16 and were valued at Rs 4,493 crore 

(US$ 686.67 million) (IBEF, 2017; Sundar, 2017b). Interestingly India is also the world's 

largest consumer of black tea with the domestic market. Being the largest consumer, it 

consumed 0.837 million tonnes of black tea in 2010 and almost over 1 million tonnes of tea 

during 2013-14. 

The top export markets in volume terms for 2015-16 were Russian Federation 

(48.23 thousand tonnes), Iran (22.13 thousand tonnes) and Pakistan (19.37 thousand 

tonnes). In terms of value, the top export markets were Russian Federation (₹651.21 crore 

≈ US$ 102.48 million), Iran (₹555.32 crore  ≈ US$ 87.39 million) and UK (₹399.06 crore 

≈ US$ 62.8 million). All varieties of tea are produced by India. As per records Indian tea 

industry is the second largest employer among organized sector after Indian Railway. It 

employs over 3.5 million people across some 1700 estates and 157000 small holdings, 

where majority of labourers are women (IBEF, 2017). 

 

1.2. TEA PESTS AND THEIR VARIABILITY 

Tea is grown as a perennial monoculture crop hence attracts a large array of 

arthropod pests leading to a substantial crop loss. According to Hazarika et al. (2009), 

globally there are 1031 arthropod species associated with tea, out of which 300 species of 

insect pests are recorded from India and specifically 167 species from North-East India 

(Das, 1965). 
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Table 1.1: Region wise tea cultivation area and production of tea in India 

State / Districts 
Area under tea 

( in Thousand Hectares) 

Production 

(Million kg) 

Assam Valley 270.92 581.03 

Cachar 33.48 48.02 

Darjeeling 17.82 8.91 

Dooars 72.92 177.85 

Terai 49.70 125.34 

Other North Indian States (Includes Himachal 

Pradesh, Uttarakhand, Bihar, Sikkim, Arunachal 

Pradesh, Manipur, Nagaland, Tripura, Meghalaya, 

Mizoram and Orissa) 

12.29 23.92 

Tamil Nadu 69.62 174.71 

Kerala 35.01 63.48 

Karnataka 2.22 5.52 

TOTAL= 563.98 1208.78 

(Source: IBEF, 2017. Tea statistics. https://www.teacoffeespiceofindia.com/tea/tea-statistics) 
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Figure 1.4: Tea growing areas of North Bengal region highlighting the major study area (Terai, Darjeeling and the 
Dooars). 
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Among these, insect and mite pests are the most damaging, causing on an average 5% - 

55% yield loss (Muraleedharan, 1992; Rattan, 1992; Sivapalan, 1999). This loss reaches an 

approximate of U.S. $500 million to $1 billion (Agnihotrudu, 1999). In some cases yield 

loss can be 100% (Muraleedharan and Chen, 1997). As mentioned above there are 167 

arthropod pests from North East alone which affect tea production, however, all of them do 

not inflict serious damage to the crop. There are insects which stand out as major pests 

owing to their sever attack on crop and rest remains occasional or minor visitor. The major 

insect and mite pests of tea that cause damage to tea industry are red spider mites 

(Oligonychus coffae), looper pests (Hyposidra talaca, H. infixaria), termites 

(Odontotermes obesus, Microtermes obesi), cockchafer grubs (Holotrichia sp.), black hairy 

caterpillar (Arctornis submarginata), Darjeeling hairy caterpillar (Euproctis latifacia), 

bunch caterpillar (Andraca bipunctata), leaf roller (Caloptela theivora), shot-hole borer 

beetle, (Xyleborus fornicatus) etc. (Figure 1.5) (Mukhopadhyay et al., 2015). Some of 

these can cause havoc if not checked on time with proper control measures. Pests like 

Helopeltis theivora has been recorded to cause crop loss of 11-100% (Muraleedharan, 

1992). In Malawi, thrips, termites, carpenter moth and mosquito bug are the most 

important tea pests (Peregrine, 1991). Problems with scale insects, aphids, jelly grub, 

beetles and red spider mite were also reported but were considered as minor pests. In 

Zimbabwe termites are the major pest causing considerable damage. In Sri Lanka adult 

female shot-hole borer beetle, Xyleborus fornicatus, make galleries into tea stems. Attack 

by this beetle results in damage to the frame of the tea bush, a loss in yield of the valuable 

leaf and also makes the bushes vulnerable to attack by other pests, such as termites 

(Danthanarayana, 1968). Back in India, termite problem is well known from upper Assam  
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and Barack valley tea plantations. Nevertheless termite populations also cause serious 

damage in parts of Terai-Dooars plantations.  

Pests which attack the shoot system of tea bush deserve more attention because of 

their perceptible and permanent damage symptoms. Therefore acting against them with 

appropriate control measures is imperative. There are pests like termites or cockchafer 

grubs who often surreptitiously attack tea plants underground without facing any trouble 

from planters. As for example termite, a subterranean pest, hollows the plant by devouring 

pith from inside leaving minimum vigor left for the plant to sustain with some green leaves 

on surface. By the time a planter realizes termites’ existence in tea garden, the damage is 

already beyond recovery. Mere killing few of these surreptitious pests doesn’t recover the 

plant to its actual production potential as the entire colony of thousands of insects remains 

hidden underground. Therefore, damage potential of these tiny little creatures is difficult to 

quantify exactly until the plant starts showing the symptoms of dying above ground. 

These pest problems originating whether from surface or subterranean have been a 

major challenge to planters. Controlling pest problem requires a systematic and holistic 

approach. There are kaleidoscopic measures for controlling pests, but, none can offer a 

complete control against a pest. Therefore, often amalgamation of different approaches to 

control pests is a common practice amongst planters. 

 

1.3. PEST MANAGEMENT PRACTICES AND EFFECTIVENESS 

1.3.1. Cultural Practices: 

Cultural pest control practices are the oldest methods that have been used to 

manage pest populations. Cultural control measures include monitoring the population 
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dynamics of pests by regular field assessment, shade/weed tree/plant management and 

removal of alternate host plants (Bidens sp., Ageratum sp., Conyza sp., Crassocephalum 

sp., etc.) (UPASI TRF, 2017). These practices are primarily preventative in nature 

rather than curative, therefore, are dependent on long-range planning. Also, because 

they are dependent on detailed knowledge of the bio-ecology of the pests and their 

relationships with the natural-environment, which were poorly understood in the past, 

the results were much varying, and often difficult to evaluate effectiveness of the 

control practice. With the recent developments of synthetic pesticides these control 

practices have been considered obsolete consequentially largely discontinuing the 

research and development programs in these practices. It is understandable that most 

farmers eventually got attracted to the more reliable and less knowledge and skill-

dependent toxic chemical application for dealing with pest problems. 

Manual Practice is another form of the Cultural Practice which includes mainly 

maintenance, preventive measures and curative measures performed by humans with 

simple tools rather than using heavy machinery. In tea plantation, manual pest control is 

not just limited to killing of pests but also includes timely pruning and skiffing of plants, 

mulching, spraying fertilizers and pesticides, locating infested sections and so on. For 

example, monitoring the infestation level of pests in field, plucking damaged leaves, 

weed control and removal of shoots containing eggs of insect pests like tea mosquito 

bugs are some important manual control methods. Manual practice is an add-on 

practice, which alone cannot control the pest insurgence. It can only provide an 

additional support system to pest control strategy. 
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1.3.2. Modern Practices (Chemical Approach):  

To defend the tea crop against pest attack, in recent time large quantities of 

chemical agents are being used. Organosynthetic pesticides are commonly used for 

controlling recurrent pest problem. This application is a burden to planters as well as to 

environment and can result in a resurgence of primary pests (Sivapalan, 1999) or mite 

syndrome (Cranham, 1966), secondary pest outbreak such as the Totrix outbreak 

(Cranham, 1966), resistance development (Kawai, 1997; Sivapalan, 1999), and 

environmental contamination, including undesirable residues on made tea (Choudhury, 

1999; Sivapalan, 1999). During the last several decades, the control of pests, diseases 

and weeds in tea fields is predominantly by the use of synthetic chemicals. Pesticides 

have evolved tremendously from mere sulfur fumigants to the recent most advanced 

broad spectrum toxicants.  In fact post world war II (WWII) chemical pesticides have 

largely took over natural products to control various pest problems (Table 1.2). Though 

broad-spectrum pesticides offer powerful incentives in the form of excellent control, 

increased yield and high economic returns, they have serious drawbacks such as 

development of resistance to pesticides, resurgence of pests, outbreak of secondary 

pests, harmful effects on human health and environment and presence of undesirable 

residue (Das, 1959; Gurusubramanian et al., 2005; Sarnaik et al., 2006). 

Bunch caterpillar, red slug and looper caterpillars are controlled by spraying 

profenophos/phosalone/quinalphos at 1:400/neem formulations 5% at 1:1500 

/diflubenzuron at 1:1000 in early instars, however, in late instars, deltamethrin at 1:2000 

is used. Lower part of the shade tree trunk is treated with insecticides in case of red slug 

infestation. Organophosphates (profenophos and quinalphos) are highly effective 
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Table 1.2: Historical evolution of pesticide 

1000 BC Chinese used sulfur as a fumigant 

1800s Europeans used sulfur as a fungicide to control powdery mildew on 

fruit 

16th century Japanese mixed poor quality whale oil with vinegar to spray on rice 

paddies to prevent development of insect larvae by weakening their 

cuticle 

17th century Water extracts of tobacco leaves were sprayed on plants to kill insect 

Nux vomica; the seed of Strychnos nux-vomica (strychnine) was used 

to kill rodents 

19th century 

 

Insecticides isolated from plants included rotenone from the root of 

Derris elliptica and pyrethrum extracted from flowers of 

chrysanthemums 

Arsenic trioxide was used as a weed killer, especially dandelions. 

Copper arsenite (Paris Green) was used for control of Colorado 

beetle 

Bordeaux mixture (copper sulfate, lime and water) was used to 

combat vine downy mildew 

20th century Sulfuric acid (10%) was used to destroy dicotyledonous weeds 

without harming monocotyledonous cereal grains and other 

cultivated plants with waxy coat on leaves 

1920s Public concerns because some treated fruits and vegetables were 

found to contain pesticide residues 

Post WWII Pesticide development and use increased dramatically in agriculture 

and public health sectors. Widespread use of pesticides for insect 

control to prevent transmission of diseases such as typhus, malaria, 

and use in controlling pests of different crops 
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against the early larval stages of tea looper in terms of time mortality, reduction in food 

consumption and nutritional indices, leaf area protection and preference index than 

synthetic pyrethroids, organochlorine and neonicotinoids (Bora et al., 2007a). 

Report suggests that some of the second and third generation pesticides have now 

become less effective against the defoliators in recent time (Sannigrahi and Talukdar, 

2003). Among the tea growing area of North East India, pest attack activities has always 

been reported higher in North Bengal region (Barbora and Biswas, 1996; Sannigrahi 

and Talukdar, 2003). In recent times studies have shown gradual increase in pesticide 

use in this region. The consumption pattern of insecticides gives an indication that the 

insect pests are more dominant and problematic in North Bengal region. The preference 

of synthetic pyrethroids has probably increased because the conventional non-

pyrethroid insecticides have become less effective against the target pests (Roy et al., 

2008). The consumption of pesticide in India is one of the lowest in the world. India 

uses a low amount of 0.5 kg ha-1 pesticide compared to 7.0 kg ha-1 in USA, 2.5 kg ha-1 

in Europe, 12 kg ha-1 in Japan and 6.6 kg ha-1 in Korea (Anonymous, 2003). The 

average use pattern of chemical pesticides in tea was estimated to be 11.5 kg ha-1 in the 

Assam valley and Cachar, 16.75 kg ha-1 in Dooars and Terai and 7.35 kg ha-1 in 

Darjeeling (Barbora and Biswas, 1996). Within the synthetic insecticides, 

organophosphate compounds (64% - 5 rounds per year) were most preferred followed 

by organochlorine (26% - 2 rounds per year) and synthetic pyrethroids (9% - 7 rounds 

per year) (Sannigrahi and Talukdar, 2003). 

Environmental hazards, pest resurgence, variation in susceptibility, residue 

problems in made tea, impedance for natural regulatory agents and lethal and sub-lethal 
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effects on non-target organisms, including humans are evident in India due to excelled 

use of pesticides (Gurusubramanian et al., 2005; Borthakur et al., 2005; Bora et al., 

2007a,b). These side effects have raised public concern about the routine use and safety 

of pesticides. In the recent years, it has become a major concern to the tea industry as 

the importing countries are imposing stringent restrictions for acceptability of the made 

tea due to pesticide residues. Changes in pest management measures are resulting from- 

a) Environmental and human safety concerns, b) susceptibility change in insect pests 

and c) increased cost of pesticides (Rahman et al., 2005). 

 

1.4. TERMITE: AN INHERITANT PEST OF PLANTATION 

Termites are eusocial insects and belong along with cockroach to order Blattodea and 

infra-order Isoptera. Even few years back Isoptera was considered as order, however, based 

on recent molecular phylogenetic studies termites have been found to be closely related to 

wood feeding cockroaches and suppose to have diverged from their common ancestor 

about 170 million years ago (Bourguignon et al., 2015). Due to this reason termites have 

now been placed along with wood feeding roach, Cryptocercus under order Blattodea 

(Inward et al., 2007). About 2933 species of living and 173 species of fossil termites are 

recorded so far from all over the world, of which 269 species belong to Indian subcontinent 

(Kishna et al., 2013; Bignell et al., 2011). Termites play an important role in the cycling of 

carbon and trace elements in the biosphere through their degradation of wood, grasses and 

humus. They mostly depend upon cellulose base as their food due to which they are 

considered as primary pest of many crops and are marked as a serious pest of structural 

timber and buildings (Su and Scheffrahn, 2000). Most of these cause extensive damage 
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amounting to several billion dollars per year worldwide (Kapur and Bose, 1972; Su and 

Scheffrahn, 1990, 2000; Flores, 2010). In April of 2011 wood-eating termites were blamed 

for reportedly consuming more than $220,000 worth of Indian rupee notes (Sacks, 2011).  

In spite of the fact all termites are not pests. Of nearly 3000 living species, only 371 

(12.4%) have been reported in the literature as destructive, and only 104 (3.5%) are 

considered serious threats (Krishna et al., 2013). In North America, nine subterranean 

species are pests; in Australia, 16 species have an economic impact; in the Indian 

subcontinent 26 species are considered as pests, and in tropical Africa, 24. In Central 

America and the West Indies 17 pest species of termites have been reported (Su and 

Scheffrahn, 2000). Among the termite genera, Coptotermes with 28 species has the highest 

number of pest (Su and Scheffrahn, 2000).  

In these almost 200 years of tea production, as like any other tea pests, termite fauna 

has also adapted as per the conventional management practices of tea plantations. As the 

findings states that two species of termites are more prevalent in tea plantation then rest of 

the species (Singha et al., 2012, 2014). May be due to selection pressure of synthetic 

chemicals has facilitated these two species’ adaptability to become dominant pest species. 

There have been many attempts of biological control measures being developed against 

termite pests (Verma et al., 2009; Singha et al., 2012, 2014; Debnath et al., 2012) however, 

they seem undeterred. As Chouvenc et al. (2011) claimed that in last 50 odd years despite 

boom in biological control research against termites, they have failed miserably and still 

have not been able to provide any substantial control strategy. This may be due to termites’ 

multifaceted defense system that these biological control systems have failed to penetrate. 

May be in future one can come up with the efficient biological control agent against a 
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termite pest, but for now despite of thousands of claim we still have to resort to chemical 

control system. 

Kapur (1958) and Das (1962) reported wood-eating termite as a serious menace to 

tea industries causing an estimated loss of at least 15 per cent of the tea crop in North-

Eastern India. According to Sands (1977) crop losses in agricultural fields could go up to 

50% or more over a period of 10 years of infestation by termites. There are reports of 

widespread termite damage to tea bushes in most of the tea gardens in Darrang and Cachar 

where 50 to 100 percent bushes get affected, especially on the poorly shaded hot slopes of 

Cachar tillahs (Das, 1962; Das et al., 1982; Choudhury, 1999; Singha et al., 2012, 2014). 

The species Odontotermes obesus (=assamensis) Holmgren, O. parvidens Holmgren and 

Holmgren and some others of the genera Coptotermes and Microcerotermes are so far 

reported from tea gardens in India (Das, 1965). In Ceylon, five species, Postelectrotermes 

militaris (Desneux), Neotermes greeni (Bugnion and Popoff), Coptotermes ceylonicus 

Holmgren, Odontotermes horni (Wasmann) and Odontotermes redmanni (Wasmann) are 

reported to infest tea plantation (Das, 1965). It is possible that some more wood termites 

will be found to be associated with tea if a proper survey is undertaken. In recent time not 

much information on termite diversity is available from North East India including Terai 

and the Dooars regions of Darjeeling foothills. 

 

1.5. ABOUT THE CONTEMPLATED WORK 

The present research study is undertaken to determine the diversity of termite species 

associated with the tea plantation of Darjeeling Terai and the Dooars plantation and 

relationship among these species both at morphological and molecular levels. Further, 
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studies were conducted on bio-ecology of some of these termite pests, especially with their 

tolerance status to commonly used pesticides. The knowledge generated through this study 

is expected to be useful for mapping distribution of tea termites for the first time from tea 

plantations of Darjeeling Terai. The study will also provide with handy information on 

termite pest status from the area. Findings of termite pest species response against 

pesticides can help to undertake “resistance management program”, and the basis for 

developing effective control measures against these surreptitious subterranean pests of tea.  
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CCCHHHAAAPPPTTTEEERRR   222   
RRREEEVVVIIIEEEWWW   OOOFFF   LLLIIITTTEEERRRAAATTTUUURRREEE 

 

2.1. TERMITES: BIOLOGY, ECOLOGY AND PHYLOGENY 

2.1.1. Biology and Ecology: 

Termites are polymorphic, eusocial invertebrates often referred to as white ants. 

In actuality they are little related to ants or any other social insect groups due to their 

diploid caste system with very distinctive morphologies (Eggleton, 2011). Among the 

social insects, termites were the first and oldest one to evolve into caste system at about 

150 million years ago (Engel et al., 2009; Martínez-Delclòs and Martinell, 1995). The 

social structure in termites and other social insects is an attribution of convergent 

evolution (Thorne, 1997). 

A true social structure or eusociality in an insect group comprised of a common 

habitation shared by overlapping brood of specialized individuals or castes assigned to 

perform different colony functions like reproduction, foraging, tending broods and colony 

defense etc. (Wilson, 1971). In a complex social system, a termite colony consists of live 

individuals and the non-living structure where these individuals live. Usually, these 

structures range from a simple network of few tunnels to extravagantly constructed 

marvelous termitariums (Eggleton, 2011). For living entity there are different castes such 
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as the royal pair of King and Queen, and their subjects - reproductives, soldiers and 

workers (Figure 2.1) (Horwood and Eldridge, 2005). A queen mates with a single king 

for life and may survive for about 25-30 years or more (Korb, 2008). A queen except for 

few years of her active initial colonization period remains stagnant for rest of her life due 

to the physogastric condition. Physogastric females can be seen in many species of 

termites where a post-mating queens’ abdomen swells dramatically to accommodate 

more and more number of ovarioles. 

Life cycle of termites start from a fully matured queen which at times possess as 

much as 2,000 ovarioles in each ovary, producing almost 40,000 eggs a day (Kerkut and 

Gilbert, 1985; Kaib et al., 2001). These eggs hatch into different castes of the colony. 

Reproductive castes are the immature version of the king and the queen which develop 

wings before swarming and are known as alates. During the onset of monsoon they 

swarm out of the colony to find mate and reproduce. Once met their mate these alates 

shed off their wings (de-alates) and leave to burrows or crevices to start a new colony 

(Miller, 2010). The other castes consist of workers and soldiers. Workers are decisively 

the most important force in the colony as they forage food and water, tend the young 

ones, feed royal couple, reproductives, soldiers and nymphs, construct and mend the 

colony structures (Eggleton, 2011). They resemble the alates in general however, without 

wings, paler coloration and smaller in size (Roonwal and Chhotani, 1989). A soldier is 

tasked only to defend the colony and the royal couple. Therefore, a typical termite colony 

has workers about 90 per cent or more of the total population (Roonwal and Chhotani, 

1989), however, it becomes difficult to document the societal system where either 

soldiers (Anoplotermes spp.) or workers (Kalotermes sp.) are missing (Eggleton, 2011). 
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Figure 2.1: Termite life cycle illustrating different stages 
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A termite colony is often referred to as superorganism for its astounding 

coordinated and precise functioning (Eggleton, 2011). A spectacle produced out of a 

synchronous collective effort of different agents of a system is what known as 

superorganism (Hӧlldobler and Wilson, 2009). As organ system functions in concert with 

utmost fidelity to manifest various activities, in a similar fashion, a termite colony 

operates like a superorganism within which each caste commensurate to an organ system 

pursuing their assigned task. During the course of their eusocial evolution these insects 

have lost their solitary survival potency.  A solitary insect essentially requires to feed, to 

defend, to reproduce and to migrate on its own. However, somehow a termite caste 

individually lacks many of these features and as such to compensate that they must live in 

colony system (Eggleton, 2011). 

Termites chiefly feed on cellulose and lignocellulose (Engel et al., 2009). They 

get their food from varying stages of decomposing or dying plant materials (Donovan et 

al., 2000; Hyodo et al., 2008). This in turn also rejuvenates the ecosystem by recycling 

dead wood, humus and soil minerals (Eggleton, 2011; Freymann et al., 2008; de Souza 

and Brown, 1994). Cellulose and its inert form lignocellulose are very tough to break 

down in digestive system of organisms. In a tropical ecosystem termites are estimated to 

ingest 50%–100% of the dead plant biomass (Bignell and Eggleton, 2000). Termites 

belonging to lower group rely upon their symbiotic association with some flagellate 

protozoa and bacteria which reside in their guts, to break down the cellulose (Ikeda-

Ohtsubo and Brune, 2009; Slaytor, 1992). However, this is not true for all group of 

termites as members of Termitidae family that chiefly feed upon wood and leaves are 

devoid of any flagellates, but have their own cellulase enzyme to digest their food (Lo et 
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al., 2011; Bignell et al., 2011; Brune and Ohkuma, 2011; Eggleton, 2011; Watanabe et 

al., 1998; Tokuda and Watanabe, 2007; Li et al., 2013). Inside the hindgut of termite 

cellulose breaks down either with the help of symbiotic flagellates or their very own 

enzyme system in an anaerobic environment (Lo et al., 2011). This break down process 

releases an excess of gases from termites body and from the colony which is estimated to 

be 2%–5% of the world’s total methane content (Sugimoto et al., 2000). This symbiosis 

between termite and its intestinal microbiota may have been the driving force behind the 

evolution of eusociality of termites, with their polymorphic caste system and intricate 

social life (Wilson, 1971; Grimaldi and Engel, 2005; Dietrich et al., 2014). 

 

2.1.2. Phylogeny: 

Since the inception of taxonomic identification of termite species, conventional 

use of morphological characters and character states have been the most favored 

technique (Roonwal and Chhotani, 1989; Chhotani, 1997; Donovan et al., 2000; Krishna 

et al., 2013).  In fact morphometric character based identification is much more valid 

even in today’s scenario. However, molecular taxonomy has revolutionized the whole 

concept of systematic due to its more precise and accurate results. Molecular techniques 

are commonly used for species/subspecies identification, colony characterization, and to 

address questions regarding the phylogeny and evolution of subterranean termites. These 

techniques include: restriction fragment length polymorphism (RFLP), random amplified 

polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), 

fingerprinting of variable number tandem repeats (VNTRs), simple sequence repeats 

(SSRs), and/or simple sequence length polymorphisms (SSLPs). RAPD, as a PCR based 
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methodology uses decamer base pair primers without requiring any prior knowledge of 

specific genomic sequences (Williams et al., 1990). It has come up as a very useful 

method for identification and differentiation of closely related insect species and 

populations (Williams et al., 1990; Welsh and McClelland, 1990). RAPD may display a 

high degree of polymorphism and screening multiple primers against taxa of interest has 

proven to be a means of quickly identifying species-specific markers (Arnold et al., 

1991). Additionally, RAPD markers derived from multiple loci have the potential to 

provide important information on insect population genetic structure that would not be 

available from a single locus marker. RAPD has been used in broader spectrum, like in 

applied and evolutionary aspects of insect biology (Harry et al., 2001). Though in case of 

termite phylogeny and evolution the use of RAPD technique is little limited, yet study on 

symbiotic bacterial or fungal evolutionary relationship with termite and within bacteria 

and fungus themselves have extensively elaborated with the help of RAPD (Harry et al., 

2001). 

