
1. INTRODUCTION 

1.1 TEA 

Tea, Camellia sinensis [(L). O. Kuntze], a refreshing and invigorating 

beverage, is the second most consumed drink after water in the world. Tea is a 

natural product and calorie-free if prepared without milk and sugar. Over the last few 

decades, tea has become one of the most important product for earning foreign 

currency for India. Being the 2nd largest producer of tea after China, India is the 

world leader in all aspects of tea production, consumption and exports accounting for 

30% of the global production. It is the only industry where India has retained its 

leadership over the past 150 years offering a variety of products, from original 

orthodox to CTC and now green tea, Darjeeling tea, Assam tea, Nilgiri tea. Till date 

no other country has such different varieties of tea products.  

 North-East (NE) India is the major tea producing region of India. Tea was 

discovered in Assam for the first time in the year 1828 by two British travellers 

Robert and Charles Bruse. Since then tea has become an integral part of the economy 

of NE states. Tea belt in NE India starts from Darjeeling Himalayan, Terai and the 

Dooars stretching to Assam and beyond (Fig. 1.1). The Dooars region lies in the 

Himalayan foothills. It has rich tropical forests and a green carpet of tea plantations 

 as the 

region is regarded as the gateway to NE India and Bhutan. The total tea area in the 

Dooars and Terai is 97,280 ha and the production of tea is approximately 216 million 

kg (www.indiatea.org/tea_growing_regions.php). The tea plantation of Terai-Dooars 
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N latitude and 89   E longitude. The whole area has many forest 

interface along with the tea plantations, viz. Mahananda Wild life Sanctuary and 

Baikunthpur forest at Terai region; Gorumara National Park, Jaldapara Nation Park 

and Buxa Tiger Reserve at the Dooars region; Kaziranga and Manas National Parks 

in Assam. These forest interface mostly act as the source of pest resurgence. Major 

rivers of these regions are Mahananda and Balasun (Terai); Teesta, Torsa and 

Jaldhaka (the Dooars) and Brahmaputra (Assam). 

1.2 AGRO-CLIMATE FOR TEA PLANTATION 

 Tea is a shade-loving plant. Shade trees are usually planted before sowing the 

seeds of tea. Tea plants grow faster when planted along with shade trees. Hot 

summer and dry cool winter are the characteristic climate of the tea plantation areas 

of NE India. For tea crop, the prolonged dry spell and alternate waves of warm and 

cool winds are unfavourable. High humidity, heavy dew and morning fog favour 

faster development of young harvestable leaves. The ideal temperature for tea ranges 

between 20-30°C. Temperatures above 35°C and below 10°C are harmful for the tea 

bushes. Average annual rainfall required for the better crop ranges from 200-300cm. 

In NE India, in some places more than 500cm rainfall is recorded. However, 

generally the rain fall recorded is between the range of 200-300cm. In Assam, tea 

estates are located on the raised grounds up to 450m amsl (above mean sea level). In 

the Brahmaputra valley, tea is grown on both the banks of the river on flat land 

between 50m and 120m amsl, whereas in Terai-Dooars of West Bengal, tea estates 

are mainly located at the elevation of 80-300m amsl. The elevation in Darjeeling 

plantations area ranges between 600-2000m amsl. The soil type preferred mostly for 

the tea cultivation is virgin forest soils, rich in humus and iron content. 
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Figure 1.1 Tea Plantations of (a) Assam region (b) the Dooars region (c) Himalayan 
foothills or Terai region of India 

Comparatively, large proportion of phosphorous and potash in soils of Darjeeling tea 

 

a 

b 
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Figure 1.2 Different parts of a tea bush 

plantations structure are the reason behind its unique flavour. The soil found in Terai 

region is well-weathered, deep and acidic in nature, whereas the soil is mostly loamy 

in texture and coarse and sandy in the Dooars plantations. In Assam, mixture of 

medium texture, sandy loam soil and heavy soil of sifty loam to sifty clay loam 

generally found in the plantations area. 

