






 

  
14. Details of the thesis:  

 

(i) Title of the thesis: ASSESSMENT ON THE HOST PREFERENCE, BIO-

ECOLOGY OF LOOPER HYPOSIDRA TALACA (LEPIDOPTERA: 

GEOMETRIDAE) AND ITS NATURAL ENEMIES IN TEA 

ECOSYSTEM 
(ii) Department/Division/Institution where research work was done: Department 

of Entomology, Tea Research Association, North Bengal Regional 

Research and Development Centre, Nagrakata, Jalpaiguri, WB. 
(iii) Institution/University to which thesis was submitted as a part of the Ph.D. 

degree programme: University of Gour Banga, Malda, WB 

(iv) Name and designation of the thesis supervisor: Supervisor-Dr. Kaushik 

Chakraborty, Associate Professor, Zoology Department, University of 

Gour Banga (Presently Professor of Raiganj University), Joint 

Supervisor- Dr. Azariah Babu, Chief Scientist & Deputy Director of Tea 

Research Association, North Bengal Regional Research and Development 

Centre, Nagrakata, Jalpaiguri, WB. 
(v) Research problem:  Hypothesis, brief description, scientific, technological, 

socio-economic relevance and priority (limit to 1 page)  

The research work was designed on both the field and laboratory basis. Natural enemies 

included in the research plan, were not being reared as laboratory stock culture. So it was a 

big challenge of the research work to collect the natural enemies. After that, a continuous 

field survey, consultation with tea garden Filed Assistant and Labour, discussion with the 

Joint-Supervisor and reviewed the published literature the natural enemies were collected 

and further experiments were completed as per the research objectives. The specimen of 

Sycanus collaris was sent to Dr. K. Sahayaraj, Associate professor of Zoology, St, Xavier’s 

College (Autonomus), Palayamkottai- 627002, Tiruneveli, Tamil Nadu for identification. 

In the beginning Flavonoid estimation of green tea leaf was planned by using Catechin as a 

standard. But due to the unavailability and being costly standard reagent in the preliminary 

phase some problem was there for standardizing the method. After that, Quercetin was used 

as a standard for estimating the Flavonoid. 

At the starting point of the study of Varietal preference of Hyposidra talaca on the selected 

tea cultivars, the leaf was going to dry under the laboratory experimental conditions (27± 20 

C, 70-80% RH and 16:10 LD photoperiod) and taking the weight of leaf, larva and fecal 

matter of larva were not proper. The discussion with the Joint-Supervisor the methodology 

was modified and the experiment was completed. 

In case of mass rearing of the predator S. collaris and Eocanthecona furcellata, at the 

beginning different types of shade tree larvae were collected and provided as food, but the 

food was not sufficient for the predator. Then after discussion with faculty of Uttarbanga 

Krishi Viswavidyalaya, Coochbehar, WB the adult, egg and larvae of rice meal moth were 

collected. The rice meal moth then reared in laboratory and the predators were reared.  

 

(vi) What standard methods and modern procedures were used in the experimental 

work? (limit to one page) 



The artificial diet for rearing the larvae of H. talaca was prepared following the procedure 

adopted by Babu et al., (2015). 

The Flavonoid estimation was done by following the method of Akbay et al., (2003). 

(vii) Briefly describe the significant results obtained? (Not more than 3 pages) 

In the current study, carried out for two years at Banarhat TE and TRA experimental plot from 

February 2017 to January 2019. The survey was conducted on the population dynamics of the 

major tea looper H. talaca and its interaction with the ecological trophic levels of in tea ecosystem. 

In the similar way survey work was also conducted on the potential predators (S. collaris and E. 

furcellata) and parasitoid (C. ruficrus). These studies provide sequential information on the 

seasonal abundance, bio-ecology of pest and natural enemies and the impact of the abiotic factors 

like temperature (Maximum/Minimum), Rainfall and Relative Humidity were also worked out. A 

thorough information about the predatory efficiency, predatory behaviour of S. collaris and E. 

furcellata on the pest H. talaca. The current investigation also provides the evidence of the 

parasitic impact of C. ruficrus on H. talaca.  

 Studies on the seasonal abundance and bio-ecology of H. talaca and its natural enemies (S. 

collaris, E. furcellata and C. ruficrus) revealed that the population dynamics of both the 

pest and natural enemies coincides with the recurrent oscillations. The abiotic factors like 

maximum and minimum temperature, rainfall and relative humidity were found to 

influence on the population dynamics. Both the pest and natural enemies were found 

foraging on alternate hosts available adjacent to tea ecosystem.  

 Study on the biology and life table of H. talaca on tea leaf, artificial diet and shade tree 

leaf revealed that, a better survival fitness of H. talaca on artificial diet followed by tea leaf 

and shade tree leaf. The highest fecundity was observed when feeding on artificial diet.   

 Results on the study of susceptibility of H. talaca on the selected tea cultivars (TV1, TV20, 

TV16, TV22, TV26, HP12, ST520, K1/1, SNT 8 and B157) revealed that, the highest food 

consumption and growth of H. talaca were observed when feeding on TV20 (Highly 

susceptible) and lowest food consumption and growth was recorded on B157 (Moderately 

Susceptible).  

 The primary metabolites (Protein, carbohydrate, lipid and chlorophyll) of the leaves of 

selected tea cultivars (TV1, TV20, TV16, TV22, TV26, HP12, ST520, K1/1, SNT 8 and 

B157) were estimated and was found  comparatively high in the cultivars of TV20, TV1, 

K1/1 followed by other cultivars. Whereas the secondary metabolites (Phenol, flavonoid, 



alkaloid and carotenoid) were found in high quantity in B157 and HP12 compared to other 

tested cultivars.  

 The study on biology and survival rate of the predators (S. collaris and E. furcellata) on H. 

talaca and C. cephalonica indicated no significant difference on the biological parameters 

of S. collaris and E. furcellata. However, the fecundity rate was more when reared on H. 

talaca. The high mortality rate was found for first instar nymphs. Whereas, E. furcellata 

showed high fecundity when feeding on larvae of C. cephalonica.   

 The results of the life table study of S. collaris and E. furcellata revealed that, the intrinsic 

rate of natural increase “rm” as 0.062 day-1 and 0.149 day-1 while “Ro” was 252.78 and 

218.14 female offspring per adult female respectively. The gross reproductive rate (∑mx) 

was recorded as 278.98 and 244.69 while the finite rate of increase was 1.06 day-1 for both 

the predators.   

 Predatory potential of both the predators (S. collaris and E. furcellata) in a free- choice and 

no- choice conditions showed that all the stages of the predators were voraciously feeding 

on the larvae of H. talaca. The feeding potential gradually increased with the advancement 

of life stages of predators. Adult female consumed more number of larvae per day 

compared to male. The feeding potential was found to be higher in no-choice conditions 

compared to free-choice condition. 

 S. collaris and E. furcellata showed the predatory behaviour when offered a visual stimulus 

by providing different larval stages of H. talaca. Theses stimulus lead to arouse, erect 

posture and extension of antennae and rostrum of S. collaris and E. furcellata towards the 

prey.  

 Field release experiment of S. collaris revealed that, the predators get established in the 

ecosystem which was evidenced from the reduction of pest population in the released plots 

compared to the control plot. 

 C. ruficrus successfully completed its life cycle on the larvae of H. talaca. This parasitic 

wasp showed a selective preference towards 4th instar larva as a suitable host for the 

parasitism compared to 2nd and 3rd instar larvae.  

 Life table study showed that, the intrinsic rate of natural increase (rm) of C. ruficrus as 

0.203 day-1 and the net reproductive rate (Ro) was 41.11 female offspring per adult female. 



The gross reproductive rate (∑mx) was 50.09 and the finite rate of increase (λ) was 1.23 

day-1. 

 The parasitic impact of C. ruficrus has hampered the food consumption and growth of H. 

talaca. The haemocyte number and morphology of H talaca were also affected by the 

parasitic effect of C. ruficrus. 

 Study on the evaluation of the impact of pesticides on the predators and parasitoid (S. 

collaris, E. furcellata and C. ruficrus) revealed that, the commonly used pesticides like 

Thiomethoxam and Quinalphos were highly toxic followed by Emamectin benzoate, 

>Deltamethrin > Bifenthrin > Flubendiamade> Fenpyroxymate> Beauveria bassiana > 

Azadirachtin. 

(viii) In what way these results have made an original contribution to science and 

have impact 

Insect pest control in the tea ecosystem was mainly achieved by the use of synthetic pesticides 

until today. But it is known to all that use of Synthetic pesticides has negative impact on 

environment and pesticide residue in made tea which leads harmful effect on human health as well. 

The present study result revealed that among all the tested cultivars, B157 was found to be 

moderately susceptible to H. talaca, which specifies that, the attack of H. talaca on this cultivar 

would be less compared to other highly susceptible cultivars, and the management tools may use 

accordingly. The establishment of biological control strategy in management of H. talaca in tea 

field is a big challenge. The present study proved that, the predators and parasitoid can be conserve 

and augmentative field release is possible. As a part of the current study predator of S. collaris was 

mass reared in laboratory on rice meal moth and released in Kurti Tea Estate and Hope Tea Estate 

and about 39% reduction of H. talaca. The effectiveness of conventionally used pesticides were 

tested on the predators and parasitoids, which emphasis the conservation strategy of Natural 

enemies. The seasonal abundance of the predators (S. collaris and E. furcellata) and parasitoids 

(Cotesia ruficrus) concerned that the adaptation of this sustainable and environment friendly 

biological control agents are coincided with the pest population throughout the year. So that control 

of H. talaca can be easily managed by using this biological control agents described in the current 

study.  

 

(ix) Publications (in journals/along with NAAS rating as on 1.1.2021, Seminar 

proceedings, University/Institute Newsletter, Lecture delivered, Book chapter 

etc. (publications only from the thesis to be included, only those publications 

in published/accepted/proof stage will be considered, no marks will be given 

for other publications not related with thesis works) 

 

 

 



Sl 

No. 
Title Journal ISSN No. 

NAAS rating 

as on 

1.1.2021 

1 

Sarkar, S., Babu, A., Chakraborty, K. 

and Deka, B. 2019. Study on the Biology, 

Feeding Behaviour and predatory 

Potential of Sycanus collaris (Fabricius) 

(Heteroptera: Reduviidae), a new 

Predator of Hyposidra talaca (Walk.) 

(Lepidoptera: Geometridae), a major Tea 

pest andmass Rearing on Corcyra 

Cephalonica (Stainton) in Laboratory. 

International Journal of Current 

Advanced Research, 08(06):19258-

19262. 

International 

Journal of 

Current 

Advanced 

Research 

Online: 

2319-6475, 

Printed: 

2319-6505 

3.07 

2 

Sarkar, S., Babu, A., Chakraborty, K., 

Deka B, and Roy, S. 2020. Predatory 

behaviour of Eocanthecona furcellata 

(Hemiptera: Pentatomidae) feeding on 

larvae of Hyposidra talaca (Lepidoptera: 

Geometridae), a major tea pest of North 

East India. International Journal of 

Scientific Research, 9(3): 68-70. 

International 

Journal of 

Scientific 

Research 

2277 - 8179 
UGC care 

listed 

3 

Sarkar, S., Babu, A., Chakraborty, K. 

and Deka, B. 2020. Biology and life 

history of Cotesia ruficrus (Hymenoptera: 

Braconidae) a potential parasitoid of 

Hyposidra talaca (Lepidoptera: 

Geometridae) larvae, a major tea pest of 

West Bengal and Assam in India. Journal 

of Biopesticides, 13(1):79-84. 

 

Journal of 

biopesticides 

Online: 

2230-8385, 

Printed: 

0974391X 

Scopus 

indexed 

4 

Deka, B., Babu, A., Baruah, C., Sarkar, 

S., and Sharma, D. K. 2020.  Conservation 

of the tea (Camellia sinensis (L.) O. 

Kuntze) ecosystem through enhancement 

of natural enemies of pests. Asian 

Journal of Conservation Biology, 9 

(2):183-187. 

Asian Journal 

of 

Conservation 

Biology 

 

  

2278-7666 
Scopus and 

WoS indexed 

5 

Sarkar, S., Babu, A., Chakraborty, K., 

Deka B, and Roy, S. 2021. Eocanthecona 

furcellata (Wolff) (Hemiptera: 

Pentatomidae), a potential biocontrol 

agent of the black inch worm, Hyposidra 

talaca Walker (Lepidoptera: 

Geometridae) infesting tea. 

Phytoparasitica 

Electronic 

ISSN 

1876-7184 

Print ISSN 

0334-2123 

 

Impact 

factor:1.5 



Phytoparasitica, https:// doi. org/ 10. 

1007/ s12600- 021- 00888-x 

6 

Sarkar, S., Babu, A., Chakraborty, K., 

Deka, B., Kashyap, B., and Adhikary, B. 

2021. Study on varietal preference and 

nutritional indices of tea looper 

Hyposidra talaca (Lepidoptera: 

Geometridae) on ten selected tea 

varieties. International Journal of 

Tropical Insect Science, 

https://doi.org/10.1007/s42690-021-

00502-x 

International 

Journal of 

Tropical Insect 

Science 

Electronic 

ISSN: 

1742-7592 

 

Impact 

factor:1.0 

7 

Sarkar, S., Babu, A., Chakraborty, K., 

Deka B, and Roy, S. 2021. Seasonal 

abundance of Cotesia ruficrus 

(Hymenoptera: Braconidae) and its host 

tea looper, Hyposidratalaca 

(Lepidoptera: Geometridae) in tea 

ecosystem, International Journal of 

Pest Management, DOI: 

10.1080/09670874.2021.1918359. 

International 

Journal of Pest 

Management 

Print 

ISSN: 0967-

0874 Online 

ISSN: 1366-

5863 

Impact 

factor:1.9 

Seminar proceedings: 

Sl 

No. 
Status of the Seminar 

Venue Year of the Seminar 

conducted 

1 6th Biopesticide International Conference 

Amity 

University, 

Raipur 

2019 

2 35th Tocklai Conference (International) 
TTRI, Jorhat, 

Assam 
2019 

3 

National Seminar on Recent Advance in Bio- 

Science And Annual General Meeting of 

Zoological Society of Assam 

Pragjyotish 

College, 

Guwahati, 

Assam 

 

2018 

4 

 

 National Seminar on Advancement of Biology in 

21st Century 

Viswabharati 

University, 

Shantiniketan, 

West Bengal 

2020 

5 

National conference on Recent Advance in 

Crop Protection including IPM and 

Environmental Science from GLP 

Perspective. 

Hotel Le 

Palace, Chennai 
2021 

 

 



16. Professional recognition, awards, fellowships received (In a separate sheet give full 

particulars such as the agency/ organization which gave the award, purpose, the nature of 

the award, etc.).: 

 Name of the organization which gave the award: Dr. B. Vasantharaj David 

Foundation, Chennai 

 Event of the Award: National conference on Recent Advance in Crop Protection 

including IPM and Environmental Science from GLP Perspective on 17th October, 

2021 

 Purpose: Contribution to Biological Control of Insect Pest in Tea Ecosystem 

 The nature of the award: Yong Agricultural Scientist 

 



 



 



 

 



 



 



 



 



 



 

 



 

 





ASSESSMENT ON THE HOST PREFERENCE, BIO-

ECOLOGY OF LOOPER HYPOSIDRA TALACA 

(LEPIDOPTERA: GEOMETRIDAE) AND ITS 

NATURAL ENEMIES IN TEA ECOSYSTEM 
 

 

 

 

SUMAN SARKAR 

 

 

 

Registration No. 1621607 

 

Ph.D. THESIS 

2020 

 

 

 

 

UNIVERSITY OF GOUR BANGA 

MALDA, WEST BENGAL 



ASSESSMENT ON THE HOST PREFERENCE, BIO-

ECOLOGY OF LOOPER HYPOSIDRA TALACA 

(LEPIDOPTERA: GEOMETRIDAE) AND ITS 

NATURAL ENEMIES IN TEA ECOSYSTEM 

 

 

 

A THESIS PRESENTED BY 

 

SUMAN SARKAR 

 

TO 

 

 

UNIVERSITY OF GOUR BANGA 

MALDA, WEST BENGAL 

 

 

 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE AWARD OF 

DOCTOR OF PHILOSOPHY 

 

YEAR: 2020



iii | P a g e  

 

 

 

 

Dedicated to  

My Parents and Tea Industry 
 

  



iv | P a g e  

 

 

DECLARATION BY THE STUDENT 

 

I, Suman Sarkar hereby declare that I had carried out the work under the 

supervision of Dr. Kaushik Chakraborty, Associate Professor of University of Gour 

Banga (Presently in lien), Malda and joint supervision of Dr. Azariah Babu, Chief 

Scientist & Deputy Director (Research) of Tea Research Association (NBRRDC), 

Nagrakata depicted in the thesis entitled “ASSESSMENT ON THE HOST 

PREFERENCE, BIO-ECOLOGY OF LOOPER HYPOSIDRA TALACA 

(LEPIDOPTERA: GEOMETRIDAE) AND ITS NATURAL ENEMIES IN TEA 

ECOSYSTEM” submitted to university of Gour Banga, in partial fulfillment of the 

requirements for the degree of Doctor of Philosophy in the faculty . 

No part of the thesis has been submitted for the award of any other degree or 

diploma prior to this date.  

 
 

 

 

 

Date:                                                                                           (Suman Sarkar) 

            Ph.D Scholar 

Dept. of Zoology, UGB 

 

 

 

  



v | P a g e  

UNIVERSITY OF GOUR BANGA        
           Mokdumpur, Malda, West Bengal, 732103 

 

DR. KAUSHIK CHAKRABORTY 

MSc., Ph.D. 

Associate Professor (presently in lien) 

Department of Zoology 

 

 

Certificate by Supervisor 

Name of the guide. Dr. KAUSHIK CHAKRABORTY 

Department:  Zoology 

 

This is to certify that Mr. Suman Sarkar is a student of Department of Zoology of this 

Institute and has fulfilled the requirements prescribed for the Ph. D degree of the 

University of Gour Banga, Malda, West Bengal. 

The Ph. D thesis entitled, “Assessment on the host preference, bio-ecology of looper 

Hyposidra talaca (Lepidoptera: Geometridae) and its natural enemies in tea 

ecosystem” was carried out under my direct supervision. No part of the thesis was 

submitted for the award of any degree or diploma prior to this date so far my knowledge 

goes. 

 

 

 Signature 

 

 

Date:  (DR. KAUSHIK CHAKRABORTY) 

  

 

  



vi | P a g e  

 

 

 

 

 

 



vii | P a g e  

Approval of thesis 

 

The thesis entitled  

ASSESSMENT ON THE HOST PREFERENCE, BIO-ECOLOGY OF LOOPER 

HYPOSIDRA TALACA (LEPIDOPTERA: GEOMETRIDAE) AND ITS NATURAL 

ENEMIES IN TEA ECOSYSTEM  

 

 

Submitted by 

SUMAN SARKAR 

For the degree of 

 

Doctor of Philosophy 

 

UNIVERSITY OF GOUR BANGA 
MALDA, WEST BENGAL 

 

Is evaluated and approved by 

 

 

 

 

 ………………………….. ………………………….. 

 Name of the Guide Name of Thesis Examiner 

 



Acknowledgement 

viii | P a g e  

Acknowledgements 

I wish to extend my profound gratitude to the then Vice Chancellor (Dr.) Swagata 

Sen, and deepest respect to the present Honourable Vice Chancellor the Professor 

(Dr.) Chanchal Chaudhuri University of Gour Banga, Malda, West Bengal who 

provided me such kind of platform of my research work. 

I feel extremely indebted to Dr. Kaushik Chakraborty Associate Professor 

(Presently in lien) of University of Gour Banga, Malda and presently working as 

Professor Department of Zoology, Raiganj University, Raiganj, Uttar Dinajpur 

for his esteemed guidance as supervisor, keen interest, constructive criticism and 

reviewing the manuscript of the research work.  

I express my deepest gratitude to Dr. Azariah Babu, Chief Scientist and Deputy 

Director (Research) of Tea Research Association, North Bengal Regional 

Research and Development Centre, for his constant support and encouragement 

in all my endeavors as a Joint-Supervisor without which the entire work would 

have not been possible.  

I am indeed grateful to Professor Shyamapada Mandal, Dept. of Zoology of 

University of Gour Banga for his valuable advice in drafting this research work, 

suggestions for improvement during the entire research work and for providing 

necessary laboratory facilities during the progress of this work.  

I wish to express thanks to Dr. Shubhrajyoti Roy, Dr. Manaj Lama, Dr. Anjali 

Rawani and Dr. Mitali Das, Associate Professors of Zoology Department, 

University of Gour Banga for their helpful suggestions from time to time. 

Many thanks are due to the Advisory Officers of NBRRDC, Mr. Sam Verghese, 

Dr. Trina Mandal and Dr. Soumen Baisya for their encouragement and support. 

Thanks, are also due to the Scientists Dr. Bhabesh Deka, Dr. Biplab Adhikary, 

Dr. Harisadhan Malakar and Dr. Buddhadeb Das for their help in conducting 

different experiments. 

I am grateful to Mr. Tapan Talukdar and Dr. Biswapran Kashyap Technical 

officers of NBRRDC for instructing the laboratory experiments. 



Acknowledgement 

ix | P a g e  

A special thanks to Dr. Dipanjana Mazumder, Assistant Professor, Department 

of Zoology of Siliguri College and Dr. Debashri Mondal, Assistant Professor, 

Raiganj University, Uttar Dinajpur for the technical support in the 

morphological studies. 

 My sincere thanks to the Dr. K. Sahayaraj, Professor of Zoology, St, Xavier’s 

College (Autonomus), Palayamkottai, Tiruneveli, Tamil Nadu- 627002, India for 

the taxonomic identification of natural enemy, Sycanus collaris. 

I specially thank all the respected Managers and Assistant Managers of 

Banarhat, Nagrakata, Hope and Kurti Tea Estates of Dooars region for 

providing me full access to their estates and for helping in survey work.  

I would especially like to thank Mr. Sugata Barua, Mr. Bijay Lohar and Mr. 

Shyam Manger of office and laboratory attendant of NBRRDC for helping me in 

the laboratory as well as in the field experiments. 

I express my thanks to all the research scholars of NBRRDC, working with me 

during the period of 2016-2019 for their assistance and support in my study. I am 

also grateful to my friends and Ph. D batch mates of University of Gour Banga 

for their continuous support in my study. Special thanks to my friend Bijayanta 

Sircar. 

All the respected Officers and staffs of Office of the Registrar, Controller of 

examination and Finance of University of Gour Banga are greatly acknowledged 

for their help in the official formalities.  

Special thanks to Mrs. S. Vasanthakumari Babu, for her constant encouragement 

and moral support in both academically and personally. 

Finally, I offer my salutations to my beloved parents for their understanding and 

patience, without their support and prayers this study would have not been 

possible. 

 

                                                                                                      (Suman Sarkar) 

                                                                                               Ph.D Scholar 

Dept. of Zoology, UGB 



Acknowledgement 

x | P a g e  

Declaration for non-plagiarism 
 

I, Suman Sarkar, declare that:   

1. The research finding reported in this thesis, except where otherwise 

indicated is my original research.   

2. This thesis has not been submitted for any degree or examination at any 

other institution.   

3. This thesis does not contain other person’s data, pictures, graphs or other 

information, unless specifically acknowledged as being sourced from other 

persons.   

4. This thesis does not contain other persons’ writing, unless specifically 

acknowledged as being sourced from other researchers. Where other written 

sources have been quoted: 

4.1 Their words have been re-written and the general information attributed to 

them has been referenced.  

4.2 Where their exact words have been used, their writing has been placed in 

italics inside quotation marks and referenced   

5. This thesis does not contain text, graphics or tables copied and pasted from 

the work of other persons, unless specifically acknowledged, and the source 

being detailed in the thesis and in the references section. However, to make 

the thesis more comprehensive some photographs were taken from the 

internet. The sources of the photographs were acknowledged as far as 

possible.  

6. The plagiarism of the text of the thesis has been checked with URKUD 

software system, which showed around 6% similarity (Annexure VI).  

 

Date:                                                                             Suman Sarkar 
Ph.D Scholar 

Dept. of Zoology, UGB 

 



Content 

xi | P a g e  

Table of Content 

Contents Page No. 

Declaration by the student IV 

Certificate of guides V-VI 

Approval of thesis VII 

Acknowledgement VIII 

Declaration for Non-Plagiarism X 

Table of content XI 

List of figures XVIII 

List of tables XXIX 

Abbreviation XXXIII 

Synopsis XXXV 

Chapter-I- Introduction 

 

1.1 Invention of tea in India 1 

 

1.2 Biochemical components of tea 2 

 1.3 Tea cultivation and production in India 2 

 1.4 Tea cultivars developed by Tocklai Tea research Institute (TTRI)  2 

 1.5 Important insect pests of tea ecosystem 3 

 1.6 Tea black inch looper (Hyposidra talaca) 5 

 1.7 Management of H. talaca using chemical pesticides 6 

 1.8 Biological control measures 8 

 1.9 Biological control agents 9 

 1.10 Scope of the study 9 

 1.11 Objectives of the study 10 

Chapter-II- Literature Review 

 2.1 Lepidopteran pest in tea ecosystem 11 

 2.2 Biology of H. talaca on different hosts 12 

 2.3 Seasonal occurrence 13 

 2.4 Host preference of H. talaca 13 

 2.5 Feeding on different tea cultivars and extension of damage 13 

 2.6 Tea clones developed by Tea Research Association (TRA)  15 

 2.7 Biochemistry of tea leaf and defense against insect 16 

 2.8 Effect of leaf characteristics on insect feeding 19 

 2.9 Biological control agents in tea ecosystem 19 

 2.10 Seasonal abundance of Sycanus collaris and interaction with ecology  21 

 

2.11 Biology and life table of S. collaris 22 

 

2.12 Predatory efficiency of S. collaris 23 

 

2.13 Predatory behaviour of reduviid bug   23 

 

2.14 Seasonal abundance and interaction with ecology of Eocanthecona 

furcellata 

24 

 

2.15 Biology and life table of E. furcellata 24 

 

2.16 Predatory efficiency of E. furcellata 25 



Content 

xii | P a g e  

Contents Page No. 

 

2.17 Predatory behaviour of E. furcellata 26 

 

2.18 Biology of Cotesia ruficrus 26 

 

2.19 Seasonal abundance and interaction of C. ruficrus with ecology 27 

 

2.20 Parasitic impact of C. ruficrus on pest 28 

 

2.21 Effect of pesticides on natural enemies 29 

Chapter-III- Materials and methods 

 

3.1 Location of the study 32 

 

3.2 Bioecology and seasonal abundance of H. talaca, S. collaris, E. 

furcellata and C. ruficrus 

32 

 

3.3 Rearing of H. talaca on natural diet (tea leaves) and shade tree leaf 

(Acacia lenticularis) 

34 

 3.4 Rearing of H. talaca on artificial diet 35 

 3.4.1 Procedure of artificial diet 36 

 3.5 Rearing of Corcyra cephalonica 36 

 

3.6 Rearing of S. collaris and E. furcellata on larvae of H. talaca and 

C. cephalonica 

37 

 3.7 Rearing of C. ruficrus on H. talaca 38 

 3.8 Life table of H. talaca, S. collaris, E. furcellata and C. ruficrus 39 

 

3.9 Selection of tea cultivars for the present study 40 

 

3.10 Study on the food consumption and development of larvae of H. 

talaca on different tea cultivars 

41 

 

3.11 Quantitative assay of biochemical profiles of selected tea cultivars 42 

 

3.11.1 Preparation of leaf for biochemical analysis 42 

 

3.11.2 Estimation of total carbohydrate 43 

 

3.11.3 Estimation of total protein 43 

 

3.11.4 Estimation of lipid 44 

 

3.11.5 Estimation of polyphenol 44 

 

3.11.6 Estimation of total alkaloids  45 

 

3.11.7 Estimation of total flavonoid 45 

 

3.11.8 Estimation of total chlorophyll and carotenoids 46 

 

3.11.9 Individual Catechins and Caffeine by using HPLC method 46 

 

3.12 Tea Leaf biophysical characters 47 

 

3.12.1 Trichome density 47 

 

3.12.2 Leaf thickness 47 

 

3.13 Predatory efficiency of the predators S. collaris and E. furcellata 

on H. talaca 

48 

 

3.13.1 No-choice feeding 48 

 

3.13.2 Free-choice feeding 48 

 

3.14 Predatory behaviour of S. collaris and E. furcellata 48 

 

3.15 Stage specific predation of S. collaris and E. furcellata 48 

 

3.16 Mass rearing of S. collaris on larvae of C. cephalonica 49 

 

3.17 Field release of S. collaris 49 



Content 

xiii | P a g e  

Contents Page No. 