Till few years back termites were classified at the taxonomic category of order 

Isoptera. However, inpouring of more and more molecular and evolutionary evidences 

have brought a dilemma about their phylogenetic stance (Kambhampati et al., 1996; 

Ware et al., 2008; Legendre et al., 2008; Engel et al., 2009). In fact, Cleveland et al. 

(1934) had already postulated termites’ close relationship with wood feeding cockroaches 

(Cryptocercus) based on symbiotic gut flagellates that Cryptocercus and some species of 

lower termites commonly harbor in their gut. Recent advance studies on termite 

taxonomy have suggested termites to be placed in order Dictyoptera (with Cockroaches 

and Mantids) or more closely with cockroaches (Inward et al., 2007; Legendre et al., 
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2008; Ware et al., 2008). Inward et al. (2007) based on their extensive molecular 

investigation proposed termites to be placed as family Termitidae under cockroach order 

Blattodea within the superorder Dictyoptera. Which means Isoptera as an order or any 

other category will cease to exist. This hypothesis was supported by Eggleton et al. 

(2007), but some were of a view to keep it alive (Lo et al., 2007; Engel et al., 2009) by 

and large for nomenclatural stability. Now Isoptera as an Infraorder has been kept under a 

clade Xylophagodea along with its sister group Cryptocercidae (Engel, 2011). 

In recent time termite taxonomy has gone through a major amendment (Inward et 

al., 2007; Engel et al., 2009; Krishna et al., 2013). As of 2013 there are 3106 recorded 

living and fossil species of termites out of which 363 species are considered as significant 

pests (Krishna et al., 2013). Thousands of scientific reports and research findings are 

published every year on termites and related topics, but they are mainly concentrated on 

control aspects. There has been very limited work on the phylogenetic probe of termites 

which has restrained studies of their macroevolution (Eggleton, 2001). Despite many 

stalwart workers working in this field the first ever comprehensive cataloging of termite 

group came only after 1949 when Snyder compiled his renowned “Catalogue of the 

Termites (Isoptera) of the World”. It took another 60 plus years when Krishna et al. 

(2013) again recompiled works on termite phylogeny from over 5000 references and 

catalogued them into a seven volume masterpiece as “Treatise on the Isoptera”. As of 

now infraorder Isoptera is sub-grouped into nine extant families namely 

Archotermopsidae, Hodotermitidae, Kalotermitidae, Mastotermitidae, Rhinotermitidae, 

Serritermitidae, Stolotermitidae, Stylotermitidae and Termitidae (Engel et al., 2009; 

Krishna et al., 2013).  However, there has been debate over the authenticity of these 
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families and whether to retain this classification as such (Eggleton, 2011). According to 

Eggleton (2011), family Indotermitidae is a specialised Apicotermitinae and family 

Serritermitidae is to be kept as subfamily of the Rhinotermitidae. The present family-

level classification is still likely to change in future as two families, the Rhinotermitidae 

and the “Termopsidae” (split up by Engel into a number of families), are probably not 

natural groupings. He opines that the subfamily-level classification has been poorly 

worked out, hence, direly needs a thorough revision despite recent advancements. 

 

2.2. DAMAGE POTENTIAL AND ECONOMICAL IMPACTS 

Termites’ dependence on varied sources of cellulose as food is the major reason why 

some of them are considered as pests. Although out of 2933 living species of termites only 

about 12.4 per cent (371) pose threat as structural pests and even only 3.5 per cent (104) 

are considered as serious pest (Wood, 1996; Krishna et al., 2013). Termites feed upon 

various crops, furniture, wooden buildings and any form of wooden structures making 

them one of the prime troublemakers to manmade world (Mahapatro and Chatterjee, 2017). 

Termites are represented by a vast number of species and variable feeding strategies (Lee 

and Wood, 1971). These tiny creatures despite being dependent primarily on cellulose or 

its derivative, have their very own specific food resources like humus, grass, wood in 

various stages of decomposition and minerals from soil (Eggleton, 2011). Some workers 

like Paul and Rueben (2005) argued termites to be divided into three food preference type - 

damp wood, dry wood and subterranean. They reported heavy damage caused by 

subterranean termites which is also marked as a serious urban pest. Damp wood termites 
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and dry wood termites are moderate to significant pests respectively and at a given 

situation can cause a serious damage. 

Although, the number of pest species are meager compared to total species diversity 

of termites, yet the limited number are notoriously sufficient enough to cause havoc in 

many places resulting into loss in billions of dollars (Su and Scheffrahn, 1998). The urban 

setup attracts more of pest infestation due to the fact that unlike rural environment these 

pest species are devoid of additional food sources like litter, rotting woods, humus etc. in 

concrete jungles. Su and Scheffrahn (1998) were of the opinion that damages caused by these 

destructive pests in developed countries are much higher than the cost of their control. The 

annual economic loss caused by termite pests was estimated to be $40 billion worldwide 

(Rust and Su, 2012). In the USA alone value of damage inflicted by termite pests goes over 

$1.02 billion annually (Edwards and Mill, 1986). In New Orleans state, an estimated $300 

million are annually invested to control and repair damage caused by Formosan 

subterranean termites (Suszkiw, 1998). About $1.5 billion of money is invested only in 

liquid termiticides to control termites (Su, 1994). Subterranean termites account for 80 per 

cent of these control expenditures. In Australia a whopping $ 4.0 billion is spent annually 

to control termite attack on buildings (Caulfield, 2002). Past records of the Building 

Research Institute, ACCRA shares that the annual cost of repairing buildings damage by 

termite in West Africa was 10% of their capital cost (Harris, 1961). 

Apart from being a sever pest of buildings, termites has been infesting forests and 

crops with similar intensity (Howse, 1970). Many of these damaging species live in the soil 

facilitating them an easy access to their target food source (Ibrahim and Adebote, 2012). 

Gay and Galaby (1970) reported an astounding 92% of the total loss caused by a single 
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species Coptotermes acinaciformis in Virgin Eucalyptus pilularis forest. Macrotermes 

reportedly found responsible for 5 - 18 per cent yield loss of plants from various locations 

in the northern states of Nigeria (Ohiagu, 1979). Termites cause denudation of grassland 

and compete with livestock in the removal of grass (Ibrahim and Adebote, 2012). Ohiagu 

(1979) in Nigeria reported a grass removal rate of about 81 kg per hectare per annum for 

Trinervitermes germinatus at Mokwa. Termite problem in forest plantations has been 

found to be of serious and recurring nature (Cowie et al., 1989; Tho and Kirton, 1990). 

Termites that belong to the families Hodotermitidae, Kalotermitidae, Rhinotermitidae and 

Termitidae cause great loss in agriculture (UNEP Report, 2000). In case of tea plantations, 

termite attack has been associated with at least 15 per cent of the total crop loss (Das, 

1962). Sands (1977) reported about 50 per cent or more crop loss in agricultural fields in 

over a decade. Das et al. (1982) further reported more termites on poorly shaded hot slopes 

of Cachar tillahs (hillocks of Barak Valley). Termite infestation may be as high as 90% in 

old tea areas of Barak Valley (Choudhury, 1999). In one hand termites inflict considerable 

damage to newly planted tea which limits their growth and at the other hand they downsize 

the production by killing mature tea bushes. In a tea ecosystem some species of termites 

have been estimated to have active colonies for over a hundred years (TRIT, 2006). 

 

2.3. TOLERANCE TO PESTICIDES 

The World Health Organization defines resistance as "the development of an ability 

in a strain of an organism to tolerate doses of a toxicant which would prove lethal to the 

majority of individuals in a normal (susceptible) population of the species" (WHO, 1957). 

Resistance development in insects to acutely toxic insecticides generally occurs by 
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selection of rare individuals in a population that can survive the insecticide; it is 

preadaptive and not a mutational effect (Georghiou, 1965; Oppenoorth and Welling, 1976; 

Matsumura, 1985; Oppenoorth, 1985). Genetics and intensive application of these 

insecticides become responsible for the rapid development of tolerance in insect pests. 

Selection by an insecticide allows some insects with resistance genes to survive and pass 

the resistance trait on to their offspring (Daly et al., 1998). The proportion of resistant 

insects in a population continues to increase as the susceptible insects are eliminated by the 

insecticide. Eventually, resistant insects outnumber susceptible insects and the insecticide 

is no longer effective. Planters use pesticides more in amount and in toxicity to tackle the 

more resistant population of insects with no feasible outcome. This situation sometimes is 

known as Pesticide trap as planters keep investing more for less benefits (Marten, 2005). 

Reports suggest that selective pressure created by the continuous and indiscriminant use of 

pesticide has lead to the change in pest status. Most commercial insecticides are for safety 

reasons designed to be poor mutagens, and their use results in an intense chemical selection 

(high dose, high lethality) which is not conducive to genetic alterations but allows survival 

of pre-adapted i.e. resistant individuals (Roush and McKenzie, 1987). 

In 1908, the first documented case of insecticide resistance in arthropods was 

reported in Washington for the San Jose scale Quadraspidiotus perniciosus to lime sulfur 

(Melander, 1914). Incidence of resistance in the "field" has generally correlated with the 

length of time an insecticide has been used, hence the trend among insecticide classes is 

organochlorines > organophosphates > carbamates > pyrethroids > insect growth 

regulators, microbials etc. in number of documented cases (Oppenoorth and Welling, 

1976). Resistances to bacterial pesticides (McGaughey, 1985, 1994) and to baculoviruses 
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(Briese, 1986) up to 800-fold have already been noted in insect populations. Virtually 

every chemical and microbial agent is prone to resistance development in arthropods. 

Insecticide resistance is the major obstacle to control of agriculturally and medically 

important pests. This worldwide problem has been documented for over 500 arthropod 

species, particularly among flies, caterpillars, beetles and mites (Georghiou, 1990). 

Resistance results in increased pesticide application frequencies, increased dosages, 

decreased yields, environmental damage and outbreaks of arthropod-borne human and 

veterinary diseases. Resistances within or between whole classes of insecticides are an ever 

increasing problem for control of major crop pests. Given the tremendous difficulty and 

investment associated with development of new, safe and cost-effective insecticides 

(Szczepanski, 1990), there is a grave need to preserve the efficacy of current and future 

insecticides.  

Quantitative and qualitative changes in acetylcholinesterase confer resistance to 

insecticides (Fournier et al., 1992). Chareonviriyaphap et al. (2002) established a 

deltamethrin resistant Anopheles minimus population through a careful series of laboratory 

selection procedures. This strain conferred 52% resistance to deltamethrin with a > 25-fold 

increase in the LD50 from the parent colony. The development of physiological resistance 

to deltamethrin in laboratory, resistant-selected generations of An. minimus is primarily 

associated with increased detoxification by over-expression of monooxygenases. The 

oxidases are the major contributors to pyrethroid resistance too (Chareonviriyaphap et al., 

2003). 

The problem of tolerant variety of pests has come up as a big challenge to the tea 

industries. It is indicated in the study that heptachlor and chlorpyrifos pesticides despite 
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being banned, are still prevalent in made tea at higher concentrations than their respective 

MRLs (maximum residue levels). This may pose serious health hazards to consumers apart 

from losing export credentials (Bishnu et al., 2009). The higher degree of tolerance to the 

organosynthetic pesticides posses two serious problem to the planters- firstly, the loss of 

produce which can go up to 100% and secondly increased cost of maintenance. Studies 

showed the increased amount of tolerance developed in Hyposidra talaca and H. infixaria 

(a major pest of tea foliage in present scenario) against cypermethrin 10% EC (Das et al., 

2010). Among the two looper species, H. talaca showed about three times higher LC50 

value and about two times higher LC95 value than H. infixaria. In both species the LC95 

value is much higher than the recommended field dose of cypermethrin for tea loopers 

which is 500 ppm (Das et al., 2010; Gurusubramanian et al., 2008). Variation in relative 

toxicity was observed between male and female populations of Helopeltis theivora from 

Jorhat and Darjeeling and from different sub districts of the Dooars (Grursubramanian and 

Bora, 2008). Populations of Buzura suppressaria caterpillars collected from Jorhat also 

showed similar trend against the tested insecticides due to selection pressure by 

insecticides (Rahman et al., 2005; Bora et al., 2007a,b). The presence of various oxido-

reductase enzymes in the salivary and mid gut along with the basic hydrolyzing enzymes 

has enabled H. theivora to become one of the most destructive pests of tea by attacking the 

young leaves and growing shoots of tea (Sarker and Mukhopadhyay, 2006a; Saha et al., 

2012; Basnet et al., 2015; Basnet et al., 2017). In addition, qualitative and quantitative 

changes were recorded in the enzymes pattern of the tea mosquito bug [general esterase 

(Sarker and Mukhopadhyay, 2003), glutathione S-transferase and acetylcholinesterase 

(Sarker and Mukhopadhyay, 2006b)], red spider mite [general esterase (Sarker and 
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Mukhopadhyay, 2006c)], and looper caterpillar [general esterase (Sarker and 

Mukhopadhyay, 2007)] indicated a higher tolerance/resistance status due to formation of 

greater amount of esterases, glutathione S-transferase and acetylcholinesterase. One of the 

main reasons for higher tolerance or resistance by tea mosquito bug and red spider mite to 

different pesticides was due to mixing of ineffective insecticides with acaricides to combat 

mixed infestation which, not only decreased the insecticide toxicity but also shifted the 

level of relative toxicity (Rahman et al., 2005). A comparison of expected effective dose of 

thirteen insecticides against tea mosquito bug based on their LC50 values with 

recommended dose revealed a pronounced shift in the level of susceptibility of H. theivora 

to all the chosen insecticides except acephate (Gurusubramanian et al., 2008). Study is in 

progress to estimate the tolerance status of some of the other tea pests which is otherwise 

neglected. This will give an index of insecticide use pattern and subsequent tolerance 

development in the pest population which is believed to be an added advantage to IPM 

strategies to combat pest problem in North Bengal tea plantation. 

 

2.4. INSECTICIDE DETOXIFICATION: ROLE AND MECHANISM DETOXIFYING 

ENZYMES 

Interestingly, only specific types of mutations appear to be associated with specific 

resistance mechanisms (Table 2.1). The two types of mechanisms that cause high levels of 

resistance are mainly metabolic resistance and target-site insensitivity. Detoxification of 

insecticides is an important mechanism for insect pests to tolerate regularly applied 

insecticide (Soderlund and Bloomquist, 1990; Yu, 1996). Continuous exposure of the pest 
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Table 2.1: The Mutations associated with enzymes and receptors that result in different 

types of resistance 

Types of Resistance 

Associated Genetic Mutations 

Gene 

Amplification 

Altered 

Expression 

Structural 

Change 

Metabolic 

P450 oxidases ND1 + ND 

Esterases  + ND + 

GSTs ND + ? 

Target site insensitivity 

Acetylcholinesterase  ND ND + 

GABA receptor  ND ND + 

Sodium channel  ND ? ? 

JH receptor  ND ? ? 

Other 

Reduced penetration  — — — 

Behavioral change  — — — 

 
1‘ND’: not detected; ‘+’: confirmed or strongly indicated; ‘?’: implied but not confirmed; ‘—’: no 
data available. 

 

to insecticide makes them more tolerant by enhancing the activity of different defense 

enzymes. Despite the continuous use of insecticides there are repeated failures in 

controlling the pest species in recent years (Gurusubramanian et al., 2008; Roy et al., 2008) 

in different conventional tea plantations of North Bengal. Such failure occurs due to 

change in the susceptibility pattern of the pest species. Susceptibility level changes due to 

metabolic detoxification of the insecticides through higher activity of some detoxifying 

enzymes under stress of different management practices (Jensen, 1998; Maymo et al., 

2002; Sarkar and Mukhopadhyay, 2003, 2007). Cytochrome P450-dependent 

monooxygenases, besides esterases and glutathione S-transferases, are the main enzymes 

involved in insecticide detoxification in arthropods (Matsumura, 1985; Omura, 1999; 
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Strange et al., 2001). Quantitative and qualitative changes in acetylcholinesterase confer 

resistance to insecticides (Fournier et al., 1992). Glutathione S-transferases (GSTs) in all 

organisms are known to protect insects from the toxic effects of plant chemicals and 

pesticides (Yu, 1992; Lagadic et al., 1993; Leszczynski et al., 1994). 

Reports of termites resistance is meager, despite the fact that they are chiefly 

controlled by insecticides. Works on termites are mostly directed towards the phylogenetic, 

taxonomical and gut microbial field. Unlike other insects typical resistance development 

theory doesn’t fit well with termites (Mahapatro, 2017). In a termite colony, queen lives for 

about 20-25 years, whereas workers and soldiers usually survive for 2–5 years and alates 

swarm out of colony to form one of their own. Therefore, in such a complicated caste 

system it is indeed difficult to assess resistance against xenobiotics. However, recent works 

on termites do show a development of relative amount of tolerance towards xenobiotic 

(Osbrink et al., 2001; Osbrink and Lax, 2002, 2003; Valles et al., 1998; Valles and 

Woodson, 2002). Though their eusocial structure plays major role in the tolerance against 

toxic and harmful chemicals (DeSouza et al., 2001), yet their physiological adaptability to 

toxic environment can’t be denied (Roisin and Korb, 2011). Mahapatro (2017) also stresses 

that apart from genetic, phenotypic adaptation to xenobiotic environment can’t be ruled out 

in termites. Resistance in termites is much more complex subject to study as it comes not 

only from their genotypic or phenotypic plasticity but most importantly because of their 

eusociality. Nevertheless their involvement in pesticide detoxification is very well evident 

(Davis et al., 1995). Reports suggest the role of enzymes in detoxification of xenobiotics in 

termites as similar to the cases in other insects. The activities and characteristics of termite 

GSTs were investigated in three Australian termite families. Termite GSTs exhibited a 
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broad range of activities toward model substrates (Haritos et al., 1996). In some termite 

species, like Mastotermes darwiniensis and Coptotermes acinaciformis, multiple 

isoenzymes of cytochrome P450s, aldrin epoxidase, cytosolic esterase and microsomal 

esterases have been found to exhibit upregulated activity on exposure to cypermethrin, 

chlordane, chlorpyrifos and pyrethroid (Haritos et al., 1994; Valles et al., 2000). In recent 

times some more enzymes related to xenobiotic detoxification has been discovered in 

termite enzyme system, for example, an enzyme called Rhodanese has been discovered to 

be associated with the detoxification of cyanide (Okonji et al., 2010). 

The second major resistance mechanism is target-site insensitivity, which refers to an 

alteration of the molecule(s) that directly interacts with the pesticide to reduce toxicity. 

Both acetylcholinesterase (AChE) and the gamma-aminobutyric acid (GABA) receptor are 

known targets of insecticides, and resistant alleles of each have been found (Zhang et al., 

2016; Liu, 2015; Heong et al., 2013; Corbel and N’Guessan, 2013). Voltage-gated sodium 

channels and the juvenile hormone (JH) receptor are putative targets of insecticides. Their 

direct interaction with insecticides has not been confirmed, but it is clearly evident that 

they play a key role in the intoxication process (Scott, 1995). 

 

2.5. CONTROL MEASURES AGAINST TERMITES 

Termite attack has been a headache for home owners and farmers for centuries. At 

times controlling termite can be an expensive affair for them. There are many 

recommended methods of termite pest control, among which synthetic termiticides forms 

the major portion. Other methods are using of physical barrier, chemical barrier, heating or 

freezing soil, applying biological control agents, manual eradication of mounds etc. Toxic 
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physical barriers include the use of chemical termiticides in the soil around the structure. 

Chlorfenapyr (BASF-Phantom) barrier treatment is very effective as it is non-repellent and 

has delayed toxicity (Rust and Saran, 2006). In Australia, protection of structures from 

subterranean termites has traditionally relied upon the creation of a zone of poisoned soil 

under and around the structure to prevent termites gaining access from the ground (Ewart, 

2000). Choudhury et al. (2005) reported the use of inorganic insecticides like endosulfan 

and chlorpyriphos in different concentrations at termite infested areas. Fenvalerate and 

Phorate sprayed or applied at different concentration around the collar region of tea bushes.  

The ambient humidity and temperature in the foraging galleries of subterranean 

termites are suited for the growth of biological agents. Laboratory studies have consistently 

demonstrated the pathogenicity of biological agents such as the entomopathogenic 

nematode Neoaplectana carpocapsae Weiser (Fujii, 1975) or the fungi Metarhizium 

anisopliae Sorokin and Beauveria bassiana (Balsamo) Vullemin (Lai et al., 1982). Field 

trials using these biological agents, however, have been generally unsuccessful (Lai, 1977; 

Mauldin and Beal, 1989; Chouvenc et al., 2011). To date, only Hanel and Watson (1983) 

were able to trigger M. anisopliae epizootic successfully in colonies of an Australian 

mound-building termite, Nasutitermes exitiosus (Hill). Because termites are known to be 

repelled by pathogenic microbes, the discovery of non-repellent strains of some fungi 

species may be the key to the successful control of the vast populations of subterranean 

termite colonies (Milner and Staples, 1996). 
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CCCHHHAAAPPPTTTEEERRR   333   
OOOBBBJJJEEECCCTTTIIIVVVEEESSS 

1. To survey and identify the termites from North Bengal tea plantations. 

2. To study the taxonomy of the termite species based on morphometric and RAPD 

techniques. 

3. To evaluate the pesticide tolerance status by using bioassay techniques for two common 

termite pest species. 

4. To estimate the enzymes related to pesticide tolerance. 
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CCCHHHAAAPPPTTTEEERRR   444   
MMMAAATTTEEERRRIIIAAALLLSSS   AAANNNDDD   MMMEEETTTHHHOOODDDSSS   

 

4.1. SURVEY, COLLECTION AND IDENTIFICATION OF TERMITE PEST   

Northern part of West Bengal has eight districts (Alipurduar, Cooch Behar, 

Jalpaiguri, Kalimpong, Darjeeling, Uttar Dinajpur, Dakshin Dinajpur and Malda) and three 

important ecological zones (Hills, Terai foothills and Plains) which cover a total area of 

21,763.0 sq km. Tea is grown mainly in the foothill regions of North Bengal comprising 

districts of Alipurduar, Jalpaiguri, Kalimpong and Darjeeling. Even in the district of Uttar 

Dinajpur people cultivate tea, however, their share in total tea production is meager. 

Therefore, out of above mentioned eight districts, Darjeeling, Jalpaiguri, Kalimpong and 

Alipurduar were taken in to consideration in the present study due to their larger share of 

plantation area and tea production. 

 

4.1.1. Study area: 

The study was carried out in the tea plantations of the Dooars, Terai and 

Darjeeling hill slope which is spread over in an area of 10,629 sq km. Collections were 

made from various plantations (Table 4.1). The tea plantations cover an area with 

distinct geographical variations. Plantations like Kalchini Tea Estate (T.E.), Hantapara 

T.E. or Sunkosh T.E. with lush green tea bushes of Assam variety are located in vast 
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stretch of plain of the Dooars dissected by several rivers. Whereas, plantations like Fagu 

T.E., Ambiok T.E., Longview T.E., Putharjhora T.E. and Samsing T.E. which are 

located at the foothills and lower elevations has a mixture of China and Assam variety 

of tea plants. The exclusive China variety of tea plants can only be seen in typical hill 

slope like plantations of Makaibari T.E., Castleton T.E., Ambootia T.E. or Happy Valley 

T.E. 

