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ABSTRACT

Pesticide use for controlling the pests of tea is increasing day by day and so
also the level of residue in the foliage crop. Three of the geometrid species Biston
(=Buzura) suppressaria, Hyposidra talaca and H. infixaria are observed as
defoliators in the Terai-Dooars tea plantations of NE India. Control of these
defoliating pests (loopers) by conventional pesticide spray is turning largely
ineffective due to their enhanced tolerance for the prescribed pesticides under
revised Plant Protection Code (2014) of Tea Board of India. To manage these pests
menace in the tea plantations, alternative technology need to be developed.
In the present work a stage specific field-identification key was developed to
distinguish the three major geometrid pest species. Food consumption studies have
been carried out by calculating nutritional indices on natural tea leaf diet, so that an
understanding of their potential for utilizing tea leaves can be assessed. In order to
set up a sustainable rearing facility of disease-free production of the geometrid pest
species, formulation of the synthetic (=artificial) diet was done. This study was
contemplated with the objective of using these insects for future experimentations
related to non-conventional pest management. The first step of formulating any
synthetic diet is to know the basic needs of the organism for which the synthetic diet
is required. It is a well-known fact that the basic nutritional needs of almost all
insects are the same (except specialized groups) which comprise of proteins (amino
acids), carbohydrates, lipids, sterols, minerals and vitamins. The hydrolysing and
detoxifying enzymes of the gut of the pest species were also analysed for a better
understanding of the nutritional requirement of these species. Study of food
utilization that comprised assessment of food ingested, assimilated and converted
v

into tissue is a part of quantitative or dietetic nutrition, whereas enzyme activity is a
part of qualitative study of nutrition. Therefore, the analysis of performance of each
species, in terms of various developmental traits, food utilization efficiencies, basic
enzyme activities have given the opportunity to evaluate the acceptability and quality
of the diets.
While studying the life-cycle of the geometrid pests, it was found that there is
no similarity in the appearance, size and shape of two genus Biston and Hyposidra,
whereas the two congeners, H. talaca and H. infixaria can be morphologically
distinguished only beyond third instar and in pupal and adult stages. Formulation of
synthetic diet was done after the essence of the composition prescribed by Lyon and
Brown (1970) who developed a successful diet for fall cankerworm, Alsophila
pometaria (Lepidoptera: Geometridae). Basic ingredients used in the diet were:
Wheat Germ, Cellulose powder, Casein, Potassium sorbate, Dextrose, Sodium
alginate, Sucrose, Wesson’s salt mixture, Choline chloride, Vitamin mixture,
Cholesterol, Linoleic acid and Wheat germ oil. To overcome rearing problems of the
pests such as no pupation, incomplete pupation, deformed adult, etc., addition of the
folic acid and linoleic acid to the basic diet was done, which supported complete
development and better survival of H. talaca. However, incorporation of linseed oil
(having the required linolenic acid) in diet appeared to be obligatory for successful
rearing of B. suppressaria. Vitamin E being an antioxidant was also added to the
diet. For normal development of H. infixaria, only half of the amount of linseed oil
and Vitamin E was needed in the diet of B. suppressaria. Instead of Vanderzant’s
fortification mixture, a similar combination of Vitamin B complex, folic acid,
inositol and sucrose was found to provide adequacy.
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The life-cycle traits along with the food utilization indices were initially
compared on two natural host plants, tea and needlewood. It was evident from the
life-cycle parameters and nutritional indices that both tea and needlewood can
sustain life-cycle of B. suppressaria equally, whereas tea seemed to be a better host
for Hyposidra spp. than needlewood. In the next phase of study, the performance of
all three geometrid species were observed on synthetic diet and the natural host, tea
to compare and assess the suitability of synthetic diet. In general the faster
development period with better survival, heavier pupa and adult along with higher
Efficiency of Conversion of Ingested food (ECI), Efficiency of Conversion of
Digested food (ECD), Approximately Digestibility (AD), Production Index (PI) and
lower Maintenance Cost (MC) indicated superiority of the formulated synthetic diet
for all the three species under study. They were reared on synthetic diet for three
consecutive generations.
While comparing activity of principal hydrolases of three species on natural
and synthetic diets, synthetic diet-reared larvae (loopers) showed either more or less
equal or higher activities of amylase, protease and lipase. Only invertase activity was
found to be significantly less on Hyposidra spp. indicating that they may prefer some
other carbohydrate source than only sucrose. The detoxifying enzyme activities were
less on synthetic diet-reared larvae in all the species which resulted in their lesser
MC and higher PI on synthetic diet.
Standardization of rearing procedure and facility was done in various way to
minimize the mortality during larval as well as pupal stage. Certain generalized
procedure such as sterilization of rearing container and chamber, culture setup of
individual specimen, moisture control and modification in dispensing of synthetic
diet led to better survival of the species.

vii

Synthetic diets formulated for rearing these geometrid pests will provide a
platform for contemplating new approaches in tea pest management. The present
work provides rearing technology for the looper pests based on synthetic (meridic)
diet free from tea leaves in any forms. The diets have been specially composed and
tested for optimum performance of the pest species. Efficacy of the diets have been
estimated and compared with natural tea leaf as food. All the synthetic diets
recommended for rearing the three geometrid pest species were found economically
comparable to their culture/rearing on natural diet (tea leaf). The utility, safety and
economy of synthetic diet-based rearing in modern research of pest management
have been highlighted.
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PREFACE
Settlement and growth of human society and consequential advent of
intensive agriculture has prompted evolution of crop pests. It is unlikely that
complete eradication of any insect pest will be possible as most of the insects have
high reproductive rates and can easily adapt to environmental changes including
challenges faced from application of synthetic pesticides. While going through
chapters of the book, entitled “Advances in Insect Rearing for Research & Pest
Management”, edited by Anderson and Leppla (1992), it has come to my knowledge
that baseline information on the biology and development of a pest species is needed
for planning a successful integrated pest management program. Insect rearing is the
craft which can reveal many aspects of biology of a species. Information on biology
of a pest species obtained from rearing experiments can be of great importance in
future for its management.
In NE India, the foliage crop tea has often got attacked by a guild of
defoliators that belong to the lepidopteran family Geometridae. The caterpillars of
these moths called ꞌloopersꞌ have often been a major cause of crop loss, hence require
effective management. Control by conventional synthetic pesticides has various
drawbacks which include resurgence of pest populations, emergence of secondary
pest outbreaks and elimination of beneficial insect species. Alternatively, for
production of pure bacterial and viral pesticides or bio agents, large number of
disease-free specimens is needed. Such in vivo production of bio-pesticides may
open up newer approaches of pest management.
In order to obtain information on life-cycle traits and biology of the
geometrid pest species of tea, development of their laboratory-based rearing on
natural diet and synthetic diet was felt necessary. At the same time, it was realized
ix

that synthetic diet-based rearing would ensure fair supply of disease-free specimen
for mass production of microbial bio-pesticides. As no detailed literature, knowledge
and data are available on the developmental traits and dietetics of defoliating species
of tea infesting geometrid, I contemplated to take up the present study as my Ph.D.
work. The financial support for this project came principally from the University
Grants Commission, New Delhi (UGC-SAP) and National Tea Research Foundation
(NTRF), Tea Board, Kolkata. Receipt of the grants and the fellowship are duly
acknowledged with thanks.
My Ph.D. work involved rearing of three geometrid species in laboratory on
both natural and synthetic diets through generations, obtaining required data on their
biology that included nutritional ecology, development traits and survival under
laboratory conditions.

Biston (=Buzura) suppressaria, Hyposidra talaca and H.

infixaria were the three common geometrid species found feeding on tea leaves. The
principal requirement for healthy growth of all three species were thoroughly studied
with standardization of their rearing on synthetic diets that have been formulated for
the first-time.
Overall outcome of the present research work will hopefully be able to
furnish detailed information on easy identification of each life-stages, nutritional
ecology and developmental biology of the said geometrid pests of tea along with
state of the art of their in-door rearing through successive generations. I trust that the
present contribution will surely open up various opportunities for management of the
concerned pest species under the conditions arising from recent restrictions imposed
on use of synthetic pesticides (Plant Protection Code 2014 of Tea Board of India)
and in adoption of non-conventional bioorganic farming practices.
*Cover page: A tea twig with a 5th instar looper (Hyposidra talaca)
x
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Introduction

1. INTRODUCTION
1.1TEA
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
dissected by hill streams and rivers. The name ꞌDooarsꞌ is derived from ꞌdoorsꞌ 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
region of West Bengal located at 27° 5ꞌ N to 20° 9ꞌ N latitudes and 87° 59ꞌ E to 88°
56ꞌ E longitudes, whereas in Assam, the plantations are situated at 24⁰ 8ꞌ N to 28⁰ 2ꞌ

N latitude and 89⁰ 42ꞌ E to 96⁰ 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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Comparatively, large proportion of phosphorous and potash in soils of Darjeeling tea

a

b

c

Figure 1.1 Tea Plantations of (a) Assam region (b) the Dooars region (c) Himalayan
foothills or Terai region of India
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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
MANAGEMENT PRACTICES

PEST

DIVERSITY

AND

Figure 1.2 Different parts of a tea bush
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:
MOTHS

CATERPILLAR

STAGE

OF

GEOMETRID

The term “looper” comes from their looping movement, as they form a loop like
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:
5

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Order: Lepidoptera
Superfamily: Geometroidea
Family: Geometridae Leach, 1815

The name ꞌGeometridaeꞌ was derived from a Latin word geometra and
etymologically further from a Greek word γεωμέτρης ("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

160 species of plants
including Cabbage

Sutherland

Trichoplusia ni

1.5 LOOPERS AS POTENTIAL
SYMPTOMS AND CONTROL

TEA

and Greene (1984)

PEST:

DAMAGE

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
₹14,000/- (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.
9

Figure 1.4 (a) Healthy tea bush (b) Moderately defoliated bush by
loopers (c) Severely defoliated bush by looper
10

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
A ꞌsyntheticꞌ or ꞌartificialꞌ diet is a mixture of various nutritive substances, 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
13

•

Long-term preservation of leaves are not possible

•

Higher risk of microbial infection and pesticide contamination

•

Allelochemicals may interfere with life-traits

•

Varietal difference in leaves doesn’t give consistent 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
the diet on which they feed. These enzymes play a major role in insect’s digestive
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
16

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 lifecycle 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.
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Review of
literature

2. REVIEW OF LITERATURE
2.1 TEA CROP AND ITS PESTS
Tea plants have a rhythmic growth pattern, dormancy and flush, coinciding with
either management practice or environmental conditions or a combination of both
(Manivel 1980). The permanent leaves below the plucking surface are known as
maintenance foliage. These maintenance foliage produce photosynthates which are
supplied to other parts of a plant, which respire and grow actively with the help of
these photosynthates (Kabir 2001). The fresh flush above the maintenance leaves are
harvested for tea manufacturing.
As mentioned earlier, tea bushes being a monoculture provide habitat for 1031
arthropod species and 82 nematodes species over the world (Chen and Chen 1989).
In Asia, tea is affected by a total of 230 species of insects and mites (Muraleedharan
1992). However, Hazarika et al. (1994) reported that in NE India, 173 arthropods
and 16 nematodes are considered as pests of tea. Among them few important pest
species from plantations of NE India are:
a. Sucking insects: Tea green leaf hooper (Emposca flavescens) (Homoptera:
Cicadellidae); Tea aphids (Toxoptera auranti) (Homoptera: Aphididae); Tea
Mosquito bug (Helopeltis theivora) (Heteroptera: Miridae); Thrips (Taeniothrips
setiventris) (Thysanoptera: Thripidae); Scale insects (Lacenium uride) (Hemiptera:
Coccidae)
b. Borers: Red borer (Zeuzera coffeae) (Lepidoptera: Cossidae); Shot hole borer
(Xyleborus fornicates) (Coleoptera: Scolytidae)
c. Root feeders: Root grub (Holotricha impressa) (Coleoptera: Scarabaeidae);
Termites [Odontotermes obesus, O. parvidens, Nasutitermes sp., Microtermes obesi,
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Euhamitermes lighti, Synhamitermes quadriceps, Pericapritermes assamensis,
Malaysiocapritermes holmgrenii and Heterotermes indicola] (Blatodea: Termitidae)
d. Non-insect arthropods (Mites): Red spider mites (Oligonychus coffeae) (Acari:
Tetranychidae), Scarlet mite (Brevipalpus californicus) (Acari: Tenuipalpidae),
Purple mite (Calacarus carinatus) (Acari: Eriophyidae)
e. Defoliators and perforators: Tea tortrix (Homona coffearia) (Lepidoptera:
Tortricidae); Bunch caterpillar (Andraca bipunctata) (Lepidoptera: Bombycidae); B.
suppressaria, H. talaca, H. infixaria, (Lepidoptera: Geometridae), Etrusia magnifica
(Lepdioptera: Zygaenidae) etc.

2.2 FOLIVORES OF TEA FROM DARJEELING TERAIDOOARS PLANTATIONS IN NORTH BENGAL
The major defoliators reported from Darjeeling Terai-Dooars tea plantations are
as follows:
Red slug caterpillars (Eterusia magnifica) (Zyganidae: Lepidoptera) feed on the
mature leaves of the tea bushes and the bark of young stem (Anonymous 1994).
They remain under the mature leaf or stem of the bushes and sporadically infest the
plantation from November till April.
Flush worm (Lespeyrasia leucostoma) (Lepidoptera: Tortricidae) attacks the
pluckable shoots and leads to the formation of a nest like structure due to folding of
leaf. Their occurrence in the tea plantation is recorded during January to May.
The tea leaf roller (Caloptilia theivora) (Lepidoptera: Gracillaridae) is known to
infest tea from the dawn of plantation in NE India. Watt and Mann (1903)
considered it to be a troublesome pest. It had never been serious in Assam and
Bengal but occasionally caused considerable damage to tea in foothills of Dehra Dun
area. During 1988 the intensity of attack of this insect was found to be quite high in a
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few estates of Jorhat Assam circle when about 40-60% of the shoots in young and
mature tea were found to be badly affected.
Infestation of Bunch caterpillar (Andraca bipunctata) mainly occurs sporadically
during March to November in tea plantations of NE India (Anonymous 1994),
normally in four broods. Young larva of bunch caterpillar feeds on young leaves and
leads to the removal of epidermis only. Whereas, the mature larva eats the entire leaf
and can lead to the complete defoliation of tea bush.
Arctonis submarginata (Lepidoptera: Lymantridae) reported recently from the
Darjeeling Terai is a tea pest which feeds on the mature leaves of the bushes
(Mukhopadhyay et al. 2007).
The Darjeeling black hairy caterpillar Euproctis latisfascia (Lepidoptera:
Lymantriidae) is an important pest attacking old leaves of tea bushes and mother
leaves of nursery cuttings in Darjeeling foothills, Terai and NE India (Anonymous
1994).
The various species of loopers (Lepidoptera: Geometridae) are the actual or
potential pests of tea and will be discussed in the next section in details.

2.3 TEA LOOPERS
The age old looper pest, Biston (=Buzura) suppressaria was known to occur on
tea of NE India since 1900 (Das 1965). Das (1957) reported that initial migration of
B. suppressaria to the tea plantations occurred from forest trees. Recently two more
looper species, Hyposidra talaca and Hyposidra infixaria earlier reported to feed on
forest plants and weeds from India, Malaysia and Thailand (Browne 1968; Mathew
et

al.

2005;

Winotai

et

al.

2005;

Das

and

Mukhopadhyay

2008;

www.mothsofborneo.com) have also been found to infest tea plantations of
Himalayan Terai (Basu Majumder and Ghosh 2004; Das et al. 2010). Besides
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occurrence of these Hyposidra species invading tea in recent past, existence of the
older species, B. suppressaria continues in certain pockets of the tea plantations
especially in the Dooars. The invading pest species presently have a wide
distribution on forest and wild plants of the South Asia as well as part of Palearctic
region including China, Taiwan (Browne 1968; Holloway 1993) and Japan (Nasu et
al. 2004). Recently, in NE India, they emerged as destructive defoliator of tea,
consuming both young and mature leaves, initially being reported from Terai-Dooars
region of North Bengal and Assam (Basu Majumder and Ghosh 2004; Das and
Mukhopadhyay 2008; Chutia et al. 2012). In peak seasons these loopers occur in the
tune of about 200 individuals or more per bush and as a result the quantum of crop
loss appears to be substantial (Das et al. 2010). The caterpillars of these species
prefer to feed upon the pluckable leaves. But if the pluckable leaves are not
available, they even feed on the mature leaves or maintenance leaves, hence resulting
into crop loss in terms of pluckable leaves and photosynthetic surface area of the
maintenance leaves. Hyposidra spp. were found prominently even during the winter
months due to lack of obligatory winter diapauses with at least eight broods per year
(Das et al. 2010).
Recently, less-known looper species, named Ectropis sp. was found invading the
tea plantations of Darjeeling Terai. The geometrid, Ectropis Hübner belongs to the
tribe Boarmiini and is represented by approximately 100 species around the World
(Holloway 1993; Sato 2007). In Borneo, four species of Ectropis have been recorded
(Holloway 1993). From Indonesia, eight species are known (Sato 2007) while from
Indo-Malayan and Singapore region just one species, E. bhurmitra has been
recorded, however, the species seems to have a broad Asia-Pacific distribution. The
species was first recorded from Sri Lanka (type locality) and subsequently it was
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recorded in India, Taiwan, the Philippines, Thailand, Peninsular Malaysia, Borneo,
Sumatra, Java, Sulawesi, Buru, New Guinea, and the Solomon Islands (Sato 2007).
The leaf-eating twig caterpillar of E. bhurmitra is reported to cause moderate
damage, leading to full defoliation and death of tea bushes (Danthanarayana and
Kathiravetpillai 1969). Its presence on the teak tree, Tectona grandis (Lamiaceae) as
a minor defoliator has been noted (David and Ramamurthy 2012). In North Bengal
region, the species was initially reported from the Dooars tea plantations (Basu
Majumder 2008). Prasad and Mukhopadhyay (2013) studied the life-cycle traits
along with the degree-day dependent development of Ectropis sp. for the first time
during summer and winter seasons of Terai under laboratory conditions.
Other less known species having looper stages are Ascotis sp. and Cleora sp.
which are reported from tea plantations of both North Bengal and Assam, but yet to
attained a major pest status (Anonymous 2011). Globally, Boarmia (=Ascotis)
selenaria is known as a serious pest in a number of crops: peanuts (reported from
Madagascar by Frappa 1939), margosa (Beeson 1941 reported from India), citrus
(reported from South Africa by Buitendag 1965; from Sicily by Mariani 1937), tea
(from Formosa by Hu and Chen 1967; from India by Andrews 1921), teak leaves
(reported from Burma by Garthwaite 1940), white mulberry (reported from Japan by
Hoths 1917; Tomizawa 1922) and coffee (reported from East Africa by Abasa 1972).

2.4 FOOD UTILIZATION EFFICIENCIES
Quantitative analysis of consumption and utilization of host plants by insect
herbivores is a commonly used estimate in studies of plant insect interactions
(Scriber and Slansky 1981). Analysis of nutritional indices can lead to the
understanding of the behavioural and physiological basis of an insect response to
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host plants (Lazarevic and Peric Mataruga 2003). Food consumption and utilization
link plant attributes with insect performance (Slansky 1990). The gravimetric
technique is often used to determine food utilization efficiencies of an insect, after
the methodologies developed by Waldbauer (1968), Petrusewicz and MacFadyen
(1970), Slansky and Scriber (1985) and Muthukrishnan and Pandian (1987).

The study of nutritional indices could have some practical applications including
comparison of the insect’s performance on different host plants (Klein and Kogan
1974), measuring the effects of physiological stress on insects (Dauglas and Reese
1986), estimation of the quantity of food consumed by larvae with the purpose of
forecasting damage by insects (Kozhanchikov 1950) and determining the host-plant
resistance (Klein and Kogan 1974). According to Bhat and Bhattacharya (1987), the
feeding indices can be used to show the effect of plant on insect metabolism and
interactions between insects and their food sources. As an example, feeding indices
for Spodoptera frugiperda were calculated on 9 Bermuda grass types and based on
these results, resistance and susceptible varieties were distinguished (Jamjanyn and
Quisenberry 1988). One of the easiest methods to control carob moth was the use of
resistant varieties (Shakeri 2004). Feeding indices may be used as the method for
establishing resistant varieties. Rath (2010) performed food utilization experiment on
Antheraea

mylitta

(Lepidoptera:

Saturniidae)

fed

on

Terminalia

arjuna

(Combretaceae) leaves to compare the food utilization efficiencies with same species
reared on the other host plants and to see the host suitability. Calculation of the basic
nutritional indices (e.g. approximate digestibility (AD), efficiency of conversion of
ingested food (ECI) and efficiency of conversion of digested food (ECD) has opened
new opportunities of research on the power of feeding (Andreeva 2010).
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Feeding indices demonstrate the digestion efficiency or utilization of diet or diet
ingredients and in fact illustrate the conversion of food to the biomass of insects.
These indices can provide valuable information about the positive or negative impact
of ingredients or whole food (Cohen 2004). Among nutritional indices, ECI may
vary with the digestibility of food and the amount of the digestible portion of food
which is converted to body mass and metabolized for energy needed for vital activity
(Abdel-Rahman and Al-Mozini 2007). ECI is an overall measure of an insect’s
ability to utilize the food ingested for growth and development, and ECD is a
measure of the efficiency of conversion of digested food into growth (Nathan et al.
2005). Change in ECD also indicates the overall increase or decrease of the
proportion of digested food metabolized for energy. Therefore, no change in ECI and
ECD values indicate that ingested secondary biochemicals may not be causing any
chronic toxicity (Koul et al. 2004).
The nutritional requirements of an insect change during development and such
changes are typically reflected in changes of food consumption and feeding
behaviour (Barton Browne 1995). Larval feeding efficiencies of beet armyworm
were evaluated on excised leaves of five common host plants in southern Texas by
Greenberg et al. (2001). East et al. (1989) studied the consumption rates of larvae of
S. exigua (Lepidoptera: Noctuidae) on cabbage.
A higher maintenance costs is the result of a low ECD and lead to low growth
rate. The assumption underlying this interpretation is that growth is carbon-limited,
in which case any carbon allocated to energy metabolism is not available for the
production of new tissue (Pradhan et al. 2006).
Closely related species feeding on the same host plant under similar
environmental conditions (temperature, photoperiod, humidity and availability of
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food) may follow different strategies of growth and reproduction (Muthukrishnan
and Pandian 1987). The young larvae are more selective feeders and choose more
digestible foliage from the inter-vein portions of the leaf than the older larvae which
feed more indiscriminately (Bailey 1976). The first instar larvae feed only on tender
green parts of the leaves of the host plants which can be digested easily. As the
larvae mature, they start consuming the resistant fibrous part of host plant, thereby
resulting in the decline of AD as obtained in Prodenia eridaniee and P. sexta
(Lepidoptera: Noctuidae) (Waldbauer 1968) and P. ricini (Chockalingam 1979).
Silkworm showed an appreciably greater AD on mulberry. The high value of AD
indicated its good digestibility or nutritional quality of its food reflecting the
compatibility of the insect and its host (Waldbauer 1968; Scriber and Slansky 1981).
The maximum food was ingested by the last or last two to three instars of
lepidopteran larvae. It has been reported that Bombyx mori (Lepidoptera:
Bombycidae) (Hiratsuka 1920) consumed about 97% of their total food intake during
the last two instars. It may be attributed to the fact that the last instar larvae
accumulated the matter to tide over the non-feeding pupal period. Besides
defecation, assimilation and conversion of food to body substance, the metabolism
also increases significantly during the last instar larvae. This may be due to the
increased activity of the larvae during the period (Hiratsuka 1920; Waldbauer 1968).

2.5 DEVELOPMENTAL TRAITS
Total developmental period, larval period, pupal period, weight of pupa and
adult, ratio of male and female and survivorship during development stages are the
important parameters for assessing the performance of insects on a diet. These
parameters also indicate the efficiency of a diet to sustain the life-cycle of an insect.