1.3 TEA ECOSYSTEM: ITS PEST DIVERSITY AND 
MANAGEMENT PRACTICES 

 

 Being perennial monoculture, tea plantations provide a congenial microclimate 

and continuous food supply to a number of arthropod pests. Starting from root, stem, 

maintenance and pluckable leaves (Fig. 1.2), and even flowers and seeds are fed by 

different pest species such as tea mosquito bugs, red spider mites, red slug, hairy 

caterpillars, termites, grubs, shot hole borers etc. resulting in 11% 55% loss in yield 
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if left unchecked (Hazarika et al. 2009). A total of 167 insect species in the NE tea 

growing regions of India are reported till date (Mukhopadhyay and Roy 2009) 

including those of the Dooars and Terai.  

 Apart from pests, there are many diseases associated with the tea plantations. To 

cope up with pests and diseases, there are two modes of management strategies: 

conventional methods i.e., by using synthetic chemical and organic i.e., by using 

natural or bio-products. Most of the tea estates generally use various chemicals such 

as herbicides, fungicides, insecticides, which if applied beyond a limit may cause 

health problems to humans, other animals and environment at large. There are series 

of insecticides viz., organophosphates, organochlorides, pyrethroids and 

neonicotinoids which can be used for controlling different insect and mite pests 

associated with tea. The alternate way for managing pests in the plantations area, 

comprises of various natural products (such as plant extracts) and microbial 

formulations (such as bacteria or virus). There are six arthropod pests of tea which 

cause substantial crop damage viz., Tea mosquito bugs, Red spider mites, Red Slug 

and three species of tea loopers (Gurusubramanian et al. 2008). However, at present 

the tea loopers are responsible for the maximum yield loss in tea plantations of 

Terai-Dooars and NE India, and therefore needs special attention as there is no 

effective conventional as well as unconventional measures available to effectively 

manage the looper menace.  

1.4 LOOPER: CATERPILLAR STAGE OF GEOMETRID 
MOTHS  

 

structure while moving on a twig. They belong to the family Geometridae along with 

their cousins, the semi-loopers. Their systematic position is as follows: 
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Kingdom: Animalia 

 Phylum: Arthropoda 

  Class: Insecta 

   Order: Lepidoptera 

    Superfamily: Geometroidea 

Family: Geometridae Leach, 1815 
  

 geometra and 

etymologically further from a Greek word  ("geometer, earth-measurer"). 

This implies the mode of locomotion of the larvae, which lacks full complement of 

prolegs as seen in many polypod lepidopteran caterpillars, being five in number.  

Most of the loopers and semi-loopers have attained the status of pests. They are 

either defoliator or flower feeders, which sometimes damage soft seeds or pods. 

Some of the looper pest other than tea loopers are listed in Table 1.1. Their 

colouration ranges between green, grey or brownish that camouflage with the 

background often mimicking plant, helping them to hide from predators easily.  
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Table 1.1: List of some common species of looper pests of crops and trees from 
the family Geometridae  

Common 
name 

Scientific name Crops Attacked Reference 

Eastern 
Hemlock 
looper 

Lambdina fiscellaria 
fiscellaria 

White spruce, 
Balsum fir 

Otvos et al. (1982) 

 
Ascotis reciprocaria 
reciprocaria 

Avocados, Citrus 
Erichsen and 
Schoeman (1994) 

Litchi 
looper 

Perixera illepidaria Litchi Kumar et al. (2014) 

Giant 
Looper 

Ascotis selenaria Coffee, citrus 
Izhar and Wysoki 
(1995) 

Spotted 
ash looper 

Abraxas pantaria Ash 
Ozbek and Calmasur 
(2010) 

Apple 
horned 
looper 

Phthonesema 
tendinosaria 

Apple,  Mulberry Anonymous (1998) 

Cabbage 
looper 

Trichoplusia ni 
160 species of plants 
including Cabbage 

Sutherland 

and Greene (1984) 
 

1.5 LOOPERS AS POTENTIAL TEA PEST: DAMAGE 
SYMPTOMS AND CONTROL 

 The looper stage of three geometrid species which are responsible for the 

maximum loss of the crop belong to Biston (=Buzura) suppressaria (Fig. 1.3a) and 

the recently occurring species, Hyposidra talaca (Fig. 1.3b) and Hyposidra infixaria 