 

3.18 Parasitization on different host instar and affects food consumption 

and growth 

49 

 

3.19 Differential haemocyte count (DHC) and morphology of 

haemocytes 

49 

 

3.20 Effect of pesticides on natural enemies (S. collaris. E. furcellata 

and C. ruficrus) of H. talaca 

50 

Chapter-IV- Results 

 
4.1 Observation on climatic parameters 51 

 

4.2. Study on the bio-ecology and seasonal incidence of Hyposidra 

talaca in relation to the climatic parameters of Dooars region of 

West Bengal 

53 

 

4.2.1 Observation on bio-ecology of H. talaca 53 

 

4.2.1.1 Observations on host plant as alternative food source 53 

 

4.2.1.2 Observations on host plant for egg-laying 53 

 

4.2.2. Seasonal abundance of H. talaca during the period of observation  54 

 

4.2.2.1 Periodicity of H. talaca 54 

 

4.2.2.2 Observation of ‘trends line’ of H. talaca during the period 

of observation 

56 

 

4.2.2.3: Impact of abiotic parameters 56 

 

4.2.2.3.1  Observation and correlation value 56 

 

4.2.2.3.2 Regression analysis 59 

 

4.2.3. Study on biology and survivality of H. talaca under laboratory 

conditions 

60 

 

4.2.3.1. Biology of H. talaca on three different diets  60 

 

4.2.3.2. Survival percentage of H. talaca reared on three different 

diets 

62 

 

4.2.3.3. Life table study of H. talaca reared on three different diets 63 

 

4.3. Study on bio-ecology and seasonal abundance of S. collaris during 

the period of observation 

66 

 

4.3.1 Observation on bio-ecology of S. collaris 66 

 

4.3.2 Periodicity of S. collaris  66 

 

4.3.3. Observation of ‘trends line’ of H. talaca during the period of 

observation 

67 

 

4.3.4. Observation and correlation value  67 

 

4.3.5. Regression analysis 70 

 

4.4. Study on bio-ecology and seasonal incidence of Eocanthecona 

furcellata during the period of observation 

72 

 

4.4.1 Observation on bio-ecology of E. furcellata 72 

 

4.4.2 Periodicity of E. furcellata 72 

 

4.4.3. Observation of ‘trends line’ of E. furcellata during the period of 

observation  

74 

 

4.4.4. Observation and correlation value  74 



Content 

xiv | P a g e  

Contents Page No. 

 

4.4.5  Regression analysis  76 

 

4.5. Study on bio-ecology and seasonal incidence of Cotesia rufirus 

during the period of observation 

78 

 

4.5.1 Observation on bio-ecology of C. ruficrus  78 

 

4.5.2. Periodicity of C. ruficrus  78 

 

4.5.3 Observation of ‘trends line’ of H. talaca during the period of 

observation  

79 

 

4.5.4 Observation and correlation value  79 

 

4.5.5 Regression analysis  82 

 

4.6. Observation on the biotic interaction between the H. talaca and 

natural enemies 

84 

 

4.6.1 At Banarhat TE (L1) 84 

 

4.6.2 At TRA experimental plot (L2) 90 

 

4.7. Study on the biochemistry of tea leaves and susceptibility index of 

selected tea clones against H. talaca  

98 

 

4.7.1 Observations on the tea leaf biochemistry 98 

 

4.7.1.1. Analysis of primary metabolites 98 

 

4.7.1.1.1 Carbohydrate 98 

 

4.7.1.1.2 Protein 98 

 

4.7.1.1.3 Lipid 99 

 

4.7.1.1.4 Chlorophyll 99 

 

4.7.1.1.5 Correlation regression 99 

 

4.7.1.2. Analysis of secondary metabolites  99 

 

4.7.1.2.1 Total polyphenol  99 

 

4.7.1.2.2 Total alkaloid  100 

 

4.7.1.2.3 Total Flavonoid 100 

 

4.7.1.2.4 Carotenoids  101 

 

4.7.1.2.5 Individual Catechins and Caffeine 102 

 

4.7.1.2.6 The correlation coefficient 102 

 

4.7.1.3 Tea leaf biophysical characters 108 

 

4.7.1.4 Study on food consumption and weight gain by H. talaca on 

selected cultivars 

109 

 

4.7.1.5 Susceptible index (Status of host preference on different tea 

cultivars by H. talaca) 

111 

 

4.7.1.6 Cluster analysis 112 

 

4.8. Study on biology and life table of S. collaris 114 

 

4.8.1 Study on the biology of S. collaris on H. talaca and C. 

cephalonica  

114 

 

4.8.2 Study on life table of S. collaris reared on H. talaca  114 

 

4.8.3 Study on predatory efficiency of S. collaris on larvae of H. 

talaca 

116 

 

4.8.3.1 No-choice condition of feeding 116 



Content 

xv | P a g e  

Contents Page No. 

 

4.8.3.2 Free-choice condition of feeding 117 

 

4.8.4 Predatory behaviour of S. collaris consumption on larvae of H. 

talaca  

119 

 

4.8.5 Mass rearing of S. collaris on C. cephalonica 120 

 

4.8.6 Study on effect of pesticide on S. collaris 121 

 

4.8.7 Field release of S. collaris 122 

 

4.9. Study on biology and life table of E. furcellata   124 

 

4.9.1 Study on biology of E. furcellata on H. talaca and C. 

chephalonica  

124 

 

4.9.2 Study on life table of E. furcellata reared on H. talaca  125 

 

4.9.3 Study on predatory efficiency of E. furcellata on different stages 

of H. talaca  

126 

 

4.9.3.1 No-choice condition of feeding  127 

 

4.9.3.2. Free-choice condition of feeding  127 

 

4.9.4 Study on predatory behaviour of E. furcellata on different stages 

of H. talaca  

128 

 

4.9.5 Study of the toxic effect of pesticides on immature and mature 

stages of E. furcellata  

128 

 

4.10 Study on biology and life table of C. ruficrus on H. talaca 130 

 

4.10.1 Study on biological parameters of C. ruficrus reared on H. talaca 

larvae under laboratory conditions 

130 

 

4.10.2. Study on life table of C. ruficrus reared on larvae of H. talaca  132 

 

4.10.3 Effect of parasitism on food consumption and growth of H. 

talaca 

133 

 

4.10.4 Differential haemocyte count (DHC) and morphology of 

different haemocytes 

135 

 

4.10.5 Effect of pesticide on C. ruficrus 137 

Chapter-V- Discussion 

 

5. 1 Study on the bio-ecology and seasonal incidence of Hyposidra 

talaca in relation to the climatic parameters of Dooars region of 

West Bengal 

139 

 

5. 1.1 Observation on bio-ecology of H. talaca 139 

 

5. 1.2 Seasonal abundance of H. talaca during the period of observation 139 

 

5.1.3 Biology of H. talaca on three alternative diets 140 

 

5.1.4 Survival of H. talaca reared on three different diets 141 

 

5.1.5 Life table of H. talaca reared on three different diets: 141 

 

5.2 Seasonal abundance of S. collaris during the period of observation  142 

 

5.3 Seasonal abundance of E. furcellata during the period of 

observation  

143 

 

5.4 Seasonal abundance of C. ruficrus during the period of observation    144 

 

5.5 Interaction between S. collaris, E. furcellata, C. ruficrus and H. 

talaca 

145 



Content 

xvi | P a g e  

Contents Page No. 

 

5.6. Study on the biochemistry of tea leaves and susceptibility index of 

selected tea clones against H. talaca  

145 

 

5.6.1 Tea leaf biochemistry 145 

 

5.6.1.1 Analysis of primary metabolites 145 

 

5.6.1.2 Analysis of secondary metabolites 147 

 

5.6.1.3 Analysis of secondary metabolites using HPLC method 148 

 

5.6.2 Food consumption and susceptibility index of H. talaca on tea 

leaves 

149 

 

5.7.1 Biology of S. collaris on H. talaca and C. cephalonica 151 

 

5.7.2 Predatory efficiency of S. collaris on larvae of H. talaca 152 

 

5.7.3 Predatory behaviour of S. collaris fed on larvae of H. talaca 153 

 

5.7.4 Survival and life table of S. collaris reared on larvae of H. talaca 154 

 

5.7.5 Mass rearing of S. collaris on C. cephalonica 155 

 

5.7.6 Effect of pesticide on S. collaris 155 

 

5.7.7 Field release of S. collaris 156 

 

5.8.1 Biology of E. furcellata on H. talaca and C. cephalonica 156 

 

5.8.2 Predatory efficiency of E. furcellata on larvae of H. talaca 157 

 

5.8.3 Predatory behaviour of E. furcellata on different stages of H. 

talaca 

158 

 

5.8.4 Survival and life table of E. fuecellata reared on larvae of H. 

talaca 

159 

 

5.9.1 Effect of parasitism on food consumption and growth of H. 

talaca 

160 

 

5.9.2 Differential haemocyte count (DHC) and morphology of 

different haemocytes 

160 

 

5.9.3 Effect of pesticide on C. ruficrus 161 

 

5.9.4 Biological parameters of C. ruficrus reared on H. talaca larvae 

under laboratory conditions 

162 

 

5.9.5 Life table of C. ruficrus reared on larvae of H. talaca 163 

Chapter-VI- Summary and conclusion 164 

Bibliography 168 

Annexure-I publications from thesis A-I 

Annexure- II Seminar attended certificates Identification report A-IV 

Annexure -III CV A-VI 

Annexure –IV Identification certificate of S. collaris A-VII 

Annexure –V Certificates from TE authority A-VIII 

Annexure -VI Plagiarism report A-X 

 



List of Figures 

xvii | P a g e  

List of Figures 

No. of figure Title of figure Page No. 

Fig. 1.1 Major tea producing area: (a) throughout the world, (b) in 

India and (c) in West Bengal 
3 

Fig. 1.2 Tea plant infested by looper (H. talaca): (a) and (b) healthy tea 

bush (red circle indicates the point of interest), (c) attacked by 

looper, (d) initial stage of damage, (e and f) severe damage.   

6 

Fig. 1.3 Trends of application of insecticides in tea gardens  7 

Fig. 3.1 Location map of the study area 32 

Fig.3.2 Two study sides, (a) first location (Banarhat TE) and (b) 

second location (TRA experimental plot) 
33 

Fig.3.2.1 Pest and natural enemies in tea ecosystem: (a-b) larvae of H. 

talaca, (c) cocoons of C. ruficrus, (d) adult S. collaris, (e) 

nymph of S. collaris and (f) adult of E. furcellata 

33 

Fig. 3.3 Rearing of H. talaca: (a) tea leaves are provided for looper, (b) 

rearing condition of looper on tea leaves, (c) shade tree leaves 

are provided for looper and (d) rearing condition of looper on 

shade tree leaf covered  

34 

Fig. 3.4 Rearing of looper on artificial diet: (a) early instar of looper 

and (b) advanced instar larvae 
35 

Fig. 3.4.1 Ingredients of artificial diet: (a) fraction A, (b) fraction B, (c) 

fraction C, (d) fraction D, (e) mixture of all ingredients poured 

in a petridish and (f) prepared artificial diet 

36 

Fig. 3.5 Rearing of C. cephalonica on maize powder, (a) rearing 

condition of C. cephalonica in laboratory, (b) moths in the 

culture container, (c) the collected eggs, (d) larvae of different 

instars, (e) pupae and (f) male and female moths 

37 

Fig. 3.6 Rearing of S. collaris on (a) looper and (b) larvae of C. 

cephalonica; rearing of E. furcellata on (c) looper and (d) 

larvae of C. cephalonica 

38 

Fig. 3.7 Ten selected tea cultivars for the present study 41 

Fig. 3.8 Food consumption of looper: (a) prepared leaf disc, (b) earlier 

instar of larva fed on leaf disc and (c) advanced instar larva 

consumed total leaf disc.  

42 

Fig. 3.9 Biochemical analysis of tea leaf: (a) tea leaf powder, (b) 

estimation of chlorophyll, (c-d) estimation of alkaloid, (e) 

estimation of quercetin, (f) estimation of protein, (g) 

estimation of polyphenol, (h) estimation of carbohydrate 

46 

Fig. 3.10 Measuring of trichome density and leaf thickness 47 

Fig. 2.1.1 Host plant as alternative food source, larvae of H. talaca were 

found to feed on (a) Phyllanthus sp. (b) Ageratum conyzoides 

(c) Polyalthia longifolia 

53 

Fig. 2.1.2 Egg-laying of H. talaca on alternative hosts, (a) During egg 

laying on mango tree, (b) Egg clutches on mango tree, (c) 

Mating of male and female on Bakain tree, (d) Egg clutches on 

Bakain tree bark. 

54 



List of Figures 

xviii | P a g e  

No. of figure Title of figure Page No. 

Fig. 2.2.1.1 Seasonal abundance of H. talaca and the trends line (in dotted 

line) suggesting the prediction of the incidence of H. talaca 

during 2017-2018 for both the study locations 

55 

Fig. 2.2.1.2 Seasonal abundance of H. talaca and the trends line (in dotted 

line) suggesting the prediction of the incidence of H. talaca 

during 2018-2019 for both the study locations 

56 

Fig. 2.2.3.1 Regression line representing relationship between abiotic 

factors and population abundance of H. talaca for the 

season 2017-2018 at Banarhat TE 

57 

Fig. 2.2.3.2 Regression line representing relationship between abiotic 

factors and population abundance of H. talaca for the 

season 2017-2018 at TRA experimental plot. 

58 

Fig. 2.2.3.3 Regression line representing relationship between abiotic 

factors and population abundance of H. talaca for the 

season 2018-2019 at Banarhat 

58 

Fig. 2.2.3.4 Regression line representing relationship between abiotic 

factors and population abundance of H. talaca for the 

season 2018-2019 at TRA experimental plot. 

59 

Fig. 2.3.1 Stages of life cycle of H. talaca: (a) clutches of eggs, (b) 

newly hatched1
st
 instar larvae, (c) 2

nd
 instar larvae, (d) 3

rd
 

instar larva, (e) 4
th

 instar larva, (f) 5
th

 instar larva, (g) male 

and female pupae and (h) mating of male and female moths. 

61 

Fig. 2.3.3 Life table of H. talaca when reared on tea leaf 64 

Fig. 2.3.4 Life table of H. talaca when reared on artificial diet 64 

Fig. 2.3.5 Life table of H. talaca when reared on shade tree leaf 65 

Fig. 3.2.1 Seasonal abundance of and the trends line (in dotted line) 

suggesting the prediction of the incidence of S. collaris 

during 2017-2018 for both the study locations 

66 

Fig. 3.2.2 Seasonal abundance and the trends line (in dotted line) 

suggesting the prediction of the incidence of S. collaris 

during 2018-2019 for both the study locations 

67 

Fig. 3.4.1 Regression line representing relationship between abiotic 

factors and population abundance of S. collaris for the 

season 2017-2018 at Banarhat TE 

68 

Fig. 3.4.2 Regression line representing relationship between abiotic 

factors and population abundance of S. collaris for the 

season 2017-2018 at TRA experimental plot 

68 

Fig. 3.4.3 Regression line representing relationship between abiotic 

factors and population abundance of S. collaris for the 

season 2018-2019 at Banarhat TE  

69 

Fig. 3.4.4 Regression line representing relationship between abiotic 

factors and population abundance of S. collaris for the 

season 2018-2019 at TRA experimental plot 

69 

Fig.4.1 Female of E. furcellata laying eggs on shade tree. 72 



List of Figures 

xix | P a g e  

No. of figure Title of figure Page No. 

Fig. 4.2.1 Seasonal abundance and the trends line (in dotted line) 

suggesting the prediction of the incidence of E. furcellata 

during 2017-2018 for both the study locations 

73 

Fig. 4.2.2 Seasonal abundance and the trends line (in dotted line) 

suggesting the prediction of the incidence of E. furcellata 

during 2018-2019 for both the study locations 

73 

Fig. 4.2.4.1 Regression line representing relationship between abiotic 

factors and population abundance of E. furcellata in the 

season of 2017-2018 at Banarhat TE 

74 

Fig. 4.2.4.2 Regression line representing relationship between abiotic 

factors and population abundance of E. furcellata in the 

season of 2017-2018 at TRA experimental plot 

75 

Fig. 4.2.4.3 Regression line representing relationship between abiotic 

factors and population abundance of C ruficrus in the 

season of 2018-2019 at Banarhat TE 

75 

Fig. 4.2.4.4 Regression line representing relationship between abiotic 

factors and population abundance of E. furcellata in the 

season of 2018-2019 at TRA experimental plot 

76 

Fig. 5.2.1 Seasonal abundance and the trends line (in dotted line) 

suggesting the prediction of the incidence of C. ruficrus 

during 2017-2018 for both the study locations 

78 

Fig. 5.2.2 Seasonal abundance and the trends line (in dotted line) 

suggesting the prediction of the incidence of C. ruficrus 

during 2018-2019 for both the study locations 

79 

Fig. 5.4.1 Regression line representing relationship between abiotic 

factors and population abundance of C. ruficrus in the 

season of 2017-2018 at Banarhat TE 

80 

Fig. 5.4.2 Regression line representing relationship between abiotic 

factors and population abundance of C. ruficrus in the 

season of 2017-2018 at TRA experimental plot 

80 

Fig. 5.4.3 Regression line representing relationship between abiotic 

factors and population abundance of C. ruficrus in the 

season of 2018-2019 at Banarhat TE 

81 

Fig. 5.4.4 Regression line representing relationship between abiotic 

factors and population abundance of C. ruficrus in the 

season of 2018-2019 at TRA experimental plot 

81 

Fig. 6.1.1 Population dynamics of S. collaris in respect to densities of 

H. talaca at Banarhat TE (2017-2018) 

84 

Fig. 6.1.2 Regression line representing relationship between 

population abundance of H. talaca and S collaris at 

Banarhat TE (2017-2018) 

85 

Fig. 6.1.3 Population dynamics of E. furcellata in respect to densities 

of H. talaca at Banarhat TE (2017-2018) 

85 

Fig. 6.1.4 Regression line representing relationship between 

population abundance of H. talaca and E. furcellata at 

Banarhat TE (2017-2018) 

86 



List of Figures 

xx | P a g e  

No. of figure Title of figure Page No. 

Fig. 6.1.5 Population dynamics of C. ruficrus in respect to densities of 

H. talaca at Banarhat TE (2017-2018) 

86 

Fig. 6.1.6 Regression line representing relationship between 

population abundance of H. talaca and C. ruficrus at 

Banarhat TE (2017-2018) 

87 

Fig. 6.1.2.1 Population dynamics of S. collaris in respect to densities of H. 

talaca at Banarhat TE (2018-2019) 
87 

Fig. 6.1.2.2 Regression line representing relationship between population 

abundance of H. talaca and S collaris at Banarhat TE (2018-

2019) 

88 

Fig. 6.1.2.3 Population dynamics of E. furcellata in respect to densities of H. 

talaca at Banarhat TE (2018-2019) 
88 

Fig. 6.1.2.4 Regression line representing relationship between population 

abundance of H. talaca and E. furcellata at Banarhat TE (2018-

2019) 

89 

Fig. 6.1.2.5 Population dynamics of C. ruficrus in respect to densities of H. 

talaca at Banarhat TE (2018-2019) 
89 

Fig. 6.1.2.6 Regression line representing relationship between population 

abundance of H. talaca and C. ruficrus at Banarhat TE (2018-

2019) 

90 

Fig. 6.2.1 Population dynamics of S. collaris in respect to densities of H. 

talaca at TRA Experimental plot (2017-2018) 
91 

Fig. 6.2.2 Regression line representing relationship between population 

abundance of H. talaca and S collaris at TRA experimental plot 

(2017-2018) 

91 

Fig. 6.2.3 Population dynamics of E. furcellata in respect to densities of H. 

talaca at TRA experimental plot (2017-2018) 
92 

Fig. 6.2.4 Regression line representing relationship between population 

abundance of H. talaca and E. furcellata at TRA experimental 

plot (2017-2018) 

92 

Fig. 6.2.5 Population dynamics of C. ruficrus in respect to densities of H. 

talaca at TRA experimental plot (2017-2018) 
93 

Fig. 6.2.6 Regression line representing relationship between population 

abundance of H. talaca and C. ruficrus at TRA experimental plot 

(2017-2018) 

93 

Fig. 6.2.2.1 Population dynamics of S. collaris in respect to densities of H. 

talaca at TRA Experimental plot (2018-2019) 
94 

Fig. 6.2.2.2 Regression line representing relationship between population 

abundance of H. talaca and S collaris at TRA experimental plot 

(2018-2019) 

94 

Fig. 6.2.2.3 Population dynamics of E. furcellata in respect to densities of H. 

talaca at TRA experimental plot (2018-2019) 
95 

Fig. 6.2.2.4 Regression line representing relationship between population 

abundance of H. talaca and E. furcellata at TRA experimental 

plot (2018-2019) 

95 

Fig. 6.2.2.5 Population dynamics of C. ruficrus in respect to densities of H. 

talaca at TRA experimental plot (2018-2019) 
95 



List of Figures 

xxi | P a g e  

No. of figure Title of figure Page No. 

Fig. 6.2.2.6 Regression line representing relationship between population 

abundance of H. talaca and C. ruficrus at TRA experimental 

plot (2018-2019) 

95 

Fig. 7.1.1.1. Standard curve of carbohydrate. 98 

Fig. 7.1.1.2. Standard curve of protein. 99 

Fig. 7.1.2.1 Standard curve of polyphenol. 100 

Fig. 7.1.2.3 Standard curve of Quercetin. 100 

Fig. 7.1.1 Regression line showing correlation between food 

consumption of H. talaca and tea leaf primary metabolites  
101 

Fig. 7.1.2 Regression line showing correlation between food 

consumption of H. talaca and tea leaf secondary metabolites 
102 

Fig. 7.1.2.6 Regression equation and correlation between food 

consumption and percentage of weight of EGC, Catechin, EC, 

EGCG, ECG, Caffeine and Gallic acid 

104 

Fig 7.1.2.7 Chromatograms of green leaf of different tea cultivars and 

catechins mixed standard 

105-108 

Fig.7.1.3 Regression line representing relationship between tea leaf 

biophysical characters and food consumption of H. talaca 

109 

Fig.7.1.4 Leaf discs fed by 2
nd

 instar larvae of H. talaca 111 

Fig.7.1.5 Leaf discs fed by 3
rd

 instar larvae of H. talaca 111 

Fig. 7.1.6 Leaf discs fed by 4
th

 instar larvae of H. talaca 112 

Fig. 7.1.7 Dendrogram based on the mean of all larval food 

consumption, body weight gain and nutritional indices of H. 

tacala fed on different tea cultivars 

113 

Fig. 8.1 Different life stages of S. collaris reared on larvae of H. 

talaca and C. cephalonica: (a) egg raft, (b) newly hatched 

nymph from egg, (c) first instar nymph, (d) second instar 

nymph, (e) third instar nymph, (f) fourth instar nymph, (g) 

fifth instar nymph and (h) adult are mating 

114 

Fig. 8.2 Survival percentage of S. collaris reared on H. talaca 115 

Fig. 8.3 Age specific survival rate (lx), fecundity (mx) and maternity 

(Xlxmx) of S. collaris on H. talaca 

116 

Fig. 8.4 Mean of predatory efficiency on all the larval instars by 

individual life stage of S.collaris in both no-choice and free- 

choice conditions 

117 

Fig. 8.5 Feeding of S. collaris: (a) group feeding of 3
rd

 instar nymph 

on looper and (b) on larvae of C. cephalonica; (c) adult 

female feeding on looper and (d) on larvae of C. 

cephalonica; (e) feeding of fourth instar nymph and (f) fifth 

instar nymph 

118 

Fig. 8.6 Condition of looper after feeding by S. collaris: (a) healthy 

looper and (b) dead looper 

119 

Fig. 8.7 Mass rearing of S. collaris 121 

Fig. 8.8 Population reduction percentage of H. talaca, in the S. 

collaris released plot 

123 

Fig. 8.9 Field release of S. collaris: (a) at Kurti TE and (b) Hope TE 123 



List of Figures 

xxii | P a g e  

No. of figure Title of figure Page No. 

Fig. 9.1 Life stages of E. furcellata: (a) egg; nymphal stages of (b) first 

instar, (c) second instar, (d) third instar, (e) fourth instar, (f) fifth 

instar; (g) adult male and (h) adult female 

125 

Fig. 9.2 Survival percentage of different life stages of E. furcellata 

when reared on larvae of H. talaca 

125 

Fig. 9.3 Age-specific survival rate (lx), age-sepcific fecundity (mx) 

and maternity (Xlxmx) of female E. furcellata feeding on 

larvae of H. talaca. 

126 

Fig. 9.3.1 Feeding E. furcellata on larvae of H. talaca: (a) group 

feeding of first instar nymph, (b) feeding of first instar 

nymph and (c) feeding of adult stink bug 

127 

Fig. 9.3.2 Mean of predatory efficiency on all the larval instars by 

individual life stage of E. furcellata in both no-choice and 

free- choice conditions  

128 

Fig. 10.1 Number of cocoon formation of C. ruficrus, adult (female 

and male) wasp emergence from a single host larva from 

different stages. Values are significant at P <0.05 (One-way 

ANOVA). 

131 

Fig. 10.2 Life stages of C. ruficrus: (a) adult C. ruficrus, (b) larvae of 

C. ruficrus emerging from host larva, (c) larvae of C. 

ruficrus forming cocoons and (d) cocoons of C. ruficrus  

132 

Fig. 10.3 Age-specific survival rate (lx), age-sepcific fecundity (mx) 

and maternity (Xlxmx) of female C. ruficrus parasitized on 

larvae of H. talaca 

133 

Fig.10.4 Food consumption (mg) of parasitized (white) and unparasitized 

(black) larvae of H.talaca. Values are significantly different at 

p<0.05 according to Tukey’s HSD test 

134 

Fig. 10.5 Body weight (mg) of parasitized (white) and unparasitized (Black 

bar) larvae of H. talaca. Values are significantly different at 

p<0.05 according to Tukey’s HSD test 

135 

Fig. 10.6 Parasitism by C. ruficrus on host larva, H. talaca: (a-c) 

larva of C. ruficrus into the body of H. talaca, (d) parasitic 

wasp made whole on the host body, (e) larvae of C. ruficrus 

emerging from the host body and (d) cocoon formation by 

the parasitic larvae   

135 

Fig. 10.7 Morphology of different haemocytes of parasitized and un-

parasitized larvae of H. talaca viz.(A) un-parasitized OE, (B) 

parasitized OE, (C) un-parasitized AD, (D) parasitized AD, (E) 

un-parasitized PR, (F) parasitized PR and GR, (G) parasitized 

GR, (H) un-parasitized PL and (I) parasitized PL. 

137 

 



List of Tables 

xxiii | P a g e  

List of Tables 

No. of tables Title of tables Page No. 