25

Shorter development period, heavier pupa and adult, more emergence of adult i.e.,
higher survival, less deformed adults are the indications of the suitability of any diet.
2.5.1

Post-embryonic Developmental Parameters: Growth, development and

reproduction of insects are strongly dependent on the quality and quantity of food
consumed (Scriber and Slansky 1981). Previously Naseri et al. (2009) examined life
history and fecundity of Helicoverpa armigera (Lepidoptera: Noctuidae) on different
varieties of soybean. The data obtained in the study of developmental time and
fecundity of H. armigera, helped to estimate its susceptibility of soybean varieties.
Farahani et al. (2011) studied the life table parameters of Spodoptera exigua and
found that the development time varied on different host plant. This observation was
further upheld by Azidah and Sofian- Azirun (2006). Incubation period of eggs of
Earias vitella (Lepidoptera: Noctuidae) varied considerably due to host plant
variation, which was shortest on okra and longest in China rose (Syed et al. 2011).
Syed et al. (2011) also observed considerable variation in the larval and pupal period
of E. vitella on different host plants, along with the adult longevity, fecundity and
life-cycle duration. Faisal et al. (2011) studied the suitability of different host plants
as food for Eupterote undata (Lepidoptera: Eupterotidae) and recorded its shortest
life-cycle on the host, Paulownia fortune (Paulowniaceae) and the longest on Toona
ciliata (Meliaceae). Itoyama et al. (1999) found that the duration of the final larval
stadium of S. litura became significantly longer as diet quality decreased.
2.5.2 Survivorship: Literature on life tables is quite numerous and varied. Morris
and Miller (1954) were the first to adopt life table format for the study of natural
insect population. Since their development for natural population, life-tables have
been widely used in insect population studies. Mukerjii and LeRous (1969) have
suggested that estimates of metabolic activity in conjunction with life tables would
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provide a precise method of analysing relationship existing between the rate of
increase of an organism and its success in an ecosystem.
A life and fecundity table is a convenient way of describing insect population
dynamics or cohort life tables (Harari et al. 1997). Such tables describe the
developmental time and survival rate of each stage. Southwood (1978) figured out
that the life table is one of the most useful numerical aids for the population biology
study, particularly to determine age distribution and mortality rate in natural
population. Harcourt (1968) and Horn (1988) suggested that knowledge of the
number of immature stages of a given insect pest and the mortality factors affecting
each stage might assist in the pest management procedure later.
Southwood (1978) and Martinez and Katthain (1999) were of the opinion that in
most of the insect species, the mortality rate is a characteristic of the stage that is not
uniform for all the developmental stages. Prakash and Rao (1999) added that life
table study of an insect pest is essential in developing its effective IPM.
Life tables are effective tools for assessing and understanding the effect of
abiotic stress on larval growth and survival on synthetic diet, reproductive vigour
and population growth (Sandhu et al. 2010). Several works have been conducted on
life history and survivorship study of lepidopterans including some of the tea pests
such as the tea flush worm, Cydia leucostoma (Lepidoptera: Torticidae) by
Kumaravadivelu et al. (1996). Life-cycle study was done by Hansen et al. (2004) for
Sitotroga cerealella (Lepidoptera: Gelichiidae), commonly known as Angoumois
grain moth. This is a pest on stored maize in West Africa. Some age-specific life
table based studies were also done on H. armigera on different conditions by various
workers (Jallow et al. 2001; Pascua and Pascua 2002; Ge et al. 2003; Liu et al. 2004;
Wu et al. 2006; Fu et al. 2008; Mironidis and Savopoulou 2008; Yin et al. 2009,
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2010; Naseri et al. 2009, 2011; Jha et al. 2012). Barrionuevo et al. (2012) studied the
life tables of Rachiplusia nu and Chrysodeixis (=Psuedoplusia) includens
(Lepidoptera: Noctuidae), the two semilooper pest on synthetic diet. Karimi-Malati
et al. (2014) studied age specific life table parameters, survivorship of S. exigua
(Lepidoptera: Noctuidae), beet armyworm.

2.6 ENZYME PROFILE OF LEPIDOPTERA ON DIFFERENT
FOOD REGIMES
Digestive enzymes are nearly universal in all the members of kingdom Animalia,
but the means of delivering them efficiently to an external food source requires
special modifications. In the larval Lepidoptera, the midgut is the primary site of
digestion and absorption and midgut epithelial cells are modified to generate pHs
depending on the species (Berenbaum 1980; Dow 1984; Appel 1993). The
fundamental objective of digestion is to render macromolecules into simple
compounds that can be absorbed and circulated (Gilmour 1961; House 1974). The
source of the digestive enzymes may be specialized structures, such as maxillary or
salivary glands found in many insects, or the midgut, as in some lepidopteran larvae
(Evans 1992; Snodgrass 1935; Christeller et al. 1992).
The study on feeding biology and digestive enzyme activities reveals different
exploitation strategies by the insect having different food habit. The ability of insects
to survive on diverse host plants is an adaptive mechanism for their survival in the
ecosystem (Subramaniam and Mohankumar 2006). Polyphagy requires physiological
mechanisms to confront the varying chemical complexities posed by different host
plants. Herbivores possess various physiological and morphological traits that enable
them to exploit their host plants. All herbivores deal with chemicals that are
potentially damaging their cellular possesses, these come from various sources
including secondary chemicals of plants that can be toxic or anti-nutritive to them
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(Duffey and Stout 1996). In addition, physiochemical conditions of the midgut in
caterpillars are likely to have a major impact on nutrient digestion and allelochemical
activity (Appel and Maines 1995). Lepidopteran larvae have been the subjects of
study largely due to their impact on economically important plants. Host-plant
allelochemicals exert their anti-herbivore pressure by influencing the growth and
nutritional parameters and the herbivore can react by a concomitant increase in
detoxifying enzyme activity (Brattsten 1988; Mukherjee 2003). In fact, an insect’s
ability to detoxify plant allelochemicals is a basic requirement for the selection of
host plants (Johnson 1999; Mao et al. 2007).
Few digestive enzymes such as amylase, protease, lipase and invertase were
studied in insects by various workers. These are the basic enzymes and reported to
be present in most of the insectsꞌ guts. Amylase catalyse hydrolysis of α-D-(1,4)glucan linkage in starch components, glycogen and various other related
carbohydrates to serve as an energy source (Franco et al. 2000). Reports on presence
of amylase enzyme in lepidopteran guts are available for B. mori, Diatraea
saccharalis (Lepidoptera: Crambidae), Ostrinia nubilalis (Lepidoptera; Pyralidae),
S. frugiperda, Chilo suppressalis (Lepidoptera: Pyralidae) and Plodia interpunctella
(Lepidoptera: Pyralidae) (Sivakumar et al. 2006; Zibaee et al. 2009; DeSales et al.
2008). Response of midgut amylases of H. armigera was studied by Kotkar et al.
(2009) on different host plants. Invertase are glycosidase hydrolases that catalyse the
cleavage of sucrose into the two monosaccharides, glucose and fructose (Shen 1986;
Law et al. 1977). Digestive proteases catalyse the release of peptides and amino
acids from dietary protein and they are found most abundantly in the midgut region
of the insect digestive tract (Jongsma and Bolter 1997). Most of the midgut
proteolytic enzymes in lepidopteran larvae have been shown to be extracellular
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proteases with high pH optima which are well suited to the alkaline conditions of the
midgut (Applebaum 1985). The digestive enzymes are mainly reported from the
midgut of different insects (Hori et al. 1981; Lenz et al. 1991). Other important but
less studied enzymes from lepidopteran insects are lipases, which catalyse the
hydrolysis of triacylglycerol (TAG). Lipases secreted into the midgut lumen of
insects break down a variety of dietary lipids, such as triacylglycerol and
phospholipids, into fatty acids (Weintraub and Tietz 1973). Among insects, most
studies have focused on the roles of lipases in the fat body as compared to the gut
digestive system. Grillo et al. (2007) described the role of TAG lipase in lipid
digestion in the Rhodnius prolixus (Hemiptera: Reduviidae) midgut. The products of
digestion are absorbed by the midgut epithelium and then used for synthesizing
complex lipids, such as TAGs, diacylglycerols and phospholipids. In B. mori, lipases
are not only digestive proteins but also act as antivirals against the occlusion derived
Nucleopolyhedrovirus (NPV) (Ponnuvel et al. 2003).
The detoxifying ability of insects vary among the species and with the
environment as well as with their feeding ecology (Fragoso et al. 2002; John and
Graeme 2008; Despres et al. 2007; Mullin 1985, 1988; Hung et al. 1990). Generally,
three enzyme systems are known to be involved in the allelochemical as well as
insecticide detoxification. In phase I of metabolism, esterase which generally
hydrolyse the ester bonds and cytochrome P450-dependent monooxygenases which
oxidise the toxic compounds to neutralize their effect are functional, whereas in
phase II glutathione S-transferases which are involved in conjugation reactions i.e.,
converting the products of hydrolysis and oxidation into harmless conjugates for
elimination from the insect body (Soderland and Bloomquist 1990).
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These enzymes have been studied by various workers to mainly establish the
insect resistance to the pesticides. In the present study, the purpose of studying these
enzymes is to understand their activity in the process of detoxification of the
allelochemicals/xenobiotics ingested and bio-energy trade off either to detoxification
or production (Cresswell et al. 1992; Karban and Agarwal 2002).

2.7 STUDIES ON SPECIES OF GEOMETRIDS (LOOPERS)
REARED ON NATURAL DIET
Till date, various kind of studies on looper stage of geometrid spp., such as
detoxifying enzymes assay (Das and Mukhopadhyay 2014), extraction of
entomopathogenic NPV and Bacteria which can be used as bio-pesticides (Ghosh et
al. 2015; Mukhopadhyay et al. 2007; De et al. 2006, 2007; Das et al. 2006), bioassay
of loopers for testing efficacy of various pesticides on loopers have so far been
carried out based on specimen reared on natural diet (tea leaf). Das et al. (2010) and
Das and Mukhopadhyay (2014) studied the host-based biology of these geometrid
pests and their variability along with the detoxification enzymes. Mukhopadhyay et
al. (2010) identified the biocontrol potential of both bacterial and viral
entomopathogens of B suppressaria and H. talaca. Simultaneously Mukhopadhyay
et al. (2011) characterized NPV from H. talaca and showed its virulence. Basu
Majumder et al. (2012) tested various insecticide against the Hyposidra spp. Das
(2015) in her Ph.D. thesis work, studied the bio-ecology and variability in defence
enzymes of three geometrid species B. suppressaria, H, talaca and H. infixaria
attacking tea. Nair et al. (2008) studied the biology of H. infixaria. Simultaneously,
Somchoudhury et al. (2010) observed the performance of H. infixaria on eight
different host plants and concluded that H. infixaria showed better growth and
development on mango than on tea. They also studied effects of some common
natural enemies and neem formulation on the same pest (Somchoudhury et al. 2011).
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Growth and survival of this species was studied by Basu Majumder et al. (2011) on
four clonal varieties of tea.
NPV of B. suppressaria was isolated by Gan (1981). Genomic map of singlyenveloped nuclear polyhedrosis virus of B. suppressaria was determined by Liu et
al. (1993). Chen et al. (2015), obtained the complete mitochondrial genome of B.
suppressaria. Genome sequence and analysis of BusuNPV and phylogeny with other
baculoviruses was carried out by Zhu et al. (2014). Ghatak and Reza (2007) tested
the efficacy of Beauveria bassiana (Clavicipitaceae) against B. suppressaria. From
India, Mukhopadhyay et al. (2007) recorded a Baculovirus isolated from B.
suppressaria. Rahman and Bhola (2012) studied population dynamics of B.
suppressaria and its larval parasitoid Apanteles taprobane (Hymenoptera:
Braconidae). Feeding biology and digestive enzyme profile of B. suppressaria on tea
was studied by Sarker et al. (2007) with a comparison with another tea defoliator
Etrusia magnifica.
A host of studies related to various aspects of the commonly occurring
defoliating pests of tea emphasize the economic and biological importance of these
pests. However, in depth study of these pest species is largely hindered due to nonavailability of any artificial/ synthetic diet. Only formulation of proper synthetic
diets would help in carrying out advanced research and consequent management of
these pests more effectively.

2.8 SYNTHETIC (=ARTIFICIAL) DIETS OF INSECTS: THEIR
FORMULATION AND UTILITY IN REARING
The usefulness of mass rearing of insects on synthetic diets has been recognized
since the eradication of the screwworm, Cochliomyia hominivorax (Diptera:
Calliphoridae) from the Southern-eastern United States by the sterile male release
technique in the 1960s. Insect rearing on their natural host may not be feasible for a
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number of reasons such as, seasonal availability, excessive cost and variable quality.
Therefore, mass-rearing of insects has been tried time and again on synthetic diets.
These synthetic diets bear little resemblance to their natural host or food source but
nonetheless permit satisfactory growth and development of the mass-reared insects
(Vanderzant 1966). The development of synthetic/artificial diets and rearing
techniques for mass-production of lepidopteran insects has progressed over the last
50 years and has resulted in large number of literature, establishing diets for
hundreds of species (Cohen 2004; King and Hartley 1992; Singh 1977). Insects that
are reared on synthetic diets are used in many programs, such as, agents of biological
control and sterile insect technologies (Knipling 1979), as feed for other animals
(Teffera et al. 2000; Versoi and French 1992), as living bioreactors for production of
pharmaceuticals, microbial and macro biopesticides and other recombinant proteins
(Hughes and Wood 1998).
To study various aspects of life-cycle, behaviour, feeding nature, their
susceptibility and resistance to conventional pesticides and microbial pesticides such
as viruses, bacteria, fungi of pests, it is essential to rear the host insects (pests)
(Rezapanah et al. 2008). Due to lack of sufficient research funding, synthetic dietbased insect-rearing is uncommon in developing countries. Therefore, economic
threat posed to agriculture products by insect pests are poorly studied in these
countries (Ahmed 1983). Mass production and availability of disease-free specimen
of geometrid species (with looper stages) all through the year based on synthetic
diet-rearing would open up newer opportunities for conducting research and
experiments on:
1. Sensitivity and toxicity assays with pesticides/ new molecules of xenobiotics
2. Stimulo-deterrent chemicals (Pheromones/ kairomones)
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3. Insect-plant interactions related to plant resistance mechanisms/ pathways
4. Neuro-physiological mechanism of insect control
5. Insect cell culture for species of loopers
6. Mass production of biopesticides viz., NPV, Bacillus and other strains
7. Production of parasitoids and effective predators
Various synthetic diets have been developed and proposed for the maintenance
and continuous rearing of economically important insects (Robert et al. 2009;
Ahmad and Hopkins 1992; Cohen 2001, 2004; McKinley 2004; Castane and Zapata
2005). Although, there are some reports of rearing success through complete
generations of the economically important insects entirely on a synthetic diet, in
many cases there is loss of both fitness and reproductive potential reflected in longer
development time and lower fecundity (Coudron et al. 2002). As a result, the costsaving ratio is diminished. Insect rearing practice proliferated in the mid 1950ꞌs and
grew to a major dimension in the next two decades. This expansion occurred because
insect-rearing was required in order to test, develop and implement new pest control
technologies. Technology for rearing Lepidoptera in the laboratory on synthetic diets
improved significantly during late 1960ꞌs and 1970ꞌs. In spite of the extensive work
done during last century, synthetic diet-based rearing technology failed to secure a
level which other entomological sub-disciplines have achieved. Cohen (2001)
emphasised the recognition of insect-rearing and synthetic diet designing technology
as a separate sub-discipline with the same level of importance as others. Singh
(1977) compiled most of the synthetic diet formulated for partial or complete rearing
of insects, whereas Cohen (2004) suggested modifications and improvement in the
synthetic diet formulations.
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Although, the synthetic diet-based insect rearing technology lacks the
opportunity to gain attention from the different scientific community, different
workers still continued to work for the advancement in the formulation of the new
synthetic diet. Genc and Nation (2004) tried to improve the performance of
Phyciodes phaon (Lepidoptera: Nymphalidae) (Phaon Crested butterfly) on semisynthetic diet by adding freeze-dried host plant leaves equal to 10% by weight. A
diet designed for a concerned species can be suitable for a different species with
small modifications, as has been observed for the diet of Harmonia axyridis
(Coleoptera: Coccinellidae) that has been adopted for Chrysoperla carnea
(Neuroptera: Chrysopidae) by El Arnaouty et al. (2006).
Pradhan et al. (2006) worked on the tea pest, E. latisfascia and observed that
when reared on synthetic diet, it showed shorter developmental period than that on
natural diet with higher values of nutritional indices along with a lower maintenance
cost and higher production index. In Taiwan, Shen et al. (2006) studied the
performance of Lymantria xylina (Lepidoptera: Lymantriidae), a major defoliator of
hardwood and fruit trees on synthetic and host plant diets and observed that L. xylina
survived better with heavier pupal weight and adult size on synthetic diet besides the
better nutritional indices than host plant Liquidambar formosa (Altingiaceae). They
developed this synthetic diet for mass rearing the pest and for production of NPV.
Cactoblastis castorum (Lepidoptera: Pyralidae) commonly known as the Argentine
cactus moth, originates from South America and feeds on most species of Opuntia,
the cactus been an important cultural and agricultural plant. A successful synthetic
diet was developed and used for mass rearing C. cactorum in Sterile Insect
Technology (SIT) program in South-Eastern United States for its control (Marti and
Carpenter 2008; Marti et al. 2008; Carpenter and Hight 2012).
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Worldwide, different organization such as USDA, IOBC-MRQA, Wuhan
Virology Institute, P.R. China, Food and Agriculture Organization of the United
Nations, Rome, OKSIR codling moth mass-rearing facility at Osoyoos, Canada,
Institute of Plant and Environment Protection, Beijing Academy of Agriculture and
Forestry Sciences, Beijing and many others including Indian organizations such as
IARI, New Delhi, IIHR, Bangalore, NBAIR, Bangalore, IIPR, Kanpur have
developed synthetic diet-based rearing system for economically important insects
and using synthetic diet-reared insects for testing various aspects of nonconventional control measures. Perez and Shelton (1997) checked the resistance
level by adding various concentration of Bt in the synthetic diet of Plutella xylostella
(Lepidoptera: Plutellidae) as well as incorporating it in their host plants. The effect
of proteinase and amylase inhibitor on the protein and lipid metabolism of Epiphyas
postvittana (Lepidoptera: Torticidae) larvae was studied by incorporating them into
the synthetic diet (Markwick et al. 1998). This type of study can be utilized to
develop resistance plant varieties. Song et al. (1999) emphasized on the use of
synthetic diet-based rearing of Asian Corn Borer for their IPM and bio-tech
researches in China. The effect of temperature on development and life-cycle
parameters were studied on the artificial diet/semi-synthetic diet-reared Copitarsia
decolora (Lepidoptera: Noctuidae) (Gould et al. 2005) and Maruca vitrata
(Lepidoptera: Pyralidae) (Adati et al. 2004). Ma et al. (2000) studied the biological
effects of Azadirachtin initially on cotton fed Helicoverpa armigera, then
subsequently they transferred the survived larvae to untreated synthetic diet for
observing the physiological effects and the developmental anomalies. Likewise,
Leckie et al. (2008) studied the effect of Beauveria bassiana (Helotiales:
Sclerotiniaceae) on the mortality, growth and development of larval of H. zea, by
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incorporating the mycelia and spent fermentation broth into synthetic diet. Rizvi and
Raman (2015) studied the preference of E. postvittana towards the fungal infected
Vitis than uninfected Vitis by observing the difference in performance of E.
postvittana on three diets: (i) basic diet, (ii) diet with lyophilized leaves of Vitis and
(iii) diet with mycelial material of Botrytis cinerea. A new synthetic diet based on
soybean, glycine max powder and fresh water bamboo, Zizania caduciflora
(Poaceae) was formulated for Asiatic Rice Borer, Chilo suppressalis which is an
important pest of rice, Oryza sativa (Poaceae) in China (Han et al. 2012). Paraiso et
al. (2014) compared various life-cycle parameters of Melitara spp. (Lepidoptera:
Pyralidae) on synthetic diet and natural host plant, Opuntia sp. They found that
synthetic diet could provide better nutritive value than natural diet. All of these
works on different pests were done in order to provide better IPM strategies for
controlling the respective pests. Teimouri et al. (2014) compared the feeding indices
and enzymatic activities of Ectomyelois ceratoniae (Lepidoptera: Pyralidae) on two
commercial Pistachio cultivars (Akbari and Kalequchi) and a newly formulated
synthetic diet. Sorour et al. (2011) evaluated a simplified semi-synthetic diet based
on the combination of starch/agar for mass rearing of S. littoralis by comparing
larval weight, pupal weight, adult emergence, fertility and development index along
with percentage of pupation, survival, fecundity and sex-ratio. Similarly, Sujatha and
Joseph (2011) developed a Tapioca-based oligidic diet for S. litura and studied its
effect on mass rearing performance. They compared the developmental rate, lifehistory parameters and fertility on synthetic diet and the natural host plant, i.e. castor
leaf. The widely distributed, Egyptian cotton leaf worm, S. littoralis which is
polyphagous in nature, fed on many vegetables, field, ornamental crops and several
other economically important host plants. It was felt significant to economically rear
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important insects to study their life-cycle, behavioural and feeding nature and their
susceptibility and resistance to chemical and biological pesticides. For the first time
Alfazairy et al. (2012) formulated an agar-free synthetic diet for rearing larvae of S.
littoralis for nine consecutive generations. The study was aimed to develop a lowcost simplified diet, based on combination of starch and agar for rearing of the cotton
leaf worm under laboratory conditions.
Application of a synthetic diet-based rearing can be summarized as in Fig. 2.1.
Based on the above review of literature, the present study was contemplated with the
main objective of formulating synthetic diets for three species of tea loopers, viz., B.
suppressaria, H. talaca and H. infixaria.

Figure 2.1: Utility of mass rearing of insects/ pests on synthetic diet (Adopted from Parra
2007, 2008)
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Objectives and
scope of study

3. OBJECTIVES AND SCOPE OF STUDY

(i) To develop stage-specific identification keys for the geometrid species of tea and
their developmental stages with description of looper and other stages

(ii) To find out the major hydrolases and defense enzymes present in the digestive
system of loopers

(iii)To design and develop artificial/ synthetic diet for rearing the looper stages of
common geometrid species

(iv) To evaluate the food utilization efficiencies and developmental traits on natural
and synthetic diets

(v) To standardize laboratory culture technique for the geometrid species on
synthetic diets.
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Materials and
Methods

4. MATERIALS AND METHODS
The contemplated work was mostly carried out at the Entomology Research Unit,
Department of Zoology, UNB during the period of June, 2011–May, 2014 in a
research project funded by National Tea Research Foundation, Tea Board, Kolkata,
India.

4.1 COLLECTION OF LOOPERS AND MOTHS
Moth and looper stage of geometrids were collected by sweep nets and hand
picking from the tea plantations of Darjeeling Terai and the Dooars (Fig. 4.1). Moths
were then allowed to mate and lay eggs in plastic containers, towelled with tissue
paper. Looper stages were reared on natural diet (tea leaves) to pupate and emerge as
adults for further laboratory culture.

4.2 REARING OF LOOPERS
CONTINUOUS CULTURE

AND

MAINTENANCE

OF

Fertilized eggs of geometrid moths were reared on host leaves and on synthetic
diet in a BOD incubator at a temperature of 26±2°C, relative humidity (RH) 75±5%
and light-dark phase (L:D) 13:11h. During pupal development, RH was carefully
maintained below 80% to avoid microbial infection. Laboratory data on moulting,
weight of freshly moulted larvae at each instar, pupa and adults along with wing
expansion and their structural variability were recorded for preparation of stagespecific key to help in identifying the different stages of geometrid species found in
tea plantations area.
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Figure 4.1 Map of North Bengal showing the locations of tea plantations in the districts that were visited for
collection of specimen (geometrid moths and their looper stages) (map not to scale)

INDIA

4.2.1

Natural hosts: Tea and needlewood were selected as natural hosts to rear all

the three geometrid species commonly associated with tea plantations of TeraiDooars.
4.2.1.1

Processing of leaves: Leaves of tea clone TV26 (Tocklai variant) were

collected from an experimental plot maintained bio-organically by Entomology
Research Unit, Department of Zoology on University of North Bengal Campus
(26°42ꞌ37.53”E and 88°21ꞌ05.60”N) and used for rearing purpose. Leaves of
Needlewood was collected from the trees maintained on the same university campus
as well as from the nearby forest area adjacent to Kamalpur tea estate, Bagdogra.
Leaves were surface sterilized by 1% of sodium hypochlorite (NaOCl) solution and
then thoroughly rinsed with distilled water. Petioles of young leaves were submerged
in water filled in micro centrifuge tube (2ml) for rearing the early instars on natural
diet. This setup was kept in rearing container made of transparent plastic (11cm
height x 12cm diameter). Neonates (n≤30) were released in each container for early
development, and at 3rd instar stage they were transferred to transparent buckets
(45cm height x 30cm diameter at brim) provided with young leaves as food (i.e.,
young tea/needlewood twigs inserted in a water-filled conical flask) for rearing.
Leaves were changed daily or on alternate days depending on their moisture content
and turgidity.
4.2.1.2

Sterilization of the insect culture equipment and set up: The plastic

containers were properly sterilized before using for rearing purpose. Initially, the
containers were kept submerged in liquid soap for 12 hrs and then thoroughly
washed with water. After drying they were again washed with 5% sodium hydroxide
(NaOH) solution, followed by thorough washing with distilled water. If any infection
was observed in laboratory in any brood, the laboratory and all equipment were
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subjected to appropriate sterilization method. Any container having infected loopers
was washed with KOH solution followed by NaOCl solution. After drying the
containers, they were exposed to UV-rays inside the Laminar flow hood for 10-15
minutes. The glass wares were sterilized in the same method except that they were
steam-autoclaved instead of UV-sterilization. The culture room was at times
fumigated by 5% formaldehyde solution. The fumigation was performed in absence
of any culture. Working tables and the floor were cleaned either with 5% KOH,
followed by Lysol solution. Pieces of clean cloth, toothpicks, blotting papers,
spatulas and brushes were steam-autoclaved.