  

4.1.2. Survey and Specimen Collection: 

Surveys were undertaken during 2009-2017 in the tea plantations of Terai and the 

Dooars (Figure 4.1) of North Bengal comprising of four districts namely Darjeeling, 

Kalimpong, Jalpaiguri and Alipurduar. Termites were collected based on the technique 

described by Su and Schafferahn (1986) with some minor modifications. Infested areas 

of tea plantations were dug to locate underground termite colonies. For abundance study 

collections were made randomly. However, for pesticide tolerance study two commonly 

occurring termite species namely Odontotermes obesus and Microtermes obesi were 

collected selectively from different tea gardens. Since these two species belong to two 

discrete feeding guilds, they required specific collection methods as discussed below. 

Modified Bucket Traps (MBT): A plastic bucket roughly measuring about 20 cm 

of diameters and about 30 cm of height (Figure 4.2) were placed underground and 

covered by a lid. Buckets were tightly filled with moistened carton (paper) pieces. The 

cellulose content of the carton pieces worked as the trap and attracted termites from 

surrounding, which congregated at large numbers to feed on the cellulose content of the 

carton. MBT was mainly used to collect live-wood eating termite Microtermes obesi
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Figure 4.1: Tea Estates of Darjeeling Terai and the Dooars region visited for collection of termite specimen 
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Table 4.1: Tea Estates (T.E.) visited for collection of termite specimens during the study 

period 

Ecological 
Zones 

Tea Plantations Management type District 
Geographical 
coordinates 

HILLS 

Ambootia T.E. Organic Darjeeling 26°87' N, 88°24' E 

Singel T.E. Organic Darjeeling 26°53' N, 88°15' E 

Makaibari T.E. Organic Darjeeling 26°51' N, 88°15' E 

Longview T.E. Organic/Conventional Darjeeling 26°48' N, 88°15' E 

TERAI 

Maruti T.E. Conventional Darjeeling 26°37' N, 88°10' E 

Atal T.E. Conventional Darjeeling 26°40' N, 88°15' E 

Kamalpur T.E. Conventional Darjeeling 26°42' N, 88°18' E 

Gungaram T.E. Conventional Darjeeling 26°37' N, 88°17' E 

Kamala bagan T.E. Conventional Darjeeling 26°34' N, 88°17' E 

Matigara T.E. Conventional Darjeeling 26°42' N, 88°23' E 

Tirrihannah T.E. Conventional Darjeeling 26°45' N, 88°16' E 

Panighata T.E. Conventional Darjeeling 26°45' N, 88°15' E 

Simulbari T.E. Conventional Darjeeling 26°47' N, 88°18' E 

DOOARS 

Washabari T.E. Conventional Jalpaiguri 26°52' N, 88°32' E 

Putharjhora T.E. Organic Kalimpong 26°56' N, 88°49' E 

Samsing T.E. Organic/Conventional Kalimpong 26°59' N, 88°48' E 

Nagrakata T.E. Conventional Jalpaiguri 26°54' N, 88°54' E 

Bhagotpore T.E. Conventional Jalpaiguri 26°53' N, 88°55' E 

Grassmore T.E. Conventional Jalpaiguri 26°52' N, 88°57' E 

Debpara T.E. Conventional Jalpaiguri 26°50' N, 89°00' E 

Lakhipara T.E. Conventional Jalpaiguri 26°49' N, 89°00' E 

Chamurchi T.E. Conventional Jalpaiguri 26°52' N, 89°04' E 

Binnaguri T.E Conventional Jalpaiguri 26°45' N, 89°03' E 

Hantapara T. E. Conventional Alipurduar 26°45' N, 89°14' E 

Dalmore T.E. Conventional Alipurduar 26°45' N, 89°09' E 

Mujnai T.E. Conventional Alipurduar 26°43' N, 89°14' E 

Torsa T.E. Conventional Alipurduar 26°49' N, 89°22' E 

Kalchini T.E. Conventional Alipurduar 26°42' N, 89°26' E 

Nimtijhora T.E. Conventional Alipurduar 26°34' N, 89°26' E 

Kumargram T.E. Conventional Alipurduar 26°39' N, 89°49' E  

New Land T.E. Conventional Alipurduar 26°39' N, 89°48' E  

Sankosh T.E. Conventional Alipurduar 26°39' N, 89°51' E  
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(Figure 4.3). This technique of collection requires termites to get attracted to the bait, 

hence was time-taking. Once traps were set, they were visited and observed at regular 

intervals for collection. Even though the process seems time consuming, yet, with good 

observation and some experience one could collect good number of healthy individuals 

for experiments avoiding mechanical injuries to the termites that usually occur in other 

forms of collection methods. Success of the technique depends on many factors, of 

which the most important one is the distance of collection site from one another. Firstly, 

it is very difficult to regularly observe the traps set up at distant collection sites. 

Secondly, termites with specific food preference can only be collected with this. 

Termites, like soil feeding, humus feeding or some other species needed more specific 

collection techniques. In case of distantly located plantations termite infested stem of tea 

were collected. These stems were later on opened in laboratory to collect termite 

workers and soldiers. 

In case of scavenging termite Odontotermes obesus collection was mainly done 

either by digging up the mounds or from mud galleries. This species build large above 

ground mounds known as Termitarium, often ranging up to a height of 4-5 ft on surface 

(Figure 4.4). Under the outer mud fortification of termitarium, lays the fungal garden. 

This is the site where worker termite grows fungus (Termitomyces sp.) for colony’s 

consumption. In order to access fungal garden, portion of the termitarium was dug out 

exposing the inside of the colony [Figure 4.4(a)]. Fungal gardens containing large 

number of soldier and worker castes could be collected as a whole. Such collection 

ensured good catch of assayable individuals. O. obesus fed on dead cells of plant 

making mud galleries on tea stems and branches to reach out to food sources. These 

galleries also contained good number of individuals which were collected for pesticide 

bioassay and other purposes [Figure 4.4(g)]. 
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Figure 4.2: (a) A modified Bucket Trap. Termite mud galleries can be seen underside of the lid, 

indicating termites being attracted to the trap, (b) diagrammatic cross-section of the trap 

(b) (a) 
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4.1.3. Laboratory rearing and acclimatization of termites: 

Rearing and acclimatization in the laboratory were mainly done for two species of 

termites namely Odontotermes obesus and Microtermes obesi. Both of these species are 

subterranean in nature, primarily feeding on wood. O. obesus feeds on dead-wood, 

whereas M. obesi on live-wood. Collected samples were reared in BOD under 25°C ± 

2°C of temperature and RH 80% ± 5% and kept for at least a week or more. After 

acclimatization they were subjected to bioassay of different pesticides. 

 

4.2. TAXONOMIC IDENTIFICATION 

Soldier castes of a colony are considered ideal for identification because of their 

distinct mandibles which most of the cases provide a unique taxonomical character state. 

Although imagoes and worker castes are also considered for species level identification, yet 

soldier caste remains pivotal for final identification. Preliminary identifications were done 

under the WILD stereobinocular microscope following literature like Fauna of India 

(Isoptera) – Vol. I by Roonwal and Chhotani (1989) and Fauna of India (Isoptera) – Vol. II 

by Chhotani (1997). For species level identification and confirmation, termite specimens 

were first sent to Zoological Survey of India, Kolkata and later on to the laboratory of 

“Insect Identification Service”, Division of Entomology, Indian Agricultural Research 

Institute (IARI), New Delhi. Some of the species which were identified during May, 2012 

have also been registered under RRS No. 1677-1702/12 and determined by the authority in-

charge of the “Network Project on Insect Biosystematics (NPIB)”. 
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Figure 4.3: Microtermes obesi (a) fungal garden (inset: close up of fungal garden showing 

fungal buds); (b) a severely damaged tea stem showing hollowed pith; (c) soldier caste and 

(d) worker castes 

(a) 

(c) 

(b) 
(d) 
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Figure 4.4: Odontotermes obesus (a) termitarium dug open to expose fungal gardens; (b) a set of 
workers repairing the broken mound; (c) worker caste; (d) soldier caste; (e) an opened royal 
chamber showing a part of Queens’ physogastric abdomen; (f) damage symptoms on a infected 
bush frame, and (g) a mud gallery opened to expose worker castes (inset) 

(e) 

(d) (c) 

(g) (f) 

(a) 

(b) 
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4.3. MORPHOMETRIC AND MOLECULAR PHYLOGENY 

Traditionally, termites are identified based on morphological traits (character states). 

However, sometimes morphological identification becomes difficult among closely related 

taxa, or soldier-less genera. Now-a-days in addition to the phenetic taxonomy the Random 

Amplified Polymorphic DNA (RAPD) has come up as an easy and effective molecular tool 

for studying the variation at species level (Faragalla et al., 2015). RAPD-Polymerase Chain 

Reaction (RAPD-PCR) randomly amplifies many regions of genomic DNA using random 

primers and can be used for detecting polymorphisms at many loci between species and 

populations (Williams et al., 1990). The techniques followed are described as below- 

 

4.3.1. Morphotaxonomy: 

Morphological characters of soldier and worker castes were pooled in as per the 

methods of Donovan et al. (2000) and Engel et al. (2009). For phenetic studies, in total 

25 taxonomically important characters and character states of worker and soldier castes 

were taken in consideration (Table 4.2). A morphometric character is a complex feature 

which unlike molecular scoring, can not be scored with just absence or presence of a 

character state. Few characters can be limited under this option, however, most need 

more than two set of scoring units or character states which were scored either – 0, 1, 2, 

3, 4 or 5. The data matrix was pooled in Parsimony application of PHYLIP v3.695 to 

prepare a consensus tree. 
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Table 4.2: Characters and their character states of soldier and worker chosen for Phenetic 

studies 

Sl. No. Characters and the character states 
1.  Ocelli of soldiers: present = 0; absent or vestigial = 1. 
2.  Pigmentation of soldier compound eyes: present = 0; absent = 1. 
3.  Soldier compound eyes: rudimentary = 0; absent = 1. 
4.  Frontal gland developed into distinct fontanelle: absent = 0; present = 1. 
5.  Postclypeal furrow of workers: absent = 0; present as shallow longitudinal 

furrow = 1. 
6.  Clypeus (workers only) in profile: not keeled = 0; with keel = 1. 
7.  Soldier mandible: marginal teeth: distributed along length, with 1–4 teeth along 

middle of margin = 0; lost except small teeth/serrations at base = 1. 
8.  Soldier mandible: short to moderate in length, length ca. 2 or less 3 basal width 

= 0; greatly elongate and narrow, length ca. 3 or more 3 basal width = 1; 
vestigial = 2. 

9.  Soldier mandibles: symmetrical, not clicking = 0; asymmetrical, clicking = 1. 
10.  Soldier head capsule: rectangular in dorsal aspect 5 0; phragmotic, plug shaped = 

1; nasutiform = 2. 
11.  Diagonal grooves between fontanelle and postclypeus: absent = 0; present = 1. 
12.  Soldiers: present = 0; lost = 1. 
13.  Soldier nasus: short = 0; very long, length several times width = 1. 
14.  Nasute fontanelle: rimmed or slit like = 0; minute, not rimmed or slit like = 1. 
15.  First proctodeal segment: expanded = 0; tubular, not dilated = 1. 
16.  Soldier labral apex: sclerotized = 0; hyaline = 1. 
17.  Soldier heads: normal = 0; flattened = 1. 
18.  Soldier labrum: well developed = 0; vestigial = 1. 
19.  Soldier pronotum: flat = 0; saddle shaped = 1. 
20.  Soldier fontanelle: normal, dorsal-facing = 0; enlarged and facing anteriad = 1. 
21.  Nasute head capsule: not constricted = 0; slightly constricted = 1. 
22.  Protibial apical spur number: three or more = 0; two = 1. 
23.  Mesotibial apical spurs: four or five = 0; three = 1; two = 2. 
24.  Metatibial apical spurs: four = 0; three = 1; two = 2. 
25.  Soldier labral brush: absent = 0; present = 1. 
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4.3.2. RAPD-PCR 

4.3.2.1. DNA Isolation: 

DNA was isolated using Chelex 100 chelating resin (Walsh et al., 1991; Cano 

and Poinär, 1993). Chelex 100 is efficient than proteinase K and phenol-chloroform 

extraction for isolation of DNA from miniscule amount of samples. Although termite 

genomic DNA is extracted using Phenol-chloroform or other techniques, yet, these 

techniques demand quite good amount of sample size. As our sample size of some of 

the termite species was very limited, therefore, we resort to Chelex 100 technique for 

DNA extraction. 

 

4.3.2.2. Primer Selection: 

For RAPD a total of 25 decamer primers were initially chosen for screening. 20 

primers were taken from ‘OPA’ Kit (Eurofin) and five were selected based on 

published information (Faragalla et al., 2015). These primers were then screened for 

strong bands, polymorphism and reproducibility. Based on these results, two Primers 

were selected from Kit ‘OPA’ (OPA-1 and OPA-2) (Table 4.3) for genomic DNA 

amplification.   

Table 4.3: The nucleotide sequences of the primers used and their GC percentage 

   

 

 

   

4.3.2.3. RAPD: 

Extracted genomic DNA was dissolved with 20 µl of PCR reaction buffer 

containing 10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl2, 50 mM KCl, 0.2 mM dNTPs, 

20 pM of primer and 0.5 U of Taq polymerase. PCR was done according to the 

Primer No. Sequence (5'-3') GC % 

OPA-01 CAGGCCCTTC 70% 

OPA-02 TGCCGAGCTG 70% 
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methods of Williams et al. (1990) with initial heat step (94ºC for 5 min), 40 cycles of 

denaturation (94ºC for 1 min), annealing (36ºC for 1 min) and extension (72ºC for 2 

min) and final extension (72ºC for 7 min). Application was performed using a 

programmable Eppendorf Mastercycler. The products of PCR and DNA size markers 

[λ DNA double digested with EcoR1 and Hind III (Bangalore Genei)] were loaded 

onto a 1.6% agarose gel in Tris-Borate-EDTA buffer (Sambrook et al., 1989) and were 

run for 4 h at 50 V. The gels were stained with ethidium bromide and photographed 

using UV transilluminator. 

 

4.3.2.4. Data analysis: 

The RAPD patterns of each isolates were evaluated, assigning character state ‘1’ 

to indicate the presence and ‘0’ for the absence of band in the gel. Thus a data matrix 

was created which was used to calculate the Jaccard similarity coefficient for each 

pair-wise comparison. All reproducible polymorphic bands were scored and analyzed 

following UPGMA cluster analysis method and computed in silico into similarity 

matrix using NTSYSpc-Numerical Taxonomy System Biostatistics, version 2.11W, 

(Rohlf, 1993). The SIMQUAL program was used to calculate the Jaccard’s 

coefficients. The result generated in this analysis was then used to construct 

dendograms using the SAHN clustering programme, selecting the unweighted 

pairgroup methods with arithmetic average (UPGMA) algorithm in NTSYSpc. The 

termite species were then grouped with identical band patterns for a given primer.  
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4.4. BIOASSAY OF INSECTICIDES 

4.4.1. Insecticide used: 

Commercially available insecticides like, Imidacloprid (17.8% SL) and 

Chlorpryifos 20% EC (DURSBAN) are the major synthetic chemicals recommended 

against tea termites. These chemicals therefore, were primarily screened against the 

termites. There are reports of use of Endosulfan and synthetic pyrethroids against 

termites in recent past (Choudhury et al. 2005) therefore Endosulfan 10% EC 

(THIODAN), Cypermethrin 20% EC (RIPCORD), were also screened to check the 

tolerance status of termites against them. Concentration gradients prepared varied for 

different termite species depending upon the initial trials and the level of tolerance. 

 

4.4.2. Bioassay: 

After collecting termites from field, they were kept in BOD incubator at fixed 

temperature of 25oC ± 2oC and 80% ± 5% of RH. Due care was taken for 

acclimatization of worker termites before proceeding for the bioassay 

(Gurusubramanian et al., 1999). Bioassay involved specifically exposure of the worker 

caste of the termite species to insecticides (such as, Cypermethrin 10% EC, Endosulfan 

35% EC, Cholrpyrifos 20% EC and Imidacloprid 17.8% SL) by “Surface coating 

method” after Kranthi (2005). Other then “Surface coating method” few other bioassay 

techniques like “Insect Dip Method”, “Contaminated Soil essay” and “Topical spray 

method” were also tried however, these methods seem to have higher mortality due to 

handling in comparison to the “Surface coating method”. Termites were treated with at 

least five concentrations of insecticides prepared by serial dilution in distilled water and 

each dilution was replicated thrice (Figure 4.5). A set of 30 termite workers were used in 

each replicate (n=30), that was subjected to a particular concentration of insecticide. 
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Figure 4.5: Procedure for bioassay of pesticide against O. obesus and M. obesi  
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A set of 90 worker termites divided equally into three replicate treated with distilled 

water were kept separately as control. Termites under evaluation were maintained at 

25oC ± 2oC temperature and 80-85% of RH in BOD incubator. The mortality count was 

recorded after 24 hours. Bioassay data was pooled and concentration mortality 

regression was computed by Probit analysis (Finney, 1971) aided by computing 

software. Moribund insects were counted as dead (Gurusubramanian and Bora, 2007). 

 

4.5. ENZYME ASSAY 

4.5.1. General Esterase Activity:  

General esterase activity was measured by using α-naphthyl acetate (α NA) as 

substrates after the method of van Asperen (1962) with few modifications. 20 µl of 

supernatant equivalent to one adult insect was taken in each well of the 96-well 

microplate reader in duplicate. 200 µl α NA (30 mM) was added to each well for 

reaction. The reaction was stopped after 10 minutes by adding 50 µl of staining solution 

containing 0.1% Fast BB salt and 5% SDS (2:5). The plate was left for five minutes for 

equilibration and absorbance was recorded at 590 nm. The change in absorbance was 

converted to end product formation from a standard curve of α naphthol (5-500 nM). 

Blanks were set at the same time using reaction mixture without protein extracts. 

 

4.5.2. Glutathione S-transferase (GST): 

The activity of GST was measured using 1-chloro-2, 4-dinitrobenzene (CDNB) 

and reduced glutathione (GSH) in conjugation reaction as described by Habig et al. 

(1974). The reaction mixture contained 150 µl of GSH (1.0 mM) and 50 µl CDNB (1.0 

mM). The microplate was left for 3 minutes for equilibration and reaction. The 

absorbance was recorded at 340 nm continuously for 5 minutes. An extinction 
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coefficient 9.6 mM-1cm-1 was used to convert the change in absorbance per minute to 

rate of conjugate formation. 

 

4.5.3. Cytochrome P450 monoxygenase: 

As heme protein is a major constitute of the majority of Cytochrome P450, its 

activity was calculated by estimating heme peroxidase activity (Penilla et al., 2007; 

Tiwari et al., 2011). 20 µl of enzyme homogenate was incubated with 200 µl of TMBZ 

solution (0.01 g of TMBZ in 5 ml of methanol + 15 ml of 0.25 M sodium acetate, pH 

5.0) and 80 µl of 0.0625 M PBS (pH 7.2) and 25 µl of 3% H2O2 for 30 minutes at 25°C. 

Absorbance was recorded at 630 nm on microplate reader. The standard curve of heme 

peroxidase activity was prepared using Cytochrome c from horse heart type IV. Total 

Cytochrome P450 was expressed as nmoles of Cytochrome P450 equivalent units (EUs) 

per mg protein per minute. 

 

4.5.4. Protein estimation: 

Protein in the tissue extract was estimated as described by Lowry et al. (1951) 

using bovine serum albumin (100 µg ml-1) as standard to construct a standard curve.  

 

4.5.5. Electrophoratic analysis of general esterases 

Electrophoresis was carried out in 8% polyacryalamide gels using equal amount 

of protein in Tris-glycine (pH 8.3) at 200 V at 4°C. The gels were stained for esterase 

isozymes according to Georghiou and Pasteur (1978) with slight modifications. 

Densitometric analyses of the gels were performed using ‘Image Aide Analysis 

software’. 
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CCCHHHAAAPPPTTTEEERRR   555   
RRREEESSSUUULLLTTTSSS   AAANNNDDD   DDDIIISSSCCCUUUSSSSSSIIIOOONNN   

 

5.1. TERMITE ABUNDANCE AND IDENTIFICATION 

5.1.1. Termite diversity of North Bengal tea plantations: 

Termites from various parts of North Bengal tea plantations were collected for 

the present work (Figure 5.1). Termites belonging to two families, nine genera and ten 

species were recorded from different tea plantations of Darjeeling foothills (Table 5.1). 

Maiti (1983) had recorded 48 termite species from the state of West Bengal out of 

which 25 species have been reported to exist in Himalayan and Sub-Himalayan Faunal 

Zone. Das (1965) reported the existence of Microtermes sp., Microtermes pakistanicus 

Ahmed and Microcerotermes spp. among live wood termites and Odontotermes 

assamensis Holmgren [=obesus (Rambur)], O. parvidens Holmgren and Holmgren, O. 

feae (Wasmann), Coptotermes heimi (Wasmann), Neotermes buxensis Roonwal and 

Sen Sarma and Capritermes sp. among scavengers. Poovoli (2016) has reported 15 

species of termite occurring in tea ecosystem of Kerala belonging to three families, four 

sub-families and ten genera. Total diversity of termite fauna so far recorded from tea 

ecosystem of India is listed in Table 5.1. The species recorded in this study and also 

from the previous studies, published by various authors (Das, 1965; Maiti, 1983; 

Chhotani, 1997; Singha et al., 2012, 2014; Biswa and Mukhopadhyay,  



(e) 

(g) 

(i) 

(d) 

(a) 

Figure 5.1: Soldier castes of termite species (a
Odontotermes parvidens, (d) Euhamitermes lighti
assamensis, (g) Procapritermes holmgreni
Heterotermes indicola 

  

 

(c) (b) 

(f) 

(h) 

(j) 

termite species (a) Microtermes obesi, (b) Odontotermes obesus
Euhamitermes lighti, (e) Synhamitermes quadriceps, (f

holmgreni, (h) Nasutitermes longviewensis, (i) Coptotermes
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Odontotermes obesus, (c) 
(f) Pericapritermes 

Coptotermes heimi and (j) 
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Table 5.1: Termite pests of tea ecosystem reported from India 

Family  Subfamily  Genera  Species  

KALOTERMITIDAE -- 

Neotermes  
N. buxensis Roonwal and Sen Sarma 

N. greeni (Bugnion and Popoff) 

Postelectrotermes  
P. bhimii Roonwal and Maiti 

P. militaris (Desneux) 

RHINOTERMITIDAE 
COPTOTERMITINAE Coptotermes 

C. heimi (Wasmann)* 

C. ceylonicus Holmgren 

HETEROTERMITINAE Heterotermes H. indicola (Wasmann)** 

TERMITIDAE 

AMITERMITINAE 

Euhamitermes E. lighti Snyder** 

Synhamitermes S. quadriceps Wasmann** 

Microcerotermes M. beesoni Snyder 

MACROTERMITINAE 

Macrotermes  M. hopini Roonwal and Sen Sarma 

Odontotermes  

O. assmuthi Holmgren 

O. ceylonicus (Wasmann) 

O. feae Wasmann 

O. horni Wasmann  

O. obesus (Rambur)* 

O. parvidens* Holmgren and Holmgren 

O. redmanni (Wasmann) 

O. vaishno Bose 

O. yadevi Thakur 

Hypotermes  H. obscuriceps Wasmann 

Microtermes  M. obesi Holmgreen* 
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M. pakistanicus Ahmed 

Ancistrotermes A. pakistanicus (Ahmed) 

NASUTITERMITINAE Nasutitermes N. sp** Dudely 

APICOTERMITINAE  Speculitermes  S. emersoni Bose 

TERMITINAE 

Dicuspiditermes 
D. incola (Wasmann) 

D. hutsoni (Kemner) 

Labiocapritermes  L. distortus (Silvestri) 

Pericapritermes P. assamensis (Mathur and Thapa)** 

Pericapritermes  P. topslipensis Thakur 

Procapritermes M. holmgreni Snyder** 

Pseudocapritermes  P. fletcheri (Holmgren and Holmgren) 

Rinacapritermes R. abundans Poovoli 

**Reported for the first time based on present study; *Referred by earlier author as well as found in present study 

(Source: Das, 1965; Maiti, 1983; Chhotani, 1997; Singha et al., 2012, 2014; Biswa and Mukhopadhyay, 2014; Poovoli, 2016) 

 

Table 5.2: Table showing distribution pattern of termite species in different Tea growing regions of Darjeeling Terai and the Dooars 

 O. obesus O. parvidens M. obesi M. holmgreni S. quadriceps E. lighti P. assamensis N. sp C. heimi H. indicola 

WesternTerai ++ + +++ - + - - - - - 

EasternTerai ++ + +++ - - + + + + + 

Western Dooars  ++ + ++ - - - - - - - 

Central Dooars  +++ + ++ + - - - - + - 

Eastern Dooars  +++ + + - - - + - + - 

Symbols “+” and “-” symbolize positive occurrence and negative occurrence respectively of termite genera in different tea plantations
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2014; Poovoli, 2016) are compiled here. A total of 34 species have been found to exist 

in Indian tea ecosystem belonging to three families, eight subfamilies and 21 genera. 