(Fig. 1.3c). The others less known looper species such as Ectropis sp (Fig. 1.3d), 

Ascotis sp (Fig. 1.3f) and Cleora sp (Fig. 1.3e) are also reported but they are still to 

be reported to pest status in tea. All of these species (Fig. 1.3) mainly attack the 
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pluckable leaves causing direct economic loss. Severe infestation of loopers may 

extend to maintenance leaf-layer therefore affecting the photosynthesis of the bush 

(Fig. 1.4). The control of the pestiferous loopers is becoming increasingly difficult 

by applying conventional chemical pesticides. The increasing tolerance level of 

Hyposidra spp. for the conventionally used pesticides during recent past (Das et al. 

2010; Basu Majumder et al. 2012; Mukhopadhyay et al. 2014) has led to an 

excessive use of these synthetics (Roy et al. 2009) at higher doses and at more 

frequent rounds (per. comm.). These operations have resulted in accumulation of 

pesticide residue in greater quantity than the recommended MRL in the foliar crop 

(Gurusubramanian et al. 2008). During the survey and sampling of many tea estates 

of the Dooars region of Darjeeling foothills, it was found that on an average per year 

- (US$230) is being spent per hectare on pesticide use (per. comm.).   At 

present it is a global concern to minimize chemical residues in tea, and European 

Union and German laws impose stringent restrictions on the application of chemicals 

in tea (Gurusubramanian et al. 2008).  Promulgation of revised Plant Protection 

Code (PPC) (Anonymous 2014), where a very few pesticides for control of tea 

loopers are prescribed, throws up a big challenge for conventional management of 

the pest. Such a crisis, however, will be compelling development of alternate 

management strategies for loopers, such as, application of microbial pesticides 

(NPV, bacteria), pheromones or kairomones etc. Economic threats imposed by insect 

pests to agriculture are poorly studied in developing countries (John et al. 2003) and 

also their management programmes due to lack of sufficient data on their biology 

and nutritional ecology. Crop injury and consequential damage is largely dependent 

on the trophic strategy and propensity of a pest species. So studies on their 

nutritional ecology along with their digestive and detoxifying enzymes need a 
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thorough investigation. Such studies will be useful if carried out both on natural and 

synthetic diets, which in turn will help in their en mass rearing and culturing for 

commercial purposes.  

 
 

Figure 1.3 Advanced instar of tea loopers (a) B. suppressaria (b) H. talaca (c) H. infixaria (d) 
Ectropis sp. (e) Cleora sp. (f) Ascotis sp. 
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Figure 1.4 (a) Healthy tea bush (b) Moderately defoliated bush by 
loopers (c) Severely defoliated bush by looper 
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1.6 REARING OF INSECTS 

 Rearing is defined as the propagation of field collected specimen (in this case 

insects) in laboratory conditions for one or more generations (Mackauer 1972). For 

more than 500years, insect rearing has been an integral part of human civilization. 

Beekeeping and silkworm rearing being two of them. In mid nineteenth century, 

Drosophila sp. was reared for providing the specimen required in various genetic 

and molecular studies. The science of insect rearing expanded in next two decades 

since 1950s, because insect rearing was required to develop alternative pest control 

strategies such as host plant resistance (HPR), chemical and microbial pesticides, 

sterile insect technique (SIT) and biological control. By 1970s, various 

entomological researches based on reared insects, especially in the developed 

countries started, that required large scale laboratory rearing and insectary facilities.  

1.6.1 TYPES OF REARING  

Peterson (1964) divided rearing into 2 categories: 

(a) Complete rearing: including all stages of life-cycle from the egg stage of one 

generation to the production of fertile eggs in the succeeding generations. 

(b) Incomplete or partial rearing: usually including one or two stages without 

completing a life-cycle, eg. Larvae or pupae maintained until adult 

emergence. 