Figure 4.2 Feeding by geometrid loopers on natural diet (leaves)
4.2.1.3

Maintenance of culture: Sterilization of hand and use of hand gloves

were obligatory before handling any insect culture. Thorough washing of hands with
sanitizers, followed by washing it with rectified spirit was done before handling
cultures. A regular observation of each and every culture was done to avoid any
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mortality either by moisture or infection. Containers were discarded if any mortality
was observed. For mass culture, containers were changed every alternate day,
whereas in individual culture the same container was used for whole life-cycle. Only
excreta were removed if get deposited excessively. The leaves were changed if they
get dried or were consumed completely and care was taken that leaf petioles get
continuous supply of water from micro centrifuge tubes or conical flask. Advanced
instar larvae were capable of consuming whole of a medium sized tea leaf in 24 hrs
(Fig. 4.2). So, for rearing and maintaining a culture, minimum of 15 man-days was
required for Hyposidra spp. and 30 man-days for B. suppressaria.
4.2.2

Synthetic diets: Formulation of the diet for species of geometrid pests of

tea was done initially after the essence of the composition prescribed by Lyon and
Brown (1970) who developed a successful diet for fall cankerworm, Alsophila
pometaria (Lepidoptera: Geometridae). Diet was modified after adopting some ideas
suggested by Cohen (2004) and others.
4.2.2.1

Preparation of synthetic diet: Basic ingredients used in diets were

divided into two groups: Group A (Wheat Germ, Cellulose powder, Casein,
Potassium sorbate, Dextrose, Wesson’s salt mixture, Choline chloride, Cholesterol)
and Group B (Sodium alginate, Sucrose, Vitamin mixture, Linoleic acid and Wheat
germ oil). Ingredients of Group A were mixed with autoclaved solution of agar
dissolved in distilled water with the help of a blender (make: Philips) for 30-40sec.
After blending it smoothly, the mixture was allowed to cool down between 60-70°C
and then other ingredients (Group B) were mixed and blended. The slurry of fresh
hot diet was poured into sterilized plastic containers and allowed to cool to room
temperature and stored in the refrigerator at 4°C for future use.
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4.2.2.2

Dispensing of diet in culture container: Before dispensing the diet to

insects, the water droplets accumulated on the diet surface was soaked by autoclaved
blotting paper. To provide freshly prepared diet to neonates, more care was taken
while removing the accumulated water droplets. The neonates cannot move on a wet
surface and stick to diet and consequently die. Initially rearing was done inside the
containers shallowly laid with diet at their bottom. As the mortality of early stages
was very high due to water droplets accumulated on the surface of the diet, some
toothpicks were provided inside the containers for clinging and easy movement of
the looper caterpillars. Further, to minimise the problem of mortality of early instars,
cubes of diets pierced-across with toothpicks were kept suspended inside the
containers. This new method of food dispensing reduced the accumulation of water
droplets inside the container as well as roused in the caterpillars their natural instinct
of moving on tea twigs (=sticks).
4.2.2.3

Maintenance of culture: A regular observation was taken to note the

level of mortality on synthetic diet as was done for natural diet. Special care was
taken to avoid accumulation of water droplets and fast drying of diet. Containers
were used in respect to the size of looper stage to be reared which provide easy
access to the diet at the same time prevented wastage of diet. Since, the early instar
larvae were unable to finish even a small cubes within 3-4days and same usually got
dry by that time, a small container (6cm x 4cm diameter) with 3-4 diet cube pegged
on toothpicks were used for 20 caterpillars. In this stage, container’s mouth was
covered with autoclaved cotton cloths and the actual lid were just kept loosely to
cover the mouth. This setup allowed proper aeration, therefore no accumulation of
water droplets vis-a-vis the lid of the container prevented fast drying of the diet
cubes. As the larvae entered 3rd instar, the number of caterpillars per container was

45

reduced to 10 and then to 5 for 4th instar. At this stage, cloth covering was no more
required, as accumulation of water droplets inside the container had no deleterious
effect on larval movement. However, for pupation an excess humidity was
detrimental. So tactical covering the mouth of the container with lid helped in
management of the humidity level. As a 5th instar larvae alone can consume a single
cube (0.75 cm3) in 1-2 days, there was no chance of drying of the diet. Hence, for
maintaining the setup only 10 man-days for Hyposidra spp and 15 days for B.
suppressaria were required as no need of checking water level and change of food
were necessary in 2-3 days interval. The same setup and dispensing system helped in
successful formation of pupa and emergence of adult. Male and female when kept in
the ratio of 2:3 was found to have successful mating. The containers used for mating
of Hyposidra spp. were comparatively smaller (6cm x 4cm) than the one used for B.
suppressaria (10cm x 8cm diameter).

4.3 DEVELOPMENTAL TRAITS
4.3.1

Developmental period: Egg-hatching, moulting, pupation and adult

emergence were observed and recorded throughout the rearing process to determine
total developmental period (eggs to adult emergence) and other life-cycle
parameters.
4.3.2

Survival: An account of stage specific survivorship (Edillo et al. 2004)

of all the three species were prepared both on synthetic as well as on natural diet
(tea) using the formula:

Where, Si is stage specific survivorship, Ni is the total number of immature form
entering the life stages ꞌiꞌ (i.e. instar) and (Ni-1) is the number of alive in the previous
instar.
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4.3.3

Morphometrics: A record of weight and length of each stage was kept

for morphometric analysis. A fine electronic balance (BSA 2245 CW, d=0.1mg,
Sartorius made) was used for weighing different developmental stages.
Percentage of adult emergence was calculated using the following formula:

4.4 KEY PREPARATION
Morphology and morphometric data were used to prepare the keys for all the
stages of the three major species of geometrid moths. Such keys are expected to help
in easy determination of the species and its immature stages both in field and in
laboratory.

4.5 FOOD UTILIZATION STUDY
Food consumption and utilization study was conducted on freshly moulted
larvae. The gravimetric (dry mass) technique was used to determine the efficiency of
conversion of ingested food (ECI), efficiency of conversion of digested food (ECD),
approximate digestibility (AD), relative consumption rate (RCR), relative growth
rate (RGR), maintenance cost (MC) and production index (PI) (n=20) following the
basic methodologies of Waldbauer (1968), subsequently modified by Kogan and
Cope (1974), Slansky and Scriber (1985) and Parra et al. (2012). Weight of larvae,
quantity of diet consumed in weight and leaf-area were taken after and before the
experiment. Caterpillars of similar weight, diet cubes/leaves (of same age) and their
faecal pellets were dried for gravimetric studies at 50°C until a constant weight was
attained. A control of both synthetic diet and natural diet was kept to calculate the
normal loss of moisture.
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Nutritional indices for two host plants were compared for 4th instar onwards as
they consume substantial amount of leaves. However, while comparing with
synthetic diet, only 5th instar in case of Hyposidra spp. and 5th and 6th instar for B.
suppressaria were taken into consideration. As the tiny faecal pellets stuck to the
diet cubes, therefore chances of error in calculating nutritional indices were expected
to be high in early instars reared on synthetic diet.
The indices were calculated using the following formulae:

4.6 MID-GUT ENZYME ANALYSES
Hydrolases and defence enzyme activities of final instar were compared as this is
the stage on which larva consumed most and utilized maximum to gain critical body
mass before pupation.
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4.6.1

Enzyme isolation: Extraction of enzymes was done from laboratory-

reared 5th instar larvae of Hyposidra spp. and 6th instar larvae of B. suppressaria
starved for 8h to clear gut (n=10). Each larva was dissected in ice-cold 0.1M sodium
phosphate buffer (pH 7.0) and its midgut was removed. The excised midguts were
homogenized separately in fresh sodium phosphate buffer (0.1M). The homogenate
was centrifuged (Sigma 3K30) at 10,000g for 15min at 4°C. The supernatant of this
preparation was stored at -20°C for future use.
4.6.2

Enzyme quantification

4.6.2.1

Amylase: Amylase was assayed by measuring the increase in reducing

ability of buffered starch solution with 3,5- dinitro salicylic acid (DNS) (Bernfeld
1955). The enzyme sample (40µl) were incubated with 1% starch solution (40µl)
(pH 7.0) at room temperature for 3mins and the reaction was stopped by adding DNS
(80 µl).The mixture was then kept inside the boiling water for 5 mins followed by
immediate cooling. Distilled water (800 µl) was added before taking final reading.
Amylase activity was expressed in micromoles of maltose liberated per minute per
milligram of protein based on absorbance value (OD) taken on microplate reader
(Opsys MR, DYNEX Technologies, Chantilly, VA, USA) at 540nm.
4.6.2.2

Invertase: Invertase activity was estimated using 1% sucrose solution

and DNS solution as a reaction stopper using same procedure as given in amylase
assay. The standard curve was prepared with a mixture of 0.001M glucose and
fructose (1:1) in 0.1% benzoic acid. The absorbance (OD) was observed on
microplate reader at 540nm.
4.6.2.3

Protease: Proteolytic activity was assayed after the method of Walter

(1984). 2 ml of 1% (w/v) casein in Tris-HCl buffer (0.1M, pH 7.8) was incubated
with the enzyme (100µl) for 2h. Reaction was stopped by adding 2ml of 10% TCA
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(Trichloroacetic acid). The reaction mixture was then filtered and the absorbance
(OD) was noted spectrometrically [UV-Visual spectrophotometer (Rayleigh UV2601, China)] at 273nm. The total protease activity was expressed as nanomoles of
tyrosine liberated per hour per milligram of protein.
4.6.2.4

Lipase: Lipase was assayed according to the method of Winkler and

Stuckman (1979), following the release of p-nitrophenol (pNP) from p-nitrophenyl
palmitate (pNPP). The substrate was prepared by dissolving 30mg pNPP in 10ml of
isopropanol mixed with 90 ml of 0.05M Phosphate buffer (pH 8.0) containing
207mg of sodium deoxycholate and 100mg of gum Arabic. A 2.4ml of freshly
prepared substrate was pre-warmed at 37°C and incubated with enzyme extracted for
15mins. The absorbance was recorded on microplate reader at 410nm. The total
lipases was expressed as nanomoles of p-nitrophenol liberated per min per milligram
of protein.
4.6.2.5

General Esterase: Activity levels of esterase were estimated using

30mM of α-Napthyl acetate as substrate, following the method of van Asperen
(1962). The enzyme supernatant (20µl) was incubated with substrate (200µl) (1:100)
for 15mins at 25°C. Reaction was stopped by 50µl of a staining solution [0.1% fast
blue BB salt: 5% sodium dodecyl sulphate (SDS) = 2:5] and kept for 5mins. The
absorbance was recorded at 570nm on microplate reader. General esterase activity
was expressed as micromoles of the α-napthol per minute per milligram of protein
(van Asperen 1962).
4.6.2.6

Glutathione S-transferase: Glutathione S-transferase activity was

measured using 1-chloro-2, 4- dinitrobenzene (CDNB) as the substrate (Habig et al.
1974). A reaction mixture of 50µl of CDNB (50mM in ethanol) and 150µl of
reduced glutathione (50mM in 0.1M PBS, pH 6.5) were mixed with 2.78ml of
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Sodium phosphate buffer (0.1M, pH 6.5 containing 1mM EDTA). 20µl of enzyme
supernatant was then added and shaken well. Absorbance at 340 nm was recorded
spectrophotometrically for 10–12 min employing kinetics (time scan) menu. The
GST activity was calculated using the formula CDNB-GSH conjugate (μM/min/ mg
protein) = (Absorbance increase in 5 min × 3 × 1000)/ (9.6* × 5 × mg of protein)
(*9.6 mM/cm is the extinction coefficient for CDNB-GSH conjugate at 340 nm).
4.6.2.7

Cytochrome P450: 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 and Tiwari at al. 2011). 20µl of enzyme homogenate was
incubated with 200µl of TMBZ solution (0.01g of TMBZ in 5ml of methanol+15ml
of 0.25M sodium acetate, pH 5.0) and 80µl of 0.0625M PBS (pH 7.2) and 25µl of
3% H2O2 for 30 minutes at 25°C. Absorbance was recorded at 630nm 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.
4.6.3

Protein Estimation: Protein present in enzyme suspension was

measured following the method of Lowry et al. (1951).
4.7

Statistical Analyses: All statistical analyses were performed using

computer software InStat and Origin. The significant difference between means was
calculated by unpaired t-test (P≤0.05) and subsequently Welchꞌs correction was
applied if standard deviations were found to be unequal. Mann-Whitney test was
done whenever data did not passed the normality test. Data was processed by
Microsoft Excel for graphical presentation. While comparing more than two mean,
one-way analysis of variance (ANOVA) followed by Tukeyꞌs multiple comparison

51

test using Least Significant Difference (LSD) at 5% level of significance was
performed using SPSS 20 software (IBM Corp.).
H. talaca, H. infixaria and B. suppressaria were selected for the detailed studies
as they are found to be the most potential pests of tea, causing substantial crop loss
in Terai-Dooars tea plantations.
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Results and
Discussion

5. RESULTS AND DISCUSSION
5.1 SHORT DESCRIPTION OF GEOMETRID SPECIES WITH
IDENTIFICATION KEYS OF THEIR IMMATURE (LOOPER)
AND ADULT STAGES
5.1.1

Biston (=Buzura) suppressaria: Life-cycle of B. suppressaria consisted of

egg, six larval instars, pupa and adult (Fig. 5.1.1). Developmental period on tea,
ranged between 60-65 days at ambient temperature of 26±2°C with RH 75±5% and
L:D 13:11h.
Egg: Eggs laid in cluster and covered with scales; light green in colour which turn
blackish grey one day before hatching.
Larva: 1st instar larva had black with white lateral stripe running through entire
length of the body. 2nd instar onwards, body turned into light green with a prominent
head capsule.
Pupa: Freshly formed pupa was green, which turned reddish brown within few
hours. Two spines like crochets present on the bulged cremaster. Female pupa
(≈2.6cm) was always larger than the male pupa (≈2cm).
Adults: Male moth smaller than female. Brownish white, with forewing span of
around 7cm in female and 5cm in male. A tuft of hair was present on the thoracic
segments. Bi-pectinate antenna in male moth, whereas female with filiform antenna.

53

Development period
of B. suppressaria
on tea,
62.575 ± 0.618 days
At 26±2°C, RH
75±5%, L:D
13:11h.

Figure 5.1.3 Life-cycle of B. suppressaria
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5.1.2

Hyposidra talaca: H. talaca (Fig. 5.1.2) on tea completed life-cycle in 30-32

days at an ambient temperature of 26±2°C with RH 75±5% and L:D 13:11h.
Egg: Eggs were laid in cluster, green in colour and generally not covered with
scales. Eggs gradually turned from green to yellowish brown then to blackish grey,
till neonates hatched.
Larva: Early larval instars of H. talaca were black with white dotted transverse lines
on their body. In late instars, these dots disappeared with whole body turning brown.
Pupa: A pair of crochets and a pair of spine like processes were present laterally at
pupal cremaster. Female pupa (≈1.7cm) was always larger than male pupa (≈1.4cm).
Adults: Adults had colour shades between grey and brown. Male smaller than
female. The forewing span of male about 4cm and female 4.5cm. There was a notch
present at distal inner margin of forewing. The antenna was bi-pectinate in male
whereas filiform in female moth.
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5.1.3

Hyposidra infixaria: H. infixaria (Fig. 5.1.3) on tea completed life-cycle in

35-38 days at a temperature of 26±2°C, RH 75% and L:D 13:11h.
Egg: Eggs were laid in cluster. Green when freshly laid and turned blackish grey
with maturity.
Larva: Early instars (up to 3rd instar) were with similar features to that of H. talaca.
In 4th and 5th instar, the 3rd pair of thoracic leg turned darker than other two pairs of
thoracic legs and a black stripe extended from the legs to lateral side of thorax.
Pupa: A pair of crochets was present at cremaster; but cremaster was not bulged like
that in pupa of B. suppressaria. Female pupa (≈1.7cm) was always larger than male
pupa (≈1.4cm).
Adults: Adults were darker than that of H. talaca. Posterior margin of the wings
fringed; typical notch was absent in the inner margin of forewing. The wing size was
similar to that of H. talaca.
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Development
period of H. talaca
on tea,
30.5 ± 0.401 days
At 26±2°C, RH
75±5%, L:D
13:11h.

Figure 5.1.4 Life-cycle of H. talaca
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Neonates

Development
period of H.
infixaria on tea,
36.5 ± 0.276 days
At 26±2°C,
RH 75±5%,
L:D 13:11h.

Figure 5.1.5 Life-cycle of H. infixaria
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Neonates

5.1.4 Field identification key to immature stages and adults of geometrid pests
of tea
Eggs:
1.

Egg mass covered with scales………………. Biston (=Buzura) suppressaria

-

Egg mass not covered with scales…………...

Hyposidra spp

Larva:
1.

Body green (early instar) to greenish brown

(late instar) with prominent reddish spiracles at the
lateral margin of the body and triangular head
capsules……………………………………………… B. suppressaria
-

Body black (early instar) to brown (late

instar) with white transverse dotted stripes; small,
rounded head capsules……. ………………………..
2.

2

In 4th and 5th instars, a dark (blackish)

coloured stripe develops through dorsal half of the
body to tip of the meta-thoracic leg…………………. H. infixaria
-

In 4th and 5th instars, all three pair of thoracic

legs are uniformly light coloured.…………………...

H. talaca

Pupa:
1.

Posterior tip of pupa with two hooks like

crochets

and

a

bulged

cremaster;

pupae

approximately 2cm (male) to 2.6cm (female)
long………………………………………………….. B. suppressaria
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-

Posterior tip of pupa with two hook like

crochets; cremaster not bulged, pupae approximately
1cm (male) to 1.7cm (female) and long……...……..

2

2. Two spines like structure present at cremaster…..

H. infixaria

-

No spine like structure present at cremaster…

H. talaca

Adult:
1.

Body and wings golden brown to whitish,

with a tuft of hair on thoracic segment; wing span
approximately 7cm in female and 5cm in male……... B. suppressaria
-

Body and wings brown to grey; wing span

approximately 4.5cm in female and 3.2cm in male….
2.

2

Forewing of female with notch in inner

margin; abdominal tip of male not extending beyond
the hindwing….……………………………………...
-

H. talaca

Forewing of female with fringed inner

margin (no notoch); abdominal tip of male extending
beyond the hindwing………………………………...
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H. infixaria

5.1.5 Discussion
Identification key prepared for immature and adult stages of commonly
occurring geometrid moths would be helpful to the tea planters. They would be able
to recognize the specific stage of the pest on field and relate the same with the
damage symptoms if present. In the integrated pest management (IPM), economic
injury level need to be determined before applying any pest control measures that
would involve an extra cost. Correct identification of pest and their stages and
population density is basic for making decision in any IPM. Quinn and Arnold
(2009) emphasized on the routine inspection and accurate identification of pests as
vital steps in IPM and effective control of those pests. The correct identification of
the pest is also required to retrieve previous reports and information about the
specific pest for better management (Rugman-Jones et al. 2010). B. suppressaria of
the same plantation can be distinguished from Hyposidra spp. easily as all its stages
are morphologically different. However, early instars (1st to 3rd) of the two
Hyposidra spp. appear similar and cannot be morphologically distinguished. An
apparent difference was noticeable in 4th instar looper caterpillar of H. infixaria,
where a dark (blackish) coloured stripe develops through dorsal half of the body to
tip of the meta-thoracic leg whereas there was no such colour difference in the legs
of H. talaca. Pupae of all the three species could be differentiated by the structures
present at the cremaster. Adults of the congeners could also be distinguished by the
forewing pattern and their margin. Using such morphological features identification
and distinction of several lepidopteran species are reported. Mosher (1915) classified
a group of lepidopteran on the basis of pupal characters. Pljushch and Dolinskaya
(2003) had used pupal cremaster as an identifying character for distinguishing
different tiger moths. Pupae have important taxonomic characters which helped to
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distinguish various geometrid species (McGuffin 1987; Bolte 1990). Subfamily
Notodontinae (Lepidoptera; Noctuidae) was classified on the basis of their pupal
morphology (Miller 1992). For a better approach in pest management, Timm et al.
(2008) prepared a key for four pest species of Noctuidae of deciduous fruit tree in
South Africa. The key was based on the morphological characters of immature
stages (first instar to pupae). Moths of genus Spodoptera could be differentiated by
Brambila (2013) on the basis of their wing pattern. So utility of morphological
characters in identifying of immature stages as well as adults of three common
geometrid species of tea has been made evident in the present study. Such keys may
further be expanded to include in future other less common geometrid species that
are also found associated with tea plants but might not have assumed pest species.
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5.2

DESIGNING AND DEVELOPMENT OF SYNTHETIC

(ARTIFICIAL) DIET FOR REARING THE GEOMETRID
(LOOPER) SPECIES
Basic ingredients used for preparing diets were: (i) Wheat germ, (ii) Cellulose
powder, (iii) Casein, (iv) Potassium sorbate, (v) Dextrose, (vi) Sodium alginate, (vii)
Sucrose, (viii) Wesson’s salt mixture, (ix) Choline chloride, (x) Vitamins mixture,
(xi) Cholesterol and (xii) Wheat germ oil. These chemical ingredients were mixed
with autoclaved solution of agar dissolved in distilled water as discussed in the
materials and methods chapter. A pictorial flow chart of the steps of diet preparation
along with the rearing process undertaken for the geometrids has been
diagrammatically presented in Fig. 5.2.1.
5.2.1

Biston (=Buzura) suppressaria

The aforesaid diet composition was initially used for rearing of B. suppressaria,
but while rearing, different kinds of developmental defects were observed such as no
pupation, incomplete pupation, deformed adult with un-stretched squeezed wings,
etc. Addition of the folic acid and linoleic acid along with inositol to the basic diet
was done to overcome these problems. Despite the said modifications of diet, the
females of B. suppressaria emerged with deformed wings, although some of the
males emerged with normal wings (Fig. 5.2.2). So the diet was further supplemented
with linolenic acid. Since, linolenic acid is a component in the linseed oil, to make
the diet cost effective, linseed oil was added to the diet (Table 5.2.1). Additional
advantage of using linseed oil was that it also acted as an additional source of other
fatty acids such as linoleic acid, palmitic acid, stearic acid and oleic acid. Therefore,
addition of linseed oil in the diet could provide the essential linolenic acid besides
linoleic acid. Incorporation of adequate amount of these oil ingredients (fatty acids)
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in diet appeared to be obligatory for successful rearing of B. suppressaria. Vitamin E
was also added as antioxidant.
5.2.2

Hyposidra talaca
Diet recommended by Lyon and Brown (1970) if supplemented with folic

acid, linoleic acid and vitamin E was adequate for rearing and sustaining the lifecycle of H. talaca with fair survival rate. For normal development of H. talaca,
addition of only linoleic acid was sufficient to support the complete life-cycle (Fig.
5.2.3). It was noted that unlike the diet B. suppressaria addition of linolenic acid was
not obligatory in the diet for normal development of H. talaca.
5.2.3

Hyposidra infixaria
H. infixaria when reared on the diet found ideal for rearing H. talaca, showed

deformity in adults (Fig. 5.2.4). The diet formulated for rearing H. infixaria stood
somewhat in between diets of both B. suppressaria and H. talaca. Only half of the
volume of linseed oil used in diet of B. suppressaria was needed for normal
development of H. infixaria. Whereas the early larval instar showed less mortality on
the diet composition recommended for rearing H. talaca. Therefore, different diets
were used for rearing early and late instar of H. infixaria.
The final compositions of the synthetic diet with proportion of the ingredients
used for the three species of geometrids are listed in table 5.2.2. The formulated diets
have all the basic nutrients such as carbohydrate, protein, lipids and essential
elements such as vitamins and minerals. Each component has specific role to play
which are listed in table 5.2.3.
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Figure 5.2.1 Generalized procedure of synthetic diet preparation
and rearing of geometrid loopers
1. Pouring hot autoclaved agar media into blending container
2. Mixing other ingredients in agar media
3. Blending of the slurry
4. Pouring slurry into a plastic container
5. Cooling followed by refrigeration of diet
6. Solidified diet cut into cubes along with removal of moisture (soaked)
before serving
7. Rearing containers with toothpick holding cubes of diet
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15