Rhinotermitidae with only three pest species constituted 8.80%, Kalotermitidae with 

11.8% and family – Termitidae constituted a whopping 82.3% of total species count. 

Based on available information from published works (Das, 1965; Singha et al., 

2012, 2014) and species frequently record (Table 5.2) in the present study it was 

surmised that two species viz. Odontotermes obesus and Microtermes obesi have higher 

occurrence. Both had earlier been reported to be predominantly present in most of the 

tea plantations of North East as serious pests of tea (Choudhury, 1999; Singha et al. 

2012, 2014). Findings of the present study also agree with the previous reports 

confirming them as the most common and serious pest of tea. Apart from these two, O. 

parvidens and Coptotermes heimi were also recognized as pests of tea (Ahmed, 2014), 

but the relative abundance of these species were negligible in Darjeeling Terai and the 

Dooars (Table 5.2). Results showed that Odontotermes obesus has highest distribution 

in eastern Dooars, whereas rest of North Bengal has moderate Odontotermes existence. 

Similar pattern of distribution was observed in case of Microtermes however, its 

distribution was more intense in eastern and western part of Terai region. Rest part of 

Darjeeling Terai and the Dooars had less to moderate distribution of these two species.  

 

5.1.2. Systematic status and diagnostic characters of families Rhinotermitidae and 

Termitidae: 

Present study mainly comprised of representative termite species from two families 

namely Rhinotermitidae and Termitidae. Diagnosis and keys to the families and 

subfamilies based on soldier and worker castes are given for these two families.  
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Keys to the family 

Flat pronotum; mandibles without serration at inner margin.............. Rhinotermitidae 

Slight to distinct saddle-shaped pronotum; a faint to distinct serration present at inner 

margin of mandible ………………………..………............................... Termitidae 

 

5.1.2.1. Family – RHINOTERMITIDAE Froggatt 

As per the recent taxonomic updates from Krishna et al. (2013) family 

Rhinotermitidae has six subfamilies, 12 genera, 315 living species and 18 fossil 

species. Present study came across with two representative species of this family viz. 

Coptotermes heimi and Heterotermes indicola. Keys to subfamily and the diagnostic 

features species are given below. 

 

Keys to subfamily: 

Head pyriform to sub-circular in shape, with large, rounded fontanelle at base of 

clypeus; Mandible long, sabre-shaped, broad at base and narrowing distally to a 

sharply pointed, incurved apex ………………………………………Coptotermitinae 

Head rectangular, much longer than broad. Mandibles fairly long with almost straight 

outer margin, faintly incurved at tip; labrum with needle-like hyaline tip 

…….…………………………………………………………………Heterotermitinae 

 

5.1.2.2. Subfamily Coptotermitinae Holmgren  

Genus Coptotermes Wasmann 

The genus Coptotermes has 67 recorded extant species worldwide out of which 

nine has been recorded from Indian subcontinent (Krishna et al., 2013; Roonwal and 
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Chhotani, 1989). Out of these nine species to this genus only one was recorded in the 

present study. 

 

(1) Coptotermes heimi (Wasmann) 

 Coptotermes heimi (Wasmann, 1902), Holmgren (1911) in: K. Sv. vet. Akad. Handl, 46(6): 

73. 

 Arrhinotermes heimi Wasmann (1902) in:  Jb. (Syst.), 17(1): 104. 

Coptotermes parvullus Holmgren (1913) in: J. Bombay nat. Hist. Soc., 22(1) : 102, 104. 

Coptotermes travians (Haviland) Bugnion (1910) (Wrong determination) in: Ann. Soc. Ent. 

Fr., 79: 137. 

 

Diagnostic characters – Soldier: head oval, longer than broad; sides weakly 

outcurved, converging anteriorly. Fontanelle large, opening with a brown chitinoid 

border. Antennae with 14-15 segments, 3 shortest. Labrum subtriangular, longer than 

broad, sides narrowing distally to a hyaline apex, distal tip with one long bristle on 

either side. Mandibles sabreshaped. Postmentum club-shaped, long, a few bristle like 

hairs present in anterior part. Pronotum, subreniform, much broader than long, 

anterior margin broadly convex with a median notch; posterior margin substraight, 

with a weak median depression (Figure 5.2).  

Worker: it has drop shaped head, broader than long. Fontanelle, eyes and ocelli 

absent. Antennae with 12-15 segments; segment 3 shortest or subequal to either 2 or 

4. Clypeus, labrum and mandibles as in imago; Pronotum pilose, much broader than 

long. 

Distribution – This species is a widespread species being reported from all the 

countries under Indian subcontinent. 
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Remarks – In present study samples were collected from places like Longview T.E., 

Lakhipara T.E. and Kalchini T.E. Primarily found to infest shade trees and were 

collected from dead and rotting logs of trees.  

 

5.1.2.3. Subfamily Heterotermitinae Holmgren  

Genus Heterotermes Froggatt 

The subfamily Heterotermitinae has two genera namely Reticulitermes and 

Heterotermes. Genus Heterotermes has 30 extant and two fossil species (Krishna et 

al., 2013) worldwide, and in Indian region five species have been reported (Roonwal 

and Chhotani, 1989). Out of these five species only one was recorded in present study 

and has been described as below. 

(2) Heterotermes indicola (Wasmann) 

Heterotermes indicola (Wasmann, 1902), Snyder (1933) in: Snyder, Proc. U.S. natnl. 

Mus., 82(Art. 16): 5. 

Leucotermes indicola Wasmann (1902) in: Zool Jb. (Syst.), 17(1): II8-119.  

 

Diagnostic characters – Soldier: rectangular head, much longer than broad. Antennae 

with 14-16 (generally 15) segments. Mandibles fairly long (0.73-0.93 mm) sabre-

shaped, outer margin fairly straight with incurved apices, inner margin also fairly 

straight upto apices; left mandible with 3- crenulations in basal part of inner margin. 

Postmentum club-shaped, fairely long. Pronotum flat, subtrapezoidal; anterior margin 

substraight, medially weakly to distinctly notched. Legs long, pilose, apical tibial 

spurs 3:2:2, tarsi 4-segmented. Abdomen oblong, moderately pilose; Cerci 2-jointed; 

styli single-jointed (Figure 5.3). 
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Worker: trapezoidal, slightly wider than long head, widest at base of antennae. 

Fontanelle indistinct. Eyes and ocelli absent. Antennae with 14-15 segments. 

Postclypeus weakly swollen, length half of width. Labrum and mandibles as in genus. 

Pornotum flat, anterior margin substraight with a distinct median notch, posterior 

margin substraight to weakly emarginated. Legs and abdomen as in soldier. 

Distribution – it is a very common wood-destroying termite in the Indian 

subcontinent and is found all over the India subcontinent extending up to Afghanistan. 

Remarks – This species was sampled from only one tea plantation i.e. Longview T.E. 

during the study from an infested tea stem. Primarily a structural pest, it has never 

been reported from tea ecosystem before. Though not widely adapted to tea 

ecosystem yet can be a potential threat. 

   

5.1.2.4. Family – TERMITIDAE Latreille 

According to Krishna et al. (2013) family Termitidae has been recorded to have 

eight subfamilies, 238 genera, 2072 living species and 34 fossil species. Termitidae 

has the largest number of species of termites exclusively consisting of individuals 

without symbiotic flagellate protozoan. Present study came across with three 

subfamilies and eight representative species belonging to the family Termitidae. Keys 

to subfamily, genera and species, and the diagnostic features of species are given 

below. 

 

Keys to subfamily  

1. Head produced into a nasute or rostrum; mandibles functional in primitive genera; 

generally non-functional in others …………………................. Nasutitermitinae 
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Head not produced into rostrum, rather rectangular, squarish or oval; mandibles 

not degenerate, but well developed with or without teeth in the inner margins .... 2 

 

2. Mandible either with or without tooth, left mandible with a prominent and right 

one with a smaller or minute tooth (Odontotermes) or with crenulations 

(Hypotermes, Macrotermes) ....................................................... Macrotermitinae 

Mandibles rod-like or twisted; as long as or a little longer than head length and 

shorter in some genera; fontanelle generally placed below frontal projection ……. 

………………………………………………………………………… Termitinae 

 

5.1.2.5. Subfamily Macrotermitinae Kemner 

As of now, subfamily Macrotermitinae comprised of 12 genera, 373 extant and 

two fossil species (Krishna et al., 2013). This subfamily exclusively has all the fungus 

growing termites. Termite representatives of this subfamily are widespread to Africa 

to South-east Asian countries, but are not found in Australia and New world regions. 

In present study, two representative species from this subfamily has been recorded 

which also happen to be one of the most proliferated species in Darjeeling Terai and 

the Dooars region of West Bengal.  

 

Keys to genera 

1. Head oval, densely hairy. Antennae 12-15 segmented. Mandibles thin, delicate, 

weakly incurved distally. Left mandible either without or with a rudimentary tooth  

……………………………………………………………………….Microtermes 

Head oval to sub-rectangular, converging in front. Antennae 15-18 segmented. 

Left mandible with a small to prominent tooth ……………………Odontotermes 
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Genus Microtermes Wasmann 

Genus Microtermes is reported to have 66 species which are distributed 

throughout Ethiopian, Palearctic and Oriental regions. Some of the species under this 

genus is considered to be serious pest of many crops, plantations and wooden 

structures. In the present study one species belonging to this genus was recorded. 

  

(3) Microtermes obesi Holmgren 

Microtermes obesi Holmgren (1911), in: J. Bombay nat. Hist. Soc., 21(1): 787-788. 

Microtermes anandi Holmgren (1913), in: J Bombay nat. Hist. Soc., 22(1): 114. 

Microtermes anandi f. curvignathus Holmgren (1911) in: J. Bombay nat. Hist. Soc., 

22(1): 114. 

Diagnostic characters – Soldier: with oval shaped head, a little longer than wide. 14 

segmented antennae. Labrum long, lanceolate, reaching up to about 2/3 of mandibles. 

Mandibles thin, delicate and weakly incurved apically; a little longer than 1/2 of head-

length. Postmentum a little longer than wide and slightly arched; sides weakly 

convex; Pronotum strongly saddle-shaped (Figure 4.3). 

 Worker: dimorphic. Major worker with sub-square head. Antennae 13-14 

segmented; Postclypeus swollen; length almost half of width. Pronotum saddle-

shaped. Minor worker is look like a major worker, except for its smaller size. 

Distribution – Widespread throughout India and other parts of Indian subcontinent. 

Remarks – This particular species is one of the serious pest of tea plantation and have 

been sampled from every part of Darjeeling Terai and the Dooars. 
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Genus Odontotermes Holmgren 

Genus Odontotermes is another most widespread genus after Microtermes in the 

Indian subcontinent ranging from Pakistan, India, Sri Lanka, Nepal and Bhutan. Other 

than the Oriental region it is also distributed in Palearctic, Ethiopian and Papuan 

region. Total 199 species has been reported for this genus from these regions among 

which almost half is found in Oriental and half in Ethiopian region (Chhotani, 1997). 

Present study recorded two species of this genus for which a key to species and 

diagnostic characters are given as below. 

 

Keys to species: 

1. Tooth of left mandible minute and situated at basal third of mandible …………. 

……………………………………………………………………… O. parvidens 

Mandibles shorter with weakly incurved outer margin near the basal third. Labrum 

shorter and broadly rounded anteriorly …………….............................. O. obesus 

 

(4) Odontotermes obesus Rambur 

Odontotermes obesus (Rambur, 1842), Krishna (1965) in: Am. Mus. Novit, No. 2210: 

24-25. 

Termes obesus Rambur (1842) in: Histoire nat. Insectes, Névroptéres: 304. 

Termes obesus (Cyclotermes) orissae Snyder (1934) in: Indian For. Rec., 20(11): 10-

11. 

Diagnostic characters – Soldier: oval head, gradually converging to anterior. 

Antennae 16-17 segmented. Labrum tongue-shaped, with broadly rounded anterior 

margin. Mandibles long, slender, sabre-shaped. Left mandible with a sharp, prominent 
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tooth at distal one third. Right mandible with a minute tooth a little below level of 

tooth on left mandible. Postmentum subrectangular. Pronotum saddle-shaped, anterior 

lobe semicircular. 

Worker: dimorphic. Major with sub-square head, widest near antennae. Antennae 17-

18 segmented. Postclypeus weakly swollen, length less than half its width. Pronotum 

strongly saddle shaped. Minor worker smaller than major worker with 16-17 

segmented antennae (Figure 4.4). 

Distribution – Widely distributed species and present in every countries of Indian 

subcontinent. 

Remarks – Odontotermes obesus found to be one of the most serious termite pest in 

this region with abundance in every plantations where collections were made. 

Collected either directly from mounds in between tea bushes or from affected and 

dying tea plants. 

 

(5) Odontotermes parvidens 

Odontotermes/O. (Odontotermes) parvidens Holmgren and Holmgren (1917) in: 

Mem. Dept. agric. Sci., 5(3): 154. 

Termes (Cyclotermes)/Odontotermes almorensis Snyder (1933) in: Proc. U. S. natn. 

Mus., 84: 8-9. 

Odontotermes distans Holmgren and Holmgren (Part) Thakur (1981) in: Indian For. 

Ree. (N.S.) Ent., 14 (2): 44-50. 

Odontotermes microdens Holmgren (In Silvestri) Nom. Nude, Silvestri (1914) in: 

Rec. Indian Mus., 8(5): 428. 
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Diagnostic characters – Soldier: large head slightly rectangular to oval in shape, 

converging anteriorly. Antennae with 16-17 segments. Labrum tongue-like triangular 

shaped, with pointed tip. Mandibles strong, sized half or little more of the size of head 

with slightly incurved tips. Left mandible with a minute inner marginal tooth. Right 

mandible without or with a minute denticle near base. Postmentum subrectangular. 

Pronotum saddle-shaped [Figure 5.1(c)]. 

Workers: dimorphic; Major worker with almost square head. Antennae 17-19 

segmented. Postclypeus weakly swollen; length less than half the width. Pronotum 

saddle-shaped. Minor worker, like major worker except for smaller size. 

Distribution – In India it is distributed towards northern to north-eastern part, 

following the Himalayan belt. Also found in Bangladesh, Bhutan and Pakistan. 

Remarks – This species has been widely reported from entire Himalayan region. 

During present work samples were collected from most of the tea plantations of 

Darjeeling Terai and the Dooars. Normally found making mud galleries over tea 

trunk.  

 

5.1.2.6. Subfamily Termitinae 

Subfamily Termitinae was erected by Latreille in 1802 as Termitines. At present 

this family comprises of 61 genera, 637 extant and 6 fossil species. Representatives of 

this subfamily are widespread to all the zoogeographic regions. In present study four 

species was recorded under this subfamily, hence, keys to genera and diagnosis for 

each species are given so forth. 
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Keys to the genera 

1. Mandibles snapping type, slightly to strongly asymmetrical, rod-like, without a 

prominent tooth, little longer than head, shorter in some genera; Fontanelle 

generally placed below frontal projection .............................................................2 

Mandibles not snapping type, symmetrical, sabre-shaped or hooked or 

curved at tips generally shorter than head, each with a prominent tooth or 

serration; Fontanelle open and distinct or indistinct …………….......................3 

 

2. Head sub-rectangular, sparsely hairy; without frontal projection. Mandibles 

asymmetrical. Left strongly twisted at middle, without a point at tip. Right 

mandible blade-like, tip pointed and weakly outcurved apically .. Pericapritermes 

Head sub-rectangular, fairly hairy; median suture partly distinct. Antennae 14 

segmented. Mandibles slightly asymmetrical, long, rod-like, weakly incurved at 

tip, not bent like a beak…..................... Procapriterrnes  (=Malaysiocapritermes) 

 

3. Smaller species, head sub-rectangular. Antennae 14 segmented. Mandibles short, 

sickle-shaped, thick, stout, very broad basally; each mandible with a small tooth 

lying in middle third ….....................................................................Euhamitermes 

Head sub-squarish, a little longer than wide. Antennae 13 segmented. Mandibles 

short, stout, strongly incurved near middle, and apical half of mandibles weakly 

incurved, inner margin not serrated but with a prominent triangular tooth at 

middle ….........................................................................................Synhamitermes 
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Genus Pericapritermes Silvestri 

(6) Pericapritermes assamensis (Mathur and Thapa) 

Pericapritermes assamensis (Mathur and Thapa, 1965), Krishna (1968) in: Bull. Am. 

Mus. nat. Hist., 138 (Art. 5): 293. 

Capritermes assamensis Mathur and Thapa (1965) in: Bull. Ent., No.6: 10-12. 

Pericapritermes ceylonicus (wrong determination), Maiti (1983) in: Occ. Pap. Rec. 

Zool. Surv. India, No. 42: 24, 87-89. 

Diagnostic characters – Soldier: sub-rectangular head, sides slightly convex; in 

profile frons sloping in front and shallowly depressed medially; median suture 

present, not extending upto fontanelle. Fontanelle minute, circular; situated anteriorly. 

Antennae 14-segmented. Mandibles strongly asymmetrical; a little longer than half 

the length of head; left mandible strongly twisted at middle, without a point at tip; 

right blade-like, tip pointed and weakly out-curved apically. Postmentum long, club-

shaped. Pronotum saddle-shaped (Figure 5.4). 

Worker: with semi circular head. Fontanelle plate oval, whitish spot. Antennae 

14-segmented. Postclypeus swollen, hairy. Labrum dome-shaped, hairy. Pronotum 

saddle-shaped. 

Distribution – India: Assam, Sikkim and West Bengal. 

Remarks – This species was collected from two tea estates namely Longview and 

Kalchini. In both tea estates P. assamensis were found to attack tea bushes and were 

collected from dying tea trunks. This species though commonly found in this part of 

country, yet was not reported earlier from tea plantations. This is the first time it is 

found to be associated with tea ecosystem. 
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Genus Procapritermes Ahmad and Akhtar 

(7) Procapritermes holmgreni (Akhtar) 

Procapritermes holmgreni (Akhtar, 1975) (102. transferred back to Procapritermes) 

Gathorne-Hardy (2004) in: Sarawak Mus. J. 60: 89–133. 

Malaysiocapritermes holmgreni Akhtar (1975) in: Bull. Dept. zool. Univ. Punjab. 

(N.S.), Art 7: 179-183, 194. 

Procapritermes holmgreni (Akhtar), Ahmad and Akhtar (1981) in: Pakistan J. Zool., 

13(1-2): 10. 

Diagnostic characters – Soldier: rectangular shaped head, weakly convex sides; 

longer than wide; frons sloping sharply towards anterior. Fontanelle transverse; 

situated anteriorly a little below base of slope of frons. Antennae with 14 segments. 

Labrum sub-rectangular. Mandibles weakly asymmetrical and pointed at tips; longer 

than head-length without mandibles. Postmentum short, club-like (Figure 5.5).  

Worker with sub-circular, broader than long head. Fontanelle plate small, oval, 

translucent spot present in middle. Postclypeus hairy, swollen. Antennae 14 

segmented. Mandibles each with an apical and two marginal teeth; apical teeth long 

finger like. Pronotum narrower than head; anterior margin slightly raised and with a 

weak median notch. 

Distribution – India: Meghalaya and Arunachal Pradesh; Bangladesh. 

Remarks – This species was collected from Grassmore T.E. These seem to be soil 

and humus feeder and were collected from surrounding soil of tea plantation. This is 

among the few rarely reported species, first ever record from West Bengal. 
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Genus Euhamitermes Holmgren 

(8) Euhamitermes lighti  Snyder 

Euhamitermes lighti Snyder (1949) in: Smiths. misc. Colls., 112: 112. 

Amitermes (Euhamitermes) lighti Snyder (1933) in: Proc. biol. Soc., 46: 93.  

Diagnostic characters – Soldier: sub-rectangular head. Antennae 14 segmented. 

Postclypeus elliptical; anterior margin straight. Labrum broad, tongue shaped. 

Mandibles thick, stout, very broad basally; each with a small tooth at middle third of 

inner margin. Postmentum club-shaped. Pronotum strongly saddle-shaped (Figure 

5.6). 

Worker: sub-circular head, wider than long; Fontanelle plate indistinct. Antennae 

14 segmented. Postclypeus pilose, swollen. Labrum broad, tongue shaped. Pronotum 

saddle-shaped. 

Distribution – India: Uttar Pradesh: Dehra Dun. 

Remarks – This species was collected from a hollowed root of tea bush at Ambootia 

T.E. near Kurseong. Present study is the first ever record of E. lighti from West 

Bengal. 

 

Genus Synhamitermes Holmgren 

(9) Synhamitermes quadriceps (Wasmann) 

Synhamitermes quadriceps (Wasmann, 1902), Snyder (1949) in: Smiths. misc. Colis., 

112; 129.  

Amitermes quadriceps Wasmann (1902) in: Zool. Jb. Syst., 17(1): 123. 
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Hamitermes (Synhamitermes) quadriceps (Wasmann), Holmgren (1912) in: K. 

Svenska Vetensk.-Akad. Handl., 48 : 91. 

Synhamitermes quadriceps (Wasmann), Snyder (1949) in: Smiths. misc. Colis., 112 ; 

129. 

Diagnostic characters – Soldier: sub-square head, a little longer than wide. Antennae 

13 segmented. Postclypeus semicircular. Labrum broadly tongue-shaped. Mandibles 

short, stout, outer margin incurved medially; each with a triangular tooth on inner 

margin at about middle. Postmentum short, club-shaped. Pronotum saddle-shaped 

(Figure 5.7). 

Worker: sub-square head having weakly rounded sides and posterior margin. 

Antennae 13 segmented. Postclypeus swollen, length less than half of width. Labrum 

sub-square. Pronotum saddle-shaped. 

Distribution – India: Maharashtra, Goa, Daman, Rajasthan, Madhya Pradesh, West 

Bengal, Assam, Tripura and Kerala. Elsewhere - Bangladesh. 

Remarks – This species was collected from soil at Atal T.E. The collection spot had 

cleared of tea bushes and was going through preparation for re-plantation. This 

species had never been reported from tea ecosystem before hence, it’s a first report of 

this species being recorded in tea plantation. 

 

5.1.2.7. Subfamily Nasutitermitinae 

Nasutitermes longviewensis sp. nov. 

Diagnostic characters – Soldiers: head with pyriform to cylindrical rostrum tapering 

at tip, with spars long hairs and a few long hairs. Body sparsly to moderately pilosed. 

Head reddish brown in color, body creamish yellow to brownish in color. Antennae 
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13 segmented. Mandibles vestigial. Pronotum small, saddle-shaped, posterior margin 

strongly curved inward. Abdomen elongated (Figure 5.8). Nasute 0.4-0.5 mm long 

almost half of the length of head without nasus. 

Worker: monomorphic. Head sub-square to broad and oval; epicranial suture 

distinct. Fontanelle plate elongated, narrow, translucent. Antennae 13-15 segmented. 

Postclypeus weakly swollen, length less than 1/2 of width. Pronotum and legs as in 

soldier. Abdomen elongate, hairy; cerci 2-jointed; styli absent. 

Distribution – Nasutitermes is a cosmo-tropical genus and is known from the entire 

world except the Palaearctic region. In the Indian subcontinent, it is very widely 

distributed all over India (except north-western parts), Bhutan, Bangladesh, Sri Lanka 

and Burma. 