Table 1.1 Important lepidopteran pests from tea ecosystem in India 12 

Table 1.2 Alternative host plant of H. talaca in tea ecosystem (Adopted 

from Roy et al., 2017 after modification) 

14 

Table 1.3 Tea varieties (Clones) released by Tocklai Tea Research 

Institute under TV series (Year of releases is in the 

parenthesis) (Adopted from Barman, 2011) 

16 

Table 1.4 Tea varieties (Clones) released by Tocklai Tea Research 

Institute under garden series (Adopted from Barman, 2011) 

16 

Table 1.5 Species of C. ruficrus parasitized on pests associated with 

agriculture 

28 

Table 2.4 Ingredients of artificial diet 35 

Table 2.9 Selected tea cultivars for the experiment 40 

Table 4.1.1 Climatic factors observed during first season (2017-2018) at 

both the study locations 

51 

Table 4.1.2 Climatic factors observed during second season (2018-2019) 

at both the study locations 

51 

Table 4.2.3.1 Correlation between H. talaca populations and agro-climatic 

conditions of L1 and L2 

59 

Table 4.2.3.2 Regression equation between H. talaca populations and 

climatic factors of both the locations 

60 

Table 4.2.3.3 Biology of H. talaca reared on three different diets 62 

Table 4.2.3.4 Survivality (%) of H. talaca on three alternative dietary 

sources 

63 

Table 4.2.3.5 Life table parameters of H. talaca feeding on three different 

diets 

65 

Table 4.3.4 Correlation between S. collaris population with climatic 

factors of both locations 

70 

Table 4.3.5 Regression equation between S. collaris populations and 

climatic factors of both the locations 

71 

Table 4.2.4 Correlation between E. furcellata populations with climatic 

factors of both locations 

76 

Table 4.2.5 Regression equation between E. furcellata populations and 

climatic factors of both the locations 

77 

Table 5.4 Correlation between C. ruficrus populations with climatic 

factors of both locations 

82 

Table 5.6 Regression equation between C. ruficrus populations and 

climatic factors of both the locations 

83 

Table 6.3 Correlation between the population dynamics of H. talaca 

and its natural enemies 

97 

Table 6.4 Regression equations between the population dynamics of H. 

talaca and its natural enemies 

97 

Table 7.1 Quantitative estimation of tea leaf primary and secondary 

metabolites 

101 

Table 7.1.2.6 Correlation between food consumption of H. talaca and 

biochemical compositions tea leaves 

103 

 

 



List of Tables 

xxiv | P a g e  

No. of tables Title of tables Page No. 

Table 7.1.2.7 percentage of weight of EGC, Catechin, EC, EGCG, ECG, 

Caffeine and Gallic acid 
103 

Table 7.1.2.8 Regression equation and correlation between food consumption 

and percentage of weight of EGC, Catechin, EC, EGCG, ECG, 

Caffeine and Gallic acid 

104 

Title 7.1.3 biophysical characters of tea leaf 109 

Table 7.1.4: Regression equation and correlation between food consumption 

of H. talaca and leaf biophysical characters 
109 

Table 7.1.5: Food consumption of H. talaca on tea leaves 110 

Table 7.1.6 Susceptible index (Status of host preference on different tea 

cultivars by H. talaca) 
112 

Table 8.1 Biology of S. collaris on H. talaca and Corcyra cephalonica 114 

Table 8.2: Life table parameters of S. collaris reared on larvae of H. 

talaca.  
116 

Table 8.3 Predatory efficiency of S. collaris on different larval stages of 

H. talaca in No-choice feeding condition 
117 

Table 8.4 Predatory efficiency of S. collaris on different larval stages of 

H. talaca in Free-choice feeding condition 
118 

Table 8.5 Predatory behaviour of S. collaris, feeding on larvae of H. 

talaca 
120 

Table 8.6 Percentage of surviving of S. collaris reared on alternative host 

C. cephalonica 
120 

Table 8.7 Toxicity of certain common used pesticides on both mature and 

immature stages of S. collaris 
122 

Table 8.8 Assessment of population of H. talaca in both released and 

control plots before and after release of S. collaris 
123 

Table 9.1 Biology of E. furcellata on H. talaca and C. chephalonica 124 

Table 9.2 Life table parameter of E. furcellata reared on H. talaca 126 

Table 9.3.1 predatory efficiency of E. furcellata on different stages of H. 

talaca in No-choice condition 
128 

Table 9.3.2 Predatory efficiency of E. furcellata on different stages of 

H.talaca in Free-choice condition 
128 

Table 9.3.3 Predatory behaviour of E. furcellata feeding of different larval 

instars of H. talaca 
129 

Table 9.4 Effect of certain common used pesticides on nymph and larvae 

of E. furcellata 
130 

Table 10.1 Biology of C. ruficrus parasitized on larvae of H. talaca 131 

Table 10.2 Survival percentage of C. ruficrus reared on H. talaca 132 

Table 10.3 Life table of C. ruficrus reared on H. talaca 133 

Table 10.4 Parasitic impact of C. ruficrus on food consumption of host 

larvae (H. talaca) 
134 

Table 10.5 Parasitic impact of C. ruficrus on weight gain of host larvae (H. 

talaca) 
134 

Table 10.6 Percentage of different haemocytes of normal and parasitized 

H. talaca 
136 

Table 10.7 Morphological analysis of different haemocytes of normal and 

parasitized H. talaca 
136 

Table 10.8 Effect of commonly used pesticides on C. ruficrus 138 

 



Abbreviations 

xxv | P a g e  

Abbreviations 

ABBREVIATIONS ELABORATIONS 

%  Percent 

0 
C Degree centigrade 

AD Approximate digestibility 

AD Adipohemocytes 

BSA Bovine serum albumin 

CIB  Central Insecticide Board 

Cm Centimeter 

CuSO4 Copper sulphate 

DHC Differential haemocyte count 

DPX Dibutylphthalate Polystyrene Xylene 

Dt Doubling time 

EC epicatechin  

EC Emulsifiable concentrate 

ECD Efficiency of conversion of digested food 

ECG epicatechin-3-gallate  

ECI Efficiency of conversion of ingested food 

EDTA  Ethylenediaminetetraacetic acid 

EGC Epigallocatechin  

EGCG Epigallocatechin-3-gallate 

ETL Economic threshold level 

GR Granulocytes 

H2SO4 Sulphuric acid 

Ha Hectare 

Hcl Hydrochloric acid 

IPM Integrated pest management 

IPM Integrated pest management 

ISO International Organization for Standardization 

M Meter 

M kg Million Kg 



Abbreviations 

xxvi | P a g e  

ABBREVIATIONS ELABORATIONS 

Mg Miligram 

MRL Maximum residue level 

N Normal 

NPV Nuclear polyhedrosis viruses 

OD Optical density 

 OE Oenocytoids 

P  Parasitized 

pH Potential of hydrogen 

PL Plasmatocytes 

PR Prohemocytes 

 R0 Net reproductive rate 

rc Innate capacity for increase 

RCR Relative consumption rate 

RF Rain fall 

RGR Relative growth rate 

RH Average relative humidity 

rm Intrinsic rate of increase 

SC Suspension concentrate 

SD Standard deviation 

SG Soluble granule 

T Corrected generation time 

T. Max Maximum temperature  

T. Min Minimum temperature 

Tc Mean generation time 

TE Tea Estate  

TV Tocklai Vegetative 

UP Unparasitized 

WG Wettable granule 

Wm Weekly multiplication of population 

μg Microgram 

μl Microlitre 



Synopsis 

xxvii | P a g e  

Synopsys of the thesis  

 

ASSESSMENT ON THE HOST PREFERENCE, BIO-

ECOLOGY OF LOOPER HYPOSIDRA TALACA 

(LEPIDOPTERA: GEOMETRIDAE) AND ITS NATURAL 

ENEMIES IN TEA ECOSYSTEM 

 
Introduction: Tea of genus Camellia is the most important economic crop species with 

wide genetic variability and high outbreeding potentiality (Mondal et al., 2001). The tea 

plantation is composed of heterogeneous population of various tea clones. The chemistry 

of tea leaves as well as the flavor and fragrance of the ‘end product’ vary in different tea 

clones and thus have alterable market value (Sabhapondit et al., 2012).  

Colonization of insect pests on tea host plant is preferably guided by both leaf primary and 

secondary metabolites (Fraenkel, 1959). Secondary metabolites modulate insect behaviour 

and offer resistance to tea plant from insect herbivory (Harborne, 1993). Polyphenol in 

plant play a crucial role in defense against insects (Agrawal et al., 2012). Green tea 

contains comparatively high level of polyphenol (Gramza et al., 2005). The clones have 

variable amount of polyphenols with alterable range of resistance to insect pest attack 

(Hazarika et al., 2011). Tocklai Experimental Station had released more than thirty tea 

clones under Tocklai Vegetative (TV) series, some of that are considered as ‘yield 

potential clones’ like TV20 and some of that are ‘quality clones’ with ‘good’ biochemical 

properties like TV1 (Baruah et al., 2011). Extent of damage by tea herbivorous pests’ vary 

differentially in respect of tea clones (Ahmed, 2012). The larval growth, development and 

survival of lepidopteran insects Hyposidra talaca and H. infixaria be influenced by the 

quality of tea clones they consume (Basumajumder et al., 2010). Selection and cultivation 

of proper tea clone is found economically judicious to check insect pest menace with least 

toxic insecticide input (Zhang et al., 1992).  

Further, injudicious application of synthetic chemical pesticides imbalances the integrity 

of tea-ecosystem. Insecticidal application upsets both the incidence and abundance of field 

natural enemy population which ultimately is detrimental to the sustainability to tea-

ecosystem. Accumulation of toxic insecticides in the produce due to ‘bio-magnification’ 

restricts the marketability (Mochizuki, 1994).  
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Augmentation of natural enemies to check H. talaca incidence is appreciated under 

modern IPM practices (Steinkraus et al., 1994). Adoption of such practice and proper 

choice of tea clone as a part of modern Tea-IPM can minimize the overreliance on 

chemical insecticide (Kogan, 1998).  

Review of literature:  

Lepidopteran pests in tea: In tea ecosystem most of the insect pests are seasonal while 

some are perennial. Hazarika et al., (2009) had reported that more than 1000 insect species 

ravages tea field. Sayanal et al., (2012) from West Bengal had noted 580 moth species 

from Dooars but with superficial documentation. Grossly Lepidopteran species like 

Buzurasuppressaria (Guen.), Hyposidra talaca, H. infixaria, Ascotis sp. and Ectropissp. 

cause about 11-55% tea plant damage (Gurusubramanian, et al., 2008). In India B. 

suppressaria, affects both the quality and quantity of tea production (Hazarika et al., 

2009). H. talaca (Walk.) and H. infixaria (Walk.) renders havoc damage (Nair et al., 

2008). Among these, H. talaca (Walker) has been considered as major defoliator pest of 

tea in Northern tea growing parts of West Bengal (Basumajumder et al., 2004).  

Incidence of H. talaca in tea agro-climatic condition: In 2006, about 60,000 ha. of tea 

plantations was infested by H. talaca (Walk.) in the Terai and Dooars region of Northern 

part of West Bengal with extended severity in 2008 (Sinu et al., 2011). H. talaca, had 

covered about eight broods in a year. 4th and 5th instar of H. talaca consumes on young 

pluckable leaves and makes it crucial to protect the tea cultivations (Antony et al., 2012). 

Alterable temperature, fluctuating rain-fall and aggravated drought influence the extent of 

abundance of H. talaca (Intachat et al., 2001). Das et al., (2010) had reported that H. 

talaca were found to defoliate tea leaves notably in monsoon season and even during the 

winter months in absence of obligatory winter diapause.  

The tea leaf biochemistry and clonal preference of tea caterpillar: Bordoloi et al., 

(2011) had evaluated the Tocklai tea clones by comparing the crop yield, pruning litters 

and catechin profile. Tea contains huge amount of catechin component, a group of very 

active flavonoid. The total catechin contents in green leaf of different clones varies 

considerably in quantity (Bhuyan et al., 2009). Different green tea leaves contains 

approximately 80–360 mg g−1of polyphenols which influence the tea quality (Gupta et 

al., 2002).Black tea contains very high variation in catechin composition (Marles et al., 

2003). Basumajumder et al., (2010) has studied bio-ecology of H. infixria on four tea 
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clone namely TV1, TV9, TV25 and Teen ali 17. Out of these, H. infixria consumed 

significantly higher on TV25.  

Plants employ secondary metabolites to protect from herbivorous insects by altering 

feeding and ovipositon behaviour of insects (Karban et al., 1997 and Howe et al., 2008). 

Secondary metabolites like phenolics, terpenes, steroids and alkaloids provide adaptive 

fitness to plant against herbivours insects (Bourgaud et al., 2001). Secondary metabolites 

of tea plants also repels the insect pests (Howe et al. 2008).  

The natural enemies in tea ecosystem and its augmentation: Faunal diversity in tea-

ecosystem shows a mosaic structure with mutualistic and/or parasitic relationship (Han, 

2000). The intensity of pest infestation is in consonance with natural enemies. About 33 

species of Hymenopteran parasitoids were recorded in the hilly tracks of Darjeeling (Das 

et al., 2010). In Dooars and Darjeeling hilly region, parasitoid population encompassing 

family Braconidae, Ichneumonidae, Eulophidae was noted and it shared 20.63-22.8% of 

natural enemy population (Mukhopadhyay et al., 2007). Augmentation of different species 

of Hymenopteran parasitoid in tea ecosystem suppresses the looper population under 

improved IPM programme (Stiling et al., 2005).  

Insecticide stress on insect natural enemy population of H. talaca: Instantaneous 

control of H. talaca is only relied upon impounding application of newer brands of 

chemical insecticides. But it aggravates the incidence of field insect natural enemies also 

(Sannigrahi et al., 2003). Contrary to this, application of bio-pesticide has no advertent 

report on the prey consumption by natural enemies as evicted from the experiment related 

to the feeding potentiality of Mallada desjardinsi on tea red spider mite (Vasanthakumar 

et al., 2011). Study on the bio-ecology of H. talaca in relation field natural enemy 

population is thus prioritized under modern tea-IPM system. Biochemical evaluation to 

identify resistant tea clones is found prudent to check H. talaca menace with least input of 

toxic of synthetic insecticides. Stress of insecticides to the insect pest and natural enemies 

have to be worked out. In this contemplation following objectives are forwarded:  

Objectives of the study:  

To study the bio-ecology and seasonal incidence of Hyposidra talaca, in relation to 

agro-climatic conditions at Dooars region of West Bengal.  
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To study on the biochemistry and susceptibility index of selected tea clones against H. 

talaca.  

To assess on the bio-ecology and seasonal incidence of selected insect natural enemy 

in relation to the incidence of H. talaca and agro-climatic conditions of Dooars.  

To evaluate stage specific effectiveness of natural enemy on H. talaca.  

To assess the insecticide stress on natural enemy population of H. talaca.  

Materials and Methods:  

Location of the study area: Two conventionally operated Tea Estate (TE) is primarily 

selected as study area in the district of Jalpaiguri of West Bengal. Both the areas aerially 

separated by about 25 Km.  

i. Banarhat T. E (26.78814°N 89.0408°E)  

ii. TRA experimental plot (26°54′0″N 88°58′0″E).  

To study on the bio-ecology and seasonal incidence of H. talaca: Population of H. 

talaca will be assessed at 15 days interval (Puja et al., 2016). Meteorological data during 

the period of study will accordingly be recorded periodically.  

To study on Life table of H. talaca: Life table construction of H. talaca using (a) suitable 

tea clone (b) alternate host and (c) artificial diet under laboratory conditions will be done 

considering the following parameters: (i) intrinsic rate of natural increase,(ii) age specific 

survival rate, (iii) age specific fecundity,(iv) gross reproductive rate,(v) mean generation 

rate,(vi) mean generation time, (vii) finite rate of increase and (viii) doubling time will be 

worked out following the methods as delineated by Deevey (1947), Brich (1948) and 

Southwood (1983), Mackauer (1983) with suitable modification.  

To evaluate the biochemistry and susceptibility index of tea clones based on the 

feeding preference of H. talaca:  

Assessment on tea-plant biochemistry: Biochemical profiling includes the assessment of 

(i) total carbohydrate (Hedge et al. 1962), (ii) total protein (Lowry, 1951 and Ferreira et 

al., 2002), (iii) total lipid (Bligh et al. 1959 and Kinght et al. 1972), (iv) total phenol 
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(Mallick et al. 1980), (v) total alkaloid (Harborne, 1973) and (vi) total flavonoid (Park et 

al., 2008). As and when required necessary modification of the methods will be done.  

Assessment on susceptibility index: 10 tea clones preferably (TV1, TV20, TV16, TV22, 

TV26, HP12, ST520, K1/1, SNT 8 and B157) will be selected from Tea Research 

Association, Nagrakata. Fresh leaves of about same age from each clone will be given to 

larvae for feeding. The food consumption at 24h interval will be calculated for different 

selected clones and susceptibility index will be worked out accordingly (Henrich et al., 

1985 and Shah et al., 2008).  

To assess the bio-ecology and seasonal incidence of natural enemy in relation to agro-

climatic conditions of Dooars: Population of natural enemy will be assessed at 15 days 

interval (Puja et al., 2016). Meteorological data during the period of study will 

accordingly be recorded periodically.  

To study on life table: Life table of natural enemy will be constructed based on the 

standard protocol as developed by Deevey (1947), Brich (1948), Southwood (1983) and 

Mackauer (1983).  

To evaluate stage specific effectiveness of natural enemy on H. talaca: Larvae will be 

laboratory reared and all of the larval growth stages except 1st instar will be put separately 

into a glass chimney (10cmX 25cm) and a pair of natural enemies will be released to each 

chimney to determine the stage specific effectiveness and mode of attack.  

To assess the insecticide stress on natural enemy population Effect of certain 

commonly used pesticides of both synthetic and of biological origin on natural enemies 

will be experimented under laboratory condition.  

Representation of data: Data will be analyzed with the help of Microsoft Excel 

Worksheet statistics, SPSS software. Analysis of variance (ANOVA) and Tukey test 

(Tukey, 2002) will be carried out.  

Expected outcomes:  

In consideration of the bio-ecology of H. talaca: Complete life cycle of H. talaca, 

will be worked out with descriptive observation on all of the stages of life cycle and 

accordingly life table will be prepared. Seasonal abundance in relation to tea-crop 
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phenology will be worked out. A correlation matrix will accordingly prepared on H. 

talaca incidence in relation to agro-climatic condition. 

In consideration of the biochemistry and susceptibility index of tea clones: The 

susceptibility index of the selected tea clones will be worked out. Adoption of the 

proper tea-clone with least amount of toxic chemical insecticide can thus be 

forwarded as a part of tea-IPM for adoption. 

In consideration of study on effective natural enemies of H. talaca: Species 

abundance, species richness, seasonal abundance of specific natural enemies and 

exploration of life stage specific effectiveness of natural enemy can be also utilized 

in IPM in tea.  
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INTRODUCTION 

1.1 Invention of tea in India: Tea is commonly known as non-alcoholic instigating 

beverage throughout the world and ranked immediately after water in consideration of the 

consumption amount. Characteristic aroma and distinguished flavour together with the 

potential health benefits, tea is consumed by people from time immemorial. Historically, 

China first relished the taste of tea and it has come in India with hands of British. The 

word ―Tea‖ is derived from ‗t’e’, the dialect of Chinese Fukien language and in Cantonese 

language ―Tea‖ is commonly known as Ch’a (Barua, 1989).  

Probably in 2737 BC the Chinese Emperor and renowned herbalist, Shan-Nong 

was sitting under a tree and his servant was innocently boiling some water. At that time 

accidentally ‗few leaves‘ were fell into that boiling water and an attractant fragrant was 

sweltering out. Shan-Nong drunk the infusion, felt refreshing and energizing. After that 

this infusion ‗accidentally‘ discovered as a pleasant beverage was named as ‗tea‘ 

(Majumder, 2010).  

Robert Bruce (1823) discovered wild type of tea plant, Camellia assamica from 

upper Brahmaputra Valley of Assam on a trading mission. Subsequently, it was verified 

by Dr. Wallich, the contemporary superintendent of Botanical Garden of Calcutta. In 

1834, Lord William Bentinck, Governor-General of India, appointed a committee for 

scientific commercialization of tea in India. G.J. Gordon as the secretary of the said 

committee introduced both seeds and plants and also acquired trained workmen from 

China to the hilly area of Assam for scientific tea cultivation (Barua, 1989 and Singh, 

2006). Wight (1962) proposed the two races of tea plant viz. Camellia sinensis L. for 

China tea plant and C. assamica (Masters) for Assam tea plant. Kingdon-Ward (1950) 

advocated ‗southern form‘ of tea as Cambodiensis. Subsequently, in 1837 tea cultivation 

was started in India from seed. In 1960 the first ‗seed bari‘ was established in Cachar, 

Assam. China tea plant is about 1-3m tall, big shrub in shape and nature. Leaves are hard, 

thick and leathery with indistinct marginal vein, young leaves are garnet-brown through ox 

blood to purple in colour. Assam tea, on the other hand, is 10-15m tall like a small tree 

with a trunk and robust branch system. Leaves are thin, glossy with apex and distinct 

marginal veins, leaf blade usually broadly ellipted. Flowers single or in pairs, in which 

pedicels of three caucous bracteoles. 
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1.2 Biochemical components of tea: Based on the processing of green leaves, tea is of 

different types namely viz.‗green tea‘, ‗black tea‘ and ‗oolong tea‘. Green tea contains 

catechins viz. (−)-epigallocatechin-3-gallate (EGCG), (−)-epigallocatechin (EGC), (−)-

epicatechin-3-gallate (ECG) and (−)-epicatechin (EC) and characteristic polyphenolic 

compounds. Biochemically black tea contains theaflavins, thearubigins, polyphenols, 

amino acids, total catechins and caffeine (Kottawa-Arachchi et al., 2014). Besides, tea 

contain a rich source of flavonoids. Such chemical components perform peroxidative 

reactions, scavenge reactive oxygen species reduces their damage to lipid membranes, 

proteins and nucleic acids in cell (Balentine et al., 1997). Tea polyphenol and flavonoids 

has significant role on cardiovascular health. 

1.3 Tea cultivation and production in India: India being second highest tea producing 

country produced 1322M kg (Million Kg) in 2017-2018 from around 566000 ha tea 

planting area (Anonymus, 2018a). Warm-wet summer and a dry-cold winter is congenial 

for tea plant growth. Rainfall of more than 2000mm per year in rainy season is suitable for 

tea plant growth and development. 18
0
C-32

0
C optimum ambient temperature is helpful for 

tea cultivation. Well drained sandy loam soil with the pH of 4.5 to 5.5 is required (Barua, 

1989 and Majumder, 2010). By sequential pruning cycle, the commercially cultivated tea 

plant is manipulated as a small. Different types of pruning, skiffing, plucking and tipping 

needed to the bushes in proper time for the cultivation of succulent vegetative shoots 

(Goswami, 2011 and Sharma, 2011).  

The perennial crop tea is cultivated in monoculture practice under diverse agro-

climatic conditions.  Presently, tea is globally cultivated in more than 45 countries ranging 

from 41
0
N to 16

0
S latitude (Barua, 2016a and Barua, 1989). Among the major tea 

producing countries, India is fourth in position in exporting tea during 2016-2017 

(Anonymous, 2018b). In India, more than ten states producing tea in small and large scale. 

Assam, West Bengal, Tamil Nadu and Kerala play important role tea production (Fig. 

1.1). 

1.4 Tea cultivars developed by Tocklai Tea research Institute (TTRI): TTRI released 

14 biclonal seed stock, 153 TRA (Tea Research Association) series clones, 31 TV 

(Tocklai Vegetative) clones, over last 60 years. Out of these four stocks are suitable 

forDarjeeling and other hill areas of North east India. TV clones are categorized as 

standard, yield and quality based on its performances in yield and quality. Standard clones 
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of TV1 and TV31 was released by TRA in the year of 1949 and 2006 respectively (Barua, 

1989). 

  
 

 

Fig. 1.1: Major tea producing area: (a) throughout the world, (b) in India (Source: 

http://www.google.com/url?sa=i&url=http....) and (c) in West Bengal (Source: 

Kshettry et al., 2018) 

1.5 Important insect pests of tea ecosystem: Tea, Camellia sinensis (L.) O. Kuntze, 

being a perennial monoculture crop provides relatively steady microclimate and food 

supply for arthropod communities. All of the parts of tea plant are affected by arthropod 

pest species, resulting in significant yieldloss. Globally 1031 arthropod species are found 
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in tea ecosystem, which are cannot be found all together in one country (Hazarika et al., 

2009). Arthropod spectrum in a region depends on the climatic conditions, cultivation 

tactics and age of the plant of a region (Antony at al., 2012).From the major tea growing 

area of India about 300 species of phytophagous insects and mites has been recorded (Das, 

1965). However, from North-East India and West Bengal, apparently 172 arthropod 

species are associated with tea ecosystem (Mitra et al., 2018). 

An annual loss of about 15-30%is reported collectively due to the infestation of the insect 

pest from India (Anonymous, 2018b). Thus time fitted insect pest management strategy is 

found indispensable to check the insect pest induced loss. Leaf feeder and defoliator are 

prime insect pests of tea in India.  

Infestation by the Acarine pest red spider mite, Olygonychus coffeae (Acarina: 

Tetranychidae) in tea leaves resulted in both discoloration and defoliation. Mites are 

generally smaller in size and occupies the lower surface of the mature leaves but some 

prefers the upper surface (Babu et al., 2015b).Tea thrips, Scirtothrips dorsalis (Hood), 

belongs to order Thysanoptera, attacks mainly on the buds and young leaves though 

occasionally petioles, tender stems and older leaves (Mukhopadhyay et al., 1997). During 

feeding it makes slits on upper surface of the leaves, as a result brownish discoloration of 

the leaves (Seal et al., 2010). Tea mosquito bug, Helopeltis theivora Waterhouse 

(Heteroptera: miridae) is one of the major sucking pest in most of the tea growing area. All 

of its life stages prefer to suck cell sap from buds tender stems and young leaves by 

making circular punctures of about 0.29 to2.51mmin size, resultantly changing the leaf 

colour into reddish brown (Roy et al., 2009). It causes about 10-50% of the tea leaf 

production loss in 80% tea growing area. Tea jassid Empoasca flavescens F. commonly 

known as ―greenfly‖, both adult and nymphs suck tea leaves. Occurrence of the 

lepidopteran species including Buzura suppressaria (Guen.), Hyposidra talaca, H. 

infixaria, Ascotis and Ectropis species in North- East tea ecosystem cause 11-55% crop 

loss in general (Gurusubramanian, et al., 2007 and Babu et al., 2014). In India and China 

it has been observed from the beginning of the last century that, Buzura suppressaria 

(Guen.) as the major folivor of tea, affects the quality of tea production (Hazarika et al., 

2009). 
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1.6 Tea black inch looper (Hyposidra talaca): Among all the pests associated with tea 

ecosystem, Hyposidra talaca (Walker 1860), commonly known as ―black inch‖ looper, is 

considered as one of the major tea leaf-eater, rendering serious economic loss to tea 

orchards (Fig. 1.2). This widely distributed pest is also recorded from Indonesia, Malaysia, 

Hong Kong, Taiwan, China, Thailand, Papua New Guinea and Australia (Browne, 1968). 

Like tea, H. talaca attacks cinchona (Cinchona officinalis), coffee (Coffea arabica) litchi 

(Litchi chinensis), longan (Dimocarpus longan), mango (Mangifera indica), mangosteen 

(Garcinia mangostana) Hill glory bower (Clerodendron infortunatum), Indian mahogany 

(Chukrasia tabularis), Sea derris (Derris robusta) (Sinu et al., 2011b; Basu Majumdar et 

al., 2010 and Intachat et al., 2001).  

Considerable loss to tea garden is reported from Northern part of West Bengal due 

to H. talaca infestation (Basumajumdar and Ghosh, 2004). Maximum damage by H. 

talaca takes place during pre-monsoon season. Alterable temperature, fluctuating rain-fall 

and aggravated drought influence the extent of abundance of H. talaca (Intachat et al. 

2001). The gravid female prefer the rough surface like, under the scales, cracks and 

crevices of barks of shade trees viz., Albizzia odoratissima, Albizzia lebbek, Acacia 

lenticularis, Acacia auriculiformis, Derris robusta, Lagestremia speciosa, Schima 

wallichi, Dalbergia sisso and D. assamica. The caterpillars of H. talaca migrate from 

shade trees to the tea bush and start feeding. The larva alone consumes young pluckable 

leaves. The early instars larvae prefer tender leaves, make pin holes on the leaves, and 

feed voraciously on resulting in the significant crop loss (Roy et al., 2017).The average 

duration of life cycle of H. talaca was 50-55 days during summer months and 30-39 days 

during the warmer months (April–June) (Das et al., 2010). 