8. Transferring neonates to containers with help of brush
9. Rearing container covered as shown in the figure
10. 40-50 neonates in a container maintained in BOD incubator
11. 3rd instar of looper, H. talaca
12. A 5th instar of looper, H. talaca
13. Compartmentalized container (cubicals) for culturing advanced
instar individually followed by their pupation
14. Adult emerging from pupa
15. Front view of rearing setup inside the BOD incubator

Figure 5.2.2 Development stages of B. suppressaria on synthetic diet
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Table 5.2.1: A comparison of the ingredients of synthetic diets showing
modifications done for complete rearing of B. suppressaria
Diet formulated by Lyon
and Brown (1970) for
geometrid rearing

Diet ingredients initially
used for rearing
geometrid, B.
suppressaria

Supplemented
economical diet for B.
suppressaria rearing

Vitamin-free casein

Vitamin-free casein

Vitamin-free casein

Dextrose

Dextrose

Dextrose

Wesson’s salt mixture

Wesson’s salt mixture

Wesson’s salt mixture

Cholesterol

Cholesterol

Cholesterol

Potassium sorbate

Potassium sorbate

Potassium sorbate

Choline chloride

Choline chloride

Choline chloride

Wheat germ

Wheat germ

Wheat germ

Alphacel (Cellulose
powder)

Alphacel (Cellulose
powder)

Alphacel (Cellulose
powder)

Wheat germ oil

Wheat germ oil

Wheat germ oil

Agar

Agar

Agar

Sodium alginate

Sodium alginate

Sodium alginate

Potassium sorbate

Potassium sorbate

Potassium sorbate

Vanderzant’s fortification
mixture

Multivitamins+ Sucrose

Multivitamins+
Sucrose

Distilled water

Distilled water

Distilled water

---------------------------------

Linoleic Acid

Linoleic Acid+ Linseed
oil (containing linolenic
acid)

Pupa formation & Adult Emergence on respective diets
Incomplete pupation and if
pupated adults with
deformed squeezed wings

Pupal mortality was
comparatively reduced
but most of the adults
found with scale less
and/or partially deformed
wings
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Pupa with normal wellexpanded wings with
scales; mortality
negligible

Figure 5.2.3 Development stages of H. talaca on synthetic diet
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Figure 5.2.4 Development stages of H. infixaria on synthetic diet
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Table 5.2.2: Composition of synthetic (artificial) diets for B. suppressaria, H.
talaca and H. infixaria
DIET COMPONENTS

B. suppressaria

H. talaca

Agar
Distilled water
Casein
Dextrose
Wessonꞌs salt mixture
Cholesterol
Potassium sorbate
Choline chloride
Wheat germ
Alphacel/ cellulose powder
Wheat germ oil
Linoleic acid
Linseed oil
Sodium Alginate
Ascorbic acid
Sucrose
Folic acid
Inositol
CoBaDex forte*
Evion Vit E**

9g
300ml
11.675g
11.675g
3.35g
1g
2.075g
0.35g
16.675g
10g
0.9ml
1g
3 ml
1.675g
1.2825g
0.9g
0.0025g
0.114g
3 tablets
3 tablets

9g
300ml
11.675g
11.675g
3.35g
1g
2.075g
0.35g
16.675g
10g
0.9ml
1g
1.675g
1.2825g
0.9g
0.0025g
0.114g
3 tablets
1 tablets

*Composition of CoBaDex Forte (marketed by GlaxoSmithKline)
Thiamine Mononitrate IP
10mg
Vitamin B2 IP
10mg
Vitamin B6 IP
3mg
Nicotinamide IP
100mg
Calcium Pantothenate IP
50mg
Folic acid IP
1500mcg
Vitamin B12 IP
15mcg
Vitamin C IP
150mg
Biotin USP
100mcg
**Composition of Evion Vit E (marketed by MERCK)
Tocopheryl Acetate IP 400mg
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H. infixaria (4th
instar onwards)
9g
300ml
11.675g
11.675g
3.35g
1g
2.075g
0.35g
16.675g
10g
0.9ml
1g
1.5 ml
1.675g
1.2825g
0.9g
0.0025g
0.114g
3 tablets
2 tablets

Table 5.2.3: Components of synthetic diet and their function
Component

Function

Agar media in distilled water

Gelling agent

Casein

Protein source

Dextrose

Carbohydrate source

Wessonꞌs salt mixture

Mineral source

Cholesterol

Sterol

Potassium sorbate

Antimicrobial agent

Choline chloride

Precursor of acetylcholine esterase

Wheat germ

Source of protein, minerals, lipid, rich in
PUFA and phytosterols, vitamins except
ascorbic acid, amino acids

Alphacel/ cellulose powder

Bulking and binding agent

Wheat germ oil

Lipid source

Linoleic acid

Lipid source

Linseed oil

Lipid source (including linolenic acid)

Sodium Alginate

Bulking and binding agent

Ascorbic acid

To maintain the normal growth and
development of some insects, particularly
phytophagous insects (Nation 2001)

Sucrose

Phago-stimulants for many leaf-eating insects
(Chapman 1998).

Folic acid

Necessary for nucleic acid biosynthesis

Inositol

Component of Inositol triphosphate (IP3), a
transducer of neuropeptides, a secondary
messenger

Vitamin B Complex

Cofactors of enzymes (catalysing metabolic
pathways)

Vitamin E

Helping reproduction in some insects and
improving fecundity (McFarlen 1992);
antioxidant
71

5.2.4 Discussion
Synthetic diets are simplified and optimized version of natural diets. Numerous
compounds and their polymers of natural diet get eliminated while simplifying it into
synthetic diet. Presence of all these compounds of natural diet when absorbed may
be beneficial or harmful to the insect. Optimization yields a diet that aims to achieve
maximal growth rate and attainment of the final size of insect (Shapiro 1992).
Moreover, success of insect rearing depends not only on its diet composition but also
on the rearing setup (Schoonhoven 1972). Optimum moisture content has a big role
in enhanced pupal survivability and adult emergence. Andrewartha and Birch (1984)
emphasized on the importance of temperature and relative humidity on the vital
activities

of

insect

like

metabolism,

behaviour,

reproduction,

embryonic

development and mortality.
While formulating a synthetic diet, trial and error approach may be undertaken
where foods of various nutritional quality are offered to the concerned insect to see
whether it is acceptable or not (Cohen 1992). Waldbauer (1968) described the
development of synthetic diet with addition and deletion technique. Growth and
development was assessed to determine which nutrient was essentially required, and
same was incorporated in the diet. First diet for a geometrid moth, the fall
cankerworm, Alsophila pometaria was formulated by Lyon and Brown (1970).
Taking clues from Cohen (2004), the said geometrid diet was chosen for rearing the
geometrid species of tea that are presently under study. As the fall cankerworm diet
was found deficient in supporting the tea infesting geometrids, new formulated
synthetic diets were tried, wherein modifications were contemplated with
replacement of Vanderzantꞌs vitamin fortification mixture by capsules of Vitamin B
complex and Vitamin E along with Sucrose, Inositol and Folic acid. In order to
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overcome the developmental deformities further modifications were done for each
species as per requirement.
Problems with adult emergence, adult deformity and crippled wings were mostly
encountered among all the species of geometrid studied. Linoleic acid and vitamin E
were added to overcome the wing deformity of adults of H. talaca. Linoleic acid is
polyunsaturated fatty acid (PUFA). In insects, fatty acids are present in form of
triacylglycerol (TAG) or diacylglycerol (DAG) which act as substrate for lipase (Fig.
5.2.5). The major fatty acids in insect associated with TAG are those with long chain
(16-18 carbon atoms) that include Palmitic (C16:0), Palmitoleic (C16:1), Stearic
(C18:0), Oleic (C18:1), Linoleic (C18:2) and Linolenic (C18:2) acids.

Figure 5.2.5 Lipid digestion and biosynthesis in insects [Adopted from Turunen (1985);
TAG: Triacylglycerol; DAG: Diacylglycerol; FFA: Free Fatty acids; PL: Phospholipids;
MAG: Monoacylglycerol]
Frankel and Blewett (1946) found that linoleic acid was essential in the
Mediterranean flour moth, Anagasta (=Ephestia) kuniella, to produce intact wing
scales, expansion of wings and emergence of the moths. Without linoleic acid these
features were affected adversely. The extent of the abnormalities was found
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proportional to severity of the deficiency. The wing scales were actually formed but
remained stuck to the cast off exuvium. Pectinophora gossypiella when reared on
fat-deficient diets resulted in formation of faulty moth emergence and malformed
scale-less wing (Beckman et al. 1953). Further linolenic acid was marked as more
active than linoleic acid in promoting successful emergence of adults in P.
gossypiella (Venderzant et al. 1957) which was also subsequently confirmed by
Dadd (1985). Tan-Kristanto (2006) observed that a diet with low concentration of
linoleic acid and linolenic acid did not result in larval mortality or prevention of
adult emergence. However, they somewhat affected growth and enhanced frequency
of adult abnormalities which mostly included crippled wings.
In the present study addition of linolenic acid was found effective in solving the
problem related to the pupal and adult deformities in B. suppressaria and H.
infixaria. Linolenic acid is a costly ingredient, therefore, to make the diet costeffective, cheaper linseed oil was used. Linseed oil is a mixture of long-chain fatty
acids, viz., α-Linolenic acid (51.9-55.2%), Linoleic acid (14.2-17%), Oleic acid
(18.5-22.6%), Palmitic acid (7%) and Stearic acid (3.4-4.6%). As, α-linolenic acid is
susceptible to autoxidation leading to the formation of harmful substances
(Miyashita, 1990), vitamin E was added as an antioxidant. Holloway et al. (1991)
also added linseed oil to the diet for butterflies to overcome the problem of extensive
crippling of wings. Similarly Astuti (1992) stated that presence of linseed oil in the
diet reduces the incidence of crippling in wings of Papilio demoleus adults.
As present study showed that larval development of H. infixaria took place
satisfactorily on the diet without linseed oil supplementation, the early instars of H.
infixaria could be reared on linseed oil-free diet up to 3rd instar. However, 4th instar
onwards the larvae had to be reared on the diet supplemented with linseed oil for

74

successful pupation and higher emergence. While studying the dietary regimes and
preference of gypsy moth larvae from early to advanced instars, Stockhoff (1993)
observed that there was a shift in food choice from ꞌhigh protein-low lipidꞌ to ꞌhigh
lipid-low proteinꞌ diet as the larval instars advanced. Stockhoff (1993) also reported
that energy storage in terms of fat reserve was key factor for successful pupation and
adult emergence in Gypsy moths. The importance of fatty acids in late instars of
insect had been demonstrated by Rock et al. (1965) and Kato (1978). Unlike H.
infixaria, its congener, H. talaca had no special requirement for linseed oil in the
diet. Wheat germ oil and linoleic acid as source of fatty acid was found adequate for
supporting development in H. talaca from egg to adult. In contrast to Hyposidra
spp., B. suppressaria required both linoleic and linolenic acid throughout its larval
stages for normal development. Being the primary consumer at the same ecological
niche of tea ecosystem by and large with same food habit, such difference in
nutritional requirement is somewhat intriguing or may be a species specific
characteristics with some evolutionary significance.
Linoleic acid and linolenic acid are also the precursors of prostaglandins which
is known to be involved in the regulation of ovarian development and ovipositional
behaviour (Blomquist et al. 1991). As both these fatty acids are predominant
components of ovarian triglycerides, linoleic acid and linolenic acid seem to be
conveyed from the abdomen, possibly from the fat body, to the ovaries to carry out
the functions related to reproduction (Murata 2001). In the pathway for the
biosynthesis of arachidonic acid, Δ6 desaturase converts linoleic acid into linolenic
acid. It is already mentioned that many lepidopterans cannot biosynthesize these two
fatty acids. Therefore, both of them must be essentially supplemented through the

75

diets. Moreover it is also known that all lepidopteran may not require both or may
require them in less concentration.
There is one more aspect of the success story where these fatty acids play a very
important role. The abundance of H. talaca in tea plantation areas of Darjeeling
Terai and the Dooars is more than H. infixaria and B. suppressaria (Sinu et al.
2012). Sinu et al. (2011) also revealed that lack of any specialized natural enemies
has given H. talaca the opportunity to build up its population in this region.
Numerous studies have shown that plant defence system is triggered by substances
in the regurgitants of the herbivores. The best known of these plant volatile elicitors
are the fatty acid-amino acid conjugates (FACs) (Yoshinaga et al. 2010). FACs that
gives out cues to attract natural enemies of the herbivore show maximum activity
with glutamine-linolenic acid conjugates whereas, FACs show negligible activity
when glutamine conjugates with linoleic, oleic and other minor fatty acids (Aboshi et
al. 2007). It was also observed that some of the specialist herbivores (pests) have the
ability to manipulate their FACs composition to avoid the natural enemies.
Therefore, there is a possibility that H. talaca prefers fatty acids other than linolenic
acid for bio-synthesising FACs which attracts less natural enemies thus having better
chances of survival and success in evolving as a severe pest.
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5.3

DEVELOPMENTAL TRAITS AND FOOD UTILIZATION

EFFICIENCIES ON NATURAL HOST PLANTS (TEA AND
NEEDLEWOOD)
5.3.1 Biston (=Buzura) suppressaria
The life-cycle traits of the geometrid species, Biston (=Buzura) suppressaria
were studied on two natural hosts, tea (C. sinensis) and needlewood (S. wallichi)
(Fig. 5.3.1).
a

b

Figure 5.3.1 Rearing of B. suppressaria on (a) Tea and (b) Needlewood

Developmental traits: Larval period (p<0.001, Welchꞌs approximate t= 7.544,
df=27) and total developmental period (p<0.001, t= 4.783, df=38) along with
fecundity (p<0.001, t= 4.776, df=18) were significantly different in B. suppressaria
when reared on fresh tea and needlewood leaves, however no significant difference
was observed in its pupal period (p=0.103, t= 1.669, df=38). Further there were no
significant difference in weight of pupa (female: p=0.742, t= 0.331, df= 38; male:
p=0.825, Welchꞌs approximate t= 0.233, df=27) and adult (female: p<=0.204, t=
1.293, df=38; male: p=0.166, Welchꞌs approximate t= 1.42, df=31) (Table 5.3.1).
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Table 5.3.1: Comparison of parameters of life-cycle stages of B. suppressaria on tea and needlewood leaves (mean±SE)* (n=20)
(*n=10, for fecundity)
Total
Weight of Pupa
Weight of Adult
Larval Period Pupal Period Development
Fecundity *
Female
Male
Female
Male
(in days)
(in days)
Period
(in g)
(in g)
(in g)
(in g)
(in days)
Tea

31.425a ±0.558

21.15a ±0.302 62.575a ±0.618

799a±15.27

0.956±0.025a

0.74±0.009a

0.582±0.015a 0.268±0.005a

Needlewood

26.8b ±0.255

22a ±0.411

698b±13.03

0.945±0.021a

0.735± 0.02a

0.609±0.014a 0.282±0.008a

58.8b ±0.491

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required).

Table 5.3.2: Nutritional indices of fourth, fifth and sixth instars of B. suppressaria, reared on tea and needlewood leaves (mean±
SE)* (n=20)
RCR/h

RGR/h

ECI

ECD

AD

MC

PI

Tea

0.301a±0.012

0.062a±0.002

20.656a±0.396

57.417a±2.818

37.207a±1.234

0.833a ±0.089

0.574a ±0.028

Needle-wood

0.427b±0.025

0.072b±0.004

17.227b±0.639

50.305a±2.155

34.855a±1.188

1.095a±0.141

0.503a±0.022

Fifth instar
Tea

0.136a±0.002

0.02a±0.001

14.898a±0.586

47.212a±2.997

32.723a±1.154

1.315a±0.182

0.472a ±0.030

Needle-wood

0.243b±0.012

0.031b±0.002

12.619b±0.425

35.606b±2.565

39.299b±2.405

2.197b±0.235

0.356b±0.026

Tea

0.165a±0.011

0.023a±0.002

14.013a±0.616

36.089a±1.919

39.850a±1.678

2.020a±0.179

0.361a ±0.019

Needle-wood

0.289b±0.021

0.022a±0.002

7.670b±0.271

15.661b±1.017

52.217b±2.263

6.257b ±0.588

0.157b±0.010

Fourth instar

Sixth instar

*Means followed by different letter in each column in each instar are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required).
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Food utilization efficiencies: In B. suppressaria, 4th instar larvae showed
significantly higher RCR/h (p<0.001, t=4.615, df=38) and RGR/h (p=0.026, Welchꞌs
approximate t=2.347, df=29) on needlewood than on tea. Whereas, ECI (p<0.001,
t=4.566, df=38) was significantly higher on tea along with marginally higher ECD
(p=0.052, t=2.006, df=38), AD (p=0.178, t=1.374, df=38) and PI (p=0.052, t=2.006,
df=38). The MC (p=0.123, t=1.578, df=38) was marginally lesser on tea. In 5th instar
almost similar trends of food utilization efficiencies as in 4th instar were observed.
RCR/h (p<0.001, Welchꞌs approximate t=8.983, df=38) and RGR/h (p<0.001,
t=4.726, df=23) were significantly higher on needlewood than on tea. ECI (p<0.01,
t=3.15, df=38), ECD (p=0.006, t=2.944, df=38), AD (p=0.002, Welchꞌs approximate
t=2.466, df=27.306) and PI (p=0.006, Welchꞌs approximate t=2.944, df=37) were
significantly higher on tea than on needlewood along with lesser MC (p=0.005,
t=2.97, df=38). In final larval instar (6th instar), RCR/h (p<0.001, Welchꞌs
approximate t=5.209, df=29) was significantly higher on needlewood than on tea, but
with no significant difference in RGR/h (p=0.518, t=0.653, df=38). However, ECI
(p<0.001, Welchꞌs approximate t=9.43, df=26), ECD (p<0.001, Welchꞌs approximate
t=9.411, df=29), AD (p<0.001, t=4.392, df=38) and PI (p<0.001, Welchꞌs
approximate t=9.411, df=29) were significantly higher on tea than that on
needlewood along with significantly lesser MC (p<0.001, Welchꞌs approximate
t=6.892, df=23) (Table 5.3.2).
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5.3.2 Hyposidra talaca
The geometrid pest of tea, Hyposidra talaca was reared on its natural hosts,
tea and needlewood (Fig. 5.3.2).
a

b

Figure 5.3.2 Rearing of H. talaca on (a) Tea and (b) Needlewood
Developmental traits: Larval development period (p<0.001, t= 7.611, df=38) of H.
talaca on the natural diet tea and needlewood was significantly different whereas,
there was no significant difference when pupal period (p=0.123, t= 1.579, df=38)
and total developmental period (egg to adult) (p=0.113, t=1.625, df=38) were
compared. Fecundity was significantly higher on tea than on needlewood (p=0.001,
t=3.476, df=38). Both pupal (female: p<0.001, t=6.589, df=38; male: p=0.002,
t=3.342, df=38) and adult (female: p<0.001, Welchꞌs approximate t=11.793, df=20;
male: p<0.001, t=17.232 df=38) weights were found to be significantly higher on tea
than on needlewood (Table 5.3.3).
Food utilization efficiencies: In 4th instar of H. talaca, RCR/h (p<0.001, t=4.615,
df=38) was found to be higher on needlewood than tea whereas, RGR/h (p=0.026,
Welchꞌs approximate t= 2.347, df=29), ECI (p<0.001, t=4.566, df=38) was higher on
tea along with no significant difference in ECD (p=0.052, t= 2.006, df=38), AD
(p=0.178, t=1.374, df=38), MC (p=0.123, t=1.578, df=38) and PI (p=0.052, t=2.006,
df=38). However, MC was found to be marginally higher on needlewood along with
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slightly lesser value of PI. While comparing the food utilization indices of 5 th instar,
more or less same trend was observed. RCR/h (p<0.001, t=3.971, df=38) and MC
(p<0.001, Welchꞌs approximate t=4.51, df=38) were found to be higher on
needlewood than that on tea. ECI (p<0.001, t=6.270, df=38), ECD (p<0.001,
Welchꞌs approximate t=5.623, df=30) and PI (p<0.001, t=5.623, df=30) values were
higher on tea than that on needlewood along with no significant difference in RGR/h
values (p=0.47, Welchꞌs approximate t=0.733, df=25) and AD (p=0.971, t=0.037,
df=38) (Table 5.3.4). Higher RGR of 4th

and 5th instars on tea compared with

needlewood indicated better utilization of the former plant as food. The ECI and
ECD values in general were found to decline with advancement of instar.
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Table 5.3.3: Comparison of parameters of life-cycle stages of H. talaca on tea and needlewood leaves (mean±SE)* (n=20)

Tea
Needlewood

Larval
Period
(in days)

Pupal
Period
(in days)

16.5±0.185a
19±0.271b

7.3±0.179a
7.7±0.179a

Total
Development
Period
(in days)
30.5 ± 0.401a
31.35 ± 0.52a

Weight of Pupa

Weight of Adult

Fecundity

Female
(in g)

Female
(in g)

168.3±11.72a
112.8±10.84b

0.238± 0.012a 0.174± 0.003a 0.156±0.011a
0.188±0.008b 0.126±0.007b 0.101±0.003b

Male
(in g)

Male
(in g)
0.09± 0.004a
0.05± 0.002b

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required).

Table 5.3.4: Nutritional indices of fourth and fifth instars of H. talaca, reared on tea and needlewood leaves (mean± SE)* (n=20)
RCR/h

RGR/h

ECI

ECD

AD

MC

PI

0.206±0.008a 0.041±0.001a

20.036±0.717a

48.528±0.988a

41.226±0.917a

1.068±0.041a

0.485±0.009a

Needlewood 0.311±0.031b 0.037±0.001b

10.473±0.413b

20.279±0.966b

51.845±0.516b

4.036±0.246b

0.203±0.009b

Fifth instar
Tea

18.091±0.798a

43.246±0.953a

41.727±1.294a

1.323±0.053a

0.433±0.0095a

9.006±0.419b

15.957±0.812b

56.598±0.576b

5.426±0.352b

0.159±0.0081b

Fourth instar
Tea

0.186±0.006a 0.034±0.002a

Needlewood 0.163±0.011a 0.014±0.001b

*Means followed by different letter in each column in each instar are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required).
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5.3.3 Hyposidra infixaria
Study on life-cycle traits of another geometrid pest, Hyposidra infixaria were
also conducted on two of its natural hosts (tea and needlewood) (Fig. 5.3.3).
b

a

Figure 5.3.3 Rearing of H. infixaria on (a) Tea and (b) Needlewood
Developmental traits: Larval (p<0.001, Welchꞌs approximate t= 5.438, df=32),
pupal (p=0.001, t= 3.525, df=38) and total developmental period (p<0.001, t=8.057,
df=38) of H. infixaria showed significant difference on tea and needlewood.
Fecundity was not found to be significantly different on tea and needlewood
(p=0.221 t= 1.247, df=38). Both female pupae (p=0.885, t= 0.145, df=38) and adults
(p=0.414, t= 0.826, df=38) showed no significant difference whereas male pupae
(p<0.001, t= 5.471, df=38) and adults (p=0.001, t= 3.737, df=38) were heavier in
case of tea-reared ones (Table 5.3.5).
Food utilization efficiencies: In 4th instar of H. infixaria, significantly higher RCR/h
(p=0.006, Welchꞌs approximate t= 2.94, df=34), RGR/h (p<0.001, t= 11.541, df=38),
ECI (p<0.001, Welchꞌs approximate t= 10.783, df=25), ECD (p<0.001, t= 5.017,
df=30), AD (p<0.001, t= 5.412, df=38) and PI (p<0.001, Welchꞌs approximate t=
5.017, df=30) along with significantly lesser MC (p<0.001, Welchꞌs approximate t=
4.569, df=23) were recorded on tea-reared ones than needlewood-reared ones.
Whereas in 5th instar, RCR/h (p<0.001, t=3.971, df=38) was significantly higher in
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needlewood along with no significant difference in RGR/h (p=0.47, Welchꞌs
approximate t=0.733, df=25) on both the host plants. ECI (p<0.001, t=6.27, df=38),
ECD (p<0.001, Welchꞌs approximate t=5.623, df=30) and PI (p<0.001, Welchꞌs
approximate t=5.623, df=30) were significantly higher on tea with significantly
reduced MC (p<0.001, Welchꞌs approximate t=4.510, df=21) than that on
needlewood. AD (p=0.971, t= 0.037, df=38) showed no significant difference (Table
5.3.6).
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Table 5.3.5: Comparison of parameters of life-cycle stages of H. infixaria on tea and needlewood leaves (mean±SE)* (n=20)
Total
Weight of Pupa
Weight of Adult
Larval
Pupal
Development
Period
Period
Fecundity
Female
Male
Female
Male
Period
(in days)
(in days)
(in g)
(in g)
(in g)
(in g)
(in days)
20.6± 0.169a 9.9± 0.24a
36.5± 0.276a
559±29.49a 0.274±0.013a 0.159±0.004a 0.199±0.005a 0.058±0.003a
Tea
18.85±0.274
8.8± 0.200b 33.65± 0.221b 530±28.65a 0.273±0.007a 0.139±0.004b 0.195±0.004a 0.047±0.001b
Needlewood b
*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required).