Remarks – Samples of this genus was collected from Longview T.E. from a shade 

tree. It has made a nest inside the tree. Entrance to nest was through small openings 

made on the surface of tree trunk. From this part of West Bengal about three species 

of Nasutitermes has been reported earlier namely N. jalpaiguriensis, N. thanensis and 

N. garoensis. However, N. longviewensis sp. nov. seem to differ from them in 

characters like total body-length is about 3.5-4.0 mm. Length of nasute almost equal 

to the half of head length at base of mandibles nasute 0.4-05 mm long. head without 

rostrum 0.9-1.0, width 0.8-1.0 mm). 

 

5.1.3. Discussion:  

Present study recorded ten species of termites in tea ecosystem of Darjeeling 

Terai and the Dooars. An intensive and exclusive taxonomically oriented survey may 

further add to the total numbers of termite species from the tea plantations of these 
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regions. In past few species like Odontotermes obesus, O. parvidens, Microtermes 

obesi, and Coptotermes heimi had already been reported to exist in tea ecosystem as 

common pest species (Das, 1965; Choudhury,1999; Singha et al., 2012, 2014; Biswa 

and Mukhopadhyay, 2014). O. obesus and M. obesi were among the most prevalent 

pest species. In fact, the abundance study also reciprocated the similar findings for this 

region where they were found to infest most of the tea plantations (Table 5.2). Rests of 

the species have never been reported from tea plantations of Darjeeling Terai and the 

Dooars. In fact one new species and five other species are being reported for the first 

time from tea plantations of North Bengal.  

H. indicola is a well known pest of wooden structures and buildings (Biswa and 

Mukhopadhyay, 2010; Mahapatro and Kumar, 2013), however, had never been 

reported from tea environment before. Similarly other species of termites namely 

Heterotermes indicola, Synhamitermes quadriceps and Pericapritermes assamensis are 

some species which were previously been reported from this part of West  Bengal but 

never from tea ecosystem as such. Based on present study they are being reported for 

the first time from tea ecosystem. Procapritermes holmgreni and Euhamitermes lighti 

had never been recorded in this part of country and are being reported for the first time 

from the state West Bengal. 

 The only survey report available on termites of tea ecosystem from North 

Bengal is by Das (1965). Although, there had been reports on termites fauna of West 

Bengal by Maiti (1983) and termites fauna of Himalaya by Mukherjee (2002) yet no 

substantial documentation is available on tea termites from Darjeeling foothills. After 

Das (1965) not much has been added to tea entomology of this area. In fact leading tea 

research agencies still rely on the conventional data available on termites (TRA, 2015; 

UPASI TRF, 2017). Reasons may be that termite pest does not apparently pose a 
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serious threat to the tea plantations except for few places like Barak valley, Darang and 

Cachar districts of Assam and Darjeeling Terai where they have been recognised as 

serious pest (Choudhury, 1999; Choudhury et al, 2005; Singha et al., 2012, Biswa and 

Mukhopadhyay, 2014). There have been plenty of reports of termite pest instances in 

other crops like Coconut (Mariau et al., 1992; Tang et al., 2006; Mahapatro and Kumar, 

2015), Eucalyptus (Constantino, 2002; Andersen et al., 2005; Werner et al., 2008), 

Coffee (Neves and Alves, 1999; Bhavana et al., 2015), Cocoa (Moura et al., 1998; 

Fernandes et al., 1998; Cruvinel et al., 1998), Wheat (Kranz et al., 1981; Cowie and 

Wood, 1989; Hashimi et al., 1983), Maize (Mill, 1992; Berti-Filho, 1993; Figueira et 

al., 1998; Fernandes and Alves, 1992), Rice (Sands, 1973; Czepak et al., 1993; Mill, 

1992; Dario and Villela-Filho, 1998) and many more. However, there is still much 

work to be done on termite pests of tea ecosystem from this region. Therefore, this 

survey data would enable one to have a comprehensive idea and a comparative status of 

termite species in tea plantations of Darjeeling foothills,  thereby adding to the 

knowledge to the total diversity of termites of West Bengal.  
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Figure 5.2: Soldier castes of Coptotermes heimi (a) planar view from top, (b) side view 

 

 

 

 

  

Figure 5.3: Termite castes of Heterotermes indicola (a) soldier  and (b) worker 
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Figure 5.4: (a) Soldier caste of 

soldier mandibles depicting the typical uneven shape, and (c) worker castes and other 

nymphal stages 

Workers 

(a) 

(c) 

: (a) Soldier caste of Pericapritermes assamensis. (b) The enlarged view of the 

mandibles depicting the typical uneven shape, and (c) worker castes and other 

 

Worker nymph

Larval stage 

Soldier nymph 
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. (b) The enlarged view of the 

mandibles depicting the typical uneven shape, and (c) worker castes and other 

Worker nymph 

(b) 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5: Procapritermes

caste and (d) soldier mandibles and antennae

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(c) 

Procapritermes holmgreni (a) worker caste, (b) worker mandibles, (c) soldier 

caste and (d) soldier mandibles and antennae 

(b) 

(d) 
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(a) worker caste, (b) worker mandibles, (c) soldier 
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Figure 5.6: (a) Soldier castes of Euhamitermes lighti, (b) The enlarged view showing 

underside of soldier mandibles clearly shows the marginal dentitions and curved beak 

like tips 

 

 

 

 

 

 

 

 

 

 

Figure 5.7: Castes of Synhamitermes quadriceps (a) Soldier and (b) worker 
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Figure 5.8: Nasutitermes longviewensis (c) soldier and (d) worker 

(a) 

(b) 
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5.2. TAXONOMY AND PHYLOGENETIC STUDY OF TERMITES 

5.2.1. Morphometric analysis and Phenogram construction: 

Twenty five morphological characters and character states were chosen (Table 4.2) 

based on the works of Donovan et al. (2000) and Engel et al. (2009). Characters which 

seemed homologous for both worker and soldiers were scored separately as they are 

believed to represent separate apomorphies (Donovan et al., 2000). The study involved two 

sets of data, i.e. for worker and soldier from all the representative termite species identified 

from tea plantations under present study. Data was processed using PHYLIP v.3.695 to 

construct the dendogram. The dendogram obtained showed three primary clusters. In cluster 

one closest of relation was exhibited by O. parvidens and P. holmgreni, whereas N. 

longviewensis is distantly related to them (Figure 5.9). Second cluster also comprised of 

three species namely P. assamensis, S. quadriceps and H. indicola where first two species 

shared close similarity, whereas H. indicola exhibited distant relationship with P. 

assamensis and S. quadriceps. The species of third cluster C. heimi, O. obesus and M. obesi 

shared the close relationship. Among themselves E. lighti appeared to be the most distantly 

related species. 

 

5.2.2. Random Amplified Polymorphic DNA (RAPD) based genetic diversity analysis: 

In the present study PCR based RAPD marker system was used to probe the 

preliminary relationships among 10 termite species collected from the tea plantations of 

Darjeeling Terai and the Dooars. RAPD primers amplify random segments of genomic 

DNA by binding at unknown regions. Owing to this random binding of primers no prior 
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Figure 5.9: Genetic relatedness analysis among the termite species obtained on the basis 

of Morphometric characters and character state scoring patterns 
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knowledge of the sequence for the target DNA is necessary which makes this method 

popular for comparing the DNA of organisms (Prasad and Sethi, 2014). 

 

5.2.3. RAPD based diversity analysis: 

Genetic relatedness among the 10 selected termite species namely O. obesus, O. 

parvidens, S. quadriceps, E. lighti, P. holmgreni, P. assamensis, N. longviewensis, H. 

indicola and C. heimi were assessed using random decamer primers. Initially for 

optimization of DNA concentrations, 5 ng, 10 ng, 15 ng and 20 ng per 25 µl reaction 

mixture were used. Among these tested concentrations, 20 ng /25 µl reaction mixtures 

produced the best amplification. Lower or higher concentrations either reduced 

amplification of produced smearing, respectively. Therefore, in subsequent experiments 

20 ng DNA per reaction was used in all PCR amplification (Figure 5.9). 

Altogether 25 random decamer oligonucleotide sequences (primers) having 10 bp 

each were initially screened for determining polymorphism among the termite species to 

generate reproducible polymorphic bands out of which two (OPA-1 and OPA-2) 

showed good amplification. All amplified products with OPA-1 and OPA-2 primers 

showed polymorphic and distinguishable banding patterns. RAPD profiles showed that 

primer OPA-2 scored highest number of polymorphic bands which ranged between 200 

bp to 2000 bp (Figure 5.10 A and B). 

 

5.2.4. Analysis of polymorphism: 

The size of the bands in both the cases varied from 200 to 2000 bp. However, 

both the primers differed in their capacity to detect polymorphism. Highest level of 
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polymorphism was recorded in primer OPA-2 (51 %) followed by OPA-1 (38%) (Table 

5.3). 

 

Table 5.3: Determination of polymorphisms based on the RAPD banding patterns 

Primers Total No. of RAPD 

products 

Total No. of 

polymorphic bands 

% Polymorphism 

OPA-1 36 14 38 

OPA-2 31 16 51 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10: RAPD amplified products in different termite species. Lane-1, DNA wide 

range molecular marker.2 P. holmgreni, 3 O. obesus, 4 O. parvidens, 5 C. heimi, 6 M. 

obesi, 7 H. indicola, 8 E. lighti, 9 P. assamensis, 10 N. longviewensis, 11. S. quadriceps, 

obtained with the primers OPA-1 (A) and OPA-2 (B) 
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Figure 5.11: A screenshot of data matrix sheet showing scores for different bands amplified 

out of two different primers OPA-1 and OPA-2 for different species of termites 

 

5.2.5. Analysis of genetic similarity values: 

Bands were scored by putting 1 (presence) and 0 (absence) at the homologous 

sites for both the primers for all the species to prepare a data matrix sheet (Figure 5.11). 

The analysis of similarity co-efficient was performed using NTSYS-PC software. Results 

of pairwise comparison showed the highest degree of similarity between O. obesus and 

O. parvidens (0.85714), whereas the lowest similarity was observed between C. heimi 

and O. parvidens, and O. parvidens and S. quadriceps with similarly coefficient of  
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Table 5.4: Genetic similarity matrix, obtained as the result of Simqual analysis of 

polymorphism obtained with OPA-1 and OPA 2 for RAPD  

  Ph Oo Op Ch Mo Sq El Pa Nl Hi 

Ph 1.00000                   

Oo 0.71428 1.00000                 

Op 0.57142 0.85714 1.00000               

Ch 0.57142 0.28571 0.14285 1.00000             

Mo 0.42857 0.57142 0.71428 0.28571 1.00000           

Sq 0.57142 0.28571 0.14285 0.71428 0.28571 1.00000         

El 0.42857 0.42857 0.28571 0.57142 0.57142 0.57142 1.00000       

Pa 0.35714 0.35714 0.21428 0.64285 0.50000 0.64285 0.78571 1.00000     

Nl 0.50000 0.64285 0.78571 0.35714 0.50000 0.21428 0.35714 0.28571 1.00000   

Hi 0.57142 0.57142 0.42857 0.42857 0.28571 0.57142 0.57142 0.64285 0.64285 1.00000 

" SIMQUAL; coeff=J; " by Cols, +=   1.00000, =   0.00000: 3 10L 10 0    

 

0.14285 for both the comparisons. The overall result of the data based on 1/0 matrix 

showed that the similarity coefficient among all the termite species ranged from 0.14285 

– 0.85714 suggesting considerable degree of genetic dissimilarity among all the tested 

termite species (Table 5.4). 

 

5.2.6. Dendrogram Construction: 

A dendrogram was constructed on the basis of shared fragments (Table 5.3) and 

the Similarity coefficients (Table 5.4). Due to the lack of an out group the dendogram is 

an unrooted tree. The presented dendrogram (Figure 5.12) shows broadly two major 

clusters (I and II) with coefficient value ranging from 0.38 to 0.86. The cluster I with 

coefficient values 0.55 to 0.86 is comprised of the termite species P. holmgreni, O. 

obesus, O. parvidens, N. longviewensis and M. obesi where O. obesus and O. parvidens 

appeared closest and were embedded in the same node. Both the species (O. obesus and 
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O. parvidens) are deeply joined with N. longviewensis. However, P. holmgreni and M. 

obesi appeared to be more distantly related to O. obesus, O. parvidens and N. 

longviewensis.  The cluster II (coefficient ranging from 0.58 – 0.86) consists of C. heimi, 

H. indicola, E. lighti, P. assamensis, S. quadriceps.  E. lighti, P. assamensis. C. heimi and 

H. indicola in cluster II showed highest relatedness between them. Both the clusters I and 

II are deeply joined with each other at coefficient 0.38. 

Figure 5.12: Genetic relatedness analysis among the different termite species obtained on 

the basis of RAPD banding patterns obtaned with the primer OPA-1 and OPA- 2. 

Dendogram showing all the termite species in different clades, similarity cofficient 

calculated on the basis of presence or absence of bands using NTSYS- PC software 
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The topology of the tentative phylogenetic relationship revealed by the RAPD 

analysis (Figure 5.12) is partially concurrent with the dendogram based on 

morphometrics (Figure 5.9), and both showed an overall similarity among the cluster I 

and II. RAPD markers were used to estimate overall variation/polymorphism among 

termite species and similar studies in different groups of insect have been conducted for 

preliminary variation study. 

 

5.2.7. Discussion:  

Termites (Blattodea) a diverse group of eusocial insects are phylogenetically 

closely related with cockroach and mantis (Kambhampati, 1995; Kambhampati et al., 

1996; Krishna et al., 2013). The phylogenetic position of termites among cockroaches 

and mantids is a much discussed aspect of termite biology (Thorne and Carpenter, 1992; 

Kambhapati et al., 1996). Large numbers of studies on phylogeny of termites at family or 

subfamily level based on morphological characters are available, but there are differences 

in opinions (Krishna, 1970; Donovan et al., 2000; Engel et al., 2009; Bignell et al., 2011; 

Krishna et al., 2013). The dendograms based on morphometrics showing relationships 

among 10 species of termites belonging to two different families is partially congruent 

with the RAPD based dendogram which is consistent with the findings of Kambhapati et 

al. (1996). On different families of termites Wang et al. (2009) reported phylogenetic 

relatedness of different species of Reticulitermes in Indiana based on morphology and 

mtDNA 16 srRNA sequences and RFLP for species identification. In the present study 10 

termite species under two families – Termitidae and Rhinotermitidae, collected from 

different tea plantations of Darjeeling foothills were studied for first time 
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morphologically as well as RAPD based technologies to assess their phylogenetic 

relatedness and taxonomic status. 

Singla et al. (2015) studied nine species of termites belonging to Odontotermes, 

Microtermes and Microcerotermes under family Termitidae from India using cytochrome 

oxidase-I (COI) sequences and showed that they are closely related, however, formed 

different clusters. Another study on termite species from the southern part of India 

comprised of four genera revealing similar result (Murthy et al., 2015). RAPD studies on 

12 species of termites belonging to three genera (Acanthotermes, Psammotermes and 

Microtermes) resulting into two clusters is consistent with our finding. Our phylogenetic 

results based on morphometric and RAPD analysis are in agreement with the results of 

Singla et al. (2015) and Murthy et al. (2015). 

The present study is a preliminary inventory to shed light on the phylogenetic 

status of the termites from this part of India. More extensive studies based on robust 

molecular markers and informative morphometric traits including an out group will be 

helpful in producing much closer and clearer picture of termite phylogeny. 
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5.3. EVALUATION OF PESTICIDE TOLERANCE 

Relative toxicity of different insecticides (imidacloprid 17.8% SL, chlorpyrifos 

20% EC, cypermethrin 35% EC and endosulfan 10% EC) was tested against two of the 

major termite pest species, namely O. obesus and M. obesi. Samples from different tea 

plantations having distinct management practices like organic (O) and conventional (C) 

were screened. An organically managed plantation has a distinction of using pest control 

strategies chiefly derived from biological sources, either in the form of plant extracts, 

herbal pesticides or bacterial formulations, whereas conventionally managed plantations 

primarily rely on synthetic chemicals for pest control and plant protection. The pesticides 

used for the bioassay belong to four different classes of synthetic chemicals viz 

Organochlorines (endosulfan), Organophosphate (chlorpyrifos), synthetic Pyrethroids 

(cypermethrine) and Neonicotinoids (imidacloprid). At present three of these chemicals 

(chlorpyrifos, cypermethrin and imidacloprid) are used in agriculture and are 

recommended by the Central Insecticides Board and Registration Committee (CIB), 

Government of India. Endosulfan being one of the most persistent organochlorine 

pesticides, a global ban was enforced in 2012. For the very same property of prolonged 

persistence, however, it was selected for bioassay as it was in use in tea industry from the 

time of its inception as a commercial formulation till recent past. Hence, their effect on 

termite is anticipated to be more than any other chemicals in this lot. 

 

5.3.1. Odontotermes obesus   

5.3.1.1. Chlorpyrifos 20% EC: 

Chlorpyrifos is the most common organophosphate pesticide used in 

agricultural fields to control various insect pests and often used as termiticide to 

control termites. A series of bioassays of this pesticide against O. obesus populations 
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from different tea plantations with either organic or conventional mode of 

management revealed that population from the organic plantations are the most 

susceptible ones (Table 5.5). Termite populations from the organically managed 

Terai plantations recorded the lowest LC50 value of 9.62 ppm at 24 hr of exposure 

followed by organically managed Dooars plantation with 10.48 ppm of LC50 value 

having no significant difference between them at p ≤ 0.05. Among termite pests 

from conventionally managed plantations highest LC50 was recorded in the 

populations of Western Dooars (54.25 ppm) closely followed by populations of 

Eastern Terai (52.04 ppm) > Central Dooars (46.45 ppm) > Eastern Dooars (45.82 

ppm) > Western Terai (43.50 ppm) (Table 5.5). These results can serve as an 

indicator of developing tolerance level against chlorpyrifos in the population of O. 

obesus from conventionally managed tea plantations which may be due to an 

excessive exposure to pesticides. 

 

5.3.1.2. Cypermethrin 35% EC: 

Cypermethrin, a synthetic pyrethroid pesticide is used to control a large array 

of pests. Considering its extensive use in tea plantations there is great chances that in 

conventionally maintained plantations termites come in contact to this pesticide in 

regular basis. Present findings showed that O. obesus populations from tea plantations 

which are heavily maintained on synthetic chemicals has higher amount of LC50 

values, whereas the populations from organically maintained plantations retained their 

least tolerant status with very low LC50 values. Population from conventionally 

managed Eastern Dooars plantations recorded the highest LC50 value of 43.76 ppm 

followed by Central Dooars (35.90 ppm) > Western Dooars (27.25 ppm) > Eastern 

Terai (19.35 ppm) > Western Terai (19.00 ppm) (Table 5.6). Among Organically 
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maintained plantations Terai population showed the lowest LC50 value with 4.76 ppm 

followed by Dooars population with 5.96 ppm. The LC50 values were significantly 

different at p = 0.05 level of probability based on Tukey’s HSD analysis. 

 

5.3.1.3. Endosulfan 10% EC:  

Endosulfan is an organochlorine (cyclodiene) compound with a long half life 

having toxic effect to a wide range of organisms. The conventionally managed 

Central Dooars population of O. obesus was found to be highly tolerant with LC50 

value of 51.09 ppm which is followed by such as Eastern Terai (49.84 ppm) > 

Western Terai (44.83 ppm) > Eastern Dooars (43.08 ppm) > Western Dooars (41.86 

ppm) (Table 5.7). Among organically managed plantations Terai showed LC50 value 

of 9.46 ppm and least tolerant population was from the Dooars with 7.66 ppm.  The 

difference in the LC50 values of organically managed plantations with that of 

conventionally managed plantations were found to be highly significant at p = 0.05 

level of probability based on Tukey’s HSD analysis.  

 

5.3.1.4. Imidacloprid 17.8% SL: 

Imidacloprid is a neonicotinoid pesticide, fairly a new compound often 

specifically used for controlling soil borne insect pests. The bioassay of this 

compound showed that the O. obesus population from conventional population has 

actually started developing tolerance against this pesticide as well. In contrast to 

low level of tolerance exhibited by the populations from organically managed 

plantations. (Terai – 7.56 ppm and Dooars – 9.74 ppm), population from 

conventionally managed plantations showed higher level of tolerance where 

highest was recorded for Central Dooars (65.84 ppm) followed by Eastern Terai 
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Table 5.5: Median lethal concentration (LC50) values of Chlorpyrifos 20% EC against Odontotermes obesus populations collected from different 

tea plantations of northern part of West Bengal 

Management Type Population 
*LC50 

(Mean† ± SE) 

95% FL of LC50 
RF 

Regression value 
(Y) Х2 *LC95  

Lower limit Upper limit bx A 

Organic 
Terai 9.62a ± 0.551 7.34 12.61 1.00 1.00 -2.45 1.98 73.77 

Dooars  10.48a ± 0.643 7.70 14.25 1.09 1.09 -1.93 2.45 120.58 

Conventional 

Western Terai 43.50b ± 1.217 29.29 53.61 4.52 4.52 -2.24 0.82 445.00 

Eastern Terai 52.04b ± 5.748 39.19 69.18 5.41 5.41 -3.11 1.52 484.82 

Western Dooars 54.25b ± 2.299 40.29 73.07 5.64 5.64 -2.63 1.67 588.48 

Central Dooars 46.45b ± 5.111 33.33 62.71 4.83 4.83 -2.68 1.45 587.03 

Eastern Dooars 45.82b ± 7.037 33.99 61.79 4.76 4.76 -2.61 2.15 486.33 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) Post Hoc 
test 
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Table 5.6: Median lethal concentration (LC50) values of Cypermethrin 35% EC against Odontotermes obesus populations collected from 

different tea plantations 

Management Type Population 
*LC50 

(Mean† ± SE) 

95% FL of LC50 
RF 

Regression value (Y) 
Х2 *LC95  Lower 

limit 
Upper 
limit 

bx A 

Organic 
Terai 4.76a ± 0.520 3.85 5.89 1.00 2.26 -3.30 10.51 25.78 

Dooars  5.96a ± 0.553 4.47 7.95 1.25 1.69 -1.37 2.40 57.47 

Conventional 

Western Terai 19.00b ± 0.364 13.96 25.86 3.99 1.54 -1.59 0.56 228.15 

Eastern Terai 19.35b ± 2.933 14.60 25.66 4.06 1.65 -2.06 0.91 197.43 

Western Dooars 27.25b ± 3.506 20.20 36.81 5.73 1.62 -2.16 3.76 315.54 

Central Dooars 35.90b ± 5.685 26.62 48.46 7.54 1.55 -2.06 1.40 410.80 

Eastern Dooars 43.76b ± 5.836 35.05 55.00 9.19 2.28 -5.52 8.71 302.45 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) Post Hoc 
test 
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Table 5.7: Median lethal concentration (LC50) values of Endosulfan 10% EC against Odontotermes obesus populations collected from different 

tea plantations 

Management Type Population 
*LC50 

(Mean† ± SE) 

95% FL of LC50 
RF 

Regression value (Y) 
Х2 *LC95  

Lower limit Upper limit bx A 

Organic 
Terai 9.46a ± 1.091 7.07 12.65 1.23 1.69 -1.72 3.85 90.08 

Dooars  7.66a ± 0.931 5.69 10.29 1.00 1.64 -1.35 2.55 77.99 

Conventional 

Western Terai 44.83b ± 2.550 33.90 59.30 5.85 1.76 -3.17 1.45 404.52 

Eastern Terai 49.84b ± 1.664 36.96 67.23 6.51 1.60 -2.52 1.77 555.99 

Western Dooars 41.86b ± 3.149 30.33 57.81 5.46 1.45 -1.71 0.79 585.68 

Central Dooars 51.09b ± 5.392 37.74 69.39 6.67 1.65 -2.77 2.08 658.34 

Eastern Dooars 43.08b ± 3.183 31.96 58.22 5.62 1.59 -2.39 1.48 489.53 

*values are expressed in parts per million (ppm) 
† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) 
Post Hoc test 

 

 

 

 

 



P a g e  | 99  
 

 

Table 5.8: Median lethal concentration (LC50) values of Imidacloprid 17.8% SL against Odontotermes obesus populations collected from 

different tea plantations 

Management Type Population 
*LC50 

(Mean† ± SE) 

95% FL of LC50 
RF 

Regression value (Y) 
Х2 *LC95  

Lower limit Upper limit bx A 

Organic 
Terai 7.56a ± 0.520 5.66 10.12 1.00 1.69 -1.56 3.68 72.07 

Dooars  9.74a ± 0.752 7.31 12.99 1.29 1.69 -1.73 2.04 93.08 

Conventional 

Western Terai 56.32b ± 15.632 40.72 77.93 7.45 1.45 -1.83 1.23 799.74 

Eastern Terai 57.13b ± 11.883 42.67 76.59 7.55 1.66 -2.81 1.50 632.74 

Western Dooars 56.40b ± 6.292 41.62 76.51 7.46 1.67 -2.88 4.20 659.01 

Central Dooars 65.84b ± 9.796 49.16 88.31 8.70 1.60 -2.73 2.60 727.99 

Eastern Dooars 54.91b ± 7.459 40.12 75.16 7.26 1.44 -1.81 2.53 768.27 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) Post Hoc 
test 
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(57.13 ppm) > Western Dooars (56.40 ppm) > Western Terai (56.32 ppm) > 

Eastern Dooars (54.91 ppm) (Table 5.8). The difference of LC50 values related to 

the tolerance level between the populations from organically and conventionally 

managed plantations was significant at p = 0.05 based on Tukey’s HSD analysis. 