Foraging behaviour, feeding performance, reproductive behaviour and egg laying 

performance of H. talaca showed healthier adaptation to tea ecosystem. Fitness traits of H. 

talaca in selecting and feeding on nutritious food and exaggerate metabolism of different 

types of host plants (forest tree, shade tree and different tea cultivars) allelochemicals 

through enhance the production and activity of detoxification enzymes are the measurable 

indicator of acclimatization in tea gardens (Prasad and Mukhopadhyay, 2015). H. talaca 

prefers and utilizes tea leaves as main host in assessment with forest tree Schima wallichii 

which reflects through giving rise the healthy larvae, pupae and moths (Das and 
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Mukhopadhyay, 2014). In winter season due to cold weather practice when tea bushes are 

pruned, larvae of H. talaca depend feed on mature leaves of tea and shade tree as well. 

 

Fig. 1.2: Tea plant infested by looper (H. talaca): (a and b) healthy tea bush, (c) 

attacked by looper (red circle indicates the point of interest), (d) initial stage of 

damage, (e and f) severe damage 

1.7 Management of H. talaca using chemical pesticides: To increase the yield 

application of pesticides of mostly used formulation of different newer brands, in tea-

gardens is found necessary (Anonymus, 2018a).A commonly used insecticide diffuses 

through the plant sap stream and spread over the entire landscape and affects both targeted 

pest and non-targeted residential tea-ecosystem biota. Such over reliance on insecticides 

guided by the supposition that synthetic agro-chemicals are generally ‗environmentally‘ 

safe has fostered overuse and led to an increase in pest resistance to treatments (Andrew 

and Cuthbertson, 2020). Consequent application of different pesticides with high dose in 

tea-ecosystem without concern to the environment to combat pest frequently that reduce 

beneficial ‗insects‘ formerly responsible to check many insect pests, while the pests 

themselves become resistant and necessitate higher amounts of ‗sprays‘ for their control in 

the subsequent turn (Jallow et al., 2017).  

A single tea bush, in average, has received more pesticide application than cotton 

during prophylactic treatment (Thapa, 2003). Other, similarly serious, long-term concerns 
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of the constructive agents within landscape may even upsurge host susceptibility to 

infestation and leads to pest outbreaks occasionally (Sivapalan, 1997). Overuse of 

insecticides result in ‗secondary pest outbreaks‘ when ‗target pest‘ species triggers 

subsequent outbreaks of other ‗non-target pest‘ species.Injudicious application of different 

class of pesticides with higher dose fuels to the development of secondary pest, destructs 

natural enemies (Fig. 1.3) (Gurusubramanian et al., 2008), adversely affects human health 

(Cranham, 1996 and Rabindra, 2012).  

 

Fig. 1.3: Trends of application of insecticides in tea gardens  

Production of ‗residue-free‘ tea is a big demand and that surges to sustainable 

organic tea cultivation. For the development of suitable IPM tools for‗eco-friendly‘ 

management of tea insect pests, rather than curative practices, as specified by International 

Federation of Organic Agriculture Movement (IFOAM), intensivestudy on tea plant 

chemical ecology andlandscape managementtogether with the  comprehensive knowledge 

on insect pest biology are immediately required (Hazarika et al., 2009).For tea industry 

limited choice to a few for which MRL have been declared by the FSSAI, European 

Union, Codex etc., impose restrictions on the use of pesticides.Though FSSAI, European 

Union and Codexhad recommended Flubendiamide 20 % WG, Emamectin Benzoate 5 % 

SG, Deltamethrin 10 EC, Bifenthrin 8% SC and Quinalphos 25 ECto check tea insect pest 

menace, adoption of such insecticides at broader scale is very restricted (Anonymous, 

2018b).  
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Further, adoption of other pest management tools and techniques in addition to the 

application of the insecticides is found crucial to manage the pest menace collectively. 

Application of plant extracts as bio-pesticides as non-chemical approach has presently 

gain momentum. Application of nuclear polyhedrosis viruses (NPV) against the 

lepidopteran insects resulted in restricted success (Babu et al., 2015b). Bacillus 

thuringiensis as entomopathogenic can suppress 50-60% H. talaca population (Khewa et 

al. 2014). Plant extract of Azadirachta indica, Polygonum hydropiper, Annona squamosa, 

Clerodendrum viscosum, Argyreia speciosa and Leucas aspera adversely affect the food 

consumption, normal growth and efficiency of conversion of ingested food compared to 

the normal larvae of H. talaca (Roy et al., 2017).Knowledge on defenders or natural 

enemies in agro-ecosystem and also information of chemical pesticides especially with 

broad-spectrum activity is indispensable. Identifying the pests, its behaviour, nature of 

damage and beneficial insects helps the farmers to aware and use appropriate toolsin pest 

management strategy. 

1.8 Biological control measures: One of the problems of the ETL is that it is based on 

parameters that are changing all the time, and that are often not known. The damage or 

losses caused by a certain density of insects cannot be predicted at all. Many other aspects 

like crop ecology, growth status, association of natural enemies, weather conditions and 

their own economic and social situation have to consider before taking the crop protection 

approach. Under modern IPM emphasis is given to natural enemies, plant compensation 

ability and abiotic factors. Ecological engineering has recently emerged pest management 

tools that rely on the use of cultural techniques to enhance biological control which save 

natural ecology (Gurr et al. 2004). 

As a consequence of effective ‗habitat manipulation‘, biological control, as an 

important tool in IPM which manage the pest population. In order to conserve natural 

enemies and non-target organisms reduction of ‗pesticide load‘ in tea gardens is required. 

The activity includes target specificity to insect pests, marginal negative impact on 

environment, less harmful effect on human health and as a whole, reduces the needless 

dependency on chemical synthetic pesticides. Natural enemies can reproduce rapidly, 

survive on alternative low host densities in IPM strategy (Landis et al., 2000).Adoption of 

non-chemical pest control practices like cultural practices, physical control, pheromonal 

control and botanical control contributes to the conserve natural enemies. 
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1.9 Biological control agents: Naturally occurring predator like Tetraponera rufonigra, 

Oxyopes sp., Robber fly, Reduviid bug, Sycanus croceovittatus and Rhynocoris 

marginatus, Pentatomid bug, Eocanthecona furcellata, Orius spp., praying mantis are still 

being explored to control the major tea pests in West Bengal (Das et al., 2010b). The 

Genus Sycanus is an effective predator (Ambrose, 1999). Further S. collaris exhibits a 

potential predatory role against larvae of H. talaca (Sarkar et al., 2019) and thus can be 

employed as an important IMP tool for management of H. talaca. However, in West 

Bengal only S. croceovittatus have been reported as effective predator (Das et al., 2010b). 

Rearing of ‗potential predator‘ and their scientific augmentation is required under modern 

tea-IPM practice. Sahayaraj, (2012) developed a rearing technique of reduviids using 

meat-based artificial diets for pest management. However, information on S. collaris as 

predator of H. talaca is scanty. Mass rearing of S. collaris under laboratory conditions is 

necessary (Sarkar et al., 2019). 

Further eleven families of Hymenopteran parasitoid species belonging to the 

family Braconidae are widely distributed in tea plantation area of Northern part of West 

Bengal. Out of the all parasitoid species, Ichneumonidae, Eulophidae, Scelionidae and 

Platygastridae shares 40% relative abundance in the northern parts of West Bengal. There 

is a significant decrease in food consumption by parasitized larvae in comparison to the 

un-parasitized ones. Growth of parasitoid Cotesia sp. (Hymenoptera: Braconidae), 

depressed larvae of H. talaca. On the other hand, Argyrophylax sp. (Diptera: Tachynidae) 

usually prefer healthy larva of lepidopteran pest leading to mortality. Development of 

parasitoid depends on the host‘s fitness, stage and physiological condition of host larvae 

(Kaiser et al., 2017). 

1.10 Scope of the study: Information related to the perpetuation of parasitoid C. ruficrus 

on H. talaca is wanting. Further behaviour of Eocanthecona furcellata (Wolff) 

(Hemiptera: Pentatomidae) and Sycanus collars (Fabricius) (Heteroptera: Reduviidae) on 

H. talaca are to be explored. 

In order to pamper the bio-rational and judicious application of synthetic pesticides 

and also to indulge the scientific argumentation of both predators and parasitoids an 

attempt has been taken to study on the management of H. talaca by its natural enemies. 
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However to employ predator for effective control of the pest, through and thoughtful 

observation on the pest life cycle is required.  

1.11 Objectives of the study: In this contemplation following objective was taken in the 

present study are 

 To study the bio-ecology and seasonal incidence of Hyposidra talaca, in relation 

to agro-climatic conditions at Dooars region of West Bengal  

 To study on the biochemistry and susceptibility index of selected tea clones 

against H. talaca  

 To assess on the bio-ecology and seasonal incidence of selected insect natural 

enemy in relation to the incidence of H. talaca and agro-climatic conditions of 

Dooars.  

 To evaluate stage specific effectiveness of natural enemy on H. talaca.  

 To assess the insecticide stress on natural enemy population of H. talaca.  
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LITERATURE REVIEW 

Tea ecosystem generates micro-environment that is conducive for shelter, food, and also 

for reproduction for a variety of arthropod populations depending on the regional agro-

climatic conditions. More than 1000 insect species are reported to adapt to the tea eco-

system (Hazarika et al., 2009). In India, considerable works on tea mite pest (Das, 1959) 

and insect pests were carried out (Watt & Mann 1903; Muraleedharan and Chen 1997 and 

Sundararaju and Sundara Babu 1999). Out of that, herbivorous lepidopteran pests are 

widely distributed globally. Apart from India, it covers Sundaland, Sulawesi, the 

Philippines, Sri Lanka, the Solomon Islands, Thailand, Taiwan, New Guinea, and a part of 

Australia and had attained economic importance (Holloway, 1993 and Singh et 

al., 2019a). In India, the lepidopterans were mainly considered as a major tea defoliator 

mostly covering the tea growing area of Assam, Meghalaya, Himachal Pradesh, 

Uttarakhand, Goa, Madhya Pradesh, and Karnataka (Basu Majumdar & Ghosh, 2004 and 

Singh et al.,2019a) (Table 1.1). An ample number of species has also been en-counted 

from hilly track of Darjeeling including the Dooars region of West Bengal (Roy et al., 

2014).  

2.1 Lepidopteran pest in tea ecosystem: Shah and Mitra (2015) had collectively enlisted 

39 species of lepidopterans from the Northern parts of West Bengal which covers 15 tea 

pests. Mitra et al., (2018), on the other hand, from the Dooars and the hilly area of 

Darjeeling of West Bengal, had reported 20 species of insect pests. Sinu et al., (2013) had 

reported lepidopteran species namely Ectropis obliqua, Ascotis sp. and Arctornis 

submarginata (Lymantridae) from Doors region of West Bengal. Three lepidopterans 

species namely Hyposidra talaca, H. infixaria and Buzura suppressaria under the family 

Geometridae render 25-55% crop loss in sub-Himalayan plains of Terai and 

the Dooars region as reported by Das et al. (2010). Before 1900, Buzura suppressaria was 

supposed to be a migratory tea pest from forest to tea-ecosystem (Das, 1965). Basu 

Majumdar and Ghosh (2004) from Terai and Dooars regions of West Bengal had enlisted 

the host range of H.talaca and H. infixaria. The most damaging larval stages of H. 

talaca and H. infixaria, is commonly known as ‗black inch looper‘. Nair et al., (2008), on 

the other hand, had reported that the larval stages of H. talaca consumed and defoliated 

the tea leaf. Apart from tea, Singh & Singh (2002) and Ahmad et al., (2003) had recorded 

that H. talaca can perpetuate of Cinchona spp. L. (Rubiaceae) and Theobroma cacaoL. 

(Sterculiaceae). From India, Sen-Sharma and Thakur, (2008) reported that H. talaca was a 

serious pest of sal (Shorea robusta Roth) forests. Shah and Mitra (2015) and Mitra et al., 

(2018) advocated that, numerically, most of the pest species belong to the family Erebidae 

followed by the family Geometridae, Zygaenidae and Torticidae. The tea growing area of 

100-150 years old has the largest number of insect pest species (Banerjee, 1983). 
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Table 1.1: Important lepidopteran pests from tea ecosystem in India 

Common English 
name 

Scientific name Family Reference 

Sandwich caterpillar Agriophora rhombata (Meyrick) Tineidae Devi et al., 2016 

Bunch caterpillar Andracta punctate (Walker) Bombycidae Danzinger, 2000. 

Red coffee borer Zeuzera coffeae(Nietner) Cossidae Devi et al., 2016. 

Nettle grubs Thosea cervina (Moore) Limacodidae Danzinger, 2000. 

Jelly grub Cheromettia apicata (More) Limacodidae Danzinger, 2000. 

Lobster caterpillar Staurops alternus(Walker Notodontidae Danzinger, 2000. 

Tea leaf roller Caloptilia theivora (Walsingham) Gracillariidae Danzinger, 2000. 

Psychidcaterpillar Clania cramerii Psychidae Hazarika et al., 2005 

Flushworm Laspeyresia leucostoma (Mayer) Eucosmidae Hazarika et al., 2005 

Bark eatingcaterpillar lndarbela theivora(Hamps) Indarbellidae Hazarika et al., 2005 

Tea tortrix Homona coffearia (Nietner) 
 

Tortricidae Danzinger, 2000. 

Tea tortrix Tortrix dinota (in Malawi) 
 

Tortricidae Danzinger, 2000. 

Tea flushworm Cydia leucostoma (Meyrick) Tortricidae Danzinger, 2000. 

Blue striped vex grub Latoia lepida  Limacodidae Katoch and Malladi, 2017 

Seat sponsored bother 
grub 

Thosea cervina Limacodidae Katoch and Malladi, 2017 

Vast Faggot worm Eumeta crameri Psychidae Katoch and Malladi, 2017 

- Creatonotos transiens (Walker)  

 
 
 

Erebidae 
 
 

Shah and Mitra, 2015 

Yellow tail tussock 
moth 

Somena scintillans (Walker) Mitra et al., 2018. 

- Lymantria marginalis (Walker) Mitra et al., 2018. 

- Miltochrista cuneonotata (Walker) Mitra et al., 2018. 

Marbled white moth Nyctemera adversata (Schaller) Mitra et al., 2018. 

- Argina argus (Kollar) Mitra et al., 2018. 

- 
Arctornis submarginata 
(Lymantridae) 

Sinu et al., 2013. 

- Orgyia sp. Mitra et al., 2018. 

Tea looper Ascotis selenaria (Denis & 
Schiffermiller) 

Geometridae 

Antony et al., 2012 

Tea looper Biston suppressaria (Guenee) Antony et al., 2012 
Majumder et al., 2012 

Tea looper Biston bengaliaria(Guenee) Antony et al., 2012 

Black inch looper Hyposidra talaca (Walker) Antonyet al., 2012 
Majumder et al., 2012 

Tea looper Hyposidra infixaria (Walker) Antonyet al., 2012 
Majumder et al., 2012 

- Semiothisa eleonora (Villers) Mitra et al., 2018. 

- Ectropis sp. Antony et al., 2012 

- Cleora sp. Shah and Mitra, 2015 

- Petelia sp. Shah and Mitra, 2015 

Red Slug Caterpillars Eterusia aedea (Linnaeus), 
Eterusia magnifica (Butler) 

Zygaenidae 

Roy et al., 2018. 

- Eterusia edcola (Doubleday) Shah and Mitra, 2015 

- 
Trypanophora semihyalina 
(Kollar) 

Shah and Mitra, 2015 

‗_‘: Common English name not available 

2.2 Biology of H. talaca on different hosts: The life cycle of H. talaca is very short with 

the absence of diapause in the winter season. Das et al., (2010) had noted that the 

incubation period for H. talaca was 6.0±0.0 days. They further had recorded that 

developmental period of I, II, III, IV and V instar larvae was respectively 4.64±0.13, 

3.25±0.12, 11.58±0.35, 3.80±0.14, 4.41±0.15 days. The pupal duration was 18.94±0.300 
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days and the overall developmental period was 55.00±0.28 days. Chutia et al., (2012a) 

from Assam had reported that the incubation period was about 6.2 ± 0.45 days. While the 

duration of I, II, III, IV and V instars lasted for 2.4±0.54, 2.6±0.55, 3.6±0.55, 3.8±0.45 and 

5.4±0.55 days respectively. Duration of pupal periods of male and female were 7.8±0.45 

days and 9.4±0.55 days respectively. The longevity of male and female moths was 

5.6±0.55 and 6.6±0.55 days respectively. Sharma et al., (2014), on the contrary, had 

observed that the total larval period varied from 20.25±1.46 to 21.25±1.42 days. Adult 

male longevity was 5.00±1.49 to 4.20±1.03days on teak plant in Jammu region of India. 

2.3 Seasonal occurrence: Antony et al., (2012) had commented that temperature reduces 

the duration of the tea looper life cycle. Majumder, (2010) also observed that the incidence 

of looper population in the tea ecosystem of Dooars condition was highest during the 

summer season and lowest during the winter season. Das et al., (2010) had reported 

that Hyposidra spp. was best adapted during spring (March-May) followed by 

summer/rain (June-August) and autumn (September-November) in descending order. 

2.4 Host preference of H. talaca: Being polyphagous, larva of H. talaca fed voraciously 

on forest trees, fruit plant, shrubs and on weeds apart from tea leaves (Browne, 1968) 

(Table 1.2). Chutia et al., (2012b) reported that the pest was abundant in the forest of 

Indo-Australian tropics extending from the northeast Himalayas to Queen's land and 

Solomons, mostly in India, Indonesia, Malaysia, Hong Kong, Taiwan, China, Thailand, 

Papua New Guinea and Australia. During 2007 in Dooars unprecedented outbreak of H. 

talaca, was noted (Anonymous, 2008). Sinu et al., (2011) had observed that prolonged 

drought and inconsistent rainfall inflicted H. talaca induced damage. Tripathy and Rout 

(2018) had recorded that H. talaca is a major pest of Teak in Coastal Odisha and the 

outbreak resulted in pin holes in the leaf. Sharma et al., (2014) also observed that H. 

talaca defoliated teak plantations in Jammu. Singh et al., (2019a) had recorded that H. 

talaca fed on ban oak in Garhwal Himalaya. Besides, It prefers to consume the leaves 

of  Polygonum, Rubus, Coffea, Mussaenda, Anacardium, Gynura, Mikania, Cupressus, 

Schleichera, Theobroma, Camellia  Aleurites, Aporusa,Bischofia, Breynia, Hevea, 

Manihot, Morus, Psidium and Citrus plants (Park et al., 2006 and Singh et al., 2019a). A 

numer of plants had been identified as the alternative host of H.talaca (Table 1.2). 

2.5 Feeding on different tea cultivars and extension of damage: Before 2008, H. talaca 

was known only as the pest of Sal tree but subsequently it was observed to defoliate tea 

plant (Sen-Sharma and Thakur, 2008) following the gradual changes of the agro-

ecosystem.  
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Table 1.2: Alternative host plant of H. talaca in tea ecosystem (Adopted from Roy et 

al., 2017 after modification) 

Scientific name 
Common English 

name 
Family 

Acacia mearnsii (De Wild) Black wattle Leguminosae 

Albizia falcataria L. Fosberg. Moluccan albizia Mimosaceae 

Annona reticulata L. Wild sweetsop Annonaceae 

Annona muricata L. Soursop Annonaceae 

Areca catechu L. Betel palm Arecaceae 

Asparagus officinalis L. Garden asparagus Asparagaceae 

Bombax malabaricum L. Silk cotton tree Malvaceae 

Carissa spinarum L. Conker berry Apocynaceae 

Manihot esculenta Crantz Tapioca Euphorbiaceae 

Chromolaena odorata (=Eupatorium odoratum) (L.) Siam weed Asteraceae 

Chukrasia tabularis A. Juss Indian mahogany Meliaceae 

Cinchona officinalis L. Cinchona Rubiaceae 

Clerodendron infortunatum L. Hill glory bower Lamiaceae 

Derris robusta (Roxb. ex DC.) Benth Sea derris Leguminosae 

Erechtites hieraciifolius L. American burnweed Asteraceae 

Eucalyptus spp. Eucalyptus Myrtaceae 

Ficus bengalensis L. Banyan Moraceae 

Ficus parasiticus (Hampson, ibid.) - Moraceae 

Gardenia sp. Cape jasmine Rubiaceae 

Glochidion hongkongense Mull. Arg. Hong Kong abacus 

plant. 

Euphorbiaceae 

Glycine hispida (L.) Merr. Soybean Leguminosae 

Indigofera teysmanii Miq. Indigofera Leguminosae 

Ipomoea batatas (L.) Lam. Sweet potato Dioscoreaceae 

Ixora sp. – Rubiaceae 

Largerstroemia speciosa (L.) Pers. Giant crape-

myrtle 

Lythraceae 

Leucaena leucocephala (Lam.) de Wit White leadtree Fabaceae 

Mallotus philippensis (Lam.) Muell. Arg. Kamala tree Euphorbiaceae 

Melia azaderech L. Chinaberry tree Meliaceae 

Millingtonia hortensis L.f. Indian cork tree Bignoniaceae 

Murraya koenigii (L.) Spreng. Curry tree Rutaceae 

Paulownia spp. Empress tree Paulowniaceae 

Paulownia fortunei L. Princess tree Paulowniaceae 

Perilla frutescens L. Beef steak plant Lamiaceae 

Persea americana Mill. Avocado Lauraceae 

Piper umbellatum L. Cow foot leaf Piperaceae 

Phaseolus vulgaris L. French bean Fabaceae 

Pteridium sp. – Dennstaedtiaceae 

Quercus incana W. Bartram. Blue jack oak Fagaceae 

Schima wallichii Korth. Chilaune Theaceae 

Sesbania speciosa Taub. ex Engler Sesbania Fabaceae 

Shorea talura Roxb. Taloora lac tree Dipterocarpaceae 

Solanum melongena L. Eggplant Solanaceae 

Spathodea campanulata P. Beauv. African tulip tree Bignoniaceae 

Terminalia arjuna (Roxb.)Wight & Arn. Arjuna Combretaceae 

Vigna catjang (Burm.f.) Walp. Cowpea Fabaceae 
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Tea looper grossly affects the quality of tea production (Hazarika et al., 2009). The 

early instrars preferred younger leaf, whereas late instars consumed mature leaf. The fifth 

instar with long larval duration caused maximum damage to tea plant (Roy et al., 2017).  

Depending on the leaf morphology and biochemistry insect preferred the host plant 

(Rabindra, 2012). Hazarika et al., (2009) had reported that the degree of attack on the tea 

clone, TV1 (Tocklai Vegetative) by insect pest was more. Majumder, (2010) had observed 

differential growth and development of H. talaca on four different tea clones viz.TV1, 

TV9, TV25 and Teen ali 17 under laboratory conditions. The results revealed that in the 

case of H. talaca, the duration of 2nd instar larvae was 2-3days. The shortest duration was 

found onTV9 (2.25 days) while the longest was noted on TV25 (2.75 days). The mean 

larval duration of 3rd and 4th instar larvae were shortest on the clone Teen ali 17. The 

total larval period ranged between 15-21days on TV1, TV9, TV25 and Teen ali 17 clones 

respectively. Among them the longest duration was recorded on TV25 (18.33 days) and 

TV1 (18.13 days), while, the shortest period was observed on Teen ali 17 (16.89 days) and 

TV9 (17.78 days). Maximum body weight (500mg) was noted when reared on Teen ali 17 

clone and while the minimum body weight was observed on TV9 (440mg) followed by 

TV25 (483mg) and TV1 (497mg) in descending order. 

Prasad and Mukhopadhyay, (2013), on the other hand, had recorded that 4
th

 and 5
th

 

instar larvae of H talaca consumed tender pluckable tea leaves. The 4
th

 instar larva 

consumed about 3.55cm
2
 leaf area (0.021g) and the average percentage of survivability 

was 25.1 days. Whereas, the 5
th

 instar larva consumed 16.19cm
2
 leaf area with 19.7% 

survival percentage as noted by Antony et al., (2011).  They further had showed that, the 

occurrence, attack and mode of feeding on tea leaves lead to a significant economic 

damage. Hazarika et al., (2009) had reported that, by the attack of major tea defoliator the 

quality of tea production was affected. Nair et al., (2008) observed that during 2006-2008, 

Hyposidra spp. causes remarkable damage to tea agro-ecosystem and final production in 

India. To check such insect pest induced loss, development of tea clones with insect pest 

resistant property with high yield potentiality is required. Further the clone has to ensure 

good drink quality and also to withstand draught tolerance and water logging. 

2.6 Tea clones developed by Tea Research Association (TRA): TRA has released 31 

TV (Tocklai Vegetative) clones, 153 TRA/garden series clones and 14 biclonal seed 

stocks as planting materials in the tea growing area of NE India and North part of West 

Bengal for commercial production of tea (Table 1.3). Clones are categorized depending on 

yield, quality and yield attributes (Das, 2006 and Barman, 2011) (Table 1.4). To keep the 
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genetic variability and at the same time preserve the same, seed stocks are of equal 

importance for the tea industry. The stocks released by TRA for cultivation in plains are 

TS 397 (1976), TS 449 (1970), TS 450 (1970),TS 462 (1980), TS 463 (1984), TS 464 

(1984), TS 491 (1989),TS506 (1994), TS 520 (1992), TS 589 (1996) and for Darjeeling 

hills the stocks are TS378 (1968 ), TS 379 (1989),TS 557 (1996) and TS 569 (1996) (Das, 

2006). Most of the clones have insect pest resistant properties at different level. 

Table 1.3: Tea varieties (clones) released by Tocklai Tea Research Institute under TV 

series (Year of releases is in the parenthesis) (Adopted from Barman, 2011) 

Standard Yield Quality 

TV1(1949), TV2(1949), TV3(1949), TV4(1959), 

TV5(1959), TV6(1959), TV7(1959), TV8(1959), 

TV9(1959), TV10(1963), TV11(1963), TV12(1963), 

TV13(1965), TV14(1967), TV15(1967), TV16(1968), 

TV17(1968), TV20(1974), TV24(1979), TV27(1985), 

TV28(1985), TV31(2006) 

TV18(1970), 

TV19(1973), 

TV22(1976), 

TV23(1976), 

TV25(1982), 

TV26(1982), 

TV29(1990), 

TV30(1993) 

TV21(1976) 

Table 1.4: Tea varieties (clones) released by Tocklai Tea Research Institute under 

garden series, year of releases is in the parenthesis, (Adopted from Barman, 2011) 

Region Standard Yield High flavoured 

West Bengal 

(Dooars) 

Hantapara 12, Hantapara 30, Turturi 

22 

Leesh River 

9/34, 

Huldibari 19 

- 

West Bengal 

(Terai) 

Mohargung Gulma 25, Sanyasithan 8, 

Sanyasithan 9, Sanyasithan 10, 

Sanyasithan 27, Sukna 7, Sukna 

23,Sukna 25,Kamalpur 6, Kamalpur 17 

- - 

West Bengal 

(Darjeeling hills) 

Tukdah 145,Lingia 12,Phoobsering 

1404,Phoobsering 1258,Teesta Valley 

1,Sikkim 1, Badamtam 15/263,Thurbo 

3,Thurbo 9,Tukdah135,Rungli 

Rungliot 17/144, Balasun 7/1A/76, 

Balasun 9/3/76, Tukdah 253, Rungli 

Rungliot 4/5,Happy Valley 39, 

Sundaram (B/5/63), CP 1, 

Bannockburn 777 

- 

AV2 (Balai), 

Tukdah 246, 

Tukdah 78, 

Tukdah 383, 

Bunnockburn 668, 

Phoobsering 312, 

Bannockburn 157, 

Kopati 1/1 

 ‗-‗: There are no such varieties 

2.7 Biochemistry of tea leaf and defense against insect pest: Secondary metabolites of 

plant are involved in the long term plant defense against insect herbivours and give 

characteristics colour in plants (Michael, 2010). When insect attacks on plant, is secrets 

oral saliva which acts as an elicitor that plant percept (Schmelz et al., 2009). Upon insect 

attack, plant activates the complex signaling pathways that includes mitogen-activated 
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protein-kinase and calcium signaling resulting in nitric oxide and reactive oxygen species 

production for the modulation of phyto-hormonal levels, consequentially plant 

transcriptome, proteome and metabolome are recombined (Wu and Baldwin, 2010 and Hui 

et al., 2003). Zhao et al., (2009) had commented that secondary metabolites of plant make 

the defensive strategy against herbivore insect pest.  