Table 5.3.6: Nutritional status and growth rate of fourth and fifth instars of H. infixaria, reared on tea and needlewood leaves
(mean± SE)* (n=20)
RCR/h

RGR/h

ECI

ECD

AD

MC

PI

Fourth instar
Tea

0.293±0.0104a 0.0623±0.002a 21.314±0.381a

54.501±1.775a

39.385±1.114a

0.854± 0.065a

0.545±0.018a

Needlewood

0.257±0.15b

0.035±0.003b

13.863±0.915b

42.294±2.915b

33.122±1.151b

1.487±0.182b

0.423±0.029b

Tea

0.227±0.011a

0.041±0.002a

23.127±1.112a

63.829±2.209a

36.579±2.134a

0.582±0.053a

0.638±0.022a

Needlewood

0.227±0.014a

0.038±0.004a

16.483±1.087b

46.329±3.929b

36.673±2.221a

1.327±0.233b

0.463±0.039b

Fifth instar

*Means followed by different letter in each column in each instar are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction applied wherever required)
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5.3.4 Discussion
It is evident from the studies on different geometrid pests that food intake and its
utilization are largely responsible for their growth, development and reproduction.
Quality and quantity of food consumed during post-embryonic developmental stages
affect growth rate, developmental time, body weight, survival, fecundity, longevity
and their capacity to convert into body mass (Parra et al. 2012). The majority of
herbivorous insects live in heterogeneous environment that consist of variety of host
plants, climate and biological conditions. As a result, these insects often show
variation in morphological, biological and ecological attributes of their populations
(Singh and Cunningham 1981; Helden et al. 1984; Powell et al. 2006). A number of
studies on insect herbivores have shown significant intra-specific variation in
characters associated with host plant utilization (Futuyama and Philippi 1987; Via
1990).
The forest tree needlewood (S. wallichi) and the tea bush (C. sinensis) provide
different host environment and quality of food to the folivorous geometrid pests,
subsisting on them. So, certain common phytochemicals characters of these host
plants, belonging to the same family (Theaceae), were expected to be the basis for
their selection as food by these looper species as previous exposure to host odours
has been found to leave trail effect on their olfactory sensitivity (van Loon and
Frentz 1991). However, the variable utilization of the two hosts by the loopers
might be dependent on their physical characters and some biochemical parameters of
their leaves used as food.
Both Hyposidra species are well-adapted to tea in having multiple broods as
compared to only few broods of B. suppressaria a year. More number of broods of
Hyposidra spp. on tea have possibly enabled Hyposidra spp. to utilize the host in a
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more efficient way than the alternate host (needlewood). Their better performance on
tea has likely resulted from a directional selection mechanism through better
adaptation to tea. The B. suppressaria however has failed to show a similar adaptive
trend on tea. As a generalist, within few generations Hyposidra spp. showed
development of the capability to efficiently utilize both forest (needlewood) and
plantation host (tea). No significant difference in pupal and adult weight could be
recorded in B. suppressaria when reared on two of these host plants, tea and
needlewood (Das 2015). Despite the difference in developmental period on
needlewood and tea, life-cycle of B. suppressaria could be successfully completed
on both the hosts, resulting in same sized pupae and adults. A change in relative
growth trend (RGR) of B. suppressaria was noticeable from 4th to 5th and 6th larval
instars. While RGR was marginally more on needlewood leaf in 4th instar than that
on tea, the trend changed to better relative growth in 5th and 6th instars on tea than on
needlewood. Such a shift may be related to the instar specific host utilization
strategy. Because of higher ECI, ECD and PI on tea, it may be assumed that
availability of nutrients was more in tea leaves than in needlewood leaves which
consequently resulted in higher fecundity of females. Optimum protein is required
for secretion of juvenile hormones which is essential for development of ovaries and
eggs (Genc 2006). The reproductive ability of adults largely depends on the larval
diet (Awmack and Leather 2002; Hanks 1999). Similar observation was recorded by
Golizaddeh et al. (2009) while rearing Plutella xylostella (Lepidoptera: Plutellidae)
on different host plants, where they found that the shorter developmental period of
the pest was on kohlari but cauliflower and cabbage were most preferred host as the
species performed well in terms of reproductive potential and intrinsic growth rate.
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In general, shorter developmental period with heavier pupae and adults were
considered as the criteria to judge the suitability of any food regime. However, in
contrast to the general idea, an insect may either shorten its development at the cost
of its size, or may grow large at the cost of long development (Jarošik and Honek
2007) as has been observed in case of H. infixaria. Another concept of life-history
theory which states that longer development time may result in bigger adult, supports
similar observation made on H. infixaria (Poykoo and Hyvarinen 2011).
In both the congeners of Hyposidra, pupae and adults were found to be heavier
on tea, whereas larvae reared on needlewood resulted into comparatively lighter
pupae and adults. Many of the morphological features are considered as life-history
traits because of their contribution to the reproductive success of a species (Agnew et
al. 2000, 2002). The body weight is an important fitness indicator of insect
population dynamics (Liu et al. 2004). Pupal weight can be an indirect, but easily
measured indicator of lepidopteran fitness (Leuck and Perkins 1972). Appreciable
reduction in weight of pupae and adults of Hyposidra spp. on ꞌneedlewoodꞌ is
possibly due to availability of suboptimal nutrients and moisture from its leaves
which are essential for proper growth and development. Similar effect was observed
by Mensah and Kudom (2011) while rearing Hypolimnas missipus (Lepidoptera:
Nymphalidae) on less nutritious Asystasia gangetica (Acanthaceae) compared to
other more nutritious host plants.
While comparing the nutritional indices of three geometrid species, it was found
that, in general, the RCR was either higher on needlewood or marginally differed on
the two hosts. This may be due to leaf quality. Leaves of different plants differ in
their suitability as insect food because of variations in their nutrient and moisture
content, type and concentration of secondary plant compounds and degree of
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sclerophyll (toughness/fibre) (Gullan and Cranston 1994). For instance, an increase
in leaf toughness (Hunter and Lechowicz 1992) and a reduction in moisture content
of the foliage (Martin and van’t Hof 1988) decreases the leaf nutritional quality of a
host variety, resulting into higher feeding rate and enhanced RCR in Lymantria
dispar (Lindroth et al. 1997). Herbivores, especially tree foliage feeders often
encounter with low levels of plant nutrients, and so their success of growth and
reproduction depends upon their ability to convert ingested and digested food
efficiently and to metabolize plant nitrogen with optimal level of leaf water (Scriber
and Slansky 1981).
Higher ECD values suggest higher food efficiency and lower cost of
maintenance (Sabhat et al. 2011). Significant differences in ECI and ECD values
indicate varying nutritive value of host plants (Kouhi et al. 2014). Instar wise indices
may have differences as the nutritional requirement of insect changes through
development and such differences typically result in change of food consumption
and utilization (Barton Browne 1995). In all three species of geometrid studied, ECI
and ECD values got reduced as the instars advanced. The physiological changes in
penultimate and ultimate larval instars probably were responsible for such reductions
in ECD values of the last two larval instars as was also observed by Nation (2001)
Soo Hoo and Frankel (1966) noted that the negative correlations between RCR
and ECI could have either of two explanations. First, when larvae consume less, the
food tends to pass through their digestive system more slowly, and so it can be
converted more completely and used by the insects. Second, it may be that insects
consume less of a special food simply because they are capable of converting it more
efficiently and therefore do not need to eat large quantities of that food to reach
appropriate levels of growth.
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The RGR value is known to decline with advancement of instars. This changed
may be due to internal metamorphosis, partitioning and extra expenditure of energy
prior to pupation as has been explained by Soo Hoo and Fraenkel (1966) for last
instar larva of tree feeding southern armyworm Prodenia eridania. Usually little or
no change in internal morphology occurs between larval moults, but major changes
occur during transformation into pupa or adult (Nation 2001). Physiological changes
in the nervous system of 5th instar cause cessation of feeding, on set of wandering
behaviour, and induction of metabolic changes in the fat body (Naseri et al. 2010).
The maintenance cost of all three species on needlewood was higher than on tea.
Increase in food consumption rate that enhanced the maintenance cost on
needlewood may be due to its less nutritious food quality. Presumably, most of the
ingested food was used up in basal metabolism, resulting in low utilization for
growth of the insect. A similar phenomenon was observed by Mukherjii and Guppy
(1970), Pradhan et al. (2006), Srivastava and Mukhopadhyay (2006) in the larvae of
Pseudaletia unipuncta, Euproctis latisfascia and Chrysomela chlorina respectively.
The production index was found to be higher on tea than on needlewood and this
might be due to the better suitability of tea leaf as food in supporting the advanced
life stages of the species. Plant defense chemicals also alter performance of
digestibility in herbivores (Muthukrishnan and Pandian 1987).
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5.4 DEVELOPMENTAL TRAITS AND FOOD UTILIZATION
EFFICIENCIES ON SYNTHETIC DIET AND NATURAL HOST
(TEA)
5.4.1 Biston (=Buzura) suppressaria
This was the first successful attempt to rear the B. suppressaria through
generations on synthetic diet as an alternative to tea leaf diet (Fig. 5.4.1). A
comparative study on performance of the pest on its natural host (tea leaf) and on
newly developed synthetic diet revealed adequacy and superiority of the latter diet.

Figure 5.4.1 Rearing of B. suppressaria on synthetic diet
Developmental traits: The total development period was significantly shorter in
synthetic diet-reared B. suppressaria than tea-reared ones (p<0.001, Welchꞌs
approximate t=18.535, df=33). The pupa (female: p<0.001, t= 6.312, df=38; male:
p<0.001, t= 3.894, df=38) and female moths (p<0.001, t= 4.919 df=38) were found
to be significantly heavier on synthetic diet than on tea. Weight of male moths
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(p=0.703, t= 0.384, df=38) however, did not differ significantly on the said diets
(Table 5.4.1). Fecundity was not significantly different on synthetic diet and tea
(p=0.794, t= 0.264, df=18). Adult emergence from pupae was better on synthetic diet
(99%) than natural diet (94.44%) (Table 5.4.1). On both natural and synthetic diets,
complete development of B. suppressaria from egg to adult stage took place for
three continuous generations. In general, the survivorship curves on both the diets
showed similar trends with constant rate of mortality at early stages (Fig. 5.4.2).

Tea
Diet

62±
0.74a
48±
0.468b

799±
15.27a
792±
19.95a

56.33

94.44

64.11

99

0.731±
0.019a
0.827±
0.015b

0.936±
0.021a
1.185±
0.033b

0.269±
0.005a
0.271±
0.005a

Female

Adult
weight
(in g)
Male

Female

Pupal
weight
(in g)
Male

Adult Emergence
%

Survival %**

Fecundity *
(eggs/female)

Total
Development
Period (in days)

Table 5.4.1 Comparative account of some life-cycle parameters of B.
suppressaria reared on natural diet (tea) and synthetic diet (diet) (mean± SE)*
(n=20) (*n=10 for fecundity, **n=100 for survivorship study)

0.585±
0.015a
0.722±
0.024b

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).
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Figure 5.4.2 Survivorship curve of B. suppressaria reared on synthetic diet (Diet) and
natural diet (Tea) (error bars indicate standard error of the mean)

Food utilization efficiencies: Low MC, higher PI, higher ECI and ECD, higher AD
and higher RGR along with marginally higher RCR values (Table 5.4.2) recorded on
the synthetic diet implied better sustaining quality of the newly formulated diet than
the natural diet (tea) for rearing B. suppressaria. Comparison of the nutritional
indices of 5th instar of B. suppressaria on tea and synthetic diet showed, significantly
higher RGR/h value (p<0.001, Welchꞌs approximate t=14.125, df=23) on synthetic
diet than on tea. There was no significant difference in RCR/h (p=0.863, Welchꞌs
approximate t=0.175, df=20) on both the food regimes. Values of ECI (p<0.001,
Welchꞌs approximate t=15.057, df=26), ECD (p<0.001, t=8.577, df=38), AD
(p<0.001, t=8.7, df=38) and PI (p<0.001, t=8.577, df=38) were significantly higher
on synthetic diet than on tea whereas MC value (p<0.001, Welchꞌs approximate
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t=4.92, df=21) was significantly less on synthetic diet. Again in 6th instar, RGR/h
(p<0.001, Welchꞌs approximate t=6.933, df=28), ECI (p<0.001, t=12.093, df=38),
ECD (p<0.001, Welchꞌs approximate t=4.586, df=32), AD (p<0.001, Welchꞌs
approximate t=9.002, df=28) and PI (p<0.001, Welchꞌs approximate t=4.586, df=32)
were significantly higher on synthetic diet than that on tea along with significantly
lesser values of RCR/h (p=0.001, t=3.784, df=38) and MC (p<0.001, Welchꞌs
approximate t=4.507, df=22).
Table 5.4.2: Nutritional indices of fifth and sixth instars of B. suppressaria on
natural diet (tea) and synthetic diet (diet) (n=20, mean*±SE)
RCR/h

RGR/h

ECI

ECD

AD

MC

PI

0.020±
0.000a
0.041±
0.001b

14.898±
0.571a
31.218±
1.014 b

47.212±
2.921a
67.492±
1.576 b

32.723±
1.125a
46.31±
1.073b

1.315±
0.177a
0.499±
0.039b

0.472±
0.029a
0.675±
0.016b

0.023±
0.002a
0.052±
0.004b

14.013±
0.616a
26.357±
0.815b

36.089±
1.919a
46.508±
1.218b

39.85±
1.678a
56.659±
0.82b

2.020±
0.179a
1.17±
0.054b

0.361±
0.019a
0.465±
0.012b

Fifth instar
Tea
Diet

0.135±
0.002a
0.137±
0.008a

Sixth instar
Tea
Diet

0.165±
0.011a
0.114±
0.0073b

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).
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5.4.2 Hyposidra talaca
Rearing of looper stage of H. talaca (Fig. 5.4.3) was done on synthetic diet
for three consecutive generations with better survival (Fig. 5.4.4) and higher
nutritional indices.

Figure 5.4.3 Rearing of H. talaca on synthetic diet

Figure 5.4.4 Survivorship curve of H. talaca on synthetic diet (Diet) and
natural diet (Tea) (error bars indicate standard error of the mean)
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Developmental traits: The total larval development period of H. talaca was
significantly shorter on synthetic diet than on natural diet (p<0.0001, Welchꞌs
approximate t= 7.857, df = 30). Fecundity was more in H. talaca reared on synthetic
diet than that on natural diet (p=0.0267, significant. t=2.413, df=18). Pupal weight
(male: p=0.083, t=1.781, df=38, n=20 and female: p=0.9779, t=0.02785, df=38) was
not significantly different on tea and synthetic diet. Similarly adult weight (male:
p=0.9971, t=0.0037, df=38 and female: p=0.1072, t=0.0037, df=38) was also not
significantly different on both food regimes (Table 5.4.3).

Tea

30.3±0.38a

Diet

26.8±0.22b

168±
39.00
16.12a
249±
47.00
27.25b

78.38
86.31

0.171±
0.004a
0.172±
0.003a

0.23±
0.009a
0.252±
0.008a

0.09±
0.0031a
0.094±
0.0023a

Female

Adult weight
(in g)

Male

Female

Pupal Weight
(in g)

Male

Adult emergence
(%)

Survival (%)**

Life-cycle
parameters
Total
Development
Period
(days)
Fecundity*
(eggs/
female)

Table 5.4.3: Comparative account of life-cycle parameters of H. talaca reared
on natural diet (tea) and synthetic diet (diet) (mean± SE)* (n=20) (*n=10 for
fecundity, **n=100 for survivorship study)

0.155±
0.0077a
0.186±
0.0051a

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).

Food utilization efficiencies: ECI (p<0.0001, t= 7.406, df = 38), ECD (p<0.003,
Welchꞌs approximate t= 3.316, df = 23), AD (p=0.0004, Welchꞌs approximate t=
4.011, df = 29) and PI (p=0.003, Welchꞌs approximate t= 3.316, df = 23) were
significantly higher along with a lower MC (p=0.0029, Welchꞌs approximate t=
3.256, df = 29) on synthetic diet as compared to natural diet. However, no significant
difference in RGR (p=0.7425, t= 0.3309, df =38) was detected on the two diets, in
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spite of significantly lower RCR value (p=0.1123, t= 7.857, df = 30) on synthetic
diet than natural diet (Table 5.4.4).
Table 5.4.4: Nutritional indices of fifth instar of H. talaca, reared on natural
diet (tea) and synthetic diet (diet) (n=20, *mean± SE)
RCR/h

RGR/h

ECI

ECD

AD

MC

PI

Tea

0.19±
0.01a

0.03±
0.00a

18.09±
0.79a

43.25±
0.95a

41.73±
1.29a

1.32±
0.05a

0.43±
0.01a

Diet

0.14±
0.01b

0.03±
0.03a

24.63±
0.90b

51.97±
2.39b

47.84±
1.62b

0.96±
0.08b

0.52±
0.02b

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).

5.4.3 Hyposidra infixaria
H. infixaria was reared (Fig. 5.4.5) on a slightly modified diet of H. talaca for three
consecutive generation with better survivability than that on its natural host, tea (Fig.
5.4.6).
Developmental traits: Developmental period of H. infixaria was significantly
longer on tea than on synthetic diet (p<0.0001, t=9.798, df=38). Fecundity was not
significantly different on the two diets (p=0.2566, Welchꞌs approximate t=0.166,
df=21). Pupal weight (male: p=0.9484, Welchꞌs approximate t=0.065, df=26 and
female: p=0.6365, t=0.4764, df=38) as well as adult weight (male: p= 0.1239,
t=1.573, df=38 and female: p=0.3682, t=0.9105, df=38) was also not significantly
different on the two food
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Figure 5.4.5 Rearing H. infixaria on synthetic diet

Figure 5.4.6 Survivorship curve of H. infixaria on synthetic diet (Diet) and natural diet
(Tea) (error bars indicate standard error of the mean)
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87.62

39.00

90.27

0.159±
0.003a
0.16±
0.006a

0.27±
0.009a
0.28±
0.008a

Female

Adult weight
(in g)

Male

Female

31.7± 0.4b

23.00

Male

Diet

559±
29.49a
523.5±
7.59a

Pupal Weight
(in g)

Adult
emergence
(%)**

36.5± 0.27a

Survival (%)**

Total
Development
Period
(days)

Tea

Fecundity*
(eggs/
female)

Life-cycle
parameters

Table 5.4.5: Comparative account of some life-cycle parameters of H. infixaria,
reared on natural diet (tea) and synthetic diet (diet) (mean± SE)* (n=20) (*n=10
for fecundity, **n=100 for survivorship study)

0.058±
0.003a
0.065±
0.003a

0.2±
0.005a
0.193±
0.006a

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).

Food utilization efficiencies: MC of 5th instar looper of H. infixaria was
significantly higher on tea (p<0.0001, Welchꞌs approximate t=6.097, df=28). PI (p
<0.0001, t=7.253, df=38). AD (p<0.0001, t=4.483, df=38), ECI (p<0.0001, Welchꞌs
approximate t=7.484, df=30) and ECD (p<0.0001, t=4.539, df=38) were
significantly higher on synthetic diet than tea. RCR/h was significantly higher on tea
(p<0.0001, t=5.488, df=38) than on synthetic diet but RGR/h was not significantly
different in two food regimes (p=0.7692, Welchꞌs approximate t=0.2967, df=24)
(Table 5.4.6).
Table 5.4.6: Nutritional indices of fifth instar of H. infixaria, reared on natural
diet (tea) and synthetic diet (diet) (mean± SE)* (n=20)

Tea
Diet

RCR/h

RGR/h

ECI

ECD

AD

0.177±
0.011a
0.119±
0.01b

0.04±
0.001a
0.041±
0.004a

23.19±
1.08a
34.61±
1.87b

63.76±
2.15a
75.66±
3.02b

36.75±
2.077a
45.98±
2.04b

Main.
Cost
0.585±
0.051a
0.335±
0.019b

Prod.
Index
0.638±
0.022a
0.787±
0.02b

*Means followed by different letter in each column are significantly different (Student t-test at p≤ 0.05, Welchꞌs correction
applied wherever required).
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5.4.4 Discussion
Suitability of a synthetic diet can be gauged by comparing development time and
survival rate of an insect on it when compared with their natural diet (Abdullah et al.
2000). In present study, shorter development period and better survival rate in all the
three consecutive generations of the three geometrids implied that newly formulated
synthetic diets prepared are of optimum quality to support a long term sustainable
culture of the concerned geometrid species. Generally insects and especially
lepidopterans take longer period to develop when fed with sub-optimal food plants
and materials (Waters and Barfield 1989), but larvae reared on optimum synthetic
diet often survive better and develop faster (Slansky and Scriber 1985; Chen et al.
2004).
In this maiden attempt to rear three geometrid species attacking tea plant,
present survival rate of 64% in B. suppressaria, 47% in H. talaca and 39% in H.
infixaria on synthetic diet could further be improved. In future, trials can be
conducted with modified rearing system where less mortality of early instars may be
expected from physical rearing problems. In the first rearing trial for Lesser
Appleworm (Lepidoptera: Tortricidae) on lima bean-based semisynthetic diet, the
mean survival rate at best was recorded 46.4% (Mantey et al. 2000). It was further
evident that when reared for the first time on two synthetic diet formulations,
Common Birdwing Troides helena (Lepidoptera: Papilionidae) showed a survival
rate of 57.05% and 51.66% (Ngatimin et al. 2014). In another attempt, 62% survival
of Spodoptera exigua was recorded when reared on synthetic diet (Abdullah et al.
2000). It was observed that mortality at early instar was higher in all the three
geometrid species studied. Third instar onwards, survivorship of these species were
more and in the tune of 80.23%, 60.36% and 78.29% for H. talaca, H. infixaria and
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B. suppressaria respectively possibly indicating a better adaptation to the diet and
the laboratory environment (rearing containers). Zalucki et al. (2002) pointed out in
their review that mortality of early larval stages is high in many species of
lepidoptera for unidentified reason. As observed during the rearing of three species
of geometrids, the web formed by the secretion of Hyposidra spp. is more than B.
suppressaria. This may be one of the causes behind their mortality. As size of
neonates are smaller in case of Hyposidra spp. than those of B. suppressaria, they
get entangled easily and die off. The synthetic diet seemed well-balanced as it
supported emergence of mostly healthy moths (except few deformed ones), thus
establishing the superiority of synthetic diet over natural diet for mass rearing of this
pest. In a similar finding Felland and Hull (1992) and Slansky and Wheeler (1992)
also observed that the larvae reared on optimal synthetic diet developed faster and
survived better.
Studies on nutritional ecology and its indices have considerable significance in
understanding insect development and assessing the quality diets on which they are
reared (Cohen 2004; Waldbauer 1968). Broadly, these indices define or describe the
efficiencies of digestion or utilization of diets or diet components, that is, how easily
the insect can convert food to their own biomass.
In general, higher ECI, ECD, AD, PI and lower RCR which resulted into lower
MC on synthetic diet in all three species of geometrids studied. Significantly higher
ECI and ECD on synthetic diet indicated a better ability of these species to utilize the
food ingested as well as digested, for growth and development. ECI may vary with
digestibility of food and the proportional amount of digestible food which is
converted to body mass and metabolized for energy needed for vital activity (AbdelRahman and Al-Mozini 2007). Lower AD in tea-reared caterpillars may be due to
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the presence of tannins in the leaves which can block the availability of protein by
forming less digestible complexes (Feeny 1968). The young leaf of tea plants
contains high levels of plant allelochemicals like polyphenolic compounds, caffeine,
etc.

(Banerjee

1993).