 

5.3.2. Microtermes obesi – 

5.3.2.1. Chlorpyrifos 20% EC: 

Microtermes obesi populations from different plantations having either 

organic or conventional system of management were subjected to bioassay of 

chlorpyrifos pesticide.  Like O. obesus, similar results were obtained for M. obesi 

populations from organically managed plantations displaying very low level of 

tolerance, compared to the high level of tolerance observed in the populations from 

conventional plantations. The highest value of LC50 was observed in case of 

populations of conventionally managed Eastern Terai plantations (20.14 ppm) 

which was followed by other plantations namely Western Terai (18.57 ppm), 

Western Dooars (18.46 ppm), Central Dooars (17.02 ppm) and Eastern Terai in a 

descending order (Table 5.9). The least tolerant populations were recorded from 

the organically managed plantation of Terai (3.92 ppm) and Dooars (4.47 ppm). 

The difference in the LC50 values between organically managed and conventionally 

managed plantations were significantly higher at p = 0.05 level of probability 

based on Tukey’s HSD analysis. 

 

5.3.2.2. Cypermethrin 35% EC: 

In case of cypermethrin, M. obesi populations from conventionally 

managed plantation showed higher tolerance level in comparison to the organically 
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manage plantations. The highest tolerance level has been observed for populations 

of conventional plantations from Western Terai with LC50 value of 31.99 ppm 

followed by Eastern Terai (25.07 ppm) > Western Dooars (24.73 ppm) > Central 

Dooars (24.20 ppm) > Eastern Dooars (20.08 ppm). The lowest LC50 was recorded 

for organic plantations of Terai (5.67 ppm) and the Dooars (6.43 ppm) (Table 

5.10). The difference in the LC50 values between organically managed and 

conventionally managed plantations were significantly higher at p = 0.05 level of 

probability based on Tukey’s HSD analysis. 

 

5.3.2.3. Endosulfan 10% EC: 

Among all four pesticides, Endosulfan seems to have least effect on M. 

obesi populations as they exhibited very high level of LC50 values. Among 

conventional plantations, populations from Central Dooars with LC50 value of 

139.05 ppm was the most tolerant one followed by Western Terai (125.45 ppm), 

Eastern Dooars (117.32 ppm), Western Dooars (101.69 ppm) and Eastern Terai 

(97.43 ppm) in a descending order. For populations of organically managed 

plantations, the Dooars had LC50 value of 15.04 ppm, whereas the Terai 

populations were the least tolerant with LC50 of 6.86 ppm (Table 5.11). The 

difference in the LC50 values between organically managed and conventionally 

managed plantations were significantly higher (p = 0.05) based on Tukey’s HSD 

analysis. 
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Table 5.9: Median lethal concentration (LC50) values of Chlorpyrifos 20% EC against Microtermes obesi populations collected from different tea 

plantations 

Management Type Population 
*LC50 

(Mean† ± SE) 
95% FL of LC50 

RF 
Regression value (Y) 

Х2 *LC95  
Lower limit Upper limit bx a 

Organic 
Terai 3.92a ± 0.058 1.62 5.36 1.00 1.60 -0.74 0.14 42.59 

Dooars 4.47a ± 0.201 2.35 5.64 1.14 1.58 -0.71 2.46 46.41 

Conventional 

Western Terai 18.57b ± 2.098 13.96 24.75 4.74 1.61 -1.86 3.96 209.41 

Eastern Terai 16.96b ± 1.843 11.68 21.41 4.32 1.61 -1.77 0.89 168.30 

Western Dooars 18.46b ± 3.639 13.75 24.80 4.71 1.63 -1.89 1.27 196.45 

Central Dooars 17.02b ± 3.223 12.71 22.84 4.34 1.73 -2.24 1.01 172.17 

Eastern Dooars 20.14b ± 1.946 14.82 27.37 5.14 1.56 -1.62 1.01 240.46 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) 
Post Hoc test 
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Table 5.10: Median lethal concentration (LC50) values of Cypermethrin 35% EC against Microtermes obesi populations collected from different 

tea plantations 

Management Type Population 
*LC50 

(Mean† ± SE) 

95% FL of LC50 
RF 

Regression value (Y) 
Х2 *LC95  

Lower limit Upper limit Bx A 

Organic 
Terai 5.67a ± 0.231 4.24 7.59 1.00 1.69 -1.35 3.68 54.05 

Dooars 6.43a ± 0.151 4.62 8.78 1.13 1.49 -0.66 2.40 87.66 

Conventional 

Western Terai 31.99b ± 7.183 23.41 43.81 5.64 1.65 -2.36 1.55 450.58 

Eastern Terai 25.07b ± 4.133 18.60 33.80 4.42 1.60 -2.01 1.77 273.17 

Western Dooars 24.73b ± 6.392 17.69 34.59 4.36 1.38 -1.02 0.89 388.70 

Central Dooars 24.20b ± 5.572 17.73 33.08 4.27 1.48 -1.47 1.87 307.94 

Eastern Dooars 20.08b ± 3.219 14.82 27.24 3.54 1.55 -1.63 1.35 246.43 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) 
Post Hoc test 

 

 

 



P a g e  | 104  
 

 

 

Table 5.11: Median lethal concentration (LC50) values of Endosulfan 10% EC against Microtermes obesi populations collected from different tea 

plantations 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) 
Post Hoc test 

 

 

 

Management Type Population 
*LC50 

(Mean† ± SE) 
95% FL of LC50 

RF 
Regression value (Y) 

Х2 *LC95  
Lower limit Upper limit bx A 

Organic 
Terai 6.86a ± 0.115 4.97 9.46 1.00 1.24 -1.07 1.24 76.28 

Dooars I 15.04a ± 1.707 11.87 19.05 2.19 1.98 -3.24 2.84 102.43 

Conventional 

Western Terai 125.45b ± 45.730 100.39 157.40 18.29 2.06 -5.44 3.15 856.84 

Eastern Terai 97.43b ± 13.082 72.85 130.41 14.21 1.71 -3.50 3.62 1048.52 

Western 
Dooars 

101.69b ± 18.329 76.61 134.97 14.83 1.69 -3.42 3.75 991.75 

Central Dooars 139.05b ± 33.557 108.34 178.80 20.27 1.83 -4.38 3.78 1102.09 

Eastern Dooars 117.32b ± 9.226 88.77 155.10 17.11 1.69 -3.56 3.42 1140.66 
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Table 5.12: Median lethal concentration (LC50) values of Imidacloprid 17.8% SL against Microtermes obesi populations collected from different 

tea plantations 

 Management Type Population 
*LC50 

(Mean† ± SE) 
95% FL of LC50 

RF 
Regression value (Y) 

Х2 *LC95  
Lower limit Upper limit bx a 

Organic 
Terai 5.50a ± 0.346 3.86 7.84 1.00 1.28 0.20 1.58 107.00 

Dooars 8.68a ± 1.197 6.66 11.32 1.58 1.74 -1.83 1.11 76.79 

Conventional 

Western Terai 63.66c ± 26.129 47.21 85.95 11.57 1.55 -2.37 3.18 693.65 

Eastern Terai 29.30b ± 2.966 21.01 40.90 5.33 1.45 -1.45 2.09 443.87 

Western Dooars 49.44c ± 6.161 36.38 67.22 8.99 1.59 -2.45 2.48 566.65 

Central Dooars 48.79c ± 10.642 35.51 67.11 8.87 1.46 -1.84 1.97 682.66 

Eastern Dooars 41.81c ± 7.887 30.32 57.71 7.60 1.53 -2.03 1.74 593.81 

*values are expressed in parts per million (ppm) 

† Means followed by different superscripts denote significant difference in LC50 values at p = 0.05 based on Tukey’s Honest Significant Difference (HSD) 
Post Hoc test 
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5.3.1.1.Imidacloprid 17.8% SL: 

Results of bioassay for imidacloprid 17.8% SL showed a similar trend like that 

of chlorpyrifos, cypermethrin and endosulfan. The M. obesi populations from 

conventional plantations exhibited the high level of LC50 values compared to the 

populations from organic plantations. The populations from conventionally managed 

Western Terai plantations recorded the highest LC50 value of 63.66 ppm which was 

followed by that of Western Dooars (49.44 ppm), Central Dooars (48.79 ppm), 

Eastern Dooars (41.81 ppm) and Eastern Terai (29.30 ppm) in a descending order. 

The LC50 value varied from 5.50 ppm (Terai) to 8.68 ppm (Dooars) among 

populations from organic plantations showing very low level of tolerance in 

comparison to the conventionally managed plantations (Table 5.12). The difference in 

the LC50 values between organically managed and conventionally managed 

plantations were significantly higher at p = 0.05 level of probability based on Tukey’s 

HSD analysis. 

 

5.3.3. Discussion: 

Present study showed different levels of responses to different pesticides in the 

two species of termites in question. Dosage-mortality response data of both O. 

obesus and M. obesi acknowledged the good fit of probit responses in all bioassays 

based on the chi-square (χ2) values, therefore confirming the heterogeneous nature 

between the observed and the expected responses.  The findings of the present work 

strongly suggest a significant difference of tolerance level in both species when 

collected from various organic (without synthetic pesticides) and conventionally 

(with synthetic chemicals) managed tea plantations. A distinct pattern of the level of 

tolerance was evident from the mean value of LC50s. Organic plantations showed 
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very low level of tolerance whereas population from conventionally managed tea 

plantations remained more tolerant towards all the pesticides considered in the study. 

This varied response to the pesticides between the populations of conventionally or 

organically managed plantations may be due to their long exposure to various 

indiscriminately used pesticides as compared to their little or no-exposure to 

pesticides in the organic plantations. In recent time, due to various factors tea 

plantations were either abandoned (eg. Red Bank T.E., Surendranagar T.E.), or 

closed (eg. Mujnai T.E.), or changing management systems (eg. Samsing T.E., 

Kalchini T.E.)  (CEC, 2007). Due to these reasons tea plantations often get sick and 

there is a resurgence of many pest species. This may also be one of the reasons for 

such a varied occurrence and response of termite populations to different pesticides. 

The data presented here are lab based, however, for controlling termite in 

field, insecticides either need to be applied directly to the soil or at times directly to 

the opened up termitarium (Das, 1965). According to Harris (1972) for the effective 

control of a termite pest, the primary criterion was to understand the insecticide and 

its relation with soil structure. It was observed in abundance study that these two 

species were the only one which were found more frequently available throughout 

Darjeeling Terai and the Dooars region. Termites construct tunnels to reach out for 

food sources. In tea plantations when these insecticides are sprayed, either to control 

above ground pests or specifically to control soil borne pests, pesticides get leached 

into the soil system. This contaminated soil system is used by these termite species 

to make tunnels and even in the construction of colony. This leads to the maximum 

exposure of workers population which also carry food back to the colony and share 

with its unexposed inmates by the process of anal trophallaxis.  These insecticide 

laced semi digested food then makes way to other healthy inmates and make them 
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also sick (Myles, 1996; Kard, 2001). However, if we look into the abundance study, 

it seems like these two species have adapted to this dynamic environment of 

burgeoning variety of insecticides. Their increased LC50 value, LC95 value and RF 

value in conventionally managed tea plantations in comparison to that of organic 

plantations with least tolerance, clearly suggest a trend in developing tolerance 

towards the synthetic pesticides that are in use. Similar trends of developing 

tolerance by other pests against regularly used pesticides are not new to tea industry. 

In fact because of tolerant pest populations insecticide use pattern varies from place 

to place and through time (Roy et al., 2008). Similar trends of pesticide tolerance in 

pests like looper (Hyposidra talaca and H. infixaria) (Das et al., 2010), Helopeltis 

theivora (Roy et al., 2010), Empoasca flavescens, Scirtothrips dorsalis (Saha and 

Mukhopadhyay, 2013) and others have been reported from conventional tea 

plantations of Darjeeling Terai and the Dooars. Pests like termites have so far been 

little known for their tolerance status against pesticides, this may be due to the lack 

of investigation of this surreptitious and eusocial pest. 

 



P a g e  | 109 
 

5.4. DETOXIFYING ENZYME ACTIVITY 

5.4.1. Odontotermes obesus 

5.4.1.1. General Esterase (GE): 

The general esterase activity of Odontotermes obesus populations collected from 

different conventionally or organically managed tea plantations showed significant 

difference. The enzyme Activity Ratio (AR) was also estimated among the populations. 

An activity ratio (AR) is the ratio of the activity of defense enzyme of more tolerant 

population by the enzyme activity value of least tolerant population. O. obesus 

populations collected from organic plantations have low GE activity in comparison to the 

populations from tea plantations managed with pesticides (Table 5.13). Highest activity 

of 3.22 ± 0.31 was recorded for Western Terai population with an AR of 5.18 folds 

compared to the least tolerant organically managed Terai population. Populations from 

conventionally managed plantations expressed higher AR ranging between 4.43 – 5.18 

folds than the populations from organic plantations (1.00 – 1.14 folds). The independent 

sample t-test further confirmed the significant difference in GE expression with t (46) = 

9.267 and F-value= 19.11 at p < 0.01 between O. obesus populations of organic and 

conventional plantations. From this it could be inferred that the management practice 

type and the exposure to pesticide has direct effect on GE expression in O. obesus 

populations in these plantations. 

In order to check if there is any possible relation between the Resistance Factor (RF) 

values of a pesticide (chlorpyrifos 20% EC) and the expressed activity of GE (AR), 

bivariate correlation between the GE activities of O. obesus population were run. The 

data yielded a very high Pearson’s correlation coefficient of r = 0.965 at p <  0.01 (2 
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tailed). Further to confirm that this correlation is not random, a linear regression analysis 

was performed. The linear relationship between RF and AR was statistically significant 

with an R2 = 0.932 and F = 68.60 at p < 0.05 which firmly attested that based on the 

management type of a plantation the expression of a detoxifying enzyme (GE) regulates 

the tolerance level of O. obesus [Figure 5.13 (A)]. 

The heterogeneity in the expression of GE in different populations of O. obesus 

collected from different conventionally managed plantations was also checked by pooling 

GE data to one-way analysis of varience (ANOVA). Results obtained from ANOVA 

confirmed the existence of strong variability among expression of GE of the tested 

population with F = 2.82 at  = 0.05 and df = 4, 34. 

 

5.4.1.2. Glutathione S-transferase (GST): 

Similar results were observed for GST where its activity ranging from 113.59 – 

244.52, was significantly high in the populations from conventionally managed 

plantations than that of the populations from organically managed ones (11.83 – 18.43)  

(Table 5.13). The least tolerant population was recorded from the organically maintained 

plantations of the Terai region. The AR values varied from 9.60 – 20.66 folds in the 

populations from conventionally managed plantations with a highest activity being 

recorded for Western Dooars population (20.66 folds). The Independent sample t-test 

analysis showed that the difference in GST expression between populations of organic 

and conventional plantations was significantly high with t (46) = 6.33 and F-value= 18.1 

at p < 0.01. 
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The bivariate correlation coefficient analysis between RF and AR values for GST 

yielded a Pearson’s correlation coefficient of r = 0.862 at p <  0.01 (2 tailed). The relation 

between hyperactivation of GST and subsequent ability of O. obesus to tolerate more 

toxic load was clearly evident with this correlation data. This also helped in predicting 

that elevated GST level can be used as an indicator of higher tolerance level in the 

population of O. obesus. 

The dependence of RF on AR of GST was also cross-checked by pooling data to 

Simple linear regression analysis. The linear regression yielded highly significant R2 = 

0.907 and F-value of 48.77 at p < 0.05. The results showed the 90.7% dependence of RF 

values on AR, also indicating the significant linear relationship between them [Figure 

5.13 (B)]. 

GST activities from conventionally managed plantations when subjected to one-way 

ANOVA showed the strong variation between the populations studied with F = 3.574 at 

 = 0.05 having df = 4, 34. The variability showcased by these populations may be due to 

the amount, interval and intensity of pesticides used in different plantations to control 

pests.  

 

5.4.1.3. Cytochrome P450 (CYP450): 

Cytochrome P450 monoxygenase activity varied from 0.645 – 0.882 for O. obesus 

populations from conventionally managed plantation (Table 5.13), exhibiting highest 

activity of 0.882 for Eastern Terai population. Lowest activity of 0.239 was recorded for 

the organically managed Terai population. The AR value of CYP450 ranged between 
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Table 5.13: Defense Enzymes (GE, GST and CYP450) activities in Odontotermes obesus population collected from organically and 

conventionally managed tea plantations of Terai and the Dooars regions 

‡RF = Resistance factor, is the ratio of Median Lethal Concentration (LC50) of more tolerant population to the least tolerant organic 

population 

*mean values with different superscript alphabets in columns denote significant difference at 0.05% level of probability based on 

Tukey’s HSD and Bonferroni multiple comparison tests 

†AR = Activity Ratio, is the ratio of defence enzyme activity of a more tolerant population to the activity of the least tolerant organic 

population 

 

Management 
Type 

Population ‡RF 

GE 
(mM mg -1 

protein) 
(Mean* ± SE) 

†AR 
GST 

(µM min-1 mg-1 protein) 
(Mean ± SE) 

AR 

CYP450 
(n mol min-1 mg protein-

1) 
(Mean ± SE) 

AR 

Organic 
Terai 1.00 0.62

a 
± 0.10 1.00 11.83

a
 ± 1.05 1.00 0.239

a
 ± 0.02 1.00 

Dooars  1.09 0.71
a 

± 0.16 1.14 18.43
a
 ± 3.17 1.56 0.261

a
 ± 0.01 1.09 

Conventional 

Western Terai  4.52 3.22
b
 ± 0.31 5.18 113.59

b
 ± 17.17 9.60 0.645

b
 ± 0.03 2.70 

Eastern Terai  5.41 2.89
b
 ± 0.15 4.64 174.12

b
 ± 20.66 14.71 0.882

b
 ± 0.09 3.70 

Western Dooars  5.64 3.05
b
 ± 0.04 4.90 244.52

c
 ± 20.50 20.66 0.706

b
 ± 0.04 2.96 

Central Dooars  4.83 2.76
b
 ± 0.16 4.43 154.20

b
 ± 35.78 13.03 0.712

b
 ± 0.06 2.99 

Eastern Dooars  4.76 3.07
b
 ± 0.34 4.92 164.29

b
 ± 20.04 13.88 0.744

b
 ± 0.05 3.12 



P a g e  | 113 
 

 
 

 
 

 

 

 

 

 
 

 

 

 
 
 
 

 

Figure 5.13: Scatterplot of Linear Regression with R2 values between 

Resistance Factor (RF) and Activity Ratios of (A) General Esterases; 

(B) Glutathione S-transferases and (C) Cytochrome P450 in O. obesus 

 

(A) 
(B) 

(C) 
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2.70 – 3.70 folds for populations from conventional plantations whereas populations from 

organically managed plantations exhibited AR ranging from 1.00 – 1.09 folds only.  

The difference in the expression of CYP450 activity in O. obesus populations from 

tea plantations of these two management types was highly significant with t-value of 

8.058 at df = 45 and F value = 10.187 at P < 0.01. The bivariate correlation analysis 

between the RF values and the expressed activity of CYP450 (AR) a very high Pearson’s 

correlation coefficient with r = 0.968 at p < 0.01 (2 tailed) was observed. The results 

validate the dependent relationship of RF to AR. This was further substantiated analyzing 

the data with linear regression which yielded a linear relationship between these two data 

set with a highly significant value of R2 = 0.937 and F = 74.14 at p < 0.05 [Figure 5.13 

(C)].  

The variability in the expression of CYP450 activity of O. obesus collected from 

different conventionally managed plantations was analyzed by ANOVA. The results 

corroborated the strong variability in CYP450 expression of the tested populations with F 

= 3.574 at  = 0.05 and df = 4, 34. 

 

5.4.2. Microtermes obesi 

5.4.2.1. General Esterases: 

As like O. obesus commensurable results of GEs were obtained for M. obesi too 

(Table 5.14). Populations from organic plantations displayed a very low GE activity   

ranging from 0.23 to 0.33 with Terai being the least tolerant population. The highest 

activity of 2.26 was recorded for the population of conventional plantations of Eastern 

Dooars. The AR ranged from 5.78 – 9.73 folds in populations of conventionally managed 
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plantations, whereas the populations from organically managed plantations ranged just 

from 1.00 – 1.40 folds. 

The GE activities of M. obesi populations collected from two differently managed 

plantations yielded significant difference when analyzed by independent sample t-test with 

t (46) = 4.45 and F-value = 14.1 at p < 0.01 between populations of organic and 

conventional plantations. The bivariate correlation coefficient analysis between RF and AR 

values of GE produced a very high Pearson’s correlation coefficient with r = 0.937 at p < 

0.01 (2 tailed). The correlation between elevated GE activity and higher RF values was 

clearly evident with this analysis suggesting an elevated GST level can be used as an 

indicator of higher tolerance level in the population of M. obesi. 

The dependence of RF on AR of GE was also checked by performing Simple linear 

regression analysis which furnished a significant R2-value of 0.879 and F-value of 36.19 at 

p < 0.05. The result showed 87.9% dependence of RF values on AR indicating a significant 

linear relationship between them [Figure 5.14 (A)]. GE activities from conventionally 

managed plantations were also analyzed for one-way ANOVA which showed the strong 

variation between the populations studied with F = 3.977 at  = 0.05 having df = 4, 34. 

The variability in the populations may have been due to the amount, interval and intensity 

of pesticide used in different plantations to control pests. Hence, variability and intensity of 

expression of the GE level correspond to the volume of pesticides used thereby 

channelizing tolerance to varied level. 
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5.4.2.2. Gluatathione S-transferase: 

M. obesi populations from two differently managed tea plantations exhibited a 

significant difference in the level of expression of GST. Higher values of GST activity in 

the range from 100.19 to 198.96 were observed for the populations of conventionally 

managed tea plantations whereas organically managed populations of M. obesi recorded 

among the lowest (13.23–16.73) of all (Table 5.14). The activity ratio of GST for 

populations from organic plantation was between 1.00 - 1.25 folds while populations from 

conventionally managed plantations ranged between 7.53 – 15.04 folds. The populations of 

conventionally managed Central Dooars plantation recorded the highest GST activity of 

198.96 with an AR of 15.04 fold. 

The GST activities of M. obesi populations from two types of plantations were 

analyzed with Independent sample t-test which resulted to be significantly different with t 

(46) = 5.22 and F-value= 12.89 at p < 0.01. The bivariate correlation coefficient analysis 

between RF and AR values produced a significant Pearson’s correlation coefficient with r 

= 0.862 at p < 0.01 (2 tailed). The correlation between RF on AR of GST was further 

examined by pooling data to linear regression analysis which yielded an R2 = 0.742 and F-

value of 14.4 at p < 0.05 signifying at least 74.2% dependency of RF on AR values [Figure 

5.14 (B)]. This further suggests the significant linear relationship between these two 

factors. 