Whereas indirect defense of plant is the emission of organic volatile compounds 

being attacked by insect pest that acts as a cues and attract the insect natural enemies for 

combating with the pest (Schuman et al., 2012 and Heil, 2015). In consequence, toxic 

secondary metabolites produced by plants directly hampered the growth, development, 

reproduction and other normal physiology of insect pests (Karban 2011; Taggar et al., 

2012 and Kaur et al.,2015). Magalhaes et al., (2008) and Scott et al., (2010) showed that 

plant phenols have toxic and repellence activity properties against insect herbivory. The 

important function of phenol against predators was having a toxic nature and repellence 

activity to herbivore (Harborne, 1999 and Bourgaud et al., 2001). Phenols are found in 

young tea leaf in the form of polyphenolic compounds. Fraction of polyphenols are equal 

to 20-35% of dry weight of tea leaf (Salah et al., 1995). Sinija and Mishra, (2008) had 

reported that dried tea leaf contained total 37.0% polyphenol. Shah et al., (2014), on the 

other hand, had estimated that TV1 tea clone contains on an average 0.007 unit/mg 

protein/min, while both TV23 and S3A3 tea clones contain about 0.006 unit/mg 

protein/min. For Tinali tea clone the quantity was 0.005unit/mg protein/min. Gogoi and 

Borua, (2017) reported that the seasonal average total polyphenol content in tea leaf was 

23.46%. 

 The classes of natural secondary plant biochemical like flavonoids, terpenoids, 

phospholipids, glycosides, acids, esters, phenolics, and alkaloids act as feeding stimulants, 

show repellent and deterrent activity as well (Saunders et al., 1992). Usually, alkaloids and 

glycosides present in plants display optimistic function as insect repellent or deterrent 

(Ulubelen et al., 2001). Ge et al., (2015) found the alkaloid could decline the ecdysone of 

treated larvae and prepupae of Spodoptera litura. In tea, alkaloids are found as purine base 

(Manske, 1965). Chin et al., (2013) found three kinds of alkaloids in tea namely caffeine, 

theobromine and theophylline.  The average total alkaloid in leaf bud, young leaf and old 

leaf ranged between 26.6-74.6 mg/g in direct extract method. While during soxhlet extract 

(SE) method the range was between 20.8-58.1 mg/g. In addition, presence of caffeine is 
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one of the important quality factor in green tea leaves Chin et al., (2013). Caffeine shares 

0.3% dry weight of tea leaves (Balentine et al., 1997). Mithöfer and Boland, (2012) 

reported that caffeine paralyzes insect by inhibits phosphodiesterase activity. Lizarazo et 

al., (2008) had observed that alkaloids acted as repellant against Spodoptera frugiperda. 

Alkaloids of solasodines protect from files and ants (Grainge and Ahmeds, 1988). Chin et 

al., (2013) estimated that total caffeine content of tea leaf bud, young leaf and old leaf 

ranged from 54.9-58.8, 34.4-37.4 and 19.9-22.2 mg/g of dry weight of leaves respectively. 

 Polyphenols of tea are of mainly four groups such as catechines, flavonols, 

anthocyanidines and phenolic acids. Out of these four components, catechines, flavonols 

and anthocyanidines are related to wide-spread vegetable substances known as flavonoids 

(Harbowy and Ballentine, 1997). Flavonoids as the secondary metabolite in host plant 

modulate the strategy of food consumption and fecundity of insects.  (Simmonds et al., 

(1990) had reported that, S. exempta was deterred by flavonoids present in plant. 

Engelhardt, (2013) stated that caffeine as polyphenol rendered the bitter and healthy 

effects of green tea. Song et al., (2003) advocated that in green tea catechins shared 20-

30% of the dry weight of green tea. Babu and Liu (2008) had showed that catechins is 

present in highest amount among the total flavonoids. Shah et al., (2014) had noted that 

the flavonoid content of tea cultivars TV1, TV23, S3A3 and Tinali 17 varied considerably. 

TV1, TV23, S3A3 and Tinali 17 contained respectively 1.24, 1.12, 1.21 and 1.25mg/gm 

flavonoid respectively. Cabrera et al., (2006) and Jigisha et al., (2012) had reported that 

four kinds of catechines such as epicatechin (EC), epicatechin-3-gallate (ECG), 

epigallocatechin (EGC) and epigallocatechin-3-gallate (EGCG) are present in tea leaves. 

Reygaert (2017) had noted that EGCG shared around 59% catechines in tea leaves. This 

was followed by EGC (19%), ECG (14%) and EC (6%) in descending order .Seeram et 

al., (2006) had reported that around 40% EGCG was present in green tea. Galic acid (GA) 

is the major phenolic components present in tea. Chin et al., (2013) had documented that 

leaf bud contained 5.56mg/g GA of the dry weight of leaf, whereas in young leaf around 

0.01mg/g and 0.99mg/g GA present in old leaf. 

Plants fix carbon dioxide into carbohydrate as primary source of energy for the 

growth and development. Phytophagous insects sustain on plant carbohydrate and other 

nutrients. The carbohydrate pools in leaves might alter in the insect attacked plant. In tea, 

different cultivars contained different amounts of carbohydrates. Shah et al., (2014), 



Chapter II: Literature Review 

19 | P a g e  

estimated carbohydrate content in four tea cultivars, the result revealed that, amount of 

carbohydrate in TV1, TV23, S3A3 and Tinali 17 were as 0.175, 0.202, 0.165 and 

0.170mg/gm leave respectively.  

 In tea most of primary metabolites are beneficial for plant growth and also for 

insect resistance. Protein content in tea changed depending on the age, growth and 

development of leaves (Rosenthal & Berenbaum, 1991 and Jager et al., 1996). 

Anonymous, (1996) and Sinija & Mishra, (2008) showed that protein constitute 15% dry 

weight of all chemicals in tea leaves. Shah et al.,(2014) estimated that protein of healthy 

tea leaf of four different tea cultivars. The results revealed that protein content in TV1, 

TV23, S3A3 and Tinali 17 were as 1.280, 1.249, 1.176 and 1.122 mg/gm leaves 

respectively.  2.0% lipid is present in dried tea leaf (Sinija and Mishra 2008). Lipids 

involve in the activity of many enzyme and act as energetic reserve (Anonymous, 1996). 

2.8 Effect of leaf characteristics on insect feeding: Insects select a suitable host plant for 

food consumption and oviposition based on the morphological and physical characteristics 

of that plant. Depending on the degree of biophysical characteristics of a plant such as 

trichome density, leaf thickness plant becomes resistant to insects. The strength of 

overcome the structural barriers of insects in generally weaker than most vertebrate 

herbivores. Uthamasamy (1985) stated that trichome hair density was more in suitable 

variety than resistant one. The concentration and function of trichomes in plant are 

negatively correlated with the food consumption and oviposition of insects (Levin, 1973). 

The morphological character leaf thickness also manipulates the association, feeding and 

ovipositional behaviour of insects. Leaf thickness, leaf trichome density show negative 

impact on whiteflies population Leaf roller, Eublemma olivacea in brinjal crop (Bindu and 

Pramanik, 2017).  Leaf thickness of brinjal influences the incidence of Bemisia tabaci 

(Ayyasamy and Baskaran, 2005). The attribution of tea leaf characters such as leaf 

thickness and leaf area of different cultivars show negative influence on fecundity and 

hatching percentage of tea red spider mite, Oligonychus coffeae (Dutta, 2015).  

2.9 Biological control agents in tea ecosystem: Insect pest control by the biological 

agents play an important role to control tea pests below economic injury level (Babu et al., 

2011). The semi-forest, tea gardens and its surrounding natural ecosystems are suitable 

habitat for insect natural enemies. Roy et al., (2014) had reported that, out of 721 

arthropod species in tea-ecosystem 380 were phytophagous insect pest and 341 were 

natural enemies. From 74 tea gardens of Darjeeling, Jalpaiguri, Alipurduar, Coochbihar 
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Districts of West Bengal, Mitra et al., (2018) had reported 167 insect species belonging to 

139 genera as natural enemies. Natural enemies mostly belong to the insect order Diptera, 

Odonata, Coleoptera and Hemiptera. Hazarika and Chakraborti (1998) identified 23 

predatory spider species from North-East India with wide range of feeding potentiality. 

Das et al., (2010) had documented 94 species of predators and 33 species of parasitoids 

from the sub-Himalayan tea growing area of Northern parts of West Bengal, India. Among 

all the natural enemies in consideration of numerical abundance spider (43%), Coleoptera 

(31%), Hemiptera (8%), Mantodea (7%), Neuroptera (5%) and Odonata (4%) ranked in 

descending order. And the relative abundance of parasitoids belongs to the family 

Braconidaecomprised 40%, Ichneumonidae 20%, Eulophidae 15%, Scelionidae 7%, 

Platygastridae 4% and the rest of the sixfamilies represented 14% in North Bengal tea 

plantations area. Roy et al., (2005) reported variable species richness and seasonal 

abundance of spider and lady bird fauna in tea growing area of northern part of West 

Bengal. In this study, they reported 35 species of spider, 25 species of coccinellid beetles, 

which were potential predators of tea pest, and among the parasitoids family Braconidae 

and Ichneumonidae were dominant. The coccinellid beetle, M. discolor significantly 

controls tea red spider mites, Oligonychus coffeae (Roy et al., 2010). Das et al., (2010b) 

reported that Braconid parasitic wasp Catesia sp. and the Tachinid endo-parasitoid 

Argyrophylax sp. causes 40-45%parasitization of the geometrid looper, Buzura 

suppressaria, H. talaca, H. infixaria and Eterusia magnifica in Darjeeling. Sudhakaran 

and Muraleedharan (2006) had recorded major parasitoids of tea lepidopteran caterpillars 

namely Apanteles aristaeus, A. taprobanea, Sympiesis dolichogaster and Mestocharells 

javensis. Basnet and Mukhopadhyay, (2014) had noted that Oxypes sp. had impart variable 

range of impact on tea mosquito bug Helopeltis theivora. Roy et al. (2005) had also 

recorded that, Chrysoperla carnea, Plexippus sp., Phidippus sp., Scymnnus sp. and 

mantids acted as generalist predators.  The egg parasitoid Erythmelus helopeltidis (Gahan) 

acted as more efficient bio-control agents of H. theivora (Sudhakaran and Muraleedharan, 

2006). Devi et al., (2016) had reported, Elasmus homonae, a Eulophid wasp is an active 

parasitoid of tea tortrix, Homona coffearia. Sarma (1979) had documented the role of 

natural enemies in controlling the tea pest population and the possibilities of integrated 

pest control in North-East India. The potential feeding and parasitic behaviour of natural 

enemies are the result of the minor status of several pests in tea. Population of scale insect 

Fiorinia theae and the aphid Toxoptera aurantii can be checked by natural enemies 

(Nagarkatti et al., 1979 and Radhakrishnan et al., 1988). Muraleedharan et al., (1988) 

reported the predators and parasitoids, their bio-ecology and role in pest control measure 
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in tea ecosystem of South India. The natural parasitic wasp of leaf folding caterpillar, 

Cydia leucostoma can effectively check the population in the South-Indian tea growing 

areas (Rao et al., 1970). Roy et al., (2014) categorized 721 potential arthropod species in 

13 Orders and 141 Families, related to tea ecosystem of India. Out of that 721 species, 341 

species were enlisted as natural enemies of tea and shade tree pests. The Hymenoptran 

natural enemies exhibited the highest species richness. Most of the parasitoid species 

belongs to the Hymenopteran family Braconidae, Ichneumonidae and Eulophidae and play 

a crucial role in the biological pest control strategy (Robert et al., 1992; Sallam et al., 

2002; Gillespie et al., 2005; Nguyen et al., 2012 and Tschopp et al., 2013). From the tea 

plantation area of West Bengal, 15 species were recorded as lepidopteran pests, whereas 

dragonfly Orthetrum Sabina and the species of true fly Microstyllum 

Pseudoanantakrishnanii were recorded as predators by Shah and Mitra, (2015). 

Muraleedharan et al., (2001) had reported 47 predatory insect and mites for biological 

control of tea red spider mite Oligonychus coffeae. Babu at al., (2011) had documented the 

variable range of predatory potential of green lacewings Mallada boninensis on O. coffeae 

and concluded as an efficient biocontrol agent. Sinu et al., (2011b) had reported the 

predatory behaviour of T. rufonigraa on H. talaca. Das et al., (2005) had observed the 

variable diversity of Hymenopteran parasitoids under different dose of chemical fertilizers 

and pesticides application at Darjeeling, West Bengal. Four parasitoid families viz. 

braconids, ichneumonids, eulophids and scelionids, showed greater diversity in organic tea 

plantation. 

2.10 Seasonal abundance of Sycanus collaris and interaction with ecology: 

Kumaraswami and Ambose (1994) reported that the abundance of nymphal instars of five 

reduviid bugs during month of January to February. A decline of the nyumphal population 

was recorded from May to June. The peak population of bug was observed during 

September to December. Siddaiah et al., (2014) observed variable incidence of Reduviid 

predators, S. collaris in July and August at tea research station of Chattisgarh, Jharkhand 

and Orissa respectively. 

From Southern parts of India, Vennison and Ambrose, (1990) had reported that S. 

reclinatus prefers mango trees for habitation adjacent to agro-ecosystems.  Ambrose 

(1999) had reported 238 Indian Reduviid species from tea eco-system. Out of the total 

collection 34% resides under boulder, 13% resides on shurbs, 14% resides under bark and 
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3% resides in litter. Apart from this a number of species of Reduviid predators, were also 

found in adjacent agro-ecosystems.  

From Southern parts of India, Vennison and Ambrose, (1990) had reported that S. 

reclinatus prefers mango trees for habitation adjacent to agro-ecosystems.  Ambrose 

(1999) had reported 238 Indian Reduviid species from tea eco-system. Out of the total 

collection 34% resides under boulder, 13% resides on shurbs, 14% resides under bark and 

3% resides in litter. Apart from this a number of species of Reduviid predators, were also 

found in adjacent agro-ecosystems.  

2.11 Biology and life table of S. collaris: The predatory bug also known as assassin or 

kissing bug belongs to the family Reduviidae of the order Hemiptera (Vennison and 

Ambrose, 1990; Ambrose, 1999 and Nitin et al., 2017). Sahayaraj (2002) observed that 

reduviids play a crucial role in pest management in various agro-ecosystems. Das (1965) 

had reported that the reduviid bug Sycanus sp. is a potential predator in the tea ecosystem 

of North-East India. S. croceovittatus was documented as an effective predator of tea pest 

from the Darjeeling foot hills of West Bengal by Das et al. (2010b). Sarkar et al., (2019) 

had assessed the biology and predatory potentiality of S. collaris on larvae of H. talaca 

and Corcyra cephalonica in tea ecosystem of Dooars. They further had observed that the 

total nymphal period was 64.8±4.1 days. The adult male longevity was 42.4±2.1days. 

While adult female longevity was 59.4±3.4 days and fecundity was 320.4±44.2 days per 

female when reared on larvae of H. talaca. Total nymphal period, adult male longevity, 

adult female longevity and fecundity per female were comparatively less when reared on 

larvae of C. cephalonica. Srikumar et al., (2017) documented the development of S. 

collaris on tea mosquito bug (TMB), Helopeltis theivora (Waterhouse), a major tea insect 

pest. They had recorded that the incubation period was 22.0±01 days, duration of 

development from egg to adult was 71.7±0.8 days, egg clutches laid by the female was 

8.5±0.4 and the total number of eggs was 720±44.5. Rajan et al., (2017) assessed the 

biology of S. collaris, where the mean longevity of male and female adult were 

73.58±2.12 and 80.64±3.40 days when fed on C. cephalonica and 75.82±2.82 and 

85.48±3.20 days when reared on Spodoptera litura. The total nymphal duration of S. 

collaris was 49.3 ± 1.95 days, life span of females was 45.17 ± 1.83days and that for 

males was 31.83 ± 2.48 days (George et al., 1998b). Sahayaraj (2012) had recorded that 

the incubation period of S. collaris on artificial diet was 15 days, nymphal developmental 
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time was about 88 days and the sex ratio was 1: 0.67 (Female: male). Sundararaju (1984), 

on the other hand had reported that the incubation period of S. collaris was 11 days and 

the total nymphal developmental time was 77 days on the artificial diet. 

 Srikumar et al., (2017) had recoded the life table of S. collaris on Helopeltis 

theivora. The innate capacity of natural increase was 0.192females/female/day and the 

gross reproduction rate was 145.2. The total developmental time of S. collaris was 71.7 

±0.8 days and the total number of laid eggs was 720.0±44.5 by a female respectively. 

George et al. (1998b) had studied the biology and the life table parameters of S. collaris 

on S. litura. They have recorded that the net reproductive rate (Ro) was 30.46 eggs/ 

female, the true intrinsic rate of natural increase (rm) was 0.066 and the time taken for the 

doubling was 10.56 days. 

2.12 Predatory efficiency of S. collaris: Reduviidae a large family belongs to the insect 

order Hemiptera, found to be efficient predators of different insect pests, preferably 

predate on larval stages of lepidopteran insect (Ambrose et al., 2009). The genus Sycanus 

belonging to the subfamily of Harpactorinae have very active predatory efficiency on 

insect pest.  S. collaris, known as assassin bug, efficiently searched, captured and attacked 

on the target insect. Depending on the food source the developmental period and fecundity 

rate of S. collaris differ considerably (George, 2000). Evangelin et al., (2014) described 

that the Reduviid bugs was highly prey specific and replete with evolving prey-capture 

strategies. Nitin et al., (2017) observed that the maximum predation of S. galbanus was 4 

prey/predator in case of wax moth. The genus Sycanus is a predominant subfamily of 

Harpactorinae and all of its members have very active predatory efficiency on insect pest. 

Predatory behaviour and potential prey record of S. collaris encouraged the researcher to 

study the possibility of this biological control agent by augmenting and subsequently 

releasing it into the agro-ecosystem (George et al., 1998b; Singh, 1998; Ambrose, 1999 

and Sahayaraj and Martin, 2003).  

2.13 Predatory behaviour of reduviid bug: The assassinate bug of reduviid species 

exhibits some behavior prior to prey capture and also after punching its rostrum to the 

prey. All of the life stages of this reduvid bug show predatory behaviour (Nitin et al., 2017 

and Sarkar et al., 2019). Sycanus collaris captures and kills prey by ‗pin and jab‘ mode of 

predation (Ambrose, 1999). If the moving prey comes in the notice of S. collaris, this 

visual stimulus performs as primary sensory input for arousal in that reduviid bug. Kumar 
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et al.,(2011) reported that, the III, IV, V  nymphal stages and adult Coranus spiniscutis 

took 0.36±0.12, 0.26±0.05, 0.18±0.04 and 0.17±0.03 minutes respectively for feeding on 

larvae of  rice meal moth C. cephalonica. Whereas 0.33±0.07, 0.28±0.04, 0.22±0.03 and 

0.15±0.03 min respectively were required for feeding on larvae of S. litura. Rajan et al., 

(2017) observed that III, IV and V nymphal instars and adult revuviid bug S. collaris took 

0.41±0.1, 0.36±0.06, 0.34 ± 0.05 and 0.30±0.2 min respectively for consumption on larvae 

of C. cephalonica. While for feeding on larvae of S. litura it took 0.45±0.07, 0.45±0.11, 

0.43±0.05 and 0.4±0.15 min respectively. The reduviid bugs S. reclinatus and S. collaris 

take position to orients towards prey after getting arouse. The predators remain quite in 

juxta tibial position until the prey approaches to this predator and extend its antennae 

towards prey to capture the prey (Vennison and Ambrose 1992; Rajan et al., 2017). The 

reduviid bug locates its prey with the antennal perception to kairomones and allomones 

(Hagan, 1987). Ambrose (1999) stated that, the ‗approaching‘ and ‗capturing‘ potentiality 

varied considerably in different harpactorine species. This predatory bug after capturing 

prey injects toxic venom with saliva for ‗paralyzing‘ the prey. The predator then becomes 

more active and the shows an energetic character in prey capturing.   

2.14 Seasonal abundance and interaction with ecology of Eocanthecona furcellata: 

Observations on the periodicity of predator population in relation to climatic parameters 

help to develop suitable management strategy to control pest population. Suyal et al., 

(2018) observed that Eocanthecona furcellata occurred during third week of August. The 

study revealed that temperature, relative humidity and evaporation act as limiting factor 

for population buildup of insect pests in soybean ecosystem. Claver and Jaiswal (2013) 

observed that the incidence of stink bugs namely E. furcellata and A. spinidens in the rice 

field increased from the crop heading stage up to grain-filling stage and then decline 

suddenly. However, the population of stinkbugs was not uniforms in the rice field; E. 

furcellata (15.03%) was less than A. spinidens (84.69%). Chakravarty et al., (2017) had 

observed that the incidence of heteropteran bugs namely Eocanthecona furcellata and 

Rhynocoris fuscipes from short duration pigeon pea cultivation field, starting from the 36 

SMW to 47 SMW during 2012-2014 and had noted variable incidence.   

2.15 Biology and life table of E. furcellata: E. furcellata is as a common stink bug of 

cotton, chickpea and vegetables in India, China, Taiwan and Japan Nyunt (2008).Tea 

plantations served as shelter, food and micro-habitat of diverse arthropods communities. 
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Mitra et al., (2018) documented Eocanthecona furcellata as an effective predator from 

Darjeeling district of West Bengal. Singh et al., (2019b) had reported that the predatory 

efficiency of E. furcellata from Muga ecosystem of Assam. 

Lenin and Rajan, (2016) had studied the biology of E. furcellata on larvae of 

Corcyra cephalonica. The total number of 44±8eggs were laid and incubation period was 

6±1.05 days. The total nymphal period was about 16±0.64 days. Longevity of male and 

female was 32±0.19 and 36+1.90 days respectively. Vanitha et al., (2018) reported that the 

incubation period of E. furcellata was 6-7 days while rearing on wax moth larvae. Five 

nymphal instars was completed in 15-19 days and no cannibalism was observed. Female 

bugs were bigger in size. The longevity of female bug was 28.12±2.91days compared to 

male bugs which was 23.8±03.30 days. Mean fecundity was 9.13±1.20 batches per female 

with 35.96±11.29 eggs/batch. Kumar et al., (2001) had studied on the biology of E. 

furcellata on Spilarctia obliqua (Walk.) in Mulberry plant and noted that the incubation 

period, total nymphal duration, longevity of adult male and female were 8.45±0.44, 19.90, 

21.0±1.09 and 27.7±0.69 days respectively when reared on the small sized host larvae. But 

the duration was longer when rearing on large sized larvae. Tuan et al., (2016) conducted 

a comparative study of E. furcellata and Plutella xylostella. They found that Nymphs of E. 

furcellata developed more rapidly when rearing on diamondback moth larvae than on S. 

litura. Male adult longevity was longer compared with the female adults, fed on S. litura 

larvae; whereas almost similar longevity of male and female were observed when reared 

on P. xylostella. Kalaiyarasi et al. (2017) had reported that the nymphal duration of E. 

furcellata was 11 to 16 days when reared on Henosepilachna vigintioctopunctata. The 

developmental duration was 20-25 days.  

Tuan et al., (2016) studied the life table of E. furcellata on S. litura and P. 

xylostella for understanding predator–prey relationship. They recorded the net 

reproductive rate, intrinsic rate of increase, finite rate, of E. furcellata reared on P. 

xylostella were 292.4 offspring, 0.1389/ day, 1.1490/day. Net predation rates were 644.1 

third instars of P. xylostella, respectively. But these values were significantly higher in S. 

litura. 

2.16 Predatory efficiency of E. furcellata: Predacious pentatomid bug E. furcellata being 

an efficient predator of lepidopteran caterpillar found in orchards, soyabean, beans, 

vegetable and forest ecosystems feeding on fall army worm, S. frugiperda in maize 
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(Navarajanpaul, 2002). De Clercq, (2000) reported that E. furcellatadue can potentially be 

employed for lepidopteran and coleopteran insects pest. E. furcellata have been considered 

as an important predator on several important lepidopteran pests in India. E. furcellata has 

been documented as an important predator of Earias sp. (Pant, 1960), rice leaf folder, 

Cnaphalocrocis medinalis Guenee (Kumar and Singh, 2007), Helicoverpa armigera 

Hubner, Spilarctia obliqua (W.) Tiwari et al., (2017) had noted that 85.94% predation rate 

of E. furcellata on larvae of M. vitrata whereas 84.49% on larvae of C. Cephalonica. Rani 

and Vukkala (1993b) had reported that E. furcellata can actively feed on the larval instars 

of S. litura.  

2.17 Predatory behaviour of E. furcellata: E. furcellata has gained the status of a 

significant potential predator in consideration of its predatory behaviour. This predatory 

bug may locate the prey by generating vibration instigated during feeding (Nyunt 2008). 

Yasuda (1998) reported that E. furcellata detected the prey of several lepidopteran larvae 

by the chemical cues. Searching, capturing and killing of prey are the sequential behaviour 

of E. furcellata. Initially, the visual stimuli activities the predatory bug.  E. furcellata uses 

the antennal sensory structure and rostral jab to trigger as the stimuli response for 

capturing the prey (Kumar et al., 2001). Getting excited E. furcellata extends and 

penetrates the sword like rostrum in to the prey (Singh et al., 2019b). The predator 

efficiently penetrates the rostrum without holding the prey as the body of the prey is 

covered with thick hairs (Kumar et al., 2001). E. fuecellata injects venomous saliva into 

the prey by rostrum for paralyzing the prey. Usha Rani and Ha vukkala, (1993b) observed 

that E. furcellata can paralizes comparatively big size larva of S. litura within 3- 10 

minutes.  

2.18 Biology of Cotesia ruficrus: Cotesia ruficrus belongs to the family Hymenoptera of 

the order Braconidae. C.ruficrus is an endo-larval gregarious parasitoid which acts as 

efficient bio-control agent of lepidopterous larvae (Chen et al., 2016; Patil et al., 2016 and 

Kaiser et al., 2017). The development of the endo-parasitoids completes into the host body 

by host parasitoid interaction (Potting et al., 1997). Naganagoud and Kulkarni, (1998) had 

noted that  C. ruficrus took 11.9 days from oviposition to larval emergence and 4.1 days to 

complete the pupal period when perpetuate on sorghum armyworm, Mythimna separate. 

They had recorded that the adult longevity was 8.1 to 12.26 days with the sex ratio 1.0: 1.4 

(F: M). C. ruficrus were reported as an efficient parasitoid of H. talaca in the tea 

plantation area of the Northern parts of Bengal (Das et al. 2010b). Mc Cutcheon et al., 

(1983) studied the biology of Apanteles ruficrus (=Cotesia ruficrus) on Pseudoplusia 

includens, Trichoplusiani sp. and Spodoptera frugiperda and had noted that the duration 
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of development from egg to adult was 16 to 18 days. Hafez, (1947) reported that the 

duration of oviposition to adult emergence were as 14 to 24 days of Apanteles ruficrus 

when reared on Agrotis ipsilon. Chen et al. (2016) had reported the development of C. 

ruficrus larva on different stages of rice leaf folder Cnaphalocrocis medinalis. They 

mentioned that the developmental period for II and III instar larvae were 10.7±0.2 days 

and 10.4±0.3 days respectively. While that for IV instar larvae the developmental period 

was 7.7±0.2 days. Furthermore, the survival rate of IV instar host larva was comparatively 

higher by 77.4%. In addition to this, comparatively larger cocoon clutch size was recorded 

for 4th instar host larva. Omwega and Overholt (1997) did not find any singnificant 

difference in the progeny production between two parasitoids C. flavipes and C. sesamiae 

when reared on African stem borers, Chilo orichalcociliellus, C. partellus and Sesamia 

calamistis. But significant variation was observed when C. flavipes produced different 

number of progeny when reared on small to large-sized larvae of C. partellus. The 

development time was also shorter in large sized host larvae compared to small one. Khan 

et al., (2017) had studied the life cycle of C. flavipes on III, IV and V instar larvae of C. 

partellus. The mean developmental duration of III, IV and V instar host larvae was 16.26 

± 0.37, 16.86 ± 0.36 and 16.78 ± 0.27 days starting from parasitism to the emergence of 

the adult parasitoid. No significant difference was observed in the developmental period. 