Higher

energy

consumption

in

detoxification

of

allelochemicals might be resulting in significantly reduction in ECD (Appel and
Martin 1992) as well as significantly higher MC and a reduced PI in loopers when
reared on tea than those reared on synthetic diet. Reduction in RGR, ECI, ECD
values led to delay in larval growth (Senthil-Nathan et al. 2007) and formation of
smaller pupae which had a direct bearing on fecundity and longevity of the adult
insect, besides, making them susceptible to diseases and natural enemies. The ability
of an organism to convert nutrients, especially protein, positively influence its
growth and development (Sogbesan and Ugwumba 2008). Decrease in AD, ECI and
ECD values on tea leaf (natural diet) probably resulted from an increased allocation
of assimilated energy from growth to MC required for detoxification of ingested
plant allelochemicals (de Oliveira et al. 2011). The RCR can be used for measuring
an insect’s capability to exploit food source. This index shows the rate of feeding in
an insect which much depends on water content as well as the physicochemical
properties of food (Srinivasan and Uthamasamy 2005).
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5.5 PRINCIPAL HYDROLASES AND DEFENSE ENZYMES OF
LOOPERS

REARED

ON

TEA,

NEEDLEWOOD

AND

SYNTHETIC DIET
Enzymes activities in the midgut of the three geometrid species reared on three
kinds of food, two natural host plants and one synthetic diet were estimated.
5.5.1 Biston (=Buzura) suppressaria
Amylase activity showed significant difference between the loopers reared on
Tea and Synthetic Diet (henceforth called ꞌDietꞌ) (p=0.006) and Needlewood and
Diet (p=0.005), whereas no significant difference was observed between Tea and
Needlewood reared specimens (p=0.92) (F=6.173, p=0.006, df =2, 27) (Fig. 5.5.1).
Invertase activity showed no significant difference between the cohorts reared
on different foods (F=0.262, p=0.771, df=2, 27) (Fig. 5.5.2).
Protease activity showed significant difference between Tea and Needlewood
(p=0.018) and Tea and Diet (p<0.001) reared cohorts but no significant difference
between Needlewood and Diet (0.09) reared ones (F=9.218, p=0.001, df=2, 27) (Fig.
5.5.3).
Lipase

activity showed no significance difference between B. suppressaria

loopers reared on Tea and Needlewood (p=0.08), Needlewood and Diet (p=0.453)
and Tea and Diet (p=0.3) (F=1.666, p=0.208, df=2, 27) (Fig. 5.5.4).
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Figure 5.5.1 Amylase activity of B. suppressaria on three food regimes
[Tea (Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars
indicate standard error of mean)

Figure 5.5.2 Invertase activity of B. suppressaria on three food regimes
[Tea (Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars
indicate standard error of mean)
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Figure 5.5.3 Protease activity of B. suppressaria on three food regimes
[Tea (Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars
indicate standard error of mean)

Figure 5.5.4 Lipase activity of B. suppressaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.5 Esterase activity of B. suppressaria on three food regimes
[Tea (Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars
indicate standard error of mean)

Figure 5.5.6 GST activity of B. suppressaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.7 CYP450 activity of B. suppressaria on three food regimes
[Tea (Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars
indicate standard error of mean)

Esterase activity level in B. suppressaria showed no significant difference
between Tea and Needlewood reared ones (p=0.175), whereas significant difference
was recorded between Tea and Diet (p <0.001) and Needlewood and Diet reared
ones (p=0.01) (F=8.957, p=0.001, df=2, 27) (Fig. 5.5.5).
GST activity showed significant difference between the loopers reared on all
three food regimes (Tea and Needlewood, p<0.001; Tea and Diet, p<0.001; Diet and
Needlewood, p<0.001) (F=35.749, p<0.001, df=2, 27) (Fig. 5.5.6).
Cytochrome P450 activity showed significant difference between loopers reared
on Tea and Needlewood (p=0.001) and Tea and Diet (p=0.001), but no significant
difference between Needlewood and Diet reared ones (p=0.848) (F=9.47, p=0.001,
df=2, 27) (Fig. 5.5.7).
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5.5.2 Hyposidra talaca
Amylase activity showed no significant difference between three cohorts of
loopers reared on different food regimes, Tea, Needlewood and Synthetic diet (Diet)
(F=0.211, p=0.811, df=2, 27) (Fig. 5.5.8).

Figure 5.5.8 Amylase activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
\
standard error of mean)

Figure 5.5.9 Invertase activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.10 Protease activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

Figure 5.5.11 Lipase activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.12 Esterase activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

Figure 5.5.13 GST activity of H. talaca on three food regimes [Tea (Cs),
Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate standard
error of mean)
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Figure 5.5.14 CYP450 activity of H. talaca on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
Invertase activity showed significant difference between loopers reared on Tea
and Diet (p <0.001) and Needlewood and Diet (p <0.001), whereas no significant
was observed between Tea and Needlewood reared groups (p=0.437) (F=13.121, p
<0.001, df=2, 27) (Fig. 5.5.9).
Protease activity showed significant difference between loopers reared on Tea
and Diet (p=0.002) and Needlewood and Diet (p=0.006), but no significant
difference was observed between Tea and Needlewood-reared cohorts (p=0.648)
(F=7.074, p=0.003, df=2, 27) (Fig. 5.5.10).
Lipase activity showed no significant difference between three cohorts reared on
the three different food regimes (F=0.487, p=0.62, df=2, 27) (Fig. 5.5.11).
Esterase activity showed significant difference between Tea and Diet (p=0.001)
and Needlewood and Diet (p=0.011), whereas no significant difference between
loopers reared on Tea and Needlewood could be recorded (p=0.359) (F=7.274,
p=0.003, df=2, 27) (Fig. 5.5.12).
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GST activity showed significant difference between all three cohorts of loopers
reared on Tea, Needlewood and Diet (Tea and Needlewood, p=0.003; Tea and Diet,
p <0.001; Diet and Needlewood, p=0.004) (F=20.648, p <0.001, df=2, 27) (Fig.
5.5.13).
Cytochrome P450 activity showed significant difference between looper
cohorts reared on Tea and Needlewood (p <0.001) and Tea and Diet (p <0.001), but
no significant difference between Diet and Needlewood (p=0.884) (F=38.562, p
<0.001, df=2, 27) (Fig. 5.5.14).
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5.5.3 Hyposidra infixaria
Amylase activity showed significant difference only between Tea and
Needlewood (p=0.018) reared loopers, whereas no significant difference between
loopers reared on Tea and Diet (p=0.22) and Needlewood and Diet (p=0.219) were
observed (F=3.162, p=0.058, df=2, 27) (Fig. 5.5.15).
Invertase activity showed significant difference between loopers feeding on all
three food regimes (Tea and Needlewood, p<0.001; Tea and Diet, p<0.001;
Needlewood and Diet, p=0.024) (F=22.417, p<0.001, df=2, 27) (Fig. 5.5.16).
Protease activity showed no significant difference between Tea and
Needlewood (p=0.093) reared loopers, whereas there were significant difference
between Tea and Diet (p=0.033) and Needlewood and Diet (p=0.00) reared ones
(F=7.967, p=0.002, df=2, 27) (Fig. 5.5.17).
Lipase activity showed significant difference between all three cohorts of
loopers reared on three food regimes: (Tea and Needlewood, p=0.020; Tea and Diet,
p=0.001; Needlewood and Diet, p<0.001) (F=20.811, p<0.001, df=2, 27) (Fig.
5.5.18).
Esterase activity showed no significant difference between Tea and
Needlewood reared loopers (p=238), whereas significant difference was observed
between Tea and Diet (p=0.002) and Needlewood and Diet reared ones (p=0.033)
(F=6.128, p=0.006, df=2, 27) (Fig. 5.5.19).
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Figure 5.5.15 Amylase activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

Figure 5.5.16 Invertase activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.17 Protease activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

Figure 5.5.18 Lipase activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)
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Figure 5.5.19 Esterase activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

Figure 5.5.20 GST activity of H. infixaria on three food regimes [Tea (Cs),
Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate standard
error of mean)
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Figure 5.5.21 CYP450 activity of H. infixaria on three food regimes [Tea
(Cs), Needlewood (Sw) and Synthetic diet (Diet)] (Error bars indicate
standard error of mean)

GST activity showed significant difference between all three cohorts reared on
three different food regimes (Tea and Needlewood, p=0.036; Tea and Diet, p<0.001;
Needlewood and Diet, p<0.001) (F=41.476, p<0.001, df=2, 27) (Fig. 5.5.20).
Cytochrome P450 activity showed significant difference between Tea and
Needlewood (p<0.001) and Tea and Diet (p<0.001) reared ones, but no significant
difference between Diet and Needlewood (p=0.884) reared loopers (F=38.562,
p=0.00, df=2, 27) (Fig. 5.5.21).
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5.5.4 Discussion
Presence of a particular digestive enzyme in an insect, is an indication that the
insect is capable of hydrolysing substrate of the enzyme concerned and it also means
that the substrate is needed in that insect’s diet (Fathipour and Naseri 2011).
Analysis of digestive enzymes has proved to be important clue for development or
improvement of synthetic diets for several species of insects (Gingrich 1972; Cohen
1992, 2001). The present investigations centres round the fitness performance of
three geometrid species on natural as well as synthetic diets. An insight into the
quantitative change of their principal hydrolysing enzymes along with the
detoxifying enzymes that metabolize plant allelochemicals consumed with natural
food (Schoonhoven et al. 2005), help to understand the interrelationship between the
physiological processes.
B. suppressaria showed significantly higher amylase activity on synthetic diet
than on natural diets. Similar observation was recorded by Merkx-Jacques and Bede
(2005) in Spodoptera exigua when its larvae were fed on synthetic diets in
comparison with the larvae fed on legume, Medicago truncatula. The Hyposidra
spp. showed no significant difference in amylase quantity between natural and
synthetic diets. In a similar finding, Teimouri et al. (2014) when performed amylase
assay of Ectomyelois ceratoniae on synthetic diet and two pistachio cultivars,
observed that there was no significant difference in amylase activity between one of
the cultivars (Kalequechi) and the synthetic diet. High invertase activity found in
alimentary canal of Chrysoperla carnea larvae facilitated the use of sucrose as a
source of carbohydrate instead of fructose (Yazlovetsky 1992). In presence of
dextrose in synthetic diet, Hyposidra spp. might be utilizing dextrose more than
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sucrose as a carbohydrate source whereas B. suppressaria may also require sucrose
as another carbohydrate source.
Teimouri et al. (2014) also observed significantly higher value of protease and
lipase activities on synthetic diet than two pistachio cultivars used as natural food. A
similar type of finding in the present study uphold Teimouriꞌs observation. The
optimum nutritional quality available from the newly formulated synthetic diet may
be the main cause of shorter developmental period and growth of robust larval
instars. As “critical weight gain” is obligatory for the last larval stage to enter into
pupation (Nijhout and Williams 1974), a better availability and utilization of
nutrients from synthetic diet has possibly endowed the looper stages to attain critical
weight in a shorter period than that on natural diets i.e. tea and needlewood.
Feeding activity on natural host plants elicits a high secretion and function of
detoxifying enzymes, such as general esterase (GE), glutathione S-transferases
(GST) and cytochrome P450 (CYP450) possibly directed to metabolize (detoxify)
the allelochemicals that are available along with the basic nutrients in tea leaves. GE
and GST activities of all three species were significantly lesser on synthetic diet than
on natural host plants (Table 5.5.1), whereas CYP450 activity was significantly
lesser both on needlewood and synthetic diet than that on tea, signifying possible
absence of the allelochemicals in the former foods that require detoxification by
cytochrome system.
Further, activity levels of digestive enzymes of insect midgut appear to have a
correlation with its nutritional indices. The biosynthetic and metabolic activities of
detoxifying enzymes involve significant energy expenditure. More energy allocated
to detoxify would reduce the amount of energy available for other biological
functions, generating energy trade-offs between detoxification capacity and growth
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rate and/or reproduction (Cresswell et al. 1992; Karban and Agarwal 2002). The
percentage of reduction in ECI and ECD results from a foodstuff conversion
deficiencies, which hinder the growth of insect, perhaps through a diversion of
energy from biomass production to detoxification (Wheeler et al. 2001). Therefore,
as compared to the newly designed synthetic diet, the natural diets stand as suboptimal. Presence of some host plant derived toxic moieties, such as alkaloids,
tannins, phenolics and even protease inhibitors, may impair the availability of
nutrients to an insect, resulting in its poor performance in terms of growth,
development and reproduction (Scriber et al. 1982; Morsy et al. 2001).

120

5.6 STANDARDIZATION

OF

LABORATORY

CULTURE

TECHNIQUE FOR THE GEOMETRID (LOOPER) SPECIES ON
SYNTHETIC DIETS
5.6.1

Sterilization of rearing equipment and facility: A separate room (12ft x

14ft) for insect rearing that was allotted by Department of Zoology, was used. The
room was equipped with BOD incubators and other rearing instruments (Fig. 5.6.1).
Routine sterilization of culture room, BOD incubator, culture equipment, plastic
containers etc. was done before using them for rearing purpose as mentioned in
materials and methods section 4.2.12.

a

c

b

e

d

Figure 5.6.1 Laboratory set up for insect-rearing at Department of Zoology [insets: (a)
Front elevation of Zoology Department, (b) Ante chamber for the rearing room, (c)
Inner view of rearing cubicle within glass partition, (d) Rearing trays inside BOD
incubator, (e) Set up inside BOD incubator for group and individual rearing]
5.6.2

Maintenance of rearing system: Sterilization was done as mentioned in

materials and methods, section 4.2.12. Mortality during rearing was prevented by
handling with care but in event of large scale death, whole container was discarded
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to avoid spread of any infection. Monitoring of any casualty was done as a daily
routine to avoid contamination of culture.
5.6.3

Sexing and mating: After emergence, adults were sexed and release in a

mating cages. Chances of successful mating in Hyposidra spp. was more when male
and female were kept in the ratio of 2:3 in the containers (6cm height x 4cm
diameter). Whereas in B. suppressaria successful mating took place when male and
female were kept in the ratio of 3:4 in containers (10cm height x 8cm diameter).
After mating males generally die within a short period, whereas females die after
laying eggs. Dead moths were removed from the mating cages. Wild males were at
times introduced in the running culture to maintain biological vigour and to reduce
the inbreeding stress. In wild these geometrid adults were found during March to
October in good number, so introducing wild male during early March and then after
six month was found to be good option for the purpose.
5.6.4

Collection and sterilization of eggs: Eggs were collected from the mating

jar with the help of a brush. Scales associated with the eggs were removed by gentle
fanning. The surface sterilization of egg was done within 24-36h by dipping the
cluster of eggs for 5 seconds in 1% formalin solution, followed by thoroughly
washing with distilled water and complete drying with the help of autoclaved
blotting paper. The sterilized eggs were then kept in BOD incubator at 27°C till
hatching.
5.6.5 Hatching of Neonates: Fertilized eggs turned blackish grey before hatching
(Fig. 5.6.2). These were collected and kept in a fresh container, which was then
carefully covered with cotton cloth. The rearing containers were wrapped in paper to
avoid the phototactic movement of neonates after hatching (Fig. 5.6.3). In case
neonates moved in one direction (in absence of food) they were normally found to
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assemble at one side of the container and secrete webs around themselves and finally
die. After hatching neonates were transferred as early as possible in containers with
fresh food with optimum moisture content.

Figure 5.6.2 Hatching of loopers, Hyposidra sp.

Figure 5.6.3 Containers for rearing the first instar properly covered to avoid excess
moisture and phototactic movement of neonates
123

5.6.6 Improvisation of rearing technique: Earlier, the diet slurry was poured on
the floor (bottom) of rearing containers and refrigerated. The food laden containers
released excess moisture that accumulated on the wall in the form of water droplets.
Water therefore, had to be removed by blotting paper before the neonates were
transferred to these containers. In spite of the removal of water droplets, the rate of
mortality of early instars was very high due to subsequent accumulation of water
droplets inside the containers. In order to get over this problem the semi-solid diet
was used. Diet was cut into small cubes and suspended free with the help of
toothpicks (Fig. 5.6.4 and Fig 5.6.5). These toothpicks also provided caterpillars a
chance to cling and move freely as they do in nature on tea twigs and branches.

Figure 5.6.4 Neonates released on the diet cubes pegged with toothpicks

The containers were covered with lid in such a way that proper aeration as well
as adequate moisture could be maintained. The manipulation of lids for proper
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ventilation was necessary as excessive aeration could lead to quick drying of diet
without being consumed by caterpillars whereas an excess moisture would lead to
drowning of early instar resulting in higher mortality (Fig 5.6.3). Care was taken not
to keep any gap or hole between container and its lid as because the 1st instar could
escape even through holes of 2mm width. Number of caterpillars had to be reduced
per container as they grew bigger. Preferably, caterpillars of same age were kept
together to have synchronized ecdysis. In spite of starting a culture on the same day
different instars occurred in the same brood due to staggered development. So, it is
recommended to remove caterpillars which take longer time to moult as they can be
a source of infection to the rest of the culture.

Figure 5.6.5 Modifications done in the rearing system to reduce exposure of neonates to
excess moisture (accumulated water droplets) with consequent of their better survival; A: Use
of toothpicks as wedge for clinging and movement; B: Use of semisolid cubes of diet
suspended with toothpick to avoid drowning of neonates in water droplet formed on the
surface of diet while pouring slurry in the floor of the container; C & D: Individual rearing gives
better survival than mass culture in containers; E: Proper aeration of containers led to
reduced moisture resulting in higher rate of successful pupation; F: Stacked culture tray for
better space utilization in the rearing incubator
125

5.6.7

Modifications done for normal pupation: Particularly in synthetic diet-

based rearing, humidity inside the container was regulated by manipulation of lid of
the plastic container. For individual rearing, trays (9inch length x 6inch breadth) with
partitioned cubicles were used which could be stacked or kept separately according
to the requirement of the optimum moisture (Fig 5.6.5). Therefore, as soon as larvae
stopped feeding and started ꞌwanderingꞌ before entering in to pupation, profuse
aeration was maintained to keep RH under 75%. If needed a piece of autoclaved
blotting paper was provided to larvae to avoid accumulation of excess moisture. That
piece of blotting paper not only absorbed the moisture but also acted as a substrate
for pupation.
5.6.8 Cost-benefit analysis of Synthetic diet and Natural diet (Tea): The present
material cost for preparing, a 300ml of synthetic diet was approximately ₹1800/-.
The diets consumed were best before 30 days if kept at 4°C. A 300ml of diet was
sufficient to rear around 100 caterpillars of Hyposidra spp. and about 450ml of diet
was sufficient to rear 100 caterpillars of B. suppressaria (Table 5.6.1).
As per the current government policy and directives of tea associations the
minimum selling price of one kilogram of fresh young leaves is ₹12/- for
conventionally produced (as per the local daily, Uttarbanga Sambad, Dated 1st
September, 2015) and ₹30/- for organically produced tea (Personal Communication)
in Darjeeling Terai-Dooars region. For lab-based rearing of the geometrid pests
(looper), organically produced tea leaves are recommended in order to avoid
pesticide contamination. Tea leaves always have to be provided in excess than that
larvae could consume. On an average, to rear a cohort of 100 looper of Hyposidra
spp and 100 looper of B. suppressaria, 16 kg and 30 kg of fresh leaf of Tocklai
cultivar TV 26 was needed, respectively. Procuring of tea leaves from organic
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plantations would involve cost of transport from and to the rearing site and careful
handling. Failing which a tea plantation has to be maintained in the vicinity of the
rearing facility/laboratory for regular collection of tea leaves. Natural diet-based
rearing require voluminous space for maintaining culture and large scale production.
Synthetic diet-based rearing would require less space for dispensing diet cubes in
containers with reasonable dimension.
Table 5.6.1: Cost-benefit and risk analysis of natural and synthetic diets for
complete rearing of the geometrid species
Natural diet (tea)

Synthetic diet

Cost of diet for Hyposidra spp
rearing 100 loopers
Buzura
(in ₹)
suppressaria

480/-

1800/-

750/-

2700/-

Labor
cost
for Hyposidra spp
maintaining culture
in ₹250/- per day
Buzura
per person
suppressaria

3750/- (for 15 man 2500/- (for 10 man
days)
days)

Space and containers/cages

Large
laboratory/ Relatively compact and
insectary
smaller space

Risk of infestation/
contamination

Food regime

7000/- (for 30 man 5000/- (for 15 man
days)
days)

Parasites infestation High

Low

Microbial infection

High

Low

Fungal infection

High

Negligible
due
antifungal agent

Allelochemical
interference

High

Negligible

Variable

Consistent

Seasonal Availability
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5.6.9 Discussion
The rearing of insects in the laboratory is essential for resolving various
problems associated with pure or applied entomology (Kogan 1980). In modern
entomology, the advanced research depends on the availability of insect specimen
and its continuous supply as and when needed (Parra 2012). The maintenance of the
laboratory-based insect culture is indispensable part to modern strategies of pest
management since a continuous supply of insect is always needed for both basic and
applied research (Parra 2012).
Parra (2012) further emphasized on the development of facility for rearing large
number of an insect pest on synthetic diet to study different aspects related to its
IPM. However, maintaining synthetic diet-based culture is itself a sophisticated art
which requires routine observation and hygienic conditions throughout the rearing
process and at the working place. The sterilization of equipment, rearing containers
and rearing room are the most important component of mass-rearing of concerned
species to get a continuous supply of the same (Singh 1977; Cohen 2004; Dyck
2005). Proper sterilization helps to avoid any microbial or fungal contamination. The
microbial contamination may collapse the whole culture. Not only sterilization of
equipment and rearing system but sterilization of eggs are also essential to avoid
viral infections (Cohen 2004; Dyck 2005). Cohen (2004) emphasized on the
improvisation which can add some natural essence to the synthetic rearing system.
Loopers prefer to move on tea twigs and rest on them. The diet cubes held with the
help of toothpick provided almost similar kind of situation of clinging to twigs to the
caterpillars. Avoiding phototactic movement of early instar after hatching could also
be done by wrapping the container by black paper after Bolaji and Bosque-Perez
(1998), who reared Mussidia nigrivenella (Lepidoptera: Pyralidae) on synthetic diets
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in the laboratory. Wild males were periodically introduced into the geometrid culture
(colony) as has been prescribed for many insect cultures (Shorey and Hale 1965;
Singh 1977; Guennelon et al. 1981; Proverbs 1982; Wajnberg 1991; Rogers and
Winks 1993; Bloem et al. 1999, 2004) for maintaining the biological vigour of the
species.
Acceptability of synthetic diet for insect rearing depends upon their cost-benefit
ratio. While considering only the expenditure, it was observed that more or less same
amount of money will be spent on both natural and synthetic diet-based rearing
system. However, the major disadvantage of using natural diet is about inconsistent
availability of quality of tea flush to be used as food. This might cause difficulty in
maintenance of the insect culture especially in non-productive winter season of tea
plantations. In synthetic diet-based rearing food availability is not a limiting factor.
Other disadvantages of using natural host plant have already been discussed in
ꞌSynthetic diet versus Natural dietꞌ section 1.8. Although, the rearing cost of
geometrids on both natural and synthetic diet is comparable, yet the risk of
contamination of insect culture is much less on synthetic diet with a more consistent
and quality production of disease-free insects and their stages.
Han et al. (2012) compared fitness parameters such as larval development,
immature survival, pupal weight, pupation, adult emergence, egg hatchability and
oviposition to evaluate the suitability of the synthetic diet. Wang et al. (2013)
formulated a synthetic diet for Bean Pod Borer, Maruca vitrata (Lepidoptera:
Crambidae). They compared various life-cycle parameters of the pest both on
synthetic diet and natural diet. This pantropical pest of grain legumes was further
studied by Wang et al. (2013) to develop a suitable synthetic diet for producing
uniform insects for research as well as for commercial purposes. Kim et al. (2014)
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developed a synthetic diet and studied its effect on developmental rate and life-cycle
traits of swallowtail butterfly Papilio xuthus (Lepidoptera: Papilionidae) which is a
common pest in South Korea. Sree and Varma (2015) mentioned several advantages
of in vivo production of virus which can be successfully done on the synthetic dietreared caterpillars. As the insect develops fast with high biomass on synthetic diet
than field-collected insect, the yield of virus in synthetic diet-reared ones are more
encouraging (Hedlund and Yendol 1974; Shapiro et al. 1981).
Optimization of NPV production for two pests Spodoptera litura (Lepidoptera:
Noctuidae) (Kumar et al. 2005) and Helicoverpa armigera (Lepidoptera: Noctuidae)
(Kalia et al. 2001; Gupta et al. 2007) has already been done in India based on
synthetic diet rearing. The same kind of optimization of synthetic diet-based rearing
has led to production of disease-free quality specimen of tea loopers for advanced
experimentations (Prasad and Mukhopadhyay 2015a, b; Prasad and Mukhopadhyay
2016).
This rearing technology based on synthetic diet will certainly provide a better
platform to come up with better control measures for these defoliators of tea, B.
suppressaria and Hyposidra spp. Further amendments in infrastructure and diet
composition may further improve the performance, survival and quality of these
geometrid insects.