1.6.2 IMPORTANCE OF REARING  

 To implement any biological control strategy, the first step is to have a critical 

understanding about the basic biology of the target pest and the second, how to rear 

it efficiently to produce a quality population (Sorenson et al. 2012). Higher fertility, 
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high fecundity, short life-cycle, longevity and large size are the few important 

parameters for assessing the diet on which insects are reared (Meats et al. 2004; 

Calkins and Parker 2005; Vreysen et al. 2010). Mass-rearing of insect pests still have 

many challenges and potential problems. The development of suitable diets and 

rearing regimes are few of them. Though, there are many protocols which are being 

applied and followed, yet no such protocols have been established for rearing of tea 

loopers. Sorenson et al. (2012) emphasised the need to study basic biology, ecology 

and physiology of the insect species which have been mass-reared. Abbasi et al. 

(2007) also emphasized the importance of rearing economically important insects to 

study their life-history, behaviour, their feeding habits and susceptibility or 

resistance to pesticides. 

1.7 SYNTHETIC / ARTIFICIAL DIETS FOR INSECT REARING 

 s, either 

with a plant preparation with yeast, or vitamins or sugar added; and in some case, it 

is a mixture of only pure chemicals (Singh 1977). Different workers used different 

terms viz., artificial, synthetic, purified, chemically defined to describe diet which 

contains various substances with varied purity. Dougherty (1959) classified these 

synthetic diets in three broad groups: 

I. Holidic diets as ones whose components are completely known  

II. Oligidic diets as ones whose components are not fully or not even nearly well 

characterized.  

III. Meridic diets as ones with some components well characterized (or defined) and 

others poorly defined. Meridic diets can be considered intermediary between 

holidic diets and oligidic diets. 
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 Synthetic diets is of great value in research fields related to nutritional ecology, 

especially because particular aspects of food quality (either single or in various 

combinations) can be precisely altered (Slansky and Rodriguez 1987). Synthetic 

diets have been used to determine qualitative and quantitative nutritional 

requirements and the impact of nutrient levels (including water), allelochemicals and 

nutrient-allelochemical interactions (Reinecke 1985; Slansky and Scriber 1985). 

Parra (2012) described that development of synthetic diet facilitates rearing of large 

number of insects necessary for studies in integrated pest management (IPM) 

programs with total control and standardization of the reared-insects. A thorough 

knowledge of the development and growth of pest species on artificial/ synthetic diet 

helps in studies on biological, nutritional, biochemical areas and in host plant 

resistance and toxicology of insects. This could be ultimately used for developing 

safer and economical pest management programs. In the past, fundamental and 

applied fields of entomology were severely affected due to lack of suitable synthetic 

diets (Vanderzant 1974; Singh 1977). In vivo production of virus and bacteria which 

can be used against a concerned pest as bio-pesticides, may require the formulation 

of synthetic diet to support mass culture of the pest species. 

1.8 SYNTHETIC DIET VERSUS NATURAL DIET 

Past studies done by various workers, indicated that larval stage of many insects 

performed well on natural diets than on artificial or synthetic diets (Hirai 1976; Hou 

and Hsiso 1986; Dosdall and Ulmer 2004). However, Shen (2006) stressed upon the 

synthetic diet based rearing for research purposes as there are many limitations 

associated with natural diet-based rearing which are as follows, 

 Non-availability of quality leaves throughout the year 
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  Long-term preservation of leaves are not possible 

  Higher risk of microbial infection and pesticide contamination 

  Allelochemicals may interfere with life-traits 

  nsistent experimental results 

According to Bailey (1976), Schoonhoven et al. (1998) and Cohen (2004) plants 

are suboptimal food for insects, because of inadequate nutrient ratios and the 

occurrence of various allelochemicals (such as tannins and alkaloids) that need to be 

detoxified. Again, composition of plant material is difficult to be standardized, as 

there may be seasonal variability in an individual plant and their parts and their 

development stage. Whereas, a synthetic diet formulation allows the researcher to 

control and manipulate the composition in order to provide balance nutrient to 

insects. 