The low pupal developmental period with 5.06 ± 0.21days and highest 44.6±0.32 pupal 

cocoon number was observed in IV instar host larvae. Parasitic wasps select large host size 

for oviposition for sufficient nutrition. Comparatively higher survival rate with morer 

emergent wasp‘s number and effective pupal-cocoon formation of parasitic wasp C. 

ruficrus was observed in large and healthy host larvae (Harvey and Strand, 2002). 

2.19 Seasonal abundance and interaction of C. ruficrus with ecology: Satyagopal et al., 

(2015) had reported that parasitoids collect pollen and nectar as food from tea ecosystem. 

Plantation of flowering plants or compatible cash crops along the border of tea plantation 

area and side by side arranging shorter plants towards the main crop conserve the 

parasitoids population. Wa¨ckers et al., (2007) had reported that the pollen nectar or 

honeydew enhances the longevity and fecundity of parasitoids. Zhu et al., (2015) studied 

that the longevity of parasitoid, Apanteles ruficrus in rice eco-system was more when fed 

on sesame nectar and pollen compared to either only water or nectar as food (Wa¨ckers et 

al., 2007). The impact of parasitism was well noted when flowering plans are available at 

the boundary of beneficial crops (Berndt et al. 2006; Simpson et al., 2011; Orre Gordon et 

al., 2013 and Segoli and Rosenheim 2013).  
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Sharmaa et al., (2002) observed the population dynamics of armyworm, Mythimna 

separate along with five hymenopteran parasitoids viz., Costesia ruficrus, Metopius rufus 

Cameron, Disophyrys sp., Compoletis chlorideae, Enicospilus sp in Southern India. Out of 

that parasitism by C. ruficrus was found up to 47.15% in October and an abundant 

population of parasitoid was observed during September to March. Burgess et al., (1987) 

made a field survey on Mythimna separata and its gregarious endo-parasitoid, C. ruficrus 

over in two successive seasons during Maize crop at Pukekohe of South Auckland. The 

highest (86-98%) parasitization activity of C. ruficrus was observed in February. Both the 

parasitic activity and parasitoid population were then gradually reduced during March and 

April. The peak incidence of parasitism of C. ruficrus corroborated to the maximum 

occurrence of M. separate during late February to early March. Naganagoud and Kulkarni 

(2000) had noted that 200C temperature and 80-90% relative humidity was comparatively more 

suitable for the adult longevity, larval and pupal development of Cotesia ruficrus. 

2.20 Parasitic impact of C. ruficrus on pest: In the sub-Himalayan tea growing region of 

northern part of West Bengal parasitoid groups belonging to the families Braconidae and 

Ichneumonidae are dominant ones (Table 1.5). Among the parasitoids, Cotesia ruficrus 

was the effective parasitoid wasp against tea loopers (Das et al., 2010b). Works to 

understand the host- parasitic interaction between C. ruficrus and Cnaphalocrocis 

medinalis was carried out (Chen et al., 2016), Agrotis ipsilon, Helicoverpa armigera, 

Mythimna separate, Spodoptera litura, S. exigua and Exelastis atomosa (Hill, 1986 and 

Patil et al., 2016). The parasitoid, Cotesia spp. was an efficient parasitoid on H. talaca 

leading to the death of the host (Das et al., 2010a). Jung et al., (2006) had reported that the 

endo-parasitoids belonging to the family braconidae laid eggs and completed its larval 

period inside the suitable host insect. Just after emergience, the larvae of the parasitic 

wasp construct pulpal cocoons and after few days, the adults emerge out (Potting et al., 

1997). They usually prefer healthy larva of lepidopteran pest. This kind of parasitism 

affects the fitness of the host larvae and ultimately leads to mortality. The braconid wasp 

alters the host‘s normal feeding and movement. The food consumption of parasitized host 

larvae were significantly decreased in comparison to the unparasitized ones (Powell, 1989 

and Kuriachan et al., 2011). The parasitic larvae survive haemolymph of the host larval 

that alters the cellular immunity of the host (Lavine and Strand, 2002).  
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Table 1.5: Species of C. ruficrus parasitized on pests associated with agriculture 

Species of Cotesia Target host Crop Location Reference 

C. marginiventri 
diamondback moth, 

Plutella xylostella 
Cabbage Gainesville, Florida 

Johanowicz and 

MitchellSource, 

2000. 

C. glomerata and 

C. rubecula 

Pieris rapae and P. 

brassicae 
Wild cabbage Netherlands 

Poelman et al., 

2009. 

C. congregata 
Tobacco hornworm, 

Manduca sexta 
Tobacco Japan 

Espagne et al., 

2005. 

C. ruficrus 
Armyworm, Mythimna 

separata (Walker) 
Sorghum Dharward, India 

Naganagoud and 

Kulkarni, 1998. 

Apanteles 

sagax(Synonymous 

with Cotesia ruficrus) 

Sylepta derogata Cotton and Okro 
Forest zone of 

Ghana 

Duodu and 

Antoh, 1984 

C. plutellae Plutella xylostella Oriental cabbage Andong, Korea 
Kim and Son, 

2006 

C. chilonis Chilo suppressalis Maize plants 
Nigata, 

Japan 

Hailemichael et 

al., 1997. 

C. vestalis Plutella xylostella Cabbage 
Hangzhou, 

China 
Shi, et al., 2015. 

C. sesamiae and C. 

flavipes 

Sesamia calamistis, 

Chilo orichalcociliellus 

and Ch. partellus 

Gramineous plants Coastal Kenya 
Omwega and 

Overholt, 1997 

C. ruficrus M. separata 

Sorghum, Maize, 

Rice and Bermuda 

grass 

South-Central India 
Sharmaa et al., 

2002. 

A. kariyai Pseudaletia separate Italian rye grass Kyushu, Japan Tanaka, 1987. 

C. glomerata P. brassicae Cabbage Sargodha, Pakistan Ullah et al., 2016. 

A. obliquae Spilosoma obliqua 
Oilseeds, Pulses, 

Vegetables, Jute 
Bangladesh Sultana, 2003. 

2.21 Effect of pesticides on natural enemies: Every crop is attacked by various 

arthropod pests rendering huge economic loss. Some of the pests may be managed by 

biological control agents like pathogens, predators, parasitoids and spiders (Cloyd et al., 

2009). However injudicious application on insecticides cause serious damamge to crop 

eco-system. For this reason study on the side effect of insecticides on the natural enemies 

is highly required to assess the extent of detrimental effects on the natural enemy 

population (Kaushik et al., 2016). An integration of chemical and biological control 

strategy is suggested for insect pest management for the success of an IPM program 

(Smilanick et al., 1996; El-Wakeil et al., 2006 and Volkmar et al., 2008). Long term non-

judicial use of non-selective pesticides subsumes natural enemy population and eventually 

increases the pest population in agricultural fields (Fernandes et al., 2010). Gallo et al. 

(2002) stated the insect resurgence and secondary pest outbreak due to unwise insecticide 

application. 
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Perera et al. (2000) reported that the pestistat use of Denatonium benzoate, 

Azadirachtin dettered the larvae of Chrysodeixis eriosoma and P. xylostella and also the 

the parasitoid, Cotesia plutellae. However out of the three antifeedants, Denatonium 

benzoate was comparatively safer to the parasitoids C. plutellae. Suh et al., (2000) 

investigated effect of Lambda Cyhalothrin, Cypermethrin, Thiodicarb, Profenophos, 

Spinosad, Methoxyfenozide, and Tebufenozide on the larval emergence, adult survival and 

adult fitness of Trichogramma exiguum. In the experiment, except Methoxyfenozide and 

Tebufenozide all the pesticides adversely affected T. exiguum emergence from 

Helicoverpa zea host eggs. Mahdavi et al., (2011) showed that, Abamectin did not affect 

significantly on the extent of parasitism of Bracon hebetor. Pratissoli et al., (2011), 

however, showed that there was no harmful effect of pesticide on T. atopovirilia. 

Bjorksten and Robinson (2005) reported that Abamectin did not affect the emergence rate 

of the parasitoid wasp Hemiptarsenus varicornis. Morais et al., (2016) reported that, b-

Cyfluthrin, Bifenthrin, Imidacloprid and Chlorpyrifos had toxic effect on the braconid 

parasitoid A. citricola. Thanavendan et al., (2017), on the other hand, had noted that, 

Profenofos 50EC was most toxic while Chlorpyriphos 20EC was the least toxic effect on 

B. brevicornis and C. blackburni. NSKE 5% had at all, no effect on B. brevicornis and C. 

blackburni. They further had noted that chlorpyriphos 20 EC and 4% hexane crude extract 

of Lantana camara were harmless to Cotesia plutellae. Nagrare et al., (2016) reported that 

Quinalphos, Chlorpyriphos, Thiamethoxam and Profenophos had effected both cotton 

mealybug Phenacoccus solenopsis and also Encyrtid parasitoid Aenasius bambawalei 

following 24 h of exposure. 

De Cock et al., (1996) and Torres et al., (2002) reported that Thiamethoxam and 

Imidacloprid affected the predatory behaviour and survivability of the pentatomid bug, 

Podisus nigrispinus in the field condition. Boyd and Boethel (1998) reported that, 

Permethrin, Emamectin benzoate and Methyl parathion were harmful to the nymphal 

instars of the oredatory bug, Podisus maculiventris. George and Ambrose (2004) had 

noted Methylparathion and Monocrotophos adversely affected the physiology of Reduvid 

predator Rhynocoris kumarii. Whereas Endosulfan showed least effect on the physiology 

of R. kumarii, followed by Dimethoate and Quinalphos. Thungrabeab and Tongma (2007) 

examined that Beauveria bassiana was non-pathogenic fungus to natural enemies and 

beneficial soil insects. 
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From the above review of literature, it has been clear that H. talaca is a major pest of tea 

that is responsible for a significant economic loss. A thorough study on S. collaris, E. 

fuecellata and C. ruficrus are important natural enemies of lepidopteran pests. Therefore it 

is needed to study these natural enemies to ensure the possibilities of their predacious and 

parasitic nature in biological control strategy for the management of H. talaca in the tea 

field. 
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MATERIALS AND METHODS 

Materials and methods are adopted to achieve the objectives designed in the scope of this 

study, during the period of investigation are presented as below 

3.1 Location of the study: Two conventionally operated Tea Estate (TE) of Dooars 

region were selected as the study area in the district of Jalpaiguri of West Bengal in India. 

Both the areas aerially separated by about 25 Km (Fig.3.1).  

i. Banarhat T. E (26.78814°N 89.0408°E)  

ii. TRA experimental plot (26°54′0″N 88°58′0″E).  

 

Fig.3.1: Location map of the study area (source: http://www.maplandia.com/india/west-

bengal/jalpaiguri/nagrakata/) 

3.2 Bioecology and seasonal abundance of H. talaca, S. collaris, E. furcellata and C. 

ruficrus: Out of the four insects three had already been identified except S. collaris, which 

has been identified from Crop Protction Research Centre, Palayamkotti, Tamil Nadu 

(Appendix IV). To study the bio-ecology and seasonal abundance of the major tea pest H. 

talaca and three natural enemies S. collaris, E. furcellata and C. ruficrus, a three hectare 

plot was selected in each location and from that plot randomly five subplots were marked 

and considered as five replications, each sub-plot consisted of 100 bushes. The interaction 

of these four insects with their ecology such as abiotic and biotic factors were observed 

and the data recorded for a period of two years (February 2017 to January 2019). The 

trends of the seasonal abundance of the pest, and the two predators were recorded by 

taking the count of number of individuals in randomly selected 30 bushes per replication 
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at fortnightly intervals. In the case of C. ruficrus, cocoons were randomly collected from 

each replication by randomly selected 30 bushes (Fig. 3.2.1). Method was adopted from 

Puja and Sabiha (2016); Suyal et al., (2018) and Hill and Atkins, (1983). Data on the 

weather parameters of the study period were collected from metrological division of 

Banarhat TE and TRA experimental plot (Fig. 3.2). 

 
Fig. 3.2: Two study sides (a) first location (Banarhat TE) and (b) second location 

(TRA experimental plot) 

 
Fig. 3.2.1: Pest and natural enemies in tea ecosystem: (a-b) larvae of H. talaca, (c) 

cocoons of C. ruficrus (red circle indicates point of intrest), (d) adult S. collaris, (e) 

nymph of S. collaris and (f) adult of E. furcellata 
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 3.3 Rearing of H. talaca on natural diet (tea leaves) and shade tree leaf (Acacia 

lenticularis): Gravid male and female moths of H. talaca were collected from the selected 

fields by hand collection. Moths were put in mating and egg laying chamber 

(30.48x30.48x45.72cm
3
, wooden cage) and provided 10% honey solution as food source 

under laboratory conditions (27± 2
o
C, 70-80% RH and 16:10 LD photoperiod). Shade tree 

barks were provided for their oviposition and then the bark containing eggs were kept in 

separate chamber for further monitoring. After hatching of the eggs, one batch of larvae 

were reared on leaf of susceptible selected tea clone and another batch on the leaves of  a 

common shade tree Acacia lenticularis were provided with a conical flask and covered 

with wooden box (Fig. 3.3). The culture was maintained by cleaning and changing of host 

leaves on a daily basis following the methodology developed by Babu et al., (2014) with 

minor modifications until pupation. After adult emergence, the adults were sexed by 

separating females and males in a mating chamber at 1.12 ratio. The number of egg laid by 

the female, incubation period of egg, larval developmental duration for each instar, 

duration of pupal period, adult longevity were also observed and data recorded from both 

rearing conditions. 

 

Fig. 3.3: Rearing of H. talaca (a) tea leaves are provided for looper, (b) rearing 

condition of looper on tea leaves, (c) shade tree leaves are provided for looper and (d) 

rearing condition of looper on shade tree leaf covered  
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3.4 Rearing of H. talaca on artificial diet: An artificial diet for rearing the larvae of H. 

talaca was prepared using the ingredients listed in Table 2.4 following the procedure 

adopted by Babu et al., (2015a). The artificial diet was kept under refrigerated conditions. 

The newly hatched larvae of H. talaca were provided a piece of artificial diet pricking 

with toothpick in Tarson sample collecting container (4.3x5.4cm
2
). A piece of filter paper 

(4.3cm diameter) was also put inside the container to absorb the moisture and to avoid 

contamination (Fig. 3.4). Excreta of the larva was removed daily and diet was changed if 

needed. All the biological parameters were observed and recorded in a similar manner 

followed for the natural food.  

 
Fig. 3.4: Rearing of looper on artificial diet: (a) early instar of looper and (b) 

advanced instar larvae 

Table 2.4 Ingredients of artificial diet 

Fraction Ingredient Quantity 

A 

Tea leaf 7gm 

Tea seed powder 7gm 

Proteinex powder 1gm 

Yeast powder 1.25gm 

Sorbic acid 0.5gm 

B 

Ascorbic acid 0.40gm 

Streptomycin 0.625gm 

Multivitamin ¼ tablet 

Vitamin-E 1 drop 

C 1% formalin 1.25ml 

D 
Agar-Agar 1.56gm 

Distilled water 100ml 



Chapter III: Materials and Methods 

36 | P a g e  

3.4.1 Procedure of artificial diet 

1. Fraction A was mixed with 50ml water and blended for 2 minutes. 

2. Fraction B was added to the above mixture and again blended for 1 minute. 

3. Fraction C was then mixed to the above mixture in the blender and blended for 

another 1 minute. 

4. Fraction D was boiled in 50ml water and added in the blender and blended again 

for another 1 minute with the above mixture. 

5. The prepared diet is then poured in the petri plate and allowed to get solidified 

(Fig. 3.4.1). 

 

Fig. 3.4.1: Ingredients of artificial diet: (a) fraction A, (b) fraction B, (c) fraction C, 

(d) fraction D, (e) mixture of all ingredients poured in a petridish and (f) prepared 

artificial diet 

3.5 Rearing of Corcyra cephalonica: Eggs of Rice meal moth of (Corcyra cephalonica) 

were collected from Entomology department of Uttar Banga Krishi Viswavidyalaya, 

Coochbihar, India. Eggs were sprinkled in the maize powder kept in a plastic container 

(25x115x8cm
3
) under the laboratory conditions (27± 2

o
C, 70-80% RH and 16:10 LD 

photoperiod). After the successful development from egg to larva in the maize powder, 

emerged adult were collected and transferred into the mating chamber for egg laying (Fig. 

3.5). Methodology followed by Rashmi (2009) with minor modifications was adopted in 

this experiment. 
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Fig. 3.5: Rearing of C. cephalonica on maize powder, (a) rearing condition of C. 

cephalonica in laboratory, (b) moths in the culture container, (c) the collected eggs, 

(d) larvae of different instars, (e) pupae and (f) male and female moths 

 

3.6 Rearing of S. collaris and E. furcellata on larvae of H. talaca and C. cephalonica: 

The field collected adult of these two predators were kept in glass chimney in different 

rearing set (opening of the chimney was covered with muslin cloth) under laboratory 

conditions (27± 2
o
C, 70-80% RH and 16:10 LD photoperiod) for mating and laying eggs. 

Larvae of H. talaca and C. cephalonica were provided in two different culture conditions 

for feeding (Fig. 3.6). Shade tree barks were kept inside the chamber for egg laying and 

the egg masses were collected and kept in separate containers for maintaining the culture. 

A piece of wet cotton was put in the chamber for maintaining the moisture. The moist 

cotton pieces were changed every day to prevent the fungal infection. After hatching of 

eggs, the first and second nymphal instars of the predators were reared in group until 

molted into next stage. Third instar, fourth, fifth stages were put in separate Tarson sample 

collecting container (Diameter 4.3, height 5.4cm) in order to avoid cannibalism. Adults 

were kept in separate glass chimney for mating and egg laying of S. collaris (Sahayaraj 

2012 and Rajan et al., 2017) and E. furcellata (Lenin and Rajan, 2016 and Tiwari et al., 

2017). Both the predators were reared in laboratory for two generations in order to record 

the incubation period, duration of nyphal stages, longevity of adult stages, number of eggs 

laid by female when feeding on the larvae of H. talaca and C. cephalonica.  
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Fig. 3.6: Rearing of S. collaris on (a) looper and (b) larvae of C. cephalonica; rearing 

of E. furcellata on (c) looper and (d) larvae of C. cephalonica 

 

3.7 Rearing of C. ruficrus on H. talaca: The parasitoid cocoons were collected from field 

and put into a glass funnel chamber until adult emergence under laboratory conditions 

(26±1
0
C and RH 73±5%). After adult emergence 10% honey solution was provided using 

a cotton swab for feeding and mating. The glass funnel was used for exposing the 

parasitoid wasps into the glass chimney containing healthy host larvae of different stages. 

After 4-6h the host larvae were transferred in another chamber and reared on tea leaves. 

After maturation inside the host body, parasitoid larvae were emerged out and formed 

cocoons. Rearing of C. ruficrus was done using larvae of H. talaca following the 

methodology of Chen et al., (2016). Duration of larval stages, longevity of adult stages, 

number of cocoon formation on the larvae of H. talaca were recorded. 
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3.8 Life table of H. talaca, S. collaris, E. furcellata and C. ruficrus: To know the 

successive age intervals, age specific survival, the developmental, fecundity rate and the 

expectation of further life of H. talaca reared on three different food regimes (tea leaf, 

shade tree leaf and artificial diet) and life tables were constructed for S. collaris, E. 

furcellata and C. ruficrus reared on larvae H. talaca, under laboratory conditions. Prior to 

the implementation of a natural enemies in the pest control programme, it is essential to 

know all the parameters of life tables of the respective natural enemies. For constructing 

the life table of these four insects, ten pairs of healthy male and female were kept into the 

glass chimney containing proper food for maintaining the culture. Shade tree bark were 

put into the chimney for laying eggs of H. talaca, S. collaris and E. furcellata. Hundred 

eggs were collected and kept separately into a glass chimney covered with muslin cloth. 

The eggs were kept under daily observation and after hatching out of eggs, the immature 

stages of the insects were put into separate chimney containing their food. The rearing of 

the four insects were continued till maturation. Duration and survival rate of each 

immature stages were observed till it moulted into adult. Sex ratio of adult male and 

female were recorded and kept separately in glass chimneys. Ten pairs of male and female 

were kept under observation along with prey larvae as food, duration of pre-oviposition, 

oviposition, number off egg laid by a female and the adult longevity were recorded. 

From the above observations life table parameters like age specific fecundity, age specific 

survival rate, gross reproductive rate, intrinsic rate of natural increase (rm), net 

reproductive rate, mean generation time and finite rate of increase at room temperature 

were designed according to Brich (1948), Deevy (1947) and Southwood (1978). Doubling 

time was determined according to Mackauer (1983).  

The net reproductive rate (R0), which is the rate of population multiplication in each 

generation, equal to the sum of the lxmx products as in the following equation: R0 = 

(∑lxmx). Mean length of generation time (Tc) determined the mean-time, calculated from 

birth of parents to birth of offspring. The precise value of mean length of a generation was 

calculated in the equation, Tc = Σ Xlx mx/Σ lx mx. The innate capacity for increase (rc) was 

calculated as, rc = (logeR0)/ Tc. This is the arbitrary value of rm. Two trial values of the 

intrinsic rate of increase (rm) up to 2 or 3 decimal place selected on either side of it and 

substituted in the equation Σe
7–rmx

 lxmx until the two values of the equation were found 

which lay immediately above or below 1097 (Atwal and Bains, 1974). The two values 

obtained from the above calculation were plotted against their respective arbitrarily ‗rm‘ 

which give a straight line and intersected by a vertical line drawn from the described value 
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at 1097. The two point of intersection gave the accurate ‗rm‘ value up to three decimal. 

The maximum population growth, innate capacity for increase (rm) is the maximal rate of 

increase attained by a population of a particular organism at any particular combination of 

environment and expressed as the number of females per day, which was determined by 

using the formula ∑e
7-rm

 lxmx =1, where, x is age of individual in days, lx is number of 

individuals alive at age ‗x‘ as a proportion of one; mx = number of female offspring 

produced per female in the age interval ‗x‘. Corrected generation time (T) was obtained by 

using the formula, T = (loge R0)/rm. Finite rate of natural increase (λ), is the number of 

female offspring per female per day, calculated as, λ= antilog e
rm

. Weekly multiplication 

of population (Wm) was calculated by using the following formula, Wm = (e
rm

)
7
. Doubling 

time (Dt) is define as the number of days required by a population to double in number 

and was calculated by using the formula, Dt= (log2)/ rm. 

3.9 Selection of tea cultivars for the present study: For conducting the experiment on 

food consumption, 10 tea cultivars were selected from Tocklai Vegetative series, garden 

series and stock cultivars (Fig. 3.7) based on the quality or flavor, yield and standard 

(Table 2.9).  

Table 2.9: Selected tea cultivars for the experiment 

Category of 

cultivars 

Quality/ flavor Yield Standard 

Tocklai Vegetative 

(TV) - 

TV22 and TV26 TV1, TV16, TV20, 

 

Garden Series B157 (Bannockburn 

157), K1/1 (Kopati 1/1) - 

SNT8 (Sanyasithan 8), 

(HP12) Hantapara 12 

Tocklai Stock TS-520 

‗-‗: There are no such varieties 
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Fig. 3.7: Ten selected tea cultivars for the present study 

 

3.10 Study on the food consumption and development of larvae of H. talaca on 

different tea cultivars: Second or third leaf of each cultivars were collected from TRA 

experimental plot. Leaf discs (3.2 cm in diameter) were cut and put in the Tarson sample 

collectingcontainer (Diameter 4.3, height 5.4cm) (Fig. 3.8). A small piece of wet cotton and 

toothpick were put in the same container for maintaining the moisture and larval movement. 

Freshly moulted II, III, IV and V instar larvae of H. talaca were taken from the stock culture and 

kept in starvation for 1.5h into a large Petridis. After 1.5h, larvae were released in separate 

container containing leaves of same cultivars. Food consumption and weight of fecal matter by 

each larval instar were recorded at 24 h intervals. All the cultivars were put in the similar manner 

and replicated 5 times for each larval instar. The food consumption and weight gain by larvae of 

H. talaca were determined by the approximate digestibility (AD), efficiency of conversion of 

ingested food (ECI), efficiency of conversion of digested food (ECD), relative consumption rate 

(RCR) and relative growth rate (RGR) by following the basic methodologies of Waldbauer (1968), 

subsequently modified by Gurusubramanian et al., (1991). For constructing the susceptible index 

TV1 was used for relative susceptible check (RSC), method was adopted from the study of 

(Henrich et al., 1985; Majumder et al., 2011 and Roy et al., 2009). Means of food consumption 

and body weight gain were statistically analyzed by Tukey‘s multiple comparison test 

These parameters are calculated by using the following formulae: 

Food consumption (C) = (Initial leaf weight - final leaf weight) – (Average transpiration 

loss by leaf). 

Production (P) = Final body weight - initial body weight.  

Assimilation (AS) = Food consumed (C) - Faecal matter (F). 
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A dendrogram (Euclidean distance mapping) of selected tea cultivars was constructed 

based on the feeding and nutritional indices of larva of H. talaca by using GraphPad InStat 

software. 

 
Fig. 3.8: Food consumption of looper: (a) prepared leaf disc, (b) earlier instar of 

larva fed on leaf disc and (c) advanced instar larva consumed total leaf disc 

 

3.11 Quantitative assay of biochemical profiles of selected tea cultivars 

3.11.1 Preparation of leaf for biochemical analysis: Tea leaves up to third leaf of 

selected cultivars were harvested from TRA experimental plot. Leaves were deactivated 

by steaming for 3 minutes and dried it at hot air oven at 65
0
C for 10h. The dried leaves 

were blended in mixture grinder machine for preparing leaf powder. The further 

biochemical analysis were processed with these powder (Fig. 3.9). 
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3.11.2 Estimation of total carbohydrate 

3.11.2.1 Reagents  

i. Glucose stock standard solution: 100 mg of glucose was dissolved in 100 ml of distilled 

water in a volumetric flask.  

ii. Working standard: 10 ml of the stock was diluted to 100 ml distilled water. In each 1.0 

ml of this solution contains 100μg of glucose.  

iii. Anthrone reagent preparation: 0.2% anthrone was dissolved in ice cold concentrated 

sulphuric acid.  

iv. 2.5 N HCl.  

3.11.2.2 Procedure: 100mg of the tea leaf sample was added in 5.0 ml of 2.5 N HCl into a 

boiling tube, hydrolysed by keeping it in a boiling water bath for three hours and allowed 

to cool at room temperature. Solid sodium carbonate was added slowly until the 

effervescence ceases and make up the volume to 100 ml and centrifuged. The supernatant 

was collected and 0.2 to 1.0 ml taken for analysis. Standards were prepared by taking 0.2-

1.0 ml of the working standards. One test tube served as blank made up the volume with 

1.0 ml distilled water. 4.0 ml of anthrone reagent was added, then heated for eight minutes 

in a boiling water bath, allowed to cool and read the green to dark green colour at 630 nm. 

The method was followed developed by Hedge and Hofreiter, (1962). 

3.11.3 Estimation of total protein 

3.11.3.1 Reagents  

i. Folin –ciocalteau (reagent D).  

ii. 20% Sodium carbonate was added in 0.1N sodium hydroxide (Reagent A).  

ii. 0.5% Copper Sulphate (CuSO4.5H2O) was added in 1% potassium sodium tartrate 

(Reagent B).  

iii. Alkaline copper solution was prepared by mixing 50ml of reagent A and 1ml of 

reagent B prior to use (Reagent C)  

iv. Protein Solution (Stock Standard): 50mg of bovine serum albumin (fraction V) was 

dissolved in 50ml distilled water in a standard flask. 

3.11.3.2 Extraction of preparation:  

100 mg of leaf sample was mixed in 5ml of buffer used for the enzyme assay. The mixture 

was centrifuged and used the collected supernatant for protein estimation. 
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3.11.3.3 Procedure 

i. Working standard of 0.2, 0.4, 0.6, 0.8 and 1.0ml were pipetting out into a series of 

test tubes.  

ii. The sample extract of 0.1 ml and 0.2 ml were taken two other test tubes.  

iii. The volume of all the test tubes was made up 1.0 ml with distilled water. A tube 

with only 1.0ml of distilled water was served as the blank.  

iv. Reagent C of 5.0 ml was added to each test tube including the blank, allowed to 

10min standing for reaction. 

v. Reagent D of 0.5ml was added, mixed well and allowed to incubate at room 

temperature in the dark condition for 30min, blue colour was developed.  