The GST activities from conventionally managed plantations when subjected to one-

way ANOVA, a strong variation between the populations was revealed with F = 5.16 at  

= 0.05 having df = 4, 34 indicating variability showcased must have been acquired under 

the influence of varied exposure to xenobiotics. In other words the variability in the 
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Table 5.14: Defense enzyme (GE, GST and CYP450) activities in Microtermes obesi population collected from organically and 

conventionally managed tea plantations of Terai and the Dooars regions 

‡RF = Resistance factor, is the ratio of Median Lethal Concentration (LC50) of more tolerant population to the least tolerant organic 

population 

*mean values with different superscript alphabets in columns denote significant difference at 0.05% level of probability based on 

Tukey’s HSD and Bonferroni multiple comparison tests  

†AR = Activity Ratio, is the ratio of defence enzyme activity of a population to the activity of the most susceptible organic population 

(Dooars) 

 

 

 

Management 
Type 

Population 

‡RF GE 
(mM mg -1 protein) 

(Mean*± SE) 

†AR 
GST 

(µM min-1 mg-1 protein) 
(Mean*± SE) 

AR 
CYP450 

(n mol min-1 mg protein-1) 
(Mean*± SE) 

AR 

Organic 
Terai 1.00 0.23a ± 0.03 1.00 16.73

a
 ± 1.20 1.26 0.26a ± 0.01 1.21 

Dooars  1.14 0.33a ± 0.04 1.40 13.23
a
 ± 1.37 1.00 0.21a ± 0.02 1.00 

Conventional 

Western Terai  4.74 2.25c ± 0.51 9.68 120.86
c
 ± 21.93 9.14 0.75b ± 0.07 3.55 

Eastern Terai  4.33 1.93c ± 0.35 8.32 128.06
c
 ± 10.81 9.68 0.73b ± 0.14 3.47 

Western Dooars  4.79 1.34b ± 0.30 5.78 100.19
b
 ± 6.34 7.57 1.05b ± 0.18 4.98 

Central Dooars  4.34 1.75c ± 0.28 7.53 198.96
c
 ± 52.99 15.04 0.95b ± 0.23 4.47 

Eastern Dooars  5.14 2.26c ± 0.36 9.73 156.93
c
 ± 17.21 11.86 0.77b ± 0.06 3.65 
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Figure 5.14: Scatterplot of Linear Regression with R2 values between 

Resistance Factor (RF) and Activity Ratios of (A) General Esterases; (B) 

Glutathione S-transferases and (C) Cytochrome P450 in Microtermes 

obesi

(C) 

(A) 
(B) 
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activity of the detoxifying enzymes of M. obesi population suggests the type of 

management practice that is being followed in the plantations they have been sampled 

from. Basically a higher GST activity indicates higher level of pesticide use in the 

plantations which also means more pesticide use will lead to higher expression of the 

enzyme and higher level of tolerance. 

 

5.4.2.3. Cytochrome P450: 

Results similar to GE or GST were also obtained for CYP450, where the 

populations from conventionally managed plantations displayed significantly very 

high activity  ranging from 0.73–0.95 than that of the populations from organically 

managed plantations with a very low activity range from 0.21–0.26  (Table 5.14). The 

least tolerant population was recorded from the organically maintained plantations of 

the Terai region with single fold of AR. The AR values varied from 3.47 – 4.98 folds 

in the populations from conventionally managed plantations with a highest activity 

being recorded for Western Dooars population with 4.98 folds. 

The Statistical analysis of RF of chlorpyrifos and AR value of CYP450 yielded 

some significant results. Lavene’s Test for equality of variance produced the 

significant difference in CYP450 expression with t (46) = 5.22 and F-value= 12.89 at 

p < 0.01 between populations of organic and conventional plantations. The bivariate 

correlation coefficient analysis run for RF and AR values of CYP450 yielded a 

Pearson’s correlation coefficient of r = 0.917 at p < 0.01 (2 tailed). The relation 

between higher expression of CYP450 and subsequent ability of M. obesi to tolerate 

more toxic load was clearly evident with this correlation data. This also helped in 

predicting elevated CYP450 level can be used as an indicator of higher tolerance level 

in the population of M. obesi. 
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The dependence of RF on AR of CYP450 was also cross-checked by pooling 

data to simple linear regression analysis which produced a R2 value of 0.841 and F = 

26.51 at p < 0.05 [Figure 5.14 (C)]. Results showed very high dependency of RF 

values on AR indicating the significant linear relationship between them. 

CYP450 activities from conventionally managed plantations when subjected to 

one-way ANOVA showed the strong variation between the populations from different 

conventionally maintained plantations with F = 2.789 at  = 0.05 having df = 4, 34.  

 

5.4.3. Electrophoretic analysis of General Esterases 

5.4.3.1. Odontotermese obesus: 

Electrophoretic analysis of O. obesus populations from organically and 

conventionally managed plantations revealed a distinct difference in the levels of 

expression of GE enzymes. The analysis revealed three isozyme bands which were 

arbitrarily designated as – Est-1, Est-2 and Est-3 from cathode to anode. The bands 

were intensely stained and more expressive in the populations of conventional 

plantations. Populations from organic plantations expressed comparatively less 

intense bands. In both the populations Est-2 was the most prominent isozyme 

however, densitometric analysis revealed a high peak in the population from 

conventionally managed plantations than organic one. The major difference was in 

the expression of Est-3 where populations from conventionally managed plantations 

have a dark stained band showing prominent densitometric peak whereas organic 

counterpart had faint band with small peak. Est-1 was found to be least expressed 

with very faint or undetectable bands (Figure 5.15). 
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Figure 5.15: Densitometric analysis of electrophoregram of general esterases of O. obesus 

collected from organically and conventionally managed tea plantations 

Figure 5.16: Densitometric analysis of electrophoregram of general esterases of M. obesi 

collected from organically and conventionally managed tea plantations 
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5.4.3.2. Microtermes obesi: 

In case of M. obesi five bands of GE– Est-1, Est-2, Est-3, Est-4 and Est-5 were 

observed among the termite populations from different plantations. The intensity of 

staining of bands was higher and more expressive in the populations from 

conventional plantations. Est-1, 2, 3, and 4 were more intense and with comparatively 

high and detectable densitometric peaks. Populations from organic plantations 

expressed comparatively less intense bands, where only Est-3 was the most intensely 

stained and expressive one (Figure 5.16). 

 

5.4.4. Caste level difference in detoxification enzyme activity 

5.4.4.1. Odontotermes obesus:  

General Esterase, Glutathione S-transferases and Cytochrome P450 were 

estimated in worker and soldier castes of O. obesus collected from the conventional 

tea plantations. Quantitative analysis of GE, GST and CYP450 showed significantly 

higher expression in worker termites compared to the soldiers. AR values of 3.46, 

2.45 and 1.86 folds of GE, GST and CYP450 were observed respectively (Table 

5.15). Densitometric analysis of the gels showed differential GE expression between 

worker and Soldier castes of O. obesus. In workers higher levels of expression of the 

GE was evident through densely stained gel bands whereas soldier castes tend to have 

lighter bands (Figure 5.17).  

 

5.4.4.2. Microtermes obesi: 

In case of M. obesi also similar trend was observed. The soldier and worker did 

show significant difference in the level of detoxifying enzyme expression. The AR 

values of 2.12, 4.78 and 2.59 folds indicating higher expression of GE, GST and
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Table 5.15: Activities of different detoxifying enzymes (GE, GST and CYP450) in worker and soldier castes of O. obesus collected from 

conventionally managed tea plantations 

 

General Esterase 

AR 

GST 

AR 

CYP450  

(mM mg -1 protein) (µM min-1 mg-1 protein) (nmol min-1 mg protein-1) AR 

(Mean*±SE) (Mean*±SE) (Mean* ± SE)  

Soldier 2.73a ± 2.41 1.00 122.34a ± 14.66 1.00 0.36a ± 0.05 1.00 

Worker 9.44b ± 5.00 3.46 299.75b ± 80.28 2.45 0.67b ± 0.13 1.86 

*Different alphabets in the columns denote significant differences at 0.05% level of probability 

 

Table 5.16: Activities of different detoxifying enzymes (GE, GST and CYP450) in worker and soldier castes of M. obesi collected from 

conventionally managed tea plantations 

 

General Esterase 
(mM mg -1 protein) 

(Mean*±SE) 
AR 

GST 
(µM min-1 mg-1 protein) 

(Mean*±SE) 
AR 

CYP450 
(n mol min-1 mg protein-1) 

(Mean* ± SE) 
AR 

Soldier 2.09a ± 0.39 1.00 16.31a ± 2.48 1.00 0.39a ± 0.15 1.00 

Worker 4.44b ± 0.91 2.12 77.93b ± 15.33 4.78 1.01b ± 0.06 2.59 

*Different alphabets in the columns denote significant differences at 0.05% level of probability 
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Figure 5.17: Comparative densitometric electrophoregram of general esterases between 

worker and soldier castes of O. obesus 

 

 

 

 

 

 

 

 

 

Figure 5.18: Comparative densitometric electrophoregram of general esterases between 

worker and soldier castes of M. obesi 
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CYP450, respectively were observed in workers as compared to the soldiers (Table 

5.16). The esterase bands observed in the worker castes of M. obesi were more 

intensely stained in comparison to soldiers signifying higher activities of GE in 

workers (Figure 5.18). 

 

5.4.5. Discussion: 

A phytophagous insect often has to encounter either plant allelochemicals 

(which is a form of direct plant defense chemical) or man-made synthetic pesticides 

(indirect defense). With time, insects have acquired mechanisms to deal with these 

chemicals coming from plants and human beings. An insect has defensive 

mechanisms that involve physiological machinery for insecticides detoxification. 

These machinery can either metabolically neutralize the toxicity of an insecticide 

before it reaches its target or the target site itself gets altered to become insensitive to 

these insecticides. In an organism the metabolic detoxification is achieved with the 

help of enzyme system such as, general esterases (GE), glutathione S-transferases 

(GSTs) or cytochrome P450 monoxygenases which are expressed excessively in 

tolerant group of insects in comparison to susceptible ones (Brown and Brogdon, 

1987; Hemingway, 1989; Hemingway et al., 1995).  

As evident from the above results management practices for controlling pest 

has direct effect on the physiology of termite pests. O. obesus and M. obesi both 

seem to have adapted to changing environment of conventionally managed tea 

plantations as both have been observed to have higher activities of detoxifying 

enzymes (Table 5.13-5.14; Figure 5.15 and 5.16). It is well explained by different 

workers how a continuous selection can occur and more tolerant variety of insects 

emerges under insecticidal pressure (Brogdon and McAllister, 1998; Karaağaç, 
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2012; Kunz and Kemp, 1994). Among all the physiological tolerance system 

duplication or hyperactivation of detoxifying enzyme genes is very common. Many 

insects like house fly, bed bug, tea pests like Tea Mosquito Bug, Geometrid 

Loopers, Red Spider Mites have been reported to exhibit higher activity of 

detoxifying enzymes under insecticide stress. The comparative accounts of many of 

these insects from less xenobiotic and highly stressed environment have shown a 

distinct difference in the expression of the detoxifying enzymes (Nardini et al., 2012; 

Ishaaya, 1993). 

Among termites, a true worker caste is the one responsible for maintaining the 

entire colony, foraging, harvesting, feeding, cleaning and any other odd job that 

colony demands. Eusociality allows only few specialized one to reproduce and rest 

of the members of colony generally follows altruistic behavior helping colony to 

maintain. It is hypothesized that workers while foraging come across many 

allelochemicals and xenobiotics which puts a constant stress on the physiology of 

these insects (Soleymaninejadian et al., 2014). A comparison between the expression 

of different detoxifying enzymes of worker and soldier castes does seem to support 

that. More the exposure to insecticides, more expression in detoxifying enzymes 

does seem applicable to different environment, species and individual forms 

(Ishaaya, 1993). 
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CCCHHHAAAPPPTTTEEERRR   666   
CCCOOONNNCCCLLLUUUSSSIIIOOONNN 

 

 After being discovered in ca 2700 BC tea has come a long way from wilderness of 

jungles to the cup of civilization eventually becoming worlds much loved beverage. 

 As tea is grown as a perennial monoculture crop, it provides room for large number of 

pests, precisely 300 species of arthropods and nematods all over the world. 

 Synthetic pesticides are the primary weapon to tackle these pests, however, 

indiscriminate use of these pesticides has brought up problems like tolerant variety of 

pests and higher MRLs in made tea. 

 Many insects and mite pests have attained the status of major pest in tea ecosystem 

due to their capability to inflict considerable damages. Termites also pose serious 

threat to tea cultivars but are often neglected due to their subterranean existence. 

These tiny creatures cause significant amount of damage to wooden furniture, 

buildings, fences, trees, crops and anything that consists of cellulose as they are 

phytophagous and chiefly depend upon cellulose for their nutrition. 

 Termites are exclusively controlled using chemical pesticides. Though, many workers 

have reported different organic control measures but none seem to have very effective 
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results at field level. Moreover, the eusocial structure of termites enables these insects 

an added advantage over other solitary insects.   

 Present study was undertaken to determine the diversity of different termite species 

associated with tea plantations; phylogenetic relationship of these species among each 

other based on morphological and molecular similarity and finally level of tolerance 

exhibited by two species of termites against commonly used pesticides.  

 The abundance study revealed ten species from the tea plantations of Darjeeling Terai 

and the Dooars. This accounts for more than 20% of total reported termite diversity of 

West Bengal. 

 Among these 10 species O. obesus and M. obesi were the most abundant species and 

were also considered to be serious pests of tea. 

 Besides, species like Coptotermes heimi, Heterotermes indicola, Pericapritermes 

assamensis and Odontotermes parvidens were also found to attack tea however, their 

severity of attack was much lesser than the above two species. Moreover, their 

distribution in Terai and the Dooars plantations were very sparse. 

 Heterotermes indicola, Synhamitermes quadriceps and Pericapritermes assamensis 

are some species which were previously been reported from this part of West  Bengal 

but based on present study they are being reported for the first time from tea 

ecosystem. Procapritermes holmgreni and Euhamitermes lighti have been recorded 

for first time from this part of country and for the state of West Bengal. 

 A phylogenetic relationship was drawn among the 10 termite species based on 

morphometric characters and RAPD based polymorphism. Dendrograms were 

constructed on the basis of shared fragments and the Similarity coefficients. Due to 

the lack of an out group the dendograms were an unrooted tree. 



P a g e  | 129 
 

 The presented morphometric data based dendrogram shows broadly three major 

clusters (I, II and III), whereas RAPD based dendogram represented two broad 

clusters with coefficient value ranging from 0.38 to 0.86.  

 The topology of the tentative phylogenetic relationship revealed by the RAPD 

analysis is partially concurrent with the dendogram based on morphometrics, and both 

showed an overall similarity among the cluster I and II. Phylogenetic results of 

present study based on morphometric and RAPD analysis are in agreement with the 

results of other workers. 

 Present phylogenetic study is a preliminary inventory to shed light on the 

phylogenetic status of the termites from this part of India. A further more elaborate 

work may give clearer picture of phylogeny of termites from this part of world. 

 A pesticide based analysis of tolerance was performed for two major pest species 

namely O. obesus and M. obesi. Four commonly used pesticides were chosen for 

bioassay. 

 Bioassay results of these chemicals clearly indicated that a population from 

organically managed plantation has less tolerance level against these pesticides. But 

populations from conventionally managed plantations required higher amount of 

pesticides to kill indicating higher level of tolerance. 

 Similar trend was observed in case of enzyme profile as well. Populations from 

conventionally managed Western and Eastern Terai and Western, Central and Eastern 

Dooars exhibited higher level of enzyme expression with more of AR values, whereas 

populations from organically managed Dooars and Terai plantations showed very low 

detoxifying enzyme (GE, GST and CYP450) activity. 

 Even the densitometric analysis of NATIVE-PAGE of GE revealed intense and darkly 

stained bands in case of populations from conventionally managed plantation 
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indicating over-expression of enzymes containing genes, at the same time organic 

population expressed very light stained bands showing less amount of expression.  

 Eventually all the above LC50 and detoxifying enzymes based results suggested that 

there is a directional selection of termite pests based on their physiological capability 

of tolerating pesticide load. More use of pesticide forces the selection of less tolerant 

population of pest helping the one with higher tolerance to proliferate. 

 The simple regression relationship of Resistance Factor (RF) of chlorpyrifos and 

Activity Ratio (AR) of each detoxifying enzymes (GE, GST and CYP450) from both 

pest species distinctly showed a dependence of RF on AR. These findings suggest that 

with an increase in detoxifying enzyme, tolerance level of a pest increases. Therefore, 

hyperactivation of detoxifying enzymes can be used an indicator of high tolerance 

level in termite pests. 

 A termite colony has as many as four castes at different stages of development. In a 

pesticide laden environment like conventionally managed tea plantation all castes get 

exposed to pesticide exposure, however, level of exposure varies depending on their 

role in the colony. 

 To check if there is any difference in the tolerance status at caste level, worker and 

soldier castes of O. obesus and M. obesi were subjected to bioassay of pesticides and 

detoxifying enzyme analysis. 

 An analysis of worker and soldier caste’s tolerance status (LC50) and detoxifying 

enzymes profile revealed that worker castes are more tolerant and express more of 

GE, GST and CYP450 enzymes. In addition densitometric analysis of non-denaturing 

gel of GE showed a distinct higher expression of allozymes in worker than compared 

to soldier where some allozyme were either very faintly expressed or even completely 

off. 



P a g e  | 131 
 

 The differential showcase of tolerance and enzyme profile in the worker and soldier 

castes may have come from the fact that worker is responsible for maintaining of the 

colony for which it goes out for foraging food on a regular basis. This probably lead 

to the contact with toxicant more often than any other caste, due to which worker 

exhibited higher expression of all the detoxifying enzymes and also higher level of 

tolerance. 
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North Bengal Tea Plantations produces about 24% of Indian tea. Using synthetic 
pesticides to an extent of 5.799 to 9.793 Kg l-1ha-1yr-1 has resulted in selection of more 
tolerant pest populations. Among the tea pests, termite occupies a distinct niche by at-
tacking tea plants from under soil or at collar region of a bush. Termites are important 
subterranean pests in tea where they limit the establishment of newly planted young 
tea and reduce the mature tea by attacking their frame and killing bushes. Termites are 
social insects with a highly elaborate system of labor division. Based on the labour 
division in the colony, it has been observed that worker caste is more exposed to the 
toxic xenobiotic or pesticide residues of soil and organic matter of tea plantations, 
than any other castes including soldier castes of a colony. A comparative study of 
detoxifying enzymes General Esterases (GE) and Glutathione S-Transferase (GST) 
between worker and soldier castes of Odontotermes obesus, a major subterranean 
pest of tea, was conducted. Quantitative analysis of GE showed a 3.46 folds higher 
expression in worker termites compared to that of the soldiers. GST was also 2.45 folds 
more in workers than in soldiers. The differential feeding and foraging habits of the 
workers of O. obesus may explain the observed differences with the soldiers in these 
detoxifying enzymes. As the workers search for food, digest them and also feed the 
other castes their contact and exposure to pesticide residue in soil and organic debris 
is much which possibly explains the more level of detoxifying enzymes in them for a 
greater tolerance to these xenobiotics for survival in the pesticide changed soil system 
of tea plantations than soldier or reproductive castes.

*E-mail: am_nbu@yahoo.co.in

Tea plantations, Odontotermes obesus, 
worker, esterase, glutathione s-transferase
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1.  Introduction
Tea is a plantation crop growing under monoculture practice. 
Great demand of this foliage crop in domestic and international 
market prompted a wide spread tea cultivation in an area of 
1,07, 479 ha in sub-Himalayan region of North Bengal, India. 
The total made tea produced yearly in North Bengal is about 
200 million kg representing about 24% of total Indian produc-
tion (Anonymous, 2003). Tea as perennial crop is time to time 
attacked by 1031 species of arthropod pests across the world, 
of which only 300 species are recorded in India and about 167 
species from North east India (Das, 1965; Muraleedharan, 
1992; Rattan, 1992; Sivapalan, 1999). These pests cause 11 to 
55% loss in yield (Gurusubramanian et al., 2008). To protect 
the tea crop against pest attack, organosynthetic pesticides are 
commonly applied (5.799 to 9.793 kg l-1ha-1yr-1) in this region. 
This application is a burden to planters as well as to environ-
ment and can result in a resurgence of primary pests (Sivapalan, 
1999) or cause mite syndrome and  secondary pest outbreaks 

(Cranham, 1966), development of resistance (Kawai, 1997; 
Sivapalan, 1999) and environmental contamination, including 
presence of undesirable residues on made tea (Chaudhury, 
1999; Sivapalan, 1999).
Among the pests, termites are more surreptitious and damaging 
because of its subterranean existence. There are approximately 
2700 termite species in the world, of which 269 are recorded 
from Indian subcontinent (Kapur 1962; Kambhampati and 
Eggleton 2000; Su and Scheffrahn, 1986). Among these 
183 species are known to damage buildings and 83 species 
cause significant damage amounting to several millions of 
rupees annually (Edwards and Mill, 1986; Kapur and Bose, 
1972). Termites cause damages not only to agricultural crops, 
forests and stored-products but also to structural timber and 
buildings.  Kapur (1958) and Das (1962) reported termite as a 
serious menace to Tea industries causing an estimated loss of 
at least 15% of the tea crop due to the wood eating termite in 
North-Eastern India. Das (1962), Sands (1977) also reported 
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widespread termite damage to tea bushes in most of the tea 
gardens in Darrang and Cachar where 50 to 100% bushes may 
be affected. The species Odontotermes assamensis Holmgren, 
O. parvidens Holmgren & Holmgren and some others of the 
genera such as Odontotermes and Microcerotermes are also 
reported from tea gardens in India. 
Termites live in a colony where each caste is being assigned 
with a specific function. The queen and the king are there in 
the colony to produce fertilized egg (Korb, 2008). The alates 
are winged reproductives preparing to swarm out of nest, 
then pair and to start new colonies (Eggleton, 2011). Soldiers’ 
only work is to defend colony and to escort foraging workers 
(Traniello, 1981; Kaib 1990; Rupf and Roisin 2008). Whereas, 
workers are the mainstay, they forage food and water, build 
and repair colony structures, and tend the immatures, alates, 
soldiers, the king and the queen (Eggleton, 2011). The labour 
division in the colony, and the nature of work compels the 
worker caste to get the maximum exposure to the toxic xeno-
biotic or pesticides [viz. Cypermethrin (Synthetic Pyrethroid), 
Chlorpyriphos (Organophosphate), Carbaryl (Carbamate) and 
Lindane (Organochlorine) etc.] more than any other castes in a 
colony (Bordereau and Pasteels, 2011). Evidences suggest that 
elevated activity of enzymes like esterases, monoxygenases or 
glutathione s-transferases, helps insect to tolerate the toxicity 
of xenobiotics (Motoyama and Dauterman, 1980; Oppenoorth 
et al., 1979; Kostaropoulos et al., 2001; Valles and Yu, 1996). 
The present study was undertaken to understand the levels 
and status of two of the defense enzymes, general esterase 
and glutathione S-transferase, in two of the major castes, the 
workers and the soldiers of Odontotermes obesus collected 
from tea plantation the. An attempt has also been made to relate 
the defense enzyme level in these castes with their activity 
pattern in the colony. 