130

Conclusion and
Deliverables

6. CONCLUSION AND DELIVERABLES
i.

The detailed description and identification key prepared for immature and
adult moth species (Lepidoptera: Geometridae) commonly attacking tea
(Camellia sinensis) shall be helpful in identifying the defoliators in field as
well as in laboratory level.

ii.

Determination of the nutritional indices gives an insight into the consumption
capacity of each of these folivorous geometrid species vis á vis an estimate of
the crop loss due to their leaf feeding. Such quantification can suggest the
kind of pest control measures to be adopted.

iii.

Further, performance study on alternate host of forest origin gives an inkling
about the source of infestation and resurgence of tea crop by these geometrid
pests.

iv.

As various aspect of basic and applied biological studies of the concerned
pests [Biston (=Buzura) suppressaria, Hyposidra talaca, H. infixaria] require
their large scale rearing, their laboratory culture on natural diet and synthetic
diet were carried out and compared.

v.

The synthetic diets formulated for all the three geometrid species for the first
time could sustain their complete life-cycle with varying but fair survival
rates.

vi.

Through experimentation it was found that optimum quantity of lipid and
sucrose levels in diet gives better life-cycle traits and survival. Inclusion of
fatty acids such as linoleic acid and linolenic acid in right proportion in diet
and their substitution by more economical linseed oil in specific quantity for
each species was found to be crucial for effective rearing.
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vii.

The present work on designing and dispensing of synthetic/artificial diet for
successful rearing of the concerned pests of tea for at least three continuous
generations, appears to be a pioneering attempt.

viii.

The synthetic-diet based rearing of these geometrid species will allow testing
and experimentations with new insecticides or bio-pesticides, studies on
pheromones and semio-chemicals, and production of natural enemies on
disease-free consistent population of these pests.

ix.

Detection of principal hydrolases and detoxifying enzyme activities in the gut
on three food regimes (Tea, Needlewood and Synthetic diets) helped to
formulate synthetic diets comprising all basic nutrients (Proteins,
Carbohydrates and Lipids). The source of which having negligible
allelochemic compounds as compared to that present in the natural host
plants.

x.

The findings of the present work shall be of great help to tea industry as well
as of pest management in tea plantation at large.
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7. SUMMARY
7.1 Preparation of stage-specific identification keys for the common
looper species of tea with description of stages


Biston (=Buzura) suppressaria and Hyposidra spp. could be identified easily
based on their body size, general appearance, coloration and wing shape.



Biston (=Buzura) suppressaria was more robust with larger abdomen,
whitish-grey colour and un-fringed posterior wing margins. Hyposidra spp.
were with smaller abdomen and slaty-dark colouration. Wing margin was
either broadly fringed in H. infixaria or having a notch at the tip on the inner
margin of the meso-thoracic wing in female H. talaca.



Looper stages of the two congeners, H. talaca and H. infixaria could be
distinguished only after they reached 4th larval instar. 3rd abdominal leg in the
late instars, cremaster at pupal stage and wing margins in adults bore the
most distinguishable and key character states.

7.2 Designing and development of synthetic (artificial) diet for
rearing the geometrid (looper) species


Diet used by Lyon and Brown (1970) could sustain the larval development of
H. talaca but failed to develop a normal adult. Addition of linoleic acid in the
diet was found obligatory for normal development of adult in H. talaca.



Addition of linseed oil along with linoleic acid and vitamin E in the diet was
necessary for normal development in B. suppressaria.



Addition of linseed oil in the diet, designed for H. talaca rearing, gave a
better development results and emergence of normal adults of H. infixaria.
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Moisture content in diet and inside of rearing container was kept optimum in
order to avoid high larval mortality by sticking to water droplets on one hand
and to avoid fast drying of diet cubes on the other. An optimum relative
humidity around 75% was necessary for normal pupation and adult
emergence.

7.3 Developmental Traits and Food utilization efficiencies on
Natural host plants (Tea and Needlewood)


Development period was found to be significantly higher on tea than on
needlewood due to difference in their larval duration, however there was no
significant difference in pupal period. The fecundity was significantly higher
on tea-reared B. suppressaria. There was no significant difference in pupal
and adult weight on the two natural hosts.



H. talaca showed no significant difference in development period on the two
hosts whereas H. infixaria developed faster on needlewood than on tea.



In both the congeners, pupae and adults were found to be heavier when
reared on tea than on needlewood.



More or less same trend of nutritional indices were observed in all three
species on two of the natural hosts.



Higher Efficiency of Conversion of Ingested food (ECI), Efficiency of
Conversion of Digested food (ECD), Production Index (PI) and lower
Maintenance Cost (MC) on tea than that on needlewood were indicators of
more suitability of the former host (tea) than the latter.

7.4 Developmental Traits and Food utilization efficiencies on
Synthetic diet and Natural host (tea)
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All the three species performed and survived better on synthetic diets than on
its natural host, tea.



In general, the development period was faster on synthetic diet, however with
no significant difference in pupal and adult weight of Hyposidra spp.
Nevertheless, in B. suppressaria Pupal and adult weights were significantly
higher when reared on synthetic diet. Hence, it can be stated that geometrids
took less time to attain the same or higher weight on artificial diet than that
on their preferred host plant, tea.



Better performance of all the three species on synthetic diet can also be
confirmed by their nutritional indices. In general, higher ECI, ECD, AD, PI
and lower RCR, MC values were recorded in synthetic diet-reared specimen
than the one reared on tea.

7.5 Principal Hydrolases and Defense enzymes of loopers reared on
tea, needlewood and synthetic diet


Hyposidra spp. showed no significant difference in amylase activity on the
three food regimes (tea, needlewood and synthetic diet) whereas B.
suppressaria showed significantly higher amylase activity on synthetic diet.



A significantly less invertase activity was observed in congeners of
Hyposidra reared on synthetic diet than that on natural host plants. This
indicated that these species may uptake fructose (in form of its isomeric
form, ꞌdextroseꞌ) directly instead of sucrose to meet its requirement of
carbohydrate. However no significant difference in invertase activity was
noted in B. suppressaria on the three food regimes. This may imply greater
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dependence of B. suppressaria on sucrose from food source for their
development.


Protease activity was significantly higher on synthetic diets in the congeners
and marginally higher in B. suppressaria than that on natural diets.



Lipase was marginally higher on synthetic diet in B. suppressaria and H.
talaca whereas it was significantly higher in H. infixaria.



The three detoxifying enzymes showed similar trends in all three species.
Generally a lower activity of these enzymes were recorded on synthetic diet.



Based on the activity recorded of the principal hydrolysing enzymes in the
geometrid species, it can be inferred that the essential components of the
synthetic diets are optimally utilized for normal development of the three
species. At the same time synthetic diet is with less anti-nutritive components
(allelochemicals), as reflected in low activity of defence enzymes.

7.6 Standardization of laboratory culture technique for the
geometrid (looper) species on synthetic diets


The most essential care needed while rearing the neonates was removal of the
accumulated water droplets in the rearing container. Covering the mouth of
the rearing container had to be done in a balanced way to reduce fast drying
of diet cubes and prevent accumulation of excess moisture inside the rearing
container as well. At the same time rearing containers were wrapped with the
opaque paper to avoid phototactic movement of neonates.



Dispensing the diet cube on toothpick was an important step in reducing the
larval mortality by sticking. The toothpicks as support inside the container
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not only provided opportunities for free movement of the loopers, it also
provided a natural twig like support to which loopers could cling.


Sterilization of rearing room, containers and equipment was done regularly to
prevent microbial contamination.



While comparing cost (financial/ maintenance/ labour/ time/ hygiene) of
laboratory rearing, and the risks involved both synthetic diet and natural diet
appeared to be by and large same.



However, large scale disease-free culture of the geometrid species under
study at technical and industrial level appeared to be more promising on
synthetic diets than on natural diet.
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a b s t r a c t
In Darjeeling Terai-Dooars, looper stage of Hyposidra inﬁxaria is often causing heavy damage to tea crop as key
pest. Therefore for conducting experiment related to its control, rearing on artiﬁcial diet becomes an imperative.
H. inﬁxaria showed better survival on modiﬁed artiﬁcial diet of its congener H. talaca than on tea-leaves used
as natural diet. Shorter life-cycle, superior developmental traits, higher fecundity and better food utilization
capability indicated suitability of the artiﬁcial diet. Activity of midgut amylase, protease and lipase of loopers
provided suitable hint for formulating balanced artiﬁcial diet that supported its normal growth and development.
This ﬁrst attempt of rearing of the pest species (H. inﬁxaria) through three consecutive generations on artiﬁcial
diet could be useful in mass production of disease-free specimen for the purpose of research and development
activity related to tea plant protection and industrial-level production of bioagents.
© 2016 Korean Society of Applied Entomology, Taiwan Entomological Society and Malaysian Plant Protection
Society. Published by Elsevier B.V. All rights reserved.

Introduction
The defoliating looper forms of Hyposidra spp. (Lepidoptera:
Geometridae) have a wide distribution on forest and wild plants of
South-East Asia as well as part of Palearctic region including China,
Taiwan (Browne, 1968; Holloway, 1993) and Japan (Nasu et al., 2004).
Of these, the congeners, Hyposidra talaca (Walker) and Hyposidra
inﬁxaria Walker have proved to be the two major pests of tea in recent
past from Darjeeling Terai-Dooars and Assam (Basu Majumder and
Ghosh, 2004; Das and Mukhopadhyay, 2008; Nair et al., 2008; Chutia
et al., 2012) in North-East India following the occurrence of the age
old looper, Biston (=Buzura) suppressaria Guenee for over a hundred
years. This looper complex is known to cause substantial crop loss in
Darjeeling and Assam tea plantations (Das et al., 2010; Antony et al.,
2011, 2012; Sinu et al., 2011). Development of artiﬁcial 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 (Parra, 2012). A thorough knowledge of the
development and growth of an insect pest species on artiﬁcial/semisynthetic diet helps in its biological, nutritional, biochemical, host-plant resistance and toxicological studies. This can ultimately be used for
developing safer and economical pest management programmes. In
the past, fundamental and applied ﬁelds of Entomology were severely
impaired due to lack of suitable artiﬁcial diets (Vanderzant, 1974;
Singh, 1977). Moreover, a pest can be tested on such diets with
⁎ Corresponding author at: Entomology Research Unit, Department of Zoology,
University of North Bengal, P.O. NBU, Dist: Darjeeling, Pin-734013, West Bengal, India.
E-mail address: entoananda@gmail.com (A. Mukhopadhyay).

incorporation of newer molecules having antifeedant/antibiotic/pesticide function. So far, rearing of H. inﬁxaria has been mainly done on
young tea leaves which is not chemically deﬁned and cannot be easily
manipulated. Moreover, unavailability of young tea leaves during winter, susceptibility of larvae to leaf-borne pathogens and interference of
the leaf-allelochemicals are important issues that come in the way of
rearing on natural diet.
Formulation of the artiﬁcial diet for rearing the caterpillars of geometrid moths, Hyposidra spp. was done after the works of Lyon and
Brown (1970) who developed a successful diet for fall cankerworm,
Alsophila pometaria (Harris) (Lepidoptera: Geometridae). However,
strictly on this diet different kinds of developmental defects were encountered in both the species of Hyposidra, viz. no pupation, incomplete
pupation, adults with deformed wings, etc. Prasad and Mukhopadhyay
(2015b) modiﬁed this diet to make it suitable for rearing H. talaca for
generations. In this present study, the authors further modiﬁed the
diet with supplementation to make it adequate for rearing H. inﬁxaria
for generations. The suitability of the artiﬁcial diets was further validated by comparing performance of the pest species both on natural (tea
leaves) and the newly formulated artiﬁcial diets.
Materials and methods
Preparation of artiﬁcial diet
The artiﬁcial diet for H. inﬁxaria was prepared based on the meridic
diet earlier design for other species of tea geometrids by Prasad and
Mukhopadhyay (2015a, 2015b). Basic ingredients used in diets were:
Wheat Germ, Cellulose powder, Casein, Potassium sorbate, Dextrose,

http://dx.doi.org/10.1016/j.aspen.2015.12.009
1226-8615/© 2016 Korean Society of Applied Entomology, Taiwan Entomological Society and Malaysian Plant Protection Society. Published by Elsevier B.V. All rights reserved.
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Table 1
Composition of artiﬁcial diet for H. talaca and H. inﬁxaria.
Diet components

H. talaca (ADHt)

H. inﬁxaria (ADHi)

Agar
Distilled water
Casein
Dextrose
Wesson's salt mixture
Cholesterol
Potassium sorbate
Choline chloride
Wheat germ
Alphacel/cellulose powder
Wheatgerm oil
Linoleic acid
Linseed oil
Sodium alginate
Ascorbic acid
Sucrose
Folic acid
Inositol
CoBaDex forte*
Evion Vit E**

9g
300 ml
11.675 g
11.675 g
3.35 g
1g
2.075 g
0.35 g
16.675 g
10 g
0.9 ml
1g
–
1.675 g
1.2825 g
0.9 g
0.0025 g
0.114 g
3 tablets
1 tablets

9g
300 ml
11.675 g
11.675 g
3.35 g
1g
2.075 g
0.35 g
16.675 g
10 g
0.9 ml
1g
1.5 ml
1.675 g
1.2825 g
0.9 g
0.0025g
0.114 g
3 tablets
2 tablets

*Composition of CoBaDex:
Thiamine Mononitrate IP
Vitamin B2 IP
Vitamin B6 IP
Nicotinamide IP
Calcium Pantothenate IP
Folic acid IP
Vitamin B12 IP
Vitamin C IP
Biotin USP

10 mg
10 mg
3 mg
100 mg
50 mg
1500 mcg
15 mcg
150 mg
100 mcg

**Composition of Evion Vit E:
Tocopheryl Acetate IP

Sodium alginate, Sucrose, Wesson's salt mixture, Choline chloride, Vitamin mixture, Cholesterol, Linoleic acid and Wheat germ oil (Table 1).
These chemical ingredients except the vitamin mixture along with Sodium alginate, Sucrose, Inositol, Linoleic acid and Wheat germ oil, were
mixed with medium made up of Agar dissolved in distilled water with
the help of a blender (make: Philips) for 30–40 s. After blending it
smoothly, the mixture was allowed to cool down between 60 and
70 °C and then other ingredients were mixed. The slurry of fresh hot
diet was poured into sterilized plastic containers, allowed to cool at
room temperature and stored in the refrigerator at 4 °C for future use.

Processing of leaf diet
Tea leaves of TV26 (Tocklai variant) clone collected from an experimental plot culturally maintained without any pesticide application by
Entomology Research Unit, Department of Zoology at University of
North Bengal Campus (26.71E and 88.35N) were used for rearing the
loopers. Leaves were surface sterilized by 1% of sodium hypochlorite solution and then thoroughly rinsed with distilled water. A 7–10 day old,
3rd leaf from the bud having 10–11 cm length and 4–5 cm width was
provided for rearing looper stage individually and for studying the
food consumption and utilization parameters in separate plastic containers (11 cm height × 12 cm diameter). The petiole of the leaf was
kept submerged in centrifuge tube (2 ml) with a hole drilled in its lid.
Large container (45 cm height × 30 cm diameter at brim) were used
for rearing loopers en mass (n = 20) with ﬁve such replicates for studying the survival rate in each container. Tea twigs bearing ﬁrst 3–4 leaves
were provided as food. The leaves were changed daily or on alternate
days depending on their moisture content and turgid condition. As the
young leaves were not present during winter season, the experiments
on tea leaves were conducted during the productive seasons of the tea

400 mg

bush covering the summer months (April to October) in subHimalayan Terai of Eastern India (North Bengal).

Rearing of the loopers
Moths of H. inﬁxaria were collected by sweep nets from the tea plantations and allowed to lay eggs. Rearing of the species on natural and artiﬁcial diets was done as described for B. suppressaria and H. talaca by
Prasad and Mukhopadhyay (2015a, 2015b). For mating purpose, freshly
emerged female and two males moths were kept coupled in each cage
that was kept towelled with plated tissue paper as oviposition substrate.
After egg laying, the eggs were removed and their surface sterilized
with the help of 0.5% formaldehyde solution, followed by thorough
washing in distilled water. The sterilized eggs were then kept in a
clean container towelled with tissue paper. After an incubation period
of six days, hatching took place. The larvae were then transferred to
the different food regimes for rearing. The rearing of the loopers was
carried out at the temperature 26 ± 1 °C, relative humidity 75 ± 5%
and L:D 13:11 h. Care was taken to avoid fast drying of diet and accumulation of water droplets inside the rearing containers during rearing of
early instars (1st and 2nd). Till 3rd instar, the unconsumed diet was removed after three days since dispensing. However, a diet cube (1 cm3)
usually got consumed by late instars at a short period before getting
dried.

Survivorship
An account of stage speciﬁc mortality (Edillo et al., 2004) of
H. inﬁxaria was recorded daily both on tea leaf and the newly formulated artiﬁcial diet.
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MC ¼ R=P

its midgut was removed. Each midgut was homogenized separately in
fresh 0.1 M sodium phosphate buffer. The homogenate was centrifuged
at 10,000 g for 15 min at 4 °C. The supernatant of this preparation was
stored at −20 °C for future use.
Amylase activity was assayed by measuring the increase in reducing
ability of buffered starch solution with 3,5-dinitro salicylic acid
(Bernfeld, 1955). The enzyme samples were incubated with 1% starch
solution (pH 7.0) at room temperature for 3 min and the reaction was
stopped by adding DNS. The absorbance was recorded at 540 nm. Amylase activity was expressed in micromoles of maltose liberated per minute per milligram of protein.
Proteolytic activity was assayed after method of Walter (1984). 1%
(w/v) casein in Tris–HCl buffer was used as the substrate. Casein in
Tris–HCl buffer (0.1 M, pH 7.8) was incubated with the enzyme for
2 h. Reaction was stopped by adding 10% TCA (trichloroacetic acid).
The reaction mixture was then ﬁltered and the optical density was measured at 273 nm. The total protease activity was expressed as micromoles of tyrosine liberated per hour per milligram of protein.
Lipase was assayed according to the method of Winkler and
Stuckmann (1979), following the release of p-nitrophenol (pNP) from
p-nitrophenyl palmitate (pNPP). The substrate was prepared by dissolving 30 mg pNPP in 10 ml of isopropanol mixed with 90 ml of 0.05 M
phosphate buffer (pH 8.0) containing 207 mg of sodium deoxycholate
and 100 mg of Gum Arabic. A 2.4 ml of freshly prepared substrate was
pre-warmed at 37 °C and incubated with enzyme extracted for
15 min. The absorbance was recorded at 410 nm. The total lipase was
expressed as nanomoles of p-nitrophenol liberated per min per milligram of protein.
Protein present in enzyme suspension was measured following the
method of Lowry et al. (1951).

PI ¼ P=As

Statistical analyses

Stage speciﬁc survivorship Si,
Si ¼

Ni
Ni−1

where, Ni is the total number of immature stage of the specimen and
Ni − 1 is the number alive in the previous stage.
%SurvivalðSÞ ¼ 100  Si

Food consumption and utilization study
Food consumption and utilization study was conducted with freshly
molted larvae. The gravimetric (dry mass) technique was used to determine the efﬁciency of conversion of ingested food (ECI), efﬁciency of
conversion of digested food (ECD), approximate digestibility (AD), relative consumption rate (RCR), relative growth rate (RGR), maintenance
cost (MC) and production index (PI) (n = 20) following the basic methodologies of Waldbauer (1968), subsequently modiﬁed by Kogan and
Cope (1974); Slansky and Scriber (1985). Drying of caterpillars and
their faecal matter was done at 50 °C until a constant weight was
attained. The indices were calculated based on the following formulae:
Production ðPÞ ¼ Final body weight  initial body weight
Assimilation ðAsÞ ¼ Food consumed ðCÞ  Faecal matter ð FÞ
Respiration ðRÞ ¼ As  P

AD ¼

As
 100
C

ECI ¼

P
 100
C

ECD ¼

P
 100
As

RCR ¼

C
mean of the body weight of a stage  feeding period ðin hoursÞ

All statistical analyses were done using computer software InStat
(version 3.06; www.graphpad.com), Origin (version 5.0 www.
originlab.com) and SPSS (IBM SPSS 20). The signiﬁcant difference between means was calculated by ANOVA, using LSD for three treatments
and unpaired t-test for two treatments at p ≤ 0.05. Welch's correction
was applied wherever the standard deviations were found to be significantly different. Mann–Whitney test was done if data did not pass the
normality test. Data was processed by Microsoft Excel for graphical
representation.
Results

P
RGR ¼
mean of the body weight of a stage  feeding period ðin hoursÞ

Midgut enzyme analyses
Extraction of enzymes was done from laboratory-reared 5th instar
larvae of H. inﬁxaria starved for 8 h to clear gut (n = 10). Each larva
was dissected in ice-cold 0.1 M sodium phosphate buffer, pH 7.0 and

Initially, H. inﬁxaria was reared on the diet formulated for H. talaca.
As the adults emerged from rearing on the said diet were deformed
with crippled wings and the eggs laid were not viable, the diet was further modiﬁed by adding linseed oil and vitamin E. On this modiﬁed diet
no deformities in adult wing were observed. The early instars (up to 3rd)
could be reared on diet of H. talaca. However, 4th instar onwards, the larvae were switched over to the diet modiﬁed for H. inﬁxaria. The life cycle
study along with nutritional indices of H. inﬁxaria were compared on

Table 2
Comparative account of some life-cycle parameters of Hyposidra inﬁxaria, reared on natural (tea) and artiﬁcial (ADHi & ADHt) diets (mean ± SE) (n = 20).
Life cycle para-meters

Total developmental period (days)

Survival (%)⁎

Adult emergence (%)

Sex ratio (male:female)

Tea
ADHi
ADHt
p Value
df
F value

36.5 ± 0.27a
31.7 ± 0.4b
33.8 ± 0.33c
b0.0001
59
49.853

23.00
39.00
11.5
–
–
–

87.62
90.27
79.31
–
–
–

1:0.75
1:1.875
1:0.54
–
–
–

Means followed by different letter in the column are signiﬁcantly different (ANOVA at p ≤ 0.05, using LSD test).
⁎ n = 100 for survival study.

Pupal weight (in g)
Male

Female

0.159 ± 0.003a
0.16 ± 0.006a
0.14 ± 0.003b
0.001
59
7.993

0.27 ± 0.009a
0.28 ± 0.008a
0.23 ± 0.007b
b0.0001
59
10.025
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Table 3
Comparative account of some life-cycle parameters of Hyposidra inﬁxaria, reared on natural (tea) and artiﬁcial (ADHi) diets (mean ± SE) (n = 20).
Life cycle parameters

Fecundity (eggs/female)

Adult weight (in g)
Male

a

Tea
ADHi
p Value
df
t Value

Female
a

0.058 ± 0.003
0.065 ± 0.003a
0.1239
38
1.573

559 ± 29.49
523.5 ± 7.59a
0.2566
21
0.166

0.2 ± 0.005a
0.193 ± 0.006a
0.3682
38
0.9105

Means followed by different letter in the column are signiﬁcantly different (Student t-test
at p ≤ 0.05, Welch's correction applied wherever required).

three treatments: (i) natural diet (tea), (ii) artiﬁcial diet for H. talaca
(ADHt) and (iii) modiﬁed artiﬁcial diet formulated for H. inﬁxaria
(ADHi). Majority of the H. inﬁxaria adults emerged were deformed in
case of rearing on ADHt-diet, and could not be continued to the next
generation, so enzyme activities of H. inﬁxaria were only estimated
and compared on tea and ADHi-diet. The data presented in Tables 2, 3
and 4 represent the average value of the observations made on the performance of H. inﬁxaria in three subsequent generations both on tea and
ADHi. Whereas only a single generation data could be obtained in case
of ADHt-reared H. inﬁxaria, as the eggs laid by the females were not fertilized. The composition of both the artiﬁcial diets are furnished in
Table 1.
Development period of H. inﬁxaria was signiﬁcantly shorter on
ADHi-diet than on ADHt and tea. Pupal weight was not signiﬁcantly different on ADHi and tea, however, pupae were signiﬁcantly lighter on
ADHt-diet. While comparing fecundity and adult weight on ADHi-diet
and tea, it was found that there was no signiﬁcant difference in fecundity. Similarly adult weight was also not signiﬁcantly different on both
food regimes (Table 3). Sex ratio (male: female) was found to be
female-biased on ADHi-diet whereas on ADHt-diet and tea it was
found to be male-biased (Table 2).
While comparing the nutritional indices on two artiﬁcial diets,
ADHi-reared H. inﬁxaria performed better than ADHt-reared ones,
with signiﬁcantly lesser MC, higher PI, RGR, ECI and ECD. Similarly, comparison of these indices of H. inﬁxaria on ADHi and Tea showed better
nutritional indices on ADHi. Values of PI along with AD, ECI and ECD
were found signiﬁcantly higher on ADHi than tea excepting for MC. Interestingly RCR/h was signiﬁcantly higher on tea than on ADHi, but
RGR/h was not signiﬁcantly different in two food regimes (Table 4).
The enzyme activities were compared on ADHi and tea. Amylase activity was not found signiﬁcantly different on the said (p = 0.1321, t =
1.578, df = 18, n = 10) diets. However, activities of protease and lipase
were observed to be signiﬁcantly higher on artiﬁcial diet than on tea
(protease: p = 0.0099, t = 2.883, df = 18, n = 10 and lipase: p =
0.0027, Welch's approximate t = 3.845, df = 11, n = 10) (Fig. 1).