The readings were taken at 660nm Lowry et al., (1951). 

3.11.4 Estimation of lipid: For the estimation of lipid 1g of prepared tea leaf sample was 

taken and mixed with 10 ml distilled water. Chloroform-methanol were mixed in the ratio 

of 2:1 and 30ml of this was mixed with the prepared sample solution and the mixture was 

left overnight at room temperature. An equal volume of chloroform and distilled water 

(20ml) were mixed with the mixture solution and the solution centrifuged at 1000 rpm for 

10 min. After centrifugation three layer was formed in the centrifuge tube. Among these 

three layers, two upper layer were discarded and the lower layer which contained 

chloroform containing lipid collected in a Petridis. This layer was kept in an oven at 50
0
C 

till the evaporation of chloroform. Weight of the remaining was taken and subtracted from 

the initial weight. Method was adopted from Bligh and Dyer (1959) and Dutta et al., 

(2013). 

3.11.5 Estimation of polyphenol 

3.11.5.1 Reagents  

1. Methanol (70%)  

2. Folin-Ciocalteau reagent (1N)  

3. Sodium carbonate (20%)  

4. Standard gallic acid solution (100μg/ml in water) 

3.11.5.2 Total Polyphenol Content (TPC): The total polyphenol content was calculated 

using Folin-Ciocalteu reagent by following the method of ISO/CD 14502-1-2: (2001). 

0.2gm of powdered sample was weighed and added with into 70% methanol/water mixture 
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for proper extraction. This mixture was diluted 100 times with distilled water. Then, 5 ml 

of Folin-ciocalteu reagent (1N) was added to 1 ml of the diluted extract followed by 

Sodium Carbonate solution (70%). The mixture was kept for 1 hour at room temperature. 

Absorbance was taken at 760 nm in ultraviolet–visible spectrophotometer and the result 

was express as weight percentage. 

3.11.6 Estimation of total alkaloids: Tea leaf powder sample of 5 g was taken into a 

beaker and 200 ml of 10% acetic acid in ethanol was added. Allowed this condition for 4h 

for proper extraction. This mixture was filtered and the extract was concentrated on a 

water bath to one-quarter of the original volume. The concentrated extract was allowed to 

cool and then concentrated ammonium hydroxide added drop wise to the extract until the 

precipitation was completed. The solution was allowed to settle and the precipitated was 

collected and washed with dilute ammonium hydroxide and then filtered with Whatman 

filter paper number 1. The residue contained alkaloid, which was dried in hot air oven at 

60
0
C. Total alkaloids was measured by taken the initial and final weight of the Whatman 

filter paper by following the method of Harborne, (1973).  

3.11.7 Estimation of total flavonoid: Quercetin of 10mg was weighed and dissolved in 

100ml methanol. This methanolic solution was then diluted to 6.25, 12.5, 25, 50, 80, and 

100μg/ml. Stock solution of tea leaf powder sample was prepared by weighing 100 mg 

and dissolved in 5ml methanol and transferred to 10ml volumetric flask. The volume was 

made up with methanol. 10% aluminium chloride and 1M potassium acetate were weighed 

and prepared the solution using distilled water.  

The estimation was determined using 0.5ml of each extract stock solution and each 

dilution of standard quercetin taken separately in a series of test tubes. One test tube with 

only distilled water of same volume served as blank. In each test tube 1.5ml methanol, 

0.1ml aluminium chloride solution, 0.1ml potassium acetate solution and 2.8ml distilled 

water were added. Each test tube was shaken in vortex machine for mixing well. All the 

prepared solutions were filtered through Whatmann filter paper and taken the absorbance 

at 415 nm against the suitable blank. Method was followed from Akbay et al., (2003) and 

Park et al., (2008). 
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3.11.8 Estimation of total chlorophyll and carotenoids: Fresh tea leaves were plucked 

from TRA experimental plot, then 1gm was taken for the assessment. Leaves was 

homogenized with mortar and pestle using 100ml 80% acetone. The homogenized sample 

was filtrate by filter paper and measured spectrophotometrically at 645nm and 663nm 

against acetone blank. Chlorophyll amount present in the extract is calculated according 

by using the formula: 

Chlorophyll a: Ca = 12.25 A663.2 – 2.79 A646.8  

Chlorophyll b: Cb = 21.50 A646.8 – 5.10 A663.2  

Sum of Chlorophyll a and b was the total Chlorophyll. 

Total carotenoids: Cx+c = (1000 A470 – 1.82 Ca – 85.02 Cb) / 198  

The method was followed, developed by Lichtenthaler (1987). 

 
Fig. 3.9: Biochemical analysis of tea leaf: (a) tea leaf powder, (b) estimation of 

chlorophyll, (c-d) estimation of alkaloid, (e) estimation of quercetin, (f) estimation of 

protein, (g) estimation of polyphenol, (h) estimation of carbohydrate 

 

3.11.9 Individual catechins and caffeine by using HPLC method: Individual catechin 

and caffeine was carried out and the quantity was analysed by using Agilent 1260 infinity 

series of HPLC fitted with ZORBAX Eclipsed plus Phenyl-Hexyl column (4.6 x 250 mm, 

5µm) and Agilent ZORBAX Eclipsed Plus Phenyl-Hexyl guard column (4.6 x 12.5 mm, 

5µm) following ISO 14502–2:2005(ed.) method. The composition of solvent water: 

acetonitrile: acetic acid (89:9:2 v/v) were used as mobile phase A and acetonitrile: water: 

acetic acid (40:9:1 v/v) as mobile phase B. 20 µg/ml EDTA was weighed and added to 

both the mobile phases to effectively sequester Fe
3+

 present in the solvent as even a small 
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amount of Fe
3+

 can cause significant on column degradation of the catechins. Flow rate of 

the column was fixed at 1 ml/min. The temperature was set at 20 ± 0.5 ˚C and UV detector 

was set at 278 nm. The binary gradient condition was carried out with 100 % mobile phase 

A for 10 min, after that over 15 min a linear gradient to 68% of mobile phase A, 32% of 

mobile phase B and hold at this composition for 10 min. prior to next injection, it was 

reset to 100% mobile phase A and allow to equilibrate for 10 min. The results were 

obtained by comparison of peak area covered by individual catechins with standard 

caffeine graph. 

3.12 Tea Leaf biophysical characters: The tea leaf biophysical characters like trichome 

density and leaf thickness were measured by following the methodology Bindu and 

Pramanik (2017).  

3.12.1 Trichome density: Ten leaves of almost similar age were plucked from each tea 

cultivar at peak infestation period of H. talaca. One square centimeter leaf area was 

measured by using graphpaper and was cut for measuring trichome density. Number of 

trichome per sq. cm on leaf lamina and midrib on both the surface (base, middle and tip 

portions) were counted under a stereomicroscope (Fig. 3.10). 

3.12.2 Leaf thickness: The collected tea leaves of each variety were taken and cross 

section cut with a sharp blade at three different parts of the lamina. Then the thickness was 

measured using stage and ocular micrometer. 

 

Fig. 3.10: Measuring of trichome density and leaf thickness 
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3.13 Predatory efficiency of the predators S. collaris and E. furcellata on H. talaca 

3.13.1 No-choice feeding: In order to study the predatory efficiency of S. collaris and E. 

furcellata in no-choice condition, wherein different larval instars of H. talaca like second, 

third, fourth and fifth respectively were offered individually. Fifteen each larval instars of 

H. talaca were transferred into separate glass chimney from the laboratory culture. Tea 

shoots (three leaves and bud) in small glass vials were put in that glass chimney as food of 

larvae. Individual life stages of both the predators (nymphs and adults) were also 

introduced into the same chimney containing the larvae of H. talaca. The individual life 

stage wise prey consumption was recorded at 24h intervals by counting the prey number in 

each chimney. New tea were provided to the newly replenished prey stages and cleaning 

of chimney were done on a daily basis. Method was adopted from Barua et al., (2016b).  

3.13.2 Free-choice feeding: To study the predatory efficiency of S. collaris and E. 

furcallta the predators in free-choice condition of feeding, different larval stages of H. 

talaca were provided together to different life stages of both the predators. In each glass 

chimney with tea shoots released a total of 20 larvae (4 larvae of each instar) of H. talaca. 

Consumption and preference of different life stages of the predators were recorded and 

tabulated by counting each instar of prey larvae at 24h interval. Statistical analysis: The 

data recorded from both the experiments of predatory efficiency of S. collaris and E. 

furcellata subjected to analysis of variance (ANOVA) and means were separated by the 

Tukey‘s multiple comparison test.  

3.14 Predatory behaviour of S. collaris and E. furcellata: To record the predatory 

behaviour of S. collaris and E. furcellata on the different instars of larvae of H. talaca, an 

experiment was conducted using a large petridish (14.5cm in diameter). Each life stage of 

S. collaris were maintained under starved condition for 1.5h and then placed into that 

petridish with different larval instars of H. talaca separately. The sequential pattern of 

predatory behaviours like the time taken in approach, attacking, paralyzing and sucking on 

the prey by different life stages of both the predators were assessed and recorded the time 

as well (Rajan et al., 2017). Mean were calculated by Tukey-Kramer HSD Post-Hoc Test. 

3.15 Stage specific predation of S. collaris and E. furcellata: Stage specific predation of 

different life stages of reduviid bug S. collaris and pentatomid bug E. furcellata were also 

studied under the same laboratory conditions. Different larval instars of H. talaca were 

provided to the individual stages of both the predatory bugs and the maximum number of 

prey consumption and type of feeding were recorded at 24h interval. 
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3.16 Mass rearing of S. collaris on larvae of C. cephalonica: Healthy adults S. collaris 

were collected from the study location and kept inside a glass chimney. Wet cotton piece 

was put inside for maintaining the moisture content. Larvae of C. cephalonica were 

provided from the laboratory stock culture as food of S. collaris. Eggs were collected and 

put into separate container. Newly hatched nymphs of S. collaris were reared by providing 

sufficient food as larvae of rice meal moth. The rearing condition was cleaned and larvae 

of rice meal moth replaced daily.  

3.17 Field release of S. collaris: A small scale field trial was conducted at Kurti TE and 

Hope TE of Dooars region. Two plots were selected, one for control plot and another plot 

for release of S. collaris, each plot contains contained 300 bushes. The population of H. 

talaca was assessed by taking the count of larvae per bush before and after release of S. 

collaris. Reduction of population of H. talaca after release of S. collaris were assessed at 

48h intervals up to 13
th

 day by taking the initial count and every 48h interval count of the 

population. Data were subjected to analysis of variance (ANOVA) according to Tukey‘s 

multiple comparison test. 

3.18 Parasitization on different host instar and affects food consumption and growth: 

The newly molted II, III and IV instar larvae of H. talaca were provided to adult parasitoid 

wasps of C. ruficrus for parasitization. After oviposition by the female parasitoid, the 

parasitized II, III and IV instar larvae were reared separately put in Tarson Container 

(Diameter 4.3, height 5.4cm). Leaf discs (3.2 cm in diameter) were provided as food. 

Similarly II, III and IV instar un-parasitized larvae were also reared in same experimental 

conditions, which served as control. Food consumption and host body weight of 

parasitized larvae were recorded at 24h interval by taking the initial and final weight of 

leaf disc and larvae until the egression of larvae of parasitoid wasp, similarly the control 

(un-parasitized) larval food consumption and body weight of the healthy larvae were also 

monitored at 24h interval until egression date of parasitoid from host Chen et al., (2016).  

3.19 Differential haemocyte count (DHC) and morphology of haemocytes: For assessing 

the DHC a small drop of haemolymph was taken from parasitized and un-parasitized larvae 

separately on a grease free glass slide by clipping the pro legs. The air dried slide was stained 

with Giemsa (4%) for 2-3min and subsequently the slide was rinsed with distilled water, air 

dried and mounted with DPX (Mountant for histology). The morphological observation of 

haemocyte and DHC, were taken under phase contrast microscope at 40x magnification and 

images were captured by digital camera (Olympus BX51). For the estimation of DHC cell 

categories were counted in 200 cells from randomly chosen area of stained haemolymph 
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smear slide. The stained haemolymph smear slides were observed and the cell diameter were 

recorded under light microscope by using ocular and stage micrometer Sanap et al., (2016) for 

the determination of the size and shape and number of the haemocytes. Data generated on 

DHC were analyzed by one- way analysis of variance (ANOVA) with Tukey- HSD multiple 

comparison test using SPSS 17.0 package. Morphological analysis of different haemocytes of 

un-parasitized and parasitized larvae of H. talaca was also analyzed by t-test (SPSS 17.0). 

3.20 Effect of pesticides on natural enemies (S. collaris. E. furcellata and C. ruficrus) of 

H. talaca: Study on the toxic effect of certain recommended synthetic chemical and bio-

formulations (Acaricides and insecticides) on immature and mature stages of natural enemies 

of H. talaca was also conducted under laboratory conditions. From the stock culture different 

stages of natural enemies was taken and used for the experiment. Ten insects were taken into 

each glass chimney for a single replication and each treatment were replicated for five times. 

The pesticides of  Quinalphos 25 EC (Organophosphates: Ekalux, Syngenta India Ltd. 

Acetylcholin esterase (AChE) inhibitors; Nerve action IRAC MoA No. 1B), 

Thiamethoxam 25WG (Neonicotinoids:Actara, Syngenta India Ltd, Nicotinic 

acetylcholine receptor (nAChR) competitive modulators; Nerve action IRAC MoA 

No.4A); Emamectin benzoate 5% SG (Avermectins: Missile, Crystal Crop Protection Pvt. 

Ltd., Glutamate-gated chloride channel (GluCl) allosteric modulators; Nerve and muscle 

action IRAC MoA No. 6),  Deltamethrin 2.8 EC (Synthetic pyrethroids 3A: Decis, Bayer 

Crop Science Ltd., Sodium channel modulators Nerve action, IRAC MoA No. 3A), 

Bifenthrin 8% EC (Synthetic pyrethroids: Markar Super, Dhanuka Agritech Limited, 

Sodium channel modulators Nerve action, IRAC MoA No. 3A), Flubendiamide 20 WG 

(Diamides: Takumi, Rallis India Limited, Ryanodine receptor modulators, Nerve and 

muscle action IRAC MoA No. 28), Fenpyroximate 5EC (METI acaricides and 

insecticides: Mitigate Isagro Asia Agrochemicals Private Limited, Mitochondrial complex 

I electron transport inhibitors IRAC MoA No. 21A), Beauveria bassiana formulation and 

Azadirachtin 5% EC diluted in distilled water using the recommended dose and exposed. 

Control was treated with water. After 20minutes of the spray sufficient number of H. talaca 

larvae to the predators and cotton swab of 10% honey solution along with tea shoots were 

provided as food source. Spraying was performed with glass atomizer, maintaining the 

distance of 30-40cm. The toxic effect of each pesticides were observed at 24h intervals and the 

percentage of mortality were recorded by followed the methodology of Vasanthkumar et al., 

(2011). All the data were subjected to analysis of variance (ANOVA) according to Tukey‘s 

multiple comparison test. 
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RESULTS 

4.1 Observation on climatic parameters 

4.1.1 During 2017-2018: During the first season of observation the maximum value of  T. 

Max (38.2
0
C) was noted in July while minimum value of  T. Max (28.1

0
C) was noted in 

January at the  first location (L1, Banarhat TE) (Table 4.1.1). Whereas, at the second 

location (L2, TRA experimental plot), the maximum value of T. Max (32.0
0
C) and 

minimum value of T. Max (23
0
C) which were comparatively lower than L1. The higher 

value of T. Min was 24.2
0
C in July and 21.9

0
C in August at L1 and L2 respectively. 

Whereas, the value of T. Min was recorded in January at both the locations. On the other 

hand, the maximum value of RF was 708.6 mm. At L1 the highest RH was noticed in 

September (90.7%), when the maximum rainfall was observed in June (917.7mm). In case 

of L2 the highest RH percentage was observed in June (90.3%) while the highest RF 

occurred during August (997.4mm). Both the parameters were observed to be low in 

winter months. 

4.1.2. During 2018-2019: The maximum T. Max was recorded as 39.1
0
C in July and the 

minimum T. Max 25
0
C in January (4.0

0
C) at L1, while at TRA same parameters were 

recorded in June (32.9
0
C) and in January (22.5

0
C) at L2. The maximum T. Min was 

noticed in August (24.0
0
C), whereas minimum T. Min was recorded in January (4.0

0
C) at 

L1. Whereas at L2 the maximum T. Min was observed in July (21.8
0
C) and minimum T. 

Max (7.2
0
C) in January were also observed. The RH attained the peak in August (90.8%), 

while highest RF was 1021.0mm at L1. In case of L2, maximum RH percentage was 

recorded in June (90.0%) and highest rainfall was observed in September (1306.3mm) 

(Table 4.1.2). 
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Table 4.1.1: Climatic factors observed during first season (2017-2018) at both the 

study locations 

Months 

Locations of the study sites 

Banarhat TE TRA experimental plot 

Temperature (
0
C) 

RH (%) RF(mm) 
Temperature (

0
C) 

RH (%) RF(mm) 
T. Max T. Min T. Max T. Min 

Feb 30.0 8.00 65.4 5.070 27.0 11.4 63.0 0.000 

Mar 32.1 9.01 68.7 79.50 27.4 13.1 68.7 88.60 

Apr 35.3 15.0 79.4 203.8 30.0 17.3 77.7 256.6 

May 38.0 18.3 88.6 425.5 31.2 19.4 87.9 445.6 

Jun 36.0 23.0 87.8 917.7 32.0 21.3 90.3 994.2 

Jul 38.2 24.2 88.9 565.6 31.5 21.8 86.0 748.3 

Aug 37.3 24.0 88.4 708.6 31.4 21.9 86.7 997.4 

Sep 37.0 23.0 90.7 549.7 31.9 21.4 89.4 993.9 

Oct 35.1 17.1 73.2 335.5 30.6 18.3 75.8 150.9 

Nov 32.0 12.0 77.3 1.500 28.6 12.7 78.3 5.100 

Dec 29.0 9.02 63.7 0.000 26.5 10.1 65.9 0.000 

Jan 28.1 4.00 61.2 0.000 23.0 6.6 64.4 0.000 

 

Table 4.1.2: Climatic factors observed during second season (2018-2019) at both the 

study locations 
Months Locations of the study 

Banarhat TE TRA experimental plot 

Temperature (
0
C) RH (%) RF(mm) Temperature (

0
C) RH (%) RF(mm) 

T. Max T. Min T. Max T. Min 

Feb 26.3 12.3 63.8 0.0000 25.4 10.8 69.1 0.0000 

Mar 32.0 13.1 69.8 82.300 28.7 14.0 72.6 136.70 

Apr 34.0 15.0 77.4 142.10 30.3 16.7 70.9 150.40 

May 35.1 18.1 80.5 507.00 32.4 18.5 87.2 906.80 

Jun 38.0 18.2 89.6 854.50 32.9 20.9 90.0 1095.8 

Jul 39.1 22.0 90.5 584.00 31.4 21.8 88.2 1091.9 

Aug 38.0 24.0 90.8 249.00 32.3 21.6 84.2 1085.6 

Sep 33.4 16.1 82.9 1021.0 31.3 20.5 82.9 1306.3 

Oct 32.0 15.0 74.8 26.500 29.6 16.1 77.8 174.80 

Nov 31.1 11.2 78.2 19.000 27.4 11.8 83.3 11.200 

Dec 27.0 5.00 62.2 5.3000 25.2 8.4 66.1 8.9000 

Jan 25.0 4.00 60.5 0.0000 22.5 7.2 64.4 0.0000 
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4.2. Study on the bio-ecology and seasonal incidence of Hyposidra talaca 

in relation to the climatic parameters of Dooars region of West Bengal 

4.2.1. Observation on bio-ecology of H. talaca: Study on the bio-ecology of H. talaca is 

mostly concerned with the importance of the alternative host plants that assisted in the 

perpetuation of the pest. To assess the relative importance of alternative host plant as food 

source and also as a substrata for egg-laying of the pest during the off-season. Observation 

was carried out and around eight broods of H. talaca were noticed per year. The selected 

plots were pruned during 2017-2018 and subsequently the plots remained un-pruned 

during 2018-2019 at both the locations (L1 and L2) following the standard management 

practices. The study on the bio-ecology H. talaca was carried out in such conditions. 

4.2.1.1. Observations on host plant as alternative food source: The newly hatched 

larvae of H. talaca were found to move to another plants and settled down. Soon it started 

feeding on them. Apart from tea plant, larvae of H. talaca were found to fed on some 

weeds, shade trees and other plants mostly belonging to a the plant families like 

Asteraceae, Phyllanthaceae and Annonaceae respectively (Fig. 2.1.1). Only the early 

instars were noticed to feed vigorously on the alternative host plants but the later instars of 

advanced growth staged tend to move to the tea plants.   

 
Fig. 2.1.1 Host plant as alternative food source, larvae of H. talaca were found to feed 

on (a) Phyllanthus sp. (b) Ageratum conyzoides (c) Polyalthia longifolia 

4.2.1.2. Observations on host plant for egg-laying: A number of host plants were 

noticed that are used as substrata for egg laying at both the locations. Apart from tea, eggs 

were laid on shade trees and other trees that are adjacent to the plantation area. Mango and 

wild Neem (Bakain) trees were found, in the present observation and the barks also act as 

the substrata for egg laying of H. talaca (Fig. 2.1.2.).  
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Fig. 2.1.2. Egg-laying of H. talaca on alternative hosts, (a) During egg laying on 

mango tree, (b) Egg clutches on mango tree, (c) Mating of male and female on Bakain 

tree, (d) Egg clutches on Bakain tree bark 

4.2.2. Seasonal abundance of H. talaca during the period of observation  

4.2.2.1. Periodicity of H. talaca: The periodicity was noted during the study periods for 

two consecutive years (2017-2018 and 2018-2019). For each of the years, incidence of the 

pest population was observed at fortnight interval and accordingly tabulated. Data was 

collected for each of the years separately and also for the two selected locations (L1 and 

L2). ‗Trends line‘ was accordingly generated in order to predict the periodicity of the 

insect pest population. Relative difference, in consideration of the incidence of insect pest 

at two selected places (L1 and L2) are also noted in both the seasons. 

4.2.2.1.1. During 2017-2018: Almost similar population trends were observed in both the 

locations (L1 and L2). The population increased gradually from February 

(6.4/bush).Noticeable fluctuation of population was observed during March extending 

upto the first week of April at first location (L1). The population of H. talaca attained the 

peak in June (13.1/bush) followed by a drastic reduction of population during July 

(4.2/bush). The population then increased in September (12.3/bush).  

Pest dynamics at the second location (L2) had a conformity with the first place of 

observation. However the numerical abundance of the pest at the second location was 

comparatively higher along the observation period. In June, the population was 14.2/ bush, 

while in September it was 10.2/bush (Fig. 2.2.1.1).   
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Fig. 2.2.1.1: Seasonal abundance of H. talaca and the trends line (in dotted line) 

suggesting the prediction of the incidence of H. talaca during 2017-2018 for both the 

study locations 

4.2.2.1.2. During 2018-2019: The peak population at L1 was recorded in June (19.8/bush) 

while the least was recorded in July (8.20/bush) at L1. However at L2, the highest number 

of larvae/bush was recorded in June (19/bush) and comparatively less population was 

observed in July (8.20/bush). Besides the overall dynamics at L2 was similar to L1. 

The population subsumed in the month of August and December respectively at both the 

places. A maximum of about eight ‗broods‘ were observed in a year devoid of any distinct 

diapause stage even in winter months. The numerical abundance of pest population was 

comparatively higher during the study period of 2018-2019 compared to 2017-2018 (Fig. 

2.2.1.2). 
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Fig. 2.2.1.2: Seasonal abundance of H. talaca and the trends line (in dotted line) 

suggesting the prediction of the incidence of H. talaca during 2018-2019 for both the 

stud locations 

4.2.2.2. Observation of ‘trends line’ of H. talaca during the period of observation: A 

‗prediction line‘ for the immediately subsequent fortnight can be generated taking in 

consideration of the incidence of the pest population for the first two fortnights. 

Observation on trends line for both seasons at two places were noted at 2% moving 

average scale. Starting from February to June, the observed value on the incidence of H. 

talaca apparently synchronized with the predicted value of both study places. But after 

that, the observed population showed rapid oscillatory fluctuation from February to 

November for both the years. For these reasons the trends line can be considered only as a 

primary information to predict the population of H. talaca at late season. However, after 

February, the incidence of H. talaca population can be more precisely predicted from the 

trends line (Fig. 2.2.1.1 and 2.2.1.2). 

4.2.2.3. Impact of abiotic parameters: Grossly the abiotic factors encompasses four 

prime climatic parameters that were considered in the present study. Value of individual 

climatic parameter and their impact were recorded fortnightly.  

4.2.2.3.1. Observation and correlation value: Impact of individual abiotic parameters on 

the incidence of H. talaca at both places (L1 and L2) was assessed separately for the study 

period 

4.2.2.3.1.1. During 2017-2018: T. Max imparted significant positive effect (r=0.6233 and 

r=0.5865) on the abundance of H. talaca at both the locations L1 and L2 respectively 
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(Table 4.2.3.1). Effect of T. Min, though positive (r=0.5283 and r=0.4928) but 

insignificant during the period of observation in both the locations. The extent of humidity 

during the study period was 61.2-90.7% at both the study locations. A significantly 

positive (r=0.6735 and r=0.6363) impact of humidity was also noted during the period of 

observation irrespective of the two selected study places. RF was positively correlated 

(r=0.5493 and r=0.4226) with the abundances of H. talaca, but showed insignificant 

relationship.  

 

Fig. 2.2.3.1: Regression line representing relationship between abiotic factors and 

population abundance of H. talaca for the season 2017-2018 at Banarhat TE 
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Fig. 2.2.3.2: Regression line representing relationship between abiotic factors and 

population abundance of H. talaca for the season 2017-2018 at TRA experimental plot. 

4.2.2.3.1.2. During 2018-2019: Significant positive effect (r=0.6902 and r=0.6073) of T. Max 

on the incidence of H. talaca was noted in both the location L1 and L2 (Table 4.2.3.1). Like 

the previous year, the effect of T. Min, though positive but insignificant. Humidity during the 

study periods was extended to 60.5-90.8%, which showed the positive correlation(r=0.6628 

and r=0.6384) with the incidence of target pest. On the other hand, a positively insignificant 

impact of rainfall was observed with the population trends of H. talaca. 

 

Fig. 2.2.3.3: Regression line representing relationship between abiotic factors and 

population abundance of H. talaca for the season 2018-2019 at Banarhat TE  
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Fig. 2.2.3.4:  Regression line representing relationship between abiotic factors and 

population abundance of H. talaca for the season 2018-2019 at TRA experimental 

plot 

Table 4.2.3.1: Correlation between H. talaca populations and agro-climatic 

conditions of L1 and L2 

Parameters 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 0.6233* 0.5865* 0.6902* 0.6073* 

T. Min 0.5283 0.4928 0.6932* 0.4489 

RF 0.5493 0.4226 0.3814 0.3959 

RH 0.6735* 0.6363* 0.6628* 0.6384* 

*Values are significant at p < .05. (L1: Banarhat TE, L2: TRA Experimental plot) 

4.2.2.3.2. Regression analysis 

4.2.2.3.2.1. During 2017-2018: The regression analysis showed that, all of the abiotic 

factors were influenced the fluctuation of population of H. talaca (Fig. 2.2.3.1). The 

regression equations (y = 0.570x + 29.81 and y = 0.408x+26.38) showed positive relation 

between the looper population and T. Max at L1. But the intercepts (0.955 and 0.648) and 

R² values (0.279 and 0.242) of the equations for T. Min indicate insignificant relationship 

with the target pest at L1 and L2 (Fig. 2.2.3.1). The regression equations for rainfall 

showed the insignificant positive relation at both the study locations, while RH also 

showed positive equation (y = 1.91x + 64.02, R² = 0.454 and y = 44.91x+74.17, R² = 

0.178) with the population trends of H. talaca from for L1 and L2 (Table 4.2.3.2). 
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4.2.2.3.2.2. During 2018-2019: The regression analysis for T. Max, showed the equations 

(y = 0.593x + 27.24 and y = 0.399x +25.78), positive R² values (0.476 and 0.368) 

indicated insignificant correlation with H. talaca populations at L1 and L2 respectively 

(Fig. 2.2.3.3). The regression equations (y = 0.759x + 7.68, R² = 0.480 and y = 0.46x + 

11.85, R² = 0.201) of L1 and L2 showed positive but insignificant relation between T. Min 

and the pest (Table 4.2.3.2). The R² values (0.145 and 0.407) from the regression equation 

for both the locations showed insignificant but positive relation between rainfall and 

population trends of H. talaca. Whereas RH also showed positive regression equations for 

L1 and L1 with H. talaca population (Fig. 2.2.3.4). 