2.  Materials and Methods

2.1.  Termite collections 
Termites were collected from the tea plantations of North 
Bengal. Mounds (termitaria) were located and then fungal 
gardens were extracted from the mounds. Fungal gardens are 
maintained by worker castes and defended by the soldiers, 
hence with location of fungal garden finding these castes 
were easy. The collected samples were maintained at constant 
temperature of 25±2oC and Relative Humidity of 75-80%. The 
termites were identified as the subterranean termite, Odon-
totermes obesus, based on key characteristics of the soldiers 
(Chhotani, 1997).
2.2.  General esterase activity
General esterase activity was measured by using α-naphthyl 
acetate (α NA) as substrate according to the method of van 
Asperen (1962) with few modifications. 20 µl of supernatant 
was taken in each well of the 96-well microplate reader in 
duplicate. 200 µl α NA (30 mM) was added to each well for 

reaction. The reaction was stopped after 10 minutes by adding 
50 µl of staining solution containing 0.1% Fast BB salt and 5% 
SDS (2:5). The plate was left for five minutes for equilibration 
and absorbance was recorded at 590 nm in a microplate reader 
(DYNEX MRXTC Revelation). The change in absorbance was 
converted to end product formation from a standard curve of 
α-naphthol (5-500 nM). Blanks were set at the same time using 
reaction mixture without protein extracts.
2.3.  Glutathione S-transferase (GST) activity
The activity of GST was measured using 1-chloro-2, 4-di-
nitrobenzene (CDNB) and reduced glutathione (GSH) in 
conjugation reaction as described by Habig et al. (1974). The 
reaction mixture contained 150 µl of GSH and 50 µl CDNB. 
The enzyme solution (30 µl) was then added to the above 
mixture. The content was shaken gently and incubated at 250C 
for 2-3 minutes. A blank was run concurrently in the reference 
slot of the spectrophotometer. Absorbance was recorded for 6-7 
minutes at 340 nm. The increase in absorbance over 5 minutes 
period was considered for calculation.
2.4.  Esterase native PAGE electrophoresis
Esterase native Polyacrylamide Gel Electrophoresis (PAGE) 
was done in a BIOTECH vertical electrophoresis unit by using 
a 10.0% polyacrylamide separating gel (8×7 cm), 5% stack-
ing gel (2 cm), and tris-glycine buffer. Each sample (20 µl of 
protein) was loaded with 10% glycerol (wt:vol) and diluted 1:1 
with running buffer. Bromophenol blue (0.1%) was used as a 
marker dye. Electrophoresis was conducted at a constant 120 
V. The gels were stained for esterase activity in 100 ml of 0.1 
M phosphate buffer (pH 6.5) containing 2% α-naphthyl acetate 
and 0.04 g fast blue BB salt at 25°C for 1 h (Prabhakaran and 
Kamble, 1993).

3.  Results and Discussion

General Esterase (GE) and Glutathione S-Transferases (GST) 
were estimated in worker and soldier castes of O. obesus col-
lected from a conventional (pesticide treated) tea plantation. 
Quantitative analysis of GE showed higher expression in 
worker termites compared to that of the soldiers. A 3.46 folds 
increase in GE, 2.45 folds increase in GST was observed, 
respectively (Table 1). Densitometric analysis of the elec-
trophoretic gels showed an expression of GE both in worker 
and Soldier castes of O. obesus. In workers higher levels of 
expression of the GE was evident through a dense gel band than 
that of a soldier castes (Figure 1). While, several bands were 
expressed for GE isozymes in workers, soldiers did not express 
any prominent band. It may be interpreted that discrete activity 
and foraging habits of workers and soldiers of O. obesus may 
be the cause of their differential expression. The polymorphism 
in the termite colony shows the physiological range of the 
esterases in different castes which are supposedly involved in 
detoxification processes and/or in the hydrolysis of juvenile 
hormone (JH) (Terriere, 1984). Controlling termite pest is 
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difficult because of their subterranean nature. Planters often 
apply the pesticides at the affected bushes and termitarium 
to control termites. Besides regular exposure of the workers 
to lethal xenobiotics, pesticide residues also cause stress to 
these soil handlers as long as the toxic molecules exist in the 
plantation soil. As a consequence of the constant exposure to 
xenobiotics the termites, especially the worker caste seems to 
have evolved effective defense mechanisms to deal with these 
stresses (Scott, 1995). According to the report by Bishnu et al. 
(2009), North Bengal tea ecosystem contains higher residue 

level of pesticides like these of chlorpyrifos and heptachlor 
than the prescribed MRL. Studies of Scharf et al. (2003, 2005), 
suggest that workers have higher levels of expression of genes 
involved in breaking down cellulose. So the differential feed-
ing and foraging habits of the workers of O. obesus and their 
consequent exposure to environmental xenobiotics or pesticide 
residues may explain the observed differences with the soldiers 
for the detoxifying enzymes. Enhanced levels of the two de-
toxifying enzymes in workers possibly endows them with a 
greater tolerance to the xenobiotics and pesticide-contaminated 
soil of tea plantation, hence providing better survival value to 
the chemically-stressed worker caste.

4.  Conclusion

Differential expression of these detoxifying enzymes highlight-
ing the difference at physiological level between worker and 
soldier caste of O. obesus may be due to differential feeding 
and foraging habits of castes in a termitarium.
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commonly used chemical insecticides on 
lepidopterous pests. There was also superior 
performance of sequential application of thuricide 
followed by lambdacyhalothrin over all other 
combinations. The potential application of a 
microbial insecticide followed by chemical 
insecticide should be adopted in cotton pest control 
programme for Tamil Nadu
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Emerging looper pests of tea crop from sub-Himalayan West Bengal, India

ABSTRACT
Caterpillars of three major geometrid species, Hyposidra talaca, H. 
infixaria and Buzura suppressaria severely defoliated tea 
plantations of sub-Himalayan plains of Terai and the Dooars 
region. The feeding activity of these pests often leads to heavy 
crop loss of tea bushes almost throughout the year. A clear 
understanding of the diversity of these sympatric species is 
necessary in order to contemplate their management strategies.

Field observations bear out that amongst the loopers there is a 
dominance of H. talaca and H. infixaria at different seasons 
compared to the third species, B. suppressaria.

Although a clear morphological difference of the adult moths of 
three concerned species was evident along with their distinct 
morphometry and weights, the larval instars of the congeners of 
Hyposidra were difficult to distinguish. However, when stadial 
period and morphometrics were studied a significant difference 
was observed in their development periods which were 55 days for 
H. talaca and 48 days for H. infixaria. A clear distinction of the 
morphometrics and weight of pupa of the concerned species was 
also evident. 

Loopers have assumed the status of severe pest of tea in the sub-
Himalayan plains in recent past mainly due to invasion of the two 
species of Hyposidra that have joined B. suppressaria in sharing 
the tea leaves as their choicest host. The newer pest spp. 
(Hyposidra) otherwise known to occur on wild forest and fruit 
plants has of late turned as major defoliator of tea. A preliminary 
bioassay of these two major folivores of tea against Cypermethrin 
(10% EC) revealed the LC 50 values of H.talaca and H. infixaria
which were 330.41 ppm and 107.767 ppm respectively.                     
Key words: Hyposidra talaca, H. infixaria, Buzura suppressaria,
seasonal occurrence, morphology, morphometry, bio assay.

INTRODUCTION
History of tea cultivation in Darjeeling slopes is 
about 150 years old. Later on the tea plantation was 
extended to the Terai and the Dooars regions of the 
Himalayan foothills and plains. This crop with 
perennial foliage is infested by about 167 insect 
species in the North-eastern tea growing regions of 
India (Mukhopadhyay and Roy, 2009) including the 
Darjeeling slopes and plains.  Of these, six species 
have attained major pest status causing 11-55% crop 
loss in general (Gurusubramanian et al., 2008). 
Among the lepidopterans attacking tea, Buzura 
suppressaria Guen was reported as a major tea pest 
in 1900 (Das, 1965). Initial migration of B. 
suppressaria to the tea plantations occurred from 
forest trees (Das, 1957). Recently two polyphagous 
geometrid folivore

Hyposidra talaca (Walker) and 
Hyposidra infixaria Walker that are reported to feed 
on a number of forest plants and weeds from India, 
Malaysia and Thiland (Browne, 1968; Mathew et al., 
2005; Winotai et al., 2005; Das and Mukhopadhyay, 
2008; www.mothsofborneo.com) have turned to tea. 
The looper stage of these species have joined the 
band of Darjeeling Terai and the Dooars causing 
substantial damage to the crop (Basumajumdar and 
Ghosh, 2004; Das and Mukhopadhyay, 2008,   2009). 
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In the present work seasonal occurrence of the three 
looper species was studied from Terai tea plantations 
along with their morphological distinctions and 
developmental traits. As no detailed study on the 
distinction of the morphometrics, developmental 
parameters and seasonal incidence of the common 
and emerging looper species from Terai tea 
plantation is available, the present work envisages to 
furnish essential information on these aspects. 

MATERIALS AND METHODS
Field trips were undertaken monthly during 2007-
2008 to study the seasonal occurrence of B. 
suppressaria and the two species of Hyposidra. 
Sampling was done from three tea plantations of 
Terai. Block of the size 10 sq.mt. was sampled in 
replicate of  three from all the selected tea 
plantations. Sampling was done in four seasons of a 
year March-May (spring), June-August (summer), 
September-November (autumn) and December-
February (winter). Mean relative abundance of the 
different looper species was calculated on the basis of 
six observations per season. Larvae collected from 
field were reared in the laboratory on tea twigs in 
transparent plastic containers (13 liter capacity). Male 
and female adults were weighed and their wing spans 

measured for all the three species of defoliators. 

To study developmental traits of the presently 
dominant looper species of the Terai and the Dooars 
plantations, adults of H. talaca and H. infixaria
emerging from laboratory cultures were released in 
large containers for mating and egg laying. Cotton 
plugs soaked in dilute honey were provided as adult 
feed and tissue paper strips were provided for egg 
laying.   After hatching, larvae were maintained on 
tea twigs individually in plastic containers (6cm/4cm 
dia) with their mouths tied with fine cloths.  Life 
cycle traits were studied during December, 2008 
February, 2009. During these months maximum 
temperatures (ºC, mean ± SD) ranged between 
23.37±1.006 and 26.12±0.78, while the minimum 
temperature ranged between 9.81±1.688 and 
14.90±2.48. Duration of different life stages and 
development period (egg-adult) were calculated. 
Morphometric analysis at the larval stages was based 
on body length and body weights 3rd instar onwards 
with the help of a fine electronic balance (BT 124 S, 
d=0.1mg, Sartorius made). Maximum thoracic width, 
abdominal width and length of pupae were measured 
for morphometric analysis along with determination 
of their weights.

Estimation of insecticide susceptibility 
Collection of insect material:
Gravid adult females of H. talaca and H. infixaria
were collected from a tea plantation situated at the 
central Dooars. They were brought to the laboratory 
and kept in plastic containers for egg laying. Hatched 
larvae were reared on TV 26 clone tea leaves 
collected from the experimental tea plot maintained 
organically by the Dept. of Zoology, North Bengal 
University up to 3rd instar stage which were then 
exposed to different concentrations of the pyrethroid, 
Cypermethrin, used in spray for chemical control of 
loopers in the tea plantations.

Preparation of insecticidal concentrations
In the tea plantations of sub-Himalayan West Bengal
synthetic pyrethroids are mainly used to chemically 
control the looper caterpillars. So the present Lc 
study was done for Cypermethrin (10%EC).

Technical grade of Cypermethrin (10 % EC, Aventis 
Crop Science Ltd., UK) was used to prepare 1,000 
ppm stock solution in distilled water from which 
further dilutions were prepared subsequently.

Determination of LC values of H. talaca and H. 
infixaria:
Bio-assay was performed by following the standard 
method recommended by Insecticide Resistance 
Action Committee (IRAC method No. 6) by using H. 
talaca and H. infixaria 3rd instar larvae (F1

generation) from the stock culture maintained in the 
laboratory. Graded concentrations of Cypermethrin 
(50, 100, 200, 300, 400, 500, 700 ppm) were 
prepared in distilled water from the stock solution.  
TV 26 clone healthy tea shoots were collected from 
the experimental tea plot and used as food for the 
caterpillars. Plastic tubes containing tea shoots were 
placed in plastic containers (10cm x 6 cm). Muslin 
cloths were tied with the help of rubber bands on top 
of the containers, and were kept in culture room. Ten 
of the pesticide exposed caterpillars were released 
separately into each container containing tea shoots. 
Three replicates were done for each pesticide 
concentration. Control larvae were exposed to 
distilled water. Observations of larval mortality were 
recorded in all the three replications of each 
concentration 24 hours after the treatment. Moribund 
insects were counted as dead (Gurusubramanian and 
Bora, 2007). Five concentrations of cypermethrin 
were tested against H. talaca and H.infixaria
population to obtain a concentration probit 
mortality curve. The mortality data was converted to 
corrected percent mortality by using 
formula (Abbott, 1925) and subjected to probit 
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analysis (Finney, 1971) to obtain LC50 values, LC95 

values and a regression equation.
All the statistical analyses were performed with 

t. 

RESULTS
Studies on occurrence of looper populations in Terai 
tea plantations during 2007and 2008 clearly indicated 
the dominance of the two congeners of Hyposidra
over the earlier known major tea looper, B. 
suppressaria (Fig. 1). Highest relative abundance of 
20.98% for B. suppressaria was recorded during 
March-May. Hyposidra spp. were found prominently 
even during the winter months due to lack of 
obligatory winter diapauses with at least eight broods 
per year. Generally four broods of B. suppressaria
were recorded per year (Das, 1965). Prolonged winter 
diapause of B. suppressaria as sub-soil pupae was 

stage during December-February (Fig.1). The newer 
pest spp. (Hyposidra) otherwise known to occur on 
wild forest and fruit plants have of late emerged as 
major defoliator of tea consuming leaf at a rate of 
almost 25 sq. cm. per day at early 5th instar stage. As 
the occurrence of these loopers in peak season was 
about 200 individuals per bush or more, the quantum 
of crop loss appeared to be substantial. Besides these 
three looper species, few looper of genus Ascotis and 
Cleora were also recorded from the Terai tea 
plantations but could not be considered to be of pest 
status as major pests.

Fig.1. Seasonal occurrence of Buzura suppressaria
and two species of Hyposidra, H. talaca and H. 

infixaria.

Adult B. suppressaria were morphologically very 
distinct from the two species of Hyposidra (Table I, 
Fig.2), so were its larval (Fig. 2) and pupal stages. 
Larval (looper) stages of B. suppressaria were clearly 
distinguishable with their green to brown body 
colour, triangular head, prominent red spiracles, large 
body length (6.4 cm ± 0.089) of final larval instar and 
higher weights (1.674gm.±0.064). Pupae were also 
with distinctly greater length (2.32cm ±0 .050) and 
weight (0.876gm ± 0.055) having a characteristic pair 

of anterior ridges and posterior cremaster like 
process. These characters were absent in the pupae of 
the two species of Hyposidra. 

Table I: Adult morphology and measurements of 
three looper species. (Mean±SE, N=20)

Different capital alphabets in each column and different 
small alphabets in each row indicate significant difference when 

Fig2.A.i                Fig.2.A.ii

Fig.2.B.i Fig.2.B.ii

Fig.2.C.i.                                                        Fig.2.C.ii.                                                

Fig. 2. A.i.& A.ii.: B.suppressaria adult (F) & final 
larval instar; B.i. & B.ii.; H. talaca adult (F) & 
final larval instar and C.i. & C.ii. H. infixaria
adult (F) & final larval instar.
Note: Black arrows indicate characteristic features of adults and 
white arrows that of larvae.

A detailed life cycle along with developmental traits 
had been studied in details for the similar looking 
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congeners, H. talaca and H. infixaria during Dec. 
2008 Feb. 2009. The post embryonic development 
periods of the two species were similar till 4th instar 
stage. However, significant difference could be noted 
in the duration of final larval instar (5th) and pupa 
(Table II). H. talaca exhibited a development period 
that was longer by eight days on an average than H. 
infixaria. Shorter development period of H. infixaria
might be resulting in more number of broods during 
winter months than that of H. talaca.

Table II. Duration (days) of different 
developmental stages of H. talaca and H. infixaria

(Mean ± SE, N=20)

Different small alphabets in each row indicate significant 

Generally five larval instars were recorded for the 
two species of Hyposidra under the study conditions. 
However, a small percentage of loopers (8% of H. 
talaca) resorted to an additional (6th) instar. This 
might be due to the fact that the decision to pupate 
often depends on attainment of some minimal body 
weight (Slansky, 1982). In fact, the larvae which 
entered 6th instar as final larval stage weighed 
significantly less in 5th instar  (40.6mg ± 0.859)
entered 6th instar as final larval stage, as compared to 
those with heavier 5th instar as final larval stage 
(116mg ±8.27 for females and 93mg±4.249 for 
males).
vary significantly among these two groups.

When body length was considered almost a similar 
growth pattern was recorded in the larvae (Table III). 
However, advanced female (F) and male (M) fifth 
instar larvae of both the species of Hyposidra
differed significantly in their lengths, for H. talaca
the measurements being 4.344 cm ± 0.080 (F) and 
3.657cm ± 0.060 (M), whereas for H. infixaria these 
were 4.23cm ± 0.079 (F) and 3.64cm ± 0.084 (M). 

Table III: Growth parameters of H. talaca and H. 
infixaria at different developmental stages. 

(Mean±SE, N=20)

Different capital alphabets in each column and different small 

A marked difference in the measurement and 
morphology at the pupal stage could be recorded 
between the two species of Hyposidra (Table IV).

Table IV: Comparison of pupal morphology and 
morphometry between H. talaca and H.infixaria. 

(N=20, Mean±SE)

Different capital alphabets in each column and different 
small alphabets in each row indicate significant difference when 

Observation of the pupae and adult also showed a 
clear dimorphism, female pupae had a higher body 
length than the males (Table IV) and female adults 
had much wider wings (Table I). 

Morphologically the early larval stages of the two 
species of Hyposidra were similar having black body 
with white stripes which imparted them the common 

H. 
infixaria is characterized by possessing paired lateral 
oblique black stripes extending from 1st abdominal 
segment to 3rd pair of thoracic legs which appear 
blackish than first two pair of legs (Fig. 2B and 2C). 
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The trends of development in terms of body weight 
between the two species showed by and large 
insignificant difference till 4th instar. But the two 
species were significantly different in their body 
weights at 5th instar larval, pupal and adult stages 
(Table III, IV and I).

Among the two looper species, H. talaca showed 
about three times higher Lc50 value and about two 
times higher Lc 95 value than H. infixaria (Table V). 
In both the species the Lc 95 value is much higher 
than the recommended field dose of Cypermethrin for 
tea loopers which is 500 ppm (Gurusubramanian et 
al. 2008).

Table V. Bioassay of H. talaca and H. infixaria
against Cypermethrin 10% EC

DISCUSSION
B. suppressaria, long known from tea plantations of 
Assam and Darjeeling foothills, has distinct larval 
and adult morphology from the other two emerging 
species of tea loopers. Similar morphological 
features, lengths and body weights of the early larval 
stages of the two congeneric species of Hyposidra
implied that they are close to one another. This is 
further supported by the observations of their 
common sharing of the same niche (young tea leaves) 
compared to the feeding on more mature tea leaves 
by B. suppressaria. So this species  stands out 
ecologically as a more distinct one than the two 
looper species of the genus Hyposidra. Problem 
associated with the distinction of early insters of the 
two species of Hyposidra possibly indicated that the 
two species are very close. Eyles (1963) reported 
similar problem in morphologically and 
morphometrically distinguishing the nymphs of 
several species of Scolopostethus (Heteroptera: 
Lygaeidae) in the field. Almost a parallel example of 
this paradoxical situation was also noted in the 
immature stages of the two species of Rhyparothesus, 
R. sparsus and R. bengalensis that shared the same 
ecological niche wherein the first four instars showed 
very close similarities, even overlapping 
morphometrics (Mukhopadhyay, 1989).

In the present condition and time a clear abundance 
of the Hyposidra spp. as compared to B. suppressaria
in Terai and the Dooars region of Himalayan foothills 

might be the result of a better adaptation of the 
former spp. to tea bushes. The better adaptive 
strategy was evident through their faster growth, 
shorter life cycles and multivoltinism. Moreover a 
continued population incidence with succession of 
the two Hyposidra species over most part of the year, 
especially during winter signified their adaptation to 
tropical weather changes and tolerance to the 
difference in temperature and humidity. Bioassay of 
H. talaca and H. infixaria also indicates their 
increased tolerance towards synthetic pyrethroids 
such as Cypermethrin. Further scientific studies are 
required to reveal the basis of development of such 
tolerance, especially the higher tolerance of the 
insecticide by H. talaca. Along with these factors, 
their reported polyphagy which includes many jungle 
plants and weeds of varied plant families (Das and 
Mukhopodhyay, 2008) may also help them the to 
develop better tolerance and survival capability as 
compared to other oligophagous loopers such as B. 
suppressaria that are mostly confined to the shade 
trees and tea.
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Research in Resistance Management

Laboratory and field evaluation of emamectin benzoate and spinetoram on cotton 
leafworm larvae

ABSTRACT
Emamectin benzoate and spinetoram are two important and 
promising new insecticides in caterpillar lepidoptera larvae/larvae 
control. The toxicity of these compounds against larvae of cotton 
leafworm (CLW), Spodoptera littoralis (Boisd.) was compared 
using topical application and feeding techniques. The 
persistence/residual efficacy under field conditions was also 
investigated. Based on the LD50 values against 4th instar larvae, 
emamectin benzoate proved to be better than spinetoram by 31516 
fold. The LD50 values of emamectin benzoate, cypermethrin,  
methomyl, chlorpyrifos, pyriproxyfen, profenofos, chlorpyrifos-
methyl, abamectin, spinetoram, spinosad and imidacloprid were 
0.0019, 0.0039, 0.03, 1.62, 3.13, 3.38, 4.00, 9.38, 59.88, 558.25 
and 37384.38  µg a.i/ g larvae, respectively. The 3rd instar larvae 
showed higher susceptibility toward emamectin benzoate than 
spinetoram by 1551 and 41 times after 2 days post-treatment using 
cotton and castor bean, respectively. Two days post- treatment, the 
persistence of emamectin benzoate decreased gradually and 
significantly. After spraying cotton, the mortality percentages were 
98.00, 70.00, 36.67 and 0.00 % after 0, 3, 6 and 10 days, 
respectively. However, the mortality % of this insecticide in castor 
was 91.11, 93.33 and 0.00 % after 0, 3 and 6 days respectively. In 
spinetoram, these percentages in cotton and castor were 96.67, 
3.33, 3.33 and 0.00, 2.86, 0.00 after 0, 3 and 6 days. Our 
investigation recommended that emamectin benzoate is one of the 
best bio-insecticides in controlling CLW larvae infestations in 
cotton fields.
Keywords: Laboratory Bioassays, Emamectin Benzoate, 
Spinetoram, Field Application, Cotton Leafworm, Host Plant.

INTRODUCTION
The insecticide market has been dominated by 
conventional classes of insecticides. Recently, a 
number of new insecticide classes have been 
discovered and commercialized. Emamectin benzoate 
(Proclaim) is a modified isolation of the soil 
microorganism, Streptomyces avermitilis. Emamectin 
affects the nervous system of arthropods by 
increasing chloride ion flux at the neuromuscular 
junction, resulting in cessation of feeding and 
irreversible paralysis. It affects on GABA and 
glutamate-gated chloride channel agonist (Dunbar et 
al. 1998). 

The compound has activity on various lepidopteran 
pests. It has translaminar activity, providing thereby a 
relatively prolonged residual activity (Ishaaya et al. 
2002). 

Spinetoram, a new semi-synthetic spinosyn 
insecticide developed by Dow AgroSciences 
(Indianapolis, IN) that was accepted for expedited 
review under the United States Environmental 






	1 FRONT PAGE
	2 DECLARATION
	3 CERTIFICATE
	4 PLAGIARISM REPORT
	5 ABSTRACT
	6 PREFACE
	7 ACKNOWLEDGEMENTS
	8 CONTENTS
	9 LIST OF TABLES
	10 LIST OF FIGURES
	11 ABBREVIATIONS
	12 LIST OF APPENDICES
	13 INTRODUCTION
	14 REVIEW OF LITERATURE
	15 OBJECTIVES
	16 MATERIALS AND METHODS
	17 - Result and Discussion A- Termite abundance
	17 - Result and Discussion B Taxonomy and Phylogenetic study of termites
	17 - Result and Discussion C Evaluation of pesticide
	17 - Result and Discussion D Enzyme Activity
	18 CONCLUSION
	20 INDEX
	21 BIBLIOGRAPHY
	22 APPENDICES
	23 Global Journal of environmental sciences and reserach
	24 IJBSM Sept 2013_Biswa and Mukhopadhyay
	25 Resistant Pest Management Newsletter
	26 Ritesh Insect Environment Paper 1
	26 Ritesh Insect Environment Paper 2