1.9 ABOUT THE CONTEMPLATED WORK 

 In this study, the main objective is to establish a standardized rearing method for 

three defoliating lepidopteran pests of tea (commonly called loopers) on the newly 

formulated meridic synthetic (or artificial) diet. Performance of the pests on different 

diets were assessed using different parameters (Fig. 1.5). However, the same 

parameters were also compared on two alternative hosts of these species viz. tea 

(Camellia sinensis) and needlewood (Schiima wallichi, locally known as chiloni). 

Needlewood is a commonly found tree in the adjoining forest region of Terai and the 

Dooars tea plantations of NE India and reported as alternate host of loopers (Das and 

Mukhopadhyay 2014). 
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Figure 1.5 Studies to assess the suitability of a synthetic diet 
  

a) Developmental traits/life-cycle parameters: Various life-cycle parameters such as 

total developmental period, pupal weight, adult weight, adult emergence, fecundity 

and survivorship was taken into account while comparing the natural diets with 

synthetic diets.  

b) Food utilization efficiencies: (Parra et al. 2012) 

 Relative Consumption Rate (RCR) represents the quantity of a food ingested 

per milligram of insect body weight per day and is expressed as mg/mg/day. 

It can be altered by the physio-chemical properties of the diet. 

 Relative Growth Rate (RGR) indicates the gain in biomass of the insect in 

relation to its weight and is expressed as mg/mg/day. It depends on host 

quality, the physiological state of the insect and environmental factors.  
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 Efficiency of Conversion of Ingested food (ECI) represents the 

transformation of the percentage of food ingested into biomass. 

 Efficiencies of Conversion of Digested food (ECD) is an estimate of the 

conversion of assimilated material into biomass by the biological system 

(represents the percentage of ingested food that is converted into biomass). 

The ECD increases with insect development.  

 Approximate Digestibility (AD) represents the percentage of food ingested 

that is effectively assimilated by the insect. This index is an approximation of 

the actual nutrient absorption through the intestinal wall. 

 Maintenance cost (MC) indicates that how much energy is consumed in the 

process other than production or growth rate. MC is the ratio of respiration 

(R) and Production (P). 

 Production Index (PI) indicates that how much food is utilized for growth 

rate out of the total assimilated food. 

c) Digestive and detoxifying enzymes: Digestive enzymes in insects are adapted to 

system by converting complex food materials into simpler molecules necessary to 

provide energy and metabolites (Wigglesworth 1972, 1984). Behavioural features 

such as selective foraging/feeding and physiological processes like digestion, 

absorption and allocation are responsible for insect nutrition (Raubenheimer and 

Simpson 1999). Insects tune themselves to maximize benefits at minimum costs by 

making proper nutrition decisions, which in turn reflect on growth and reproduction 

(Babic et al. 2008). Insects have mechanisms to cope up with digesting protein rich 

plant, carbohydrate rich leaves, and even diverse unbalanced diets (Simpson and 

Raubenheimer 1993). The basic nutrients i.e. protein, carbohydrate and lipid in the 
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diet directly influence insect growth and development, therefore, major digestive 

enzymes in the midgut of insects consist of proteases, amylases and lipases that are 

similar in their hydrolytic nature, whereas the detoxifying enzymes such as general 

esterase (GE), glutathione S-transferase (GST) and cytochrome P450 (CYP450) play 

a major role in reducing the toxicity associated with the allelochemicals present in 

the host plant (Yan et al. 1995; Scott et al. 1998; Salinas and Wong 1999; Després et 

al. 2007). All the enzyme activities were compared on three food regimes to get a 

better understanding of the balanced nutrient and proportion of anti-nutrient present 

in the said foods.  

 Loopers of three geometrid species are presently the most destructive defoliators 

of tea in NE India and Darjeeling Terai-Dooars. Control of these loopers by 

conventional means are not effective enough, so alternative controlling strategy is 

need of the day. Formulation of the synthetic diets and the data obtained on the life-

cycle parameters of these pests, both on natural and synthetic diets will be helpful in 

developing some alternative strategies of their mass rearing for laboratory 

experimentations, production of bio-pesticides, pheromone isolation and others in 

connection with their control. 

 

 

 

 

 

 

 

 