Fig. 1. A,B,C: Proﬁle of midgut digestive enzymes (A: Amylase, B: Protease, C: Lipase) of the
5th instar looper stage of Hyposidra inﬁxaria reared on tea-leaf (Tea) and artiﬁcial diet
(ADHi-Diet) regimes (the vertical bars indicate the mean enzyme activity and the error
bars in the graph indicate the standard error of the mean; different letters on bars in the
same graph indicate signiﬁcant difference).

Discussion
Success of formulating an optimum artiﬁcial diet for complete rearing of the old looper pest, Biston (= Buzura) suppressaria and subsequently the newly recorded geometrid pest H. talaca on tea (Prasad

and Mukhopadhyay, 2015a, 2015b), prompted the authors to develop
a similar diet for another contemporary pest of tea, H. inﬁxaria.
Although larval development of H. inﬁxaria appeared to be normal
when it was reared on artiﬁcial diet formulated for H. talaca, it was

Table 4
Nutritional and production indices of ﬁfth instars of Hyposidra inﬁxaria, reared on natural diet (tea) and artiﬁcial diet (diet) (mean ± SE) (n = 20).

Tea
ADHi
ADHt
p Value
df
F value

RCR/h

RGR/h

ECI

ECD

AD

MC

PI

0.177 ± 0.011a
0.119 ± 0.01b
0.119 ± 0.007b
b0.0001
59
21.32

0.04 ± 0.001a
0.041 ± 0.004a
0.032 ± 0.002b
0.022
59
4.08

23.19 ± 1.08a
34.61 ± 1.87b
26.85 ± 0.848c
b0.0001
59
33.08

63.76 ± 2.15a
75.66 ± 3.02b
48.85 ± 1.60c
b0.0001
59
56.56

36.75 ± 2.077a
45.98 ± 2.04b
55.72 ± 2.13c
b0.0001
59
29.98

0.585 ± 0.051a
0.335 ± 0.019b
1.089 ± 0.064c
b0.0001
59
73.48

0.638 ± 0.022a
0.787 ± 0.02b
0.489 ± 0.016c
b0.0001
59
96.31

Means followed by different letter in the column are signiﬁcantly different (ANOVA at p ≤ 0.05, using LSD test).RCR, relative consumption rate; RGR, relative growth rate; ECI, efﬁciency of
conversion of ingested food; ECD, efﬁciency of conversion of digested food; AD, approximate digestibility; MC, maintenance cost; PI, production index.
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marked by a high mortality and developmental abnormality in pupal
phase leading to deformity and few adult emergence. To overcome
this problem, the diet used for H. talaca was supplemented with linseed
oil. Holloway et al. (1991) also added linseed oil to the diet for butterﬂies to overcome the problem of extensive crippling of wings. Linseed
oil is a mixture of long-chain fatty acids, viz., α-Linolenic acid (51.9–
55.2%), Linoleic acid (14.2–17%), Oleic acid (18.5–22.6%), Palmitic acid
(7%) and Stearic acid (3.4–4.6%). It is reported that deﬁciency of
Linolenic acid in diet leads to the failure of adult emergence as well as
normal pupation in lepidopterans (Dadd, 1985). The present ﬁndings
show that satisfactory larval development in H. inﬁxaria takes place on
the diet without linseed oil supplementation, hence, the early larvae
of H. inﬁxaria could easily be reared on the said (linseed oil free) diet
up to 3rd instar. However, 4th instar onwards the larvae needed to be
reared on the diet supplemented with linseed oil for successful pupation
and higher adult emergence. While studying the dietary regimes and
preference of gypsy moth larvae from early to advanced instars,
Stockhoff (1993) observed that there was a shift in food choice from
‘high protein-low lipid’ diet to ‘high lipid-low protein’ diet. Unlike
H. inﬁxaria, its congener H. talaca had no special requirement for linseed
oil in the diet. Wheat germ oil and linoleic acid as source of fatty acid
was found adequate for supporting development of H. talaca from egg
to adult.
Various life-cycle parameters were compared by researchers to evaluate the suitability of artiﬁcial diet over natural hosts such as larval development, pupal weight, pupation, adult emergence etc. (Han et al.,
2012; Wang et al., 2013; Kim et al., 2014; Paraiso et al., 2014). They developed artiﬁcial diet for different pests in order to provide better IPM
strategies for the concerned pests. Similarly in the present study, performance of H. inﬁxaria was compared on artiﬁcial and natural diets. ADHtreared larvae showed sub-optimal growth parameters, therefore, comparison of life-cycle traits was mainly done between ADHi and teareared H. inﬁxaria. On ADHi-diet, shorter post-embryonic development
of H. inﬁxaria was observed than that on tea. Similar observation was
also available from the study of H. talaca (Prasad and Mukhopadhyay,
2015b). While comparing the sex ratio, tea diet resulted in malebiased sex ratio while ADHi-diet yielded a female-biased sex ratio, possibly implying a better nutritional quality of the formulated diet (ADHi).
Similarly, Quezada-Garcia et al. (2014) also observed that nutritional
stress caused male-biased sex ratio in eastern spruce budworm. Rearing
of H. inﬁxaria on artiﬁcial diet took less generation time with more yield
due to better survival.
Activity levels of digestive enzymes of insect midgut appear to have
an important role in the nutritional ecology of an insect. H. inﬁxaria fed
on natural and artiﬁcial (ADHi) diets showed similar amylase activity,
however higher protease and lipase activity could be observed in artiﬁcial diet-reared specimens, which implied that the basic nutrients of the
newly formulated artiﬁcial diet was getting better digested in the caterpillars (loopers) of H. inﬁxaria. The optimum nutritional support available from the newly formulated artiﬁcial diet may be the main cause
of shorter developmental period and growth of robust size of the larval
instars. As “critical weight gain” is obligatory for the last larval stage to
enter into pupation (Nijhout and Williams, 1974), a better utilization
and availability of nutrition from artiﬁcial diet possibly endowed looper
stage to attain critical weight in a shorter period than that on tea.
The formulated diet for H. inﬁxaria had all the basic nutrients present
such as carbohydrate, protein, lipid and essential elements such as vitamins and minerals. Wheatgerm is highly nutritious substance with high
content of proteins, minerals, lipids along with essential vitamins except
Ascorbic acid and a complete complement of essential and nonessential amino acids (Cohen, 2003). Dextrose acts as source of carbohydrate and casein as source of protein. Cholesterol and wheatgerm oil
provide the lipid source. Linoleic acid and linseed oil supplement essential polyunsaturated fatty acids, for normal development of adults. Cellulose powder and sodium alginate act as bulking and binding agent.
Cellulose powder along with wheatgerm provide natural ﬁbres.

171

Potassium sorbate as antimicrobial agent plays an important role in conserving diet from microbial contamination. Choline chloride is precursor
of acetylcholine esterase, therefore essential for neuro-endocrine physiology of caterpillars. Vitamins have a role as co-factor for various physiological reactions. Vitamin E is essential for reproduction in many
insects (McFarlene, 1992). Ascorbic acid is also important for normal
growth and development, particularly phytophgous insects (Nation,
2001). Sucrose has the most important role to play as phagostimulating agent (Chapman, 1998).
On artiﬁcial diets, nutritional indices showed similar trends in
H. inﬁxaria like that in H. talaca (Prasad and Mukhopadhyay, 2015b).
The RCR indicates an insect's capability to exploit food source. Moreover, this index shows the rate of feeding in insects which depends
much on water content and physicochemical properties of food
(Srinivasan and Uthamasamy, 2005). An increase in leaf toughness
(Hunter and Lechowicz, 1992) and a reduction in moisture content of
the foliage (Martin and Van't Hof, 1988) that decreased the leaf quality
of a host variety, result into a higher feeding rate and an enhanced RCR
in Lymantria dispar (Lindroth et al., 1997). A signiﬁcantly less RCR value
on a nutritionally rich diet consequently leads to a signiﬁcantly less MC
and higher PI. Comparable trends of nutritional indices in B. suppressaria
and Hyposidra spp. were evident both on artiﬁcial diet and tea (Prasad
and Mukhopadhyay, 2015a, 2015b).
The present study on H. inﬁxaria showed a reduction in larval
body mass and survival rate on natural diet. This may probably be
due to reduced values of nutritional parameters. Reduction in ECI
and ECD leads to delay in larval growth (Senthil-Nathan et al.,
2007) as was evident when H. inﬁxaria fed on natural diet. Decrease
in AD, ECI and ECD values on tea plant (natural diet) has probably
effected from an increase in the proportion of allocation of assimilated energy from growth to MC associated with detoxiﬁcation of
the ingested plant allelochemicals (de Oliveira et al., 2011). As
H. talaca and H. inﬁxaria are newly established pests of tea plant in
NE India and are possibly in the process of getting adapted to this
host since last decade, their adaptation to this new host is likely at
the cost of their poor survival as compared to the old looper species,
B. suppressaria having higher survival on tea (Prasad and
Mukhopadhyay, 2015a, 2015b) due to its long association and relatedness with tea plant for over a hundred years (Das, 1965).
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). Promulgation of revised Plant Protection Code (PPC) (Anonymous, 2014),
where only a few pesticides can be used for control of tea looper, is on
one hand a serious challenge for the conventional tea garden planters
and on the other hand warrants development of newer molecules and
alternate management strategies of loopers, such as use of newer herbal
pesticides, microbial insecticides (NPV, bacteria), pheromone or kairomone etc. It appears, preliminary testing of such anti-insect molecules
and agents can be largely facilitated with availability of consistent
disease-free looper specimens reared and produced on artiﬁcial diet.
Hence, artiﬁcial diet based-rearing technology of these serious looper
pests of tea, holds a great promise to conduct experiments for developing new management strategies over leaf-based (natural diet) rearing
facility.
Conclusion
Artiﬁcial diet-based rearing has guaranteed for the ﬁrst time production of disease-free quality specimen of H. inﬁxaria for experimentation.
Development of this rearing technology can be applicable at an industrial level dealing with bio-pesticide production or experimenting with
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non-conventional pest control measures. Expectedly, the number of
specimens surviving in each generation can further improve with addition of better infrastructure and rearing facilities.
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Summary. The looper pest Hyposidra talaca (Walker 1860) is known to cause heavy damage to tea plantations in NorthEast India, including Darjeeling Terai-Dooars, by defoliating the bushes. Laboratory rearing of this looper species resulted
in production of a healthy population under controlled conditions (aseptic) for three consecutive generations on a newly
formulated artiﬁcial diet. The performance and ﬁtness traits of the looper species were compared on natural (tea-leaf) and
artiﬁcial diets along with the quantity of its hydrolytic (amylase, protease, lipase) and detoxifying enzymes [general esterase
(GE), glutathione S-transferase (GST)] when reared on these two diets. Activity of protease on the artiﬁcial diet was
signiﬁcantly higher than that on the natural diet; however, lipase showed only marginally increased activity on the former
diet. When detoxifying enzymes such as general esterase (GE) and glutathione S-transferase (GST) were observed, they
were found to be signiﬁcantly higher on the natural diet. Such variations in the hydrolytic enzymes and detoxifying
enzymes indicated a better capacity of the looper to utilize the artiﬁcial diet than the tea-leaf diet. The ﬁnding was further
corroborated by the higher efﬁciencies (ECI and ECD) and production index (PI) that were recorded on the artiﬁcial diet,
compared to higher maintenance cost on the tea-leaf diet. The artiﬁcial diet also supported a high survival rate of H. talaca
in all generations along with higher adult emergence and fecundity. The newly designed artiﬁcial diet is a viable alternative
for mass rearing and efﬁcient production of control populations of H. talaca under sterile conditions.
Résumé. Traits de l’aptitude de la défoliatrice du thé Hyposidra talaca (Walker 1860) (Lepidoptera : Geometridae)
sur diètes naturelles et artiﬁcielles en relation avec les enzymes digestives et l’efﬁcacité alimentaire. La chenille
arpenteuse Hyposidra talaca (Walker 1860) est connue pour cause de gros dégâts par défoliation aux plantations de thé du
nord-est de l’Inde, y compris la région du Darjeeling Terai-Dooars. L’élevage de cette chenille arpenteuse a résulté dans la
production d’une population saine en conditions contrôlées (aseptique) durant trois générations successives, grâce à une
nouvelle formule de diète. Les traits d’aptitude et de performance de la chenille ont été comparées sur diètes naturelle
(feuilles de thé) et artiﬁcielles. Durant cette expérience, on a mesuré les concentrations en enzymes hydrolytiques (amylase,
protéase, lipase) et détoxiﬁantes (general esterase, GE; glutathione S-transferase, GST) en comparant les deux diètes.
L’activité de protéase sur la diète artiﬁcielle a été signiﬁcativement plus haute que sur la diète naturelle. Toutefois, la lipase
n’a montré qu’une activité marginalement augmentée dans la même situation. EN ce qui concerne les enzymes de
détoxiﬁcation comme la general esterase (GE) et la glutathione S-transferase (GST), elles ont été plus signiﬁcativement
plus actives sur la diète naturelle. De telles variations des enzymes hydrolytiques et détoxiﬁantes ont indiqué une meilleure
capacité de la chenille à utiliser la diète artiﬁcielle que la diète de feuilles de thé. Cette constatation a été conﬁrmée par une
plus grande efﬁcience (ECI et ECD) et production index (PI) enregistrée avec la diète artiﬁcielle comparée la diète de feuille
de thé, plus coûteuse. La diète artiﬁcielle a aussi supporté un taux de survie plus élevé de H. talaca dans toutes les
générations, une émergence d’adultes et une fécondité plus élevées. La diète nouvelle mise au point ici peut être une
alternative viable pour l’élevage de masse et la production de populations contrôlées de H. talaca en conditions stériles.
Keywords: tea-looper; mass-rearing; detoxifying; hydrolytic enzymes; consumption efﬁciencies

The most dominant and invasive pest of tea, Hyposidra
talaca (Walker 1860) (Lepidoptera: Geometridae) is also
known to occur on forest, shade and fruit plants. The
looper caterpillar stage of the species may occur in large
numbers on tea (> 200 per bush) and the consequential
loss due to defoliation is substantial in the Terai-Dooars
plantation in the Darjeeling foothills (Das et al. 2010). It
has been reported that a cohort of advanced stage caterpillars, normally surviving from a single clutch of eggs (n
≈ 500), may consume on an average 12,690.33 cm2 of the
*Corresponding author. Email: entoananda@gmail.com
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leaf area and 66.67 g of dry mass of tea leaves during its
development (stadium) (Prasad & Mukhopadhyay 2013).
Control of this pest by applying synthetic pesticides has
limitations due to high tolerance (Das et al. 2010) and
restricted insecticides recommended for use in tea due to
residue problems (Tea Research Association 2012). Crop
damage is largely dependent on the trophic strategy of a
pest species. Inﬂux of the species from wild plants to tea
crop (Camellia sinensis) (Das & Mukhopadhyay 2014),
overlapping broods and tolerance to common synthetic
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Abstract Complete rearing of the looper pest, Biston
(=Buzura) suppressaria (Guen.) (Lepidoptera: Geometridae)
through generations has been attempted for the first time on
artificial diet as an alternative to tea-leaf diet. A comparative
study on performance of the pest on its natural host, tea
(Camellia sinensis, O’Kuntz), and on the newly formulated
artificial diet revealed adequacy and superiority of the latter
diet. The development period of B. suppressaria was shorter
(48 days) on artificial diet, with a better survival rate than that
on tea. On artificial diet the species showed a greater effective
rearing rate with production of heavier pupae and adults.
Nutritional indices determined for advanced looper stage
tilted in favour of artificial diet as compared to that on tea with
significantly higher relative growth rate, efficiency of conversion of ingested food, efficiency of conversion of digested
food, approximate digestibility, production index and significantly lower maintenance cost.
Keywords Looper pest  Tea 
Biston (=Buzura) suppressaria  Life-cycle parameters 
Nutritional indices  Artificial diet

Introduction
Quality tea (Camellia sinensis, O’Kuntz) is a major foreign
exchange earner for India, but this foliage crop in Darjeeling foothills and plains of North East India is regularly
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infested by the major arthropod pests, such as red spider
mites, tea mosquito bugs and three major looper species.
The age old looper pest, Biston (=Buzura) suppressaria
(Guen.) (Lepidoptera: Geometridae) was known to occur in
tea of north east India since 1900 [1]. Initial migration of B.
suppressaria to the tea plantations occurred from forest
trees [2]. Recently two more looper species, Hyposidra
talaca (Walker) and Hyposidra infixaria Walker, earlier
reported to feed on forest plants and weeds from India,
Malaysia and Thailand [3, 4] have also been found to infest
tea plantations of Himalayan Terai—Dooars [5, 6]. Despite
these newly invading looper species, the occurrence of the
older looper, B. suppressaria continues in certain pockets
of the said plantations. All loopers are apt defoliators,
feeding on young tea leaves and on mature maintenance
leaves during non-availability of the former. The control of
the species of loopers is becoming increasingly difficult by
applying conventional chemical pesticides. The cost of
controlling looper pests by conventional means is increasing every year, so also the level of pesticide residues.
During the survey and sampling of many tea estates of the
Dooars region of Darjeeling foothills, it was found that on
an average about Rs. 14,000/- (US$230) per hectare is
being spent only on pesticide use per year. Crop damage is
largely dependent on the trophic strategy of a pest species.
So studies on their nutritional ecology need to be carried
out. Parra [7] described that development of artificial diet
facilitates rearing of large number of insects necessary for
studies related to integrated pest management (IPM) programs with total control and standardization of the rearedinsects. Only an artificial diet-based culture can provide
more accurate results which is not possible on natural dietbased cultures. In the present study a comparison of the
performance and survival of the looper pest, B. suppressaria on tea-leaf and an artificial diet, formulated for the
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ABSTRACT
The common defoliating pests of tea plantation responsible for the maximum yield loss are various species of loopers
(Lepidoptera: Geometridae). In terai region of Darjeeling Himalaya, looper pests such as Hyposidra talaca Walk.,
Hyposidra infixaria Walk., Buzura suppressaria Guen., are known to be dominant in tea plantation, but in the present
study, Ectropis sp., a less known looper species, collected from terai tea plantation, is described along with comparison
of its development traits as recorded in winter brood and summer brood. In summer, the developmental period was
significantly less with 1316.88±13.10 degree day units than that of winter with 1211.15±16.56 degree day units. Fecundity
was 500-600 eggs/female. Oval and light-green eggs, turned paler just before hatching. The caterpillars were light green
in early stages that turned dirty green to brown with advancement of instars. Pupae were brown with a pair of spines at
its cremaster. Adults varied in color ranging from light greenish brown to dark brown. The description and life cycle
parameters reported in this paper would help distinguishing the Ectropis sp. from other species present in a looper pest
complex of tea. The probable species of looper in question is E. bhurmitra Walker.
Key words: Ectropis, Tea plantation, Darjeeling Terai, Life-cycle parameters, Developmental traits

Ectropis sp. was found invading the tea plantations
of Darjeeling Terai. The geometrid, Ectropis Hübner
belongs to the tribe Boarmiini and is represented by
approximately 100 species around the world
(Holloway, 1993; Sato, 2007). In Borneo, four
species of Ectropis have been recorded (Holloway,
1993). From Indonesia, eight species are known
(Sato, 2007) while from Indo-Malayan and Singapore
region just one species¯Ectropis bhurmitra
(Walker, 1860) has been recorded, nevertheless the
species seems to have a broad Asia-Pacific
distribution. The first record of the species was from
Sri Lanka (type locality) and subsequently it was
recorded in India, Taiwan, the Philippines, Thailand,
Peninsular Malaysia, Borneo, Sumatra, Java,
Sulawesi, Buru, New Guinea, and the Solomon
Islands (Sato, 2007). This leaf-eating twig caterpillar,

INTRODUCTION
The common defoliating pests in subHimalayan tea plantation of the Darjeeling Terai
region, responsible for the maximum yield loss are
various species of looper caterpillars (Lepidoptera:
Geometridae) (Basu Majumdar and Ghosh 2004;
Das, et al., 2010). In some tea gardens, control of
loopers has become difficult by applying common
synthetic chemical pesticides. From time to time
certain looper species become dominant in different
plantation areas. Mostly species of loopers such as
Hyposidra talaca Walk., Hyposidra infixaria
Walk., Buzura suppressaria Guen., have become
the major threat to the planters and to tea production
(Das, et al., 2010). Host plants of the caterpillar
range from jungle trees to tea bush to weeds.
Recently, less-known looper species, named
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Tea (Camellia sinensis) is known as the queen of all beverages. India is the second
largest producer of tea in the world, but the crop is largely damaged by the defoliating
pest, Hyposidra talaca Walker (Geometridae: Lepidoptera) in the Darjeeling foothills
and plains. A study conducted under laboratory conditions on its biology and food
consumption shows that 4th and 5th instars of this looper caterpillar are the most
destructive as they feed both on young (pluckable) and maintenance tea leaves. On
an average, 25.1±1.9 (%) of 4th instar and 19.7±2.6 (%) of 5th instar caterpillars will
survive from the eggs laid by a single moth. A 4th instar looper caterpillar can eat
3.55±0.31 (cm2) of the leaf area and 0.021±0.002 (g) of weight of tea leaves in terms
of dry mass in 24 hrs. Whereas, a 5th instar caterpillar can eat 16.19±1.21 (cm2) the
leaf area and 0.084±0.007 (g) of weight of tea leaves in terms of dry mass in 24 hrs.
A female moth of looper (H. talaca), collected from the tea plantations, lays on an
average of 500 eggs. Therefore, it may be interpreted that the surviving individuals
of 4th and 5th instars will cause an overall loss of 12,690.33 cm2 of the leaf area (both
pluck-able and maintenance leaves) therefore losing a part of photosynthate content
of both pluckable leaf and maintenance leaf and a loss of 66.67 g dry mass of the
leaves. Besides direct loss from feeding, excess defoliation may cause a loss of the
photosynthesizing leaf-area; hence reduce the bush growth and its productivity in
long term.
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1. Introduction
Tea is the most common beverage of India. India is the 2nd
largest producer of tea. Most of the common people of the
north-east India depend upon this agro-industry. But tea crop
is facing large amount of loss due to pest infestation. Tea
plantations with perennial foliage are infested by about 167
insect species in the North-eastern tea growing regions of
India (Das, 1965; 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). Hyposidra talaca (Walker)
(Lepidoptera: Geometridae) is reported as one of the most
destructive defoliator of tea plantations (Basumajumdar,
2004 and Das et al., 2010). Tea plants have a rhythmic
growth pattern, dormancy and flush, coinciding with either
management practice or unfavorable environmental conditions
or a combination of both (Manivel, 1980). The permanent
leaves below the plucking surface are known as maintenance
foliage. These maintenance foliage produce photosynthates

which are supplied to other parts of a plant, which respire and
grow actively with the help of these photosynthates (Kabir,
2001). Hyposidra spp. were found prominently even during the
winter months due to lack of obligatory winter diapauses with
at least eight broods year-1 (Das et al., 2010). The invading
pest species (Hyposidra sp.), otherwise known to occur on
wild forest and fruit plants, has lately emerged as major
defoliator of tea, consuming both young and mature leaves. As
in peak season the occurrence of these loopers was about 200
individuals or more bush-1, the quantum of crop loss appeared to
be substantial (Das et al., 2010). The caterpillars of this species
prefer to feed upon the pluckable leaves. But if the pluckable
leaves are not available, they even feed on the mature leaves or
maintenance leaves, hence resulting into crop loss in terms of
pluckable leaves and the loss of photosynthetic surface in terms
of maintenance leaves. This study is an attempt to estimate the
crop loss and the loss of photosynthetic surface based on the
available information on the eco-physiology of tea, as well
as from present findings of laboratory based experiments on
© 2013 PP House
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