Table 4.2.3.2: Regression equation between H. talaca populations and climatic factors 

of both the locations 

Parameters 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max y = 0.570x + 

29.81 

R² = 0.388 

y = 0.408x+26.38 

R² = 0.344 

y = 0.593x + 27.24 

R² = 0.476 

y = 0.399x +25.78 

R² = 0.368 

T. Min y = 0.955x + 

8.617 

R² = 0.279 

y = 0.648x+11.71 

R² = 0.242 

y = 0.759x + 7.68 

R² = 0.480 

y = 0.46x + 11.85 

R² = 0.201 

RF y = 44.58x -5.02 

R² = 0.301 

y = 1.633x+66.33 

R² = 0.404 

y = 25.28x + 66.68 

R² = 0.145 

y = 1.151x+ 68.51 

R² = 0.407 

RH y = 1.91x + 64.02 

R² = 0.454 

y = 44.91x+74.17 

R² = 0.178 

y = 1.318x + 65.06 

R² = 0.439 

42.02x+ 46.82 

R² = 0.156 

4.2.3. Study on biology and survivality of H. talaca under laboratory conditions: 

During the off season, following pruning of the tea plant, observation on the life cycle is 

restricted until and unless, the detail biology of H. talaca is depend on alternative host 

plant. Study was conducted on three different diets including two alternative food sources, 

to assess the comparative survivality of the pest considered for the experimentation. 

Accordingly life table of the pest was constructed. 

4.2.3.1. Biology of H. talaca on three different diets: Study on the biology of H. talaca 

was conducted on three different diets such as tea leaf (natural diet), artificial diet as 

prepared in the laboratory and a shade tree (Acacia lenticularis) leaf under laboratory 

conditions. Life stages of H. talaca consists of egg, larva (I-V instars), pupa and adult. The 

biological parameter was recoded as the average of all seasons, throughout a year (Table 

4.2.3.3). 
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4.2.3.1.1. Eggs: Eggs were laid into the cracks of shade tree bark, provided in the glass 

chimney. Clutches of eggs are greenish in colour appearing as bunch of grapes. The colour 

transformed from greenish to brownish yellow and finally into blackish prior to hatching. 

In a total 589.6±15.6 eggs were laid by a single female moth when reared on artificial diet. 

But when reared on tea leaf and shade tree leaf the values were 578.8±26.3 and 566±18.8 

respectively. Variation of incubation period was also observed when reared on the three 

different diets. In case of artificial diet it was 6.4±0.9 days (Fig. 2.3.1). For natural diet 

and artificial diet the duration were 7.6±0.5 and 7.0±0.7 days respectively.  

 

Fig. 2.3.1: Stages of life cycle of H. talaca: (a) clutches of eggs, (b) newly hatched I instar 

larvae, (c) II instar larvae, (d) III instar larva, (e) IV instar larva, (f) V instar larva, (g) 

male and female pupae and (h) mating of male and female moths 

4.2.3.1.2. Larval instars: The black coloured (with white stripe) I instar larva is very small 

in size. It feeds on tea bud. Apart from tea bud, first or second leaf from the top of the tea plant 

was also affected by the early instars. Pinhole formation in the leaves were also common. As 

the mature tea leaves are comparatively less convenient to consume, the larvae generally 

scares to eat it. For this reasons, scratches in the lower portion of the mature leaf was noted 

due to invasion of the third instar larva. Duration of I instar larva was less on artificial diet 

(3.8±0.8 days) in comparison to tea leaf (4.2±0.8 days) and shade tree leaf (4.8±0.4 days) 

respectively. Both of the II and III instar larvae are dark black in colour with six white stripes. 

The black colour of the larvae changes in to dark brown and transformed into IV instar larva. 

The V instar larva was initially dark that turned into light brown as the growth stage advanced. 
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White stripes were noted dorsal to the body surface. All of the larval stages has three pairs of 

thoracic prolegs and one pair of abdominal prolegs. Duration of II instar larval stages varied 

significantly depending on dietary source. When reared on shade tree leaf, III instar larva took 

5.0±1.0 days to attain adult stage. Duration of larval stage was comparatively less on natural 

diet and minimum on artificial diet. The duration of I and IV instar larvae were apparently 

same when reared on the same food. However, variation was noted when food sources 

differed. Irrespective of the food source the duration of fifth instar larva was same. Highest 

larval duration was noted for shade tree leaves (26.8±0.5 days). This was followed by tea leaf 

(25.2±2.4 days) and artificial diet (27.6±0.9 days) in descending order (Table 4.2.3.3). The 

larvae stopped feeding and got entry into the pupal stage. 

4.2.3.1.3. Pupa: The pupa is dark brown in colour with distinct anal process. Pupation in field 

conditions occurred in soil while in laboratory conditions wooden dust acted as a pupation 

site. Duration of pupal period varied considerably depending on dietary sources. Maximum 

was noted for shaded tree (7.6±0.5 days) while the least was noted for artificial. Rearing on tea 

leaf had shown an intermediate pattern of pupal duration.  

4.2.3.1.4. Adults: Adult female was characterized by the presence of both grayish and 

blackish brown wings. Forewings is wavy with dark semi-circular patches having distinct sub-

marginal notch. In case of male moth, sub-marginal notch is absent. Pre-oviposition period 

is1.0 to 1.4 day. The ovipositional period was respectively 6.0±0.7, 6.4±0.5 and 5.8±0.8 days 

when reared on natural diet, artificial diet and shade tree leaves. Maximum longevity of the 

moth were recorded on artificial diet and while the least was noted for tea leaf. 

Table 4.2.3.3: Biology of H. talaca reared on three different diets 

Parameters 
Reared on 

Natural diet (Tea leaf) Artificial diet Shade tree leaf  

Egg (Number) 578.8±26.3
NS 

589.6±15.6
NS 

566±18.8
NS 

Incubation period (Days) 7.0±0.7
ab 

6.4±0.9
b 

7.6±0.5
a 

I (Days) 4.2±0.8
ab

 3.8±0.8
 b
 4.8±0.4

a
 

II (Days) 4.4±0.9
b 

4.0±0.7
ab

 4.8±0.4
a
 

III (Days) 4.6±0.5
b
 4.2±0.8

ab
 5.0±1.0

a
 

IV (Days) 4.0±1.0
b
 3.6±1.1

b
 4.8±0.8

a
 

V (Days) 9.0±0.7
 NS

 8.8±0.8
 NS

 9.2±0.8
 NS

 

Total larval period (Days) 26.8±0.5
b
 25.2±2.4

b
 27.6±0.9

a
 

Pupal duration (Days) 7.2±0.8
a 

6.4±0.5
b 

7.6±0.5
a 

Pre-ovipositional period (Days) 1.4±0.5
 NS

 1.2±0.5
 NS

 1.4±0.5
 NS

 

Ovipositional period (Days) 6.0±0.7
 NS

 6.4±0.5
 NS

 4.6±0.5
 NS

 

Male longevity (Days) 4.8±0.5
ab

 5.0±0.7
b
 5.2±0.5

a 

Female longevity (Days) 6.0±0.8
 NS

 6.2±1.0
 NS

 6.0±1.0
 NS

 

Values are the means (±SD) of ten replications. Values followed by the same alphabet in the same row are 

not significantly different at 5% level of significance according to Tukey‘s test. (NS, non-significance) 

4.2.3.2. Survival percentage of H. talaca reared on three different diets: The survival 

rate of all the life stages was highest on artificial diet compared to tea leaf and shade tree 
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leaf. In case of artificial diet, the percentage of hatching of eggs was 98.2±0.9. The 

survivality of I, II, III, IV and V instar larvae were respectively 98.2±1.0, 87.6±1.1, 

97.8±1.3, 98.4±0.2, 98.4±0.2 days. The rate of transformation from V instar larva was 

98.0±0.4. While, in case of adult, the percentage of survivality was 98.6±0.5. On artificial 

diet, highest larval mortality was noted during the transition from I instar to II instar stage. 

Less mortality was observed during the formation of pupa for all of the diets (Table 

4.2.3.4). Highest survivality (%) of moths were recorded on artificial diet followed by tea 

leaf and shade tree leaf respectively in descending order. But such differences are 

statistically insignificant.  

Table 4.2.3.4: Survivality (%) of H. talaca on three alternative dietary sources 
Survival % of Dietary sources* 

Tea leaf Artificial diet Shade tree leaf 

Egg hatching 96.9±1.4NS 98.2±0.9NS 95.9±0.7NS 

I 96.9±1.4NS 98.2±1.0NS 95.9±0.7NS 

II 91.3±1.3a 87.6±1.1b 90.2±1.4ab
 

III 94.9±0.2b 97.8±1.3a 91.4±0.7c 

IV 94.4±0.6b 98.4±0.2a 93.0±0.5c 

V 93.9±0.6b 98.4±0.2a 92.5±0.4b 

Pupa 97.8±1.0b 98.0±0.4a 92.6±0.8c 

Adult 96.5±0.5b 98.5±0.5a 92.5±0.1c 

Male 47.9±0.6NS 48.3±0.8NS 46.8±0.2NS 

Feale 52.4±0.8NS 52.1±0.8NS 54.3±0.2NS 
*Values are represented as mean±SD of five replications. Means followed by the same alphabet in a row do 

not differ significantly at p = 0.05 according to One-way ANOVA and Tukey's HSD. 

4.2.3.3. Life table study of H. talaca reared on three different diets: Life table of H. 

talaca was constructed individually for all of the three dietary food sources (Table 

4.2.3.5). The age specific fecundity rate (mx) was recorded as166.54 for artificial diet 

(Fig. 2.3.4), followed by164.64 and 156.36 were recorded for tea leaf (Fig. 2.3.3) and 

shade tree leaf (Fig. 2.3.5) respectively. Similarly, the age specific survival rate (lx) was 

0.8 for artificial diet. While reared on tea leaf and shade tree leaf the value was 0.6. Net 

reproductive rate was recorded as 462.9±22.1 on artificial diet. This was followed by tea 

leaves (396.9±16.1) and shade tree leaves (377.6±20.0) respectively in discending order. 

Highest gross reproductive rate (∑mx) was 550.8±22.0 when H. talaca was reared on 

artifical diet. This was comparatively less for tea leaves (526.3±20.1) and shade tree 

leaves (505.4±25.0) respectively in discending order. The shortest mean generation time 

of H. talaca was 35.3±5.4 days when reared on artificial diet, whereas 36.1±6.5 and 

37.1±7.2 days were respectively recoreded when the pest was reared on tea and shade tree 

leaf. Intrinsic rate of increase (rm) was 0.183±0.0 days for artificial diet. But the values 



Chapter IV: Results 

64 | P a g e  

were respectively 0.174±0.0 and 0.164±0.0 days when reared on tea leaves and shade tree 

leaves. The finite rate of natural incrsease was 1.20±0.1 female offspring/ female/day on 

artificial diet. While 1.19±0.1 and 1.17±0.0 female offspring/ female/day were noticed 

when H. talaca was reared on tea leaves and shade tree leaves respectively. Doubling time 

was maximum (4.2±0.3 days) in case of shade tree leaf. While the shotest period was 

recorded for artificial diet (3.8±0.1days).  

 

Fig. 2.3.3: Life table of H. talaca when reared on tea leaf 

 

Fig. 2.3.4: Life table of H. talaca when reared on artificial diet  
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Fig. 2.3.5: Life table of H. talaca when reared on shade tree leaf. 

Table 4.2.3.5: Life table parameters of H. talaca feeding on three different diets 

Life table parameters 
Dietary food source* 

Tea leaf Artificial diet Shade tree 

Precise value of intrinsic rate(rm) 0.174±0.0* 0.183±0.0* 0.164±0.0* 

Finite rate of increase(λ) 1.19±0.1 1.20±0.1 1.17±0.0 

Net reproductive rate(Ro) 396.9±16.1* 462.9±22.1* 377.6±20.0* 

Mean generation time(Tc) 36.1±6.5 35.3±5.4 37.1±7.2 

Corrected generation timer(T) 34.4±6.4 33.5±5.4 36.1±3.9 

Gross reproductive rate (GRR) 526.3±20.1 550.8±22.0 505.4±25.0 

Weekly multiplication (Wm) 3.4±0.3 3.6±0.2 3.2±0.2 

Doubling time (Dt) 4.0±0.7 3.8±0.1 4.2±0.3 

Values are representing as mean±SD of five replications. *Data is significance at p<0.05, according to One-

way ANOVA and Tukey's HSD 
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4.3. Study on bio-ecology and seasonal abundance of S. collaris during 

the period of observation  

4.3.1 Observation on bio-ecology of S. collaris: During the study period S. collaris was 

observed to prefer dense tea bush for shelter. It was also noticed on shade tree for 

searching food and mating. Egg raft was observed and collected from shade tree bark, tip 

of tea leaf and tea bark. During the pupal period of H. talaca S. collaris was observed to 

feed on red slug caterpillar and other tea loopers. In the pruning season S. collaris was 

noticed to stay on shade tree and other plants adjacent to the tea garden. 

4.3.2 Periodicity of S. collaris: During the two consecutive years, 2017-2018 and 2018-

2019 respectively, the periodicity of S. collaris was noted. The incidence of S. collaris was 

observed at fortnight intervals. The ‗trends line‘ was generated for entire study periods and 

for both the selected places (L1 and L2) separately in order to understand the periodicity 

of the predator.  

4.3.2.1 During 2017-2018: The population of S. collaris, increased from March onwards 

(Fig. 3.2.1) at both the locations. The trends of increase of S. collaris was found to 

coincide with the population of H. talaca. At L1 the peak population of S. collaris was 

recorded in July (2.6/bush), whereas, at L2, the peak population was found in August 

(2.5/bush). The population tended to decline from October and attained the lowest in 

January. 

 

Fig. 3.2.1: Seasonal abundance of and the trends line (in dotted line) suggesting the 

prediction of the incidence of S. collaris during 2017-2018 for both the study locations 

0

0.5

1

1.5

2

2.5

3

3.5

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

In
d

iv
id

u
al

s/
 b

u
sh

 

2017-2018 

Banarhat TE TRA

2 per. Mov. Avg. (Banarhat TE) 2 per. Mov. Avg. (TRA)



Chapter IV: Results 

67 | P a g e  

4.3.2.2 During 2018-2019: Persistent high level of S. collaris population trends were 

found from May to September at L1. But at L2, in addition to that the population till 

persisted upto October (Fig. 3.2.2). The population attained the peak in June with 2.8 

individuals/bush at both the locations. After that, the population declined at both the study 

area having a parity with the population dynamics with the target pest.  

 
Fig. 3.2.2.: Seasonal abundance and the trends line (in dotted line) suggesting the 

prediction of the incidence of S. collaris during 2018-2019 for both the study locations 

 

4.3.3. Observation of ‘trends line’ of H. talaca during the period of observation: A 

prediction line for the proximately later fortnight can be drawn taking in contemplation of 

the incidence of the S. collaris population for the first two fortnight observations. At 2% 

moving average scale, population dynamics of S. collaris in both seasons was calculated. 

The incidence of S. collaris from May to September population was seemingly 

harmonized with the predicted value. But after that, for both the seasons the observed 

population evicted rapid oscillatory fluctuation from August to January. For these reasons 

the trends line cannot be consider a prediction for the population of S. collaris. After 

February, the incidence of S. collaris population could be traced from the trends line (Fig. 

3.2.1 and 3.2.2). 

4.3.4. Observation and correlation value: The influence of each abiotic parameters on 

the population dynamics of S. collaris at both the study locations was assessed separately 

throughout the study period: 
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4.3.4.1. During 2017-2018: The results showed that, T. Max imparted significantly 

positive effect (r=0.9344 and r=0.9690) on numerical abundance of H. talaca at both the 

locations (Table 4.3.4). A significant positive correlation was observed between T. Min 

and the number of S. collaris (r=0.9331 and r=0.9807) for both the study areas. RF 

showed significant positive correlation (r=0.8809 and r= 0.7970) with S. collaris. 

Humidity of the study period imparted significantly positive (r=0.9320 and r=0.8694) 

effect on the population of reduviid bug irrespective of the two selected study places.  

 

Fig. 3.4.1: Regression line representing relationship between abiotic factors and 

population abundance of S. collaris for the season 2017-2018 at Banarhat TE 

 

Fig. 3.4.2.: Regression line representing relationship between abiotic factors and 

population abundance of S. collaris for the season 2017-2018 at TRA experimental plot 
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3.4.2. During 2018-2019: In the second season of the study, a significant positive correlation 

(r= 0.9242 and r=0.9568) was noticed between T. Max and numerical abundance of S. collaris 

at both the locations (Table 4.3.4) The T. Min was also positively correlated with the number 

of S. collaris, which was statistically significant. A positively significant (r=0.7469 and 

r=0.7887) impact of rainfall was also observed on the population dynamics of S. collaris. The 

value of correlation was significantly positive (r=0.8917 and r=0.8007) between S. collaris 

and RH at both L1 and L2.  

 

Fig. 3.4.3.: Regression line representing relationship between abiotic factors and 

population abundance of S. collaris for the season 2018-2019 at Banarhat TE  

 

Fig. 3.4.4.: Regression line representing relationship between abiotic factors and 

population abundance of S. collaris for the season 2018-2019 at TRA experimental plot 
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Table 4.3.4: Correlation between S. collaris population with climatic factors of both 

locations 

Parameters 

 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 0.9344 0.9690 0.9242 0.9568 

T. Min 0.9331 0.9807 0.9109 0.9669 

RF 0.8809 0.7970 
0.7469 

0.7887 

RH 
0.9320 0.8694 

0.8917 

0.8007 

Values are significant at p < .05. 

4.3.5. Regression analysis 

4.3.5.1 During 2017-2018: The regression equation at both L1 (Y=3.720x+28.459, 

R
2
=0.873) and at L2 (Y=3.342x+23.799, R

2
=0.9391) are significant (Fig. 3.3.1), T. Max 

showed strong positive impact on the population trends of S. collaris (Fig. 3.3.2). Whereas 

the R² values (0.870 and 0.961) of the regression equations of both the locations indicated 

a positive relationship between the T. Min and the target predators. From the regression 

equation, worked out for rainfall, a positive relation was found with the predator 

population at both the study locations. Whereas, the regression equations at 

L1(Y=11.503x+60.904, R
2
=0.868) and at L2 (Y=11.051x+59.775, R

2
=0.756) showed the 

positive relation between RH and population abundance of S. collaris (Table 4.3.5). 

4.3.5.2 During 2018-2019: According to the regression equations between T. Max and 

predator population dynamics (Y=3.720x+28.459, R
2
=0.873 and Y=3.342x+23.799, 

R
2
=0.9391), an increasing trends of predator were observed from summer to autumn 

months at both the study locations (Table 4.3.5). T. Min at both the locations showed also 

the similar impact like T. Max on the same months. The regression equations (Y=391.87x-

76.88, R
2
=0.558 and Y=418.82x-46.4, R

2
=0.622) of L1 and L2 showed significantly 

positive relation between RF and the predator populations (Fig. 3.4.3). Whereas, RH also 

showed positive impact on population abundance of S. collaris at both the study locations 

according to the regression equations (Y=11.459x+56.41, R
2
=0.795 and 

Y=7.227x+23.531, R
2
=0.641) (Fig. 3.4.4). 

 



Chapter IV: Results 

71 | P a g e  

Table 4.3.5: Regression equation between S. collaris populations and climatic factors 

of both the locations 

Parameters 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 
Y=3.720x+28.45, 

R
2
=0.873 

Y=3.342x+23.79, 

R
2
=0.9391 

Y=5.131x+23.39, 

R
2
=0.854 

Y=3.146x+23.53, 

R
2
=0.915 

T. Min 
Y=7.348x+4.72, 

R
2
=0.870 

Y=6.391x+5.83, 

R
2
=0.961 

Y=6.447x+2.971, 

R
2
=0.829 

Y=4.958x+6.89, 

R
2
=0.935 

RF 
Y=311.22x-140.44, 

R
2
=0.776 

Y=419.37x-294.9, 

R
2
=0.635 

Y=391.87x-76.88, 

R
2
=0.558 

Y=418.82x-46.4, 

R
2
=0.622 

RH 
Y=11.503x+60.90, 

R
2
=0.868 

Y=11.051x+59.77, 

R
2
=0.756 

Y=11.459x+56.41, 

R
2
=0.795 

Y=7.227x+23.53, 

R
2
=0.641 
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4.4. Study on bio-ecology and seasonal incidence of Eocanthecona 

furcellata during the period of observation 

4.4.1 Observation on bio-ecology of E. furcellata: The adult pentatomid bug E. 

furcellata was observed to fly on shade tree for searching alternate food and shelter. 

Nymph and adult of this bug were noticed to feed on lepidopteran pest of shade tree and 

other tree adjacent to the tea garden. Egg mass was observed on shade tree (Fig.4.1) and 

lower surface of the tea leaf.    

 

Fig.4.1: Female of E. furcellata laying eggs on shade tree 

4.4.2 Periodicity of E. furcellata: The periodicity of E. furcellata for the two consecutive 

seasons of 2017-2018 and 2018-2019 was recorded at both the study locations at 

fortnightly intervals. The survey was conducted on the population incidence of this 

predator and the collected data was tabulated accordingly. In order to predict the 

periodicity of the predator, ‗trends line‘ was drawn based on the collected data for the two 

selected places (L1 and L2) separately.  

4.4.2.1 During 2017-2018: The population increasing trends of E. furcellata were 

observed from March onwards up to October at both the study locations (Fig. 4.2.1). The 

peak period of incidence of the stink bug per bush was in September (2.4). That was 

followed by July (2.0) and August (1.9) at both the study locations. The population 

decreasing trends were recoded from November on wards till February.  
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Fig. 4.2.1: Seasonal abundance and the trends line (in dotted line) suggesting the 

prediction of the incidence of E. furcellata during 2017-2018 for both the study 

locations 

4.4.2.2. During 2018-2019: In the second season the highest population abundance of E. 

furcellata were found from June to September (1.3-2.5 bugs/ bush) at L1. This trends were 

noticed in June (2.1 bugs/ bush), July (2.2 bugs/ bush), August (1.8 bugs/ bush) and 

October (2.7 bugs/ bush) at L2 (Fig. 4.2.2). After that the population declined at both the 

study locations from November onwards. The average population dynamics of this stink 

bug in both the seasons at the two locations were coincided with the incidence of H. 

talaca.  

 

Fig. 4.2.2: Seasonal abundance and the trends line (in dotted line) suggesting the 

prediction of the incidence of E. furcellata during 2018-2019 for both the study 

locations 
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4.4.3. Observation of ‘trends line’ of E. furcellata during the period of observation: A 

trends line was generated in consideration of the incidence of the E. furcellata population 

for the first two fortnight observations. The trends line for both seasons at two places was 

noted at 2% moving average scale. Observations from April to July, the value on the 

incidence of the stink bug apparently synchronized with the predicted value at both places. 

The population for both the seasons showed rapid oscillatory fluctuation from August to 

December for both the years. For these reasons the trends line can be considered only as a 

primary information to predict the population of stink bug at late season. However, after 

February, the incidence of Stink bug population can be more precisely predicted from the 

trends line (Fig. 4.2.1 and 4.2.2). 

4.4.4. Observation and correlation value: The interaction between the abiotic 

parameters and the population dynamics of E. furcellata at both the study locations was 

observed and evaluated separately in the study periods of: 

4.4.4.1. During 2017-2018: Simple correlation between E. furcellata population and T. Max, 

showed significant positive correlation (r= 0.7011and r=0.7909) at L1 and L2 respectively 

(Table 4.2.4). T. Min showed positive impact on the stink bug population dynamics at L1 and 

L2. RF imparted positive effect on the incidence of E. furcellata at L1 and L2, which was 

statistically significant (r= 0.6749 and r= 0.7420). Relative humidity during the study periods 

was observed a significantly positive (r=0.9320 and r=0.8694) impact on the population trends 

of the stink bug.  

 

Fig. 4.2.4.1: Regression line representing relationship between abiotic factors and 

population abundance of E. furcellata in the season of 2017-2018 at Banarhat TE 
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Fig. 4.2.4.2: Regression line representing relationship between abiotic factors and 

population abundance of E. furcellata in the season of 2017-2018 at TRA 

experimental plot 

4.4.4.2 During 2018-2019: T. Max showed a significantly positive correlation (r=0.8598 

and r=0.6953) with the population abundance of E. furcellata at both the locations (Table 

4.2.4). The effect of T. Min, also positively correlated (r=0.7974 and r=0.6853) with the 

population dynamics of E. furcellata, which was statistically significant. RF was 

positively correlated, (r=0.4598 and r=0.4858) with the Population abundance of E. 

furcellatafor both the locations. Whereas the significant and positive correlations were 

noticed (r=0.8615and r=0.7042) between the population dynamics of the stink bug an RH 

of L1 and L2.  

 

Fig. 4.2.4.3: Regression line representing relationship between abiotic factors and 

population abundance of C ruficrus in the season of 2018-2019 at Banarhat TE 
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Fig. 4.2.4.4: Regression line representing relationship between abiotic factors and 

population abundance of E. furcellata in the season of 2018-2019 at TRA 

experimental plot 

Table 4.2.4: Correlation between E. furcellata populations with climatic factors of 

both locations 

Parameters 

 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 0.7011 0.7909 0.8598 0.6953 

T. Min 0.8412 0.7780 0.7974 0.6853 

RF 0.6749 0.7420 0.4598 0.4858 

RH 0.7216 0.8730 0.8615 0.7042 

Values are significant at p < .05. 

4.4.5 Regression analysis  

4.4.4.5.1 During 2017-2018: The regression equations revealed that the climatic 

parameters under consideration influenced the population dynamics of E. furcellata at 

both the locations. The regression equation expressed the effect of temperature indicating 

that the population of the stink bug increased with the increase of T. Max 

(Y=3.280x+30.253, R
2
=0.491 and Y=3.115x+25.909, R

2
=0.625) (Fig. 4.2.4.1) and T. Min 

(Y=7.783x+6.808, R
2
=0.707 and Y=5.790x+10.05, R

2
=0.605) (Fig. 4.2.4.2). According to 

the regression equations of RF (Y=280.17x+3.152, R
2
=0.455 and Y=372.41x-10.287, 

R
2
=0.384) at L1 and L2, a positive relationship with stink bug population was noted. 

Whereas, the regression equations revealed the positive relationship between RH 
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(Y=910.464x+69.09, R
2
=0.520 and Y=10.769x+66.248, R

2
=0.5506) and population 

abundance of stink bug (Table 4.2.5). 

4.4.4.5.2 During 2018-2019: The regression equation showed the impact of T. Max 

(Y=5.103x+26.29, R
2
=0.739 and Y=2.814x+25.528, R

2
=0.483) and T. Min 

(Y=6.034x+7.074, R
2
=0.635 and Y=4.324x+10.177, R

2
=0.469) at L1 and L2 (Fig. 

4.2.4.3). Similar trends of population structure of E. furcellata like the previous seasons 

was noted at both the study locations. The regression equations for RF (Y=210.52x+34.76, 

R
2
=0.2115 and Y=317.47x+92.587, R

2
=0.236), depicted a positive effect at L1 and L2 

(Fig. 4.2.4.4). Population of stink bug at L1 and L2 increased in parity of RF. Whereas, 

RH showed positive impact on stink bug (Y=11.836x+62.349, R
2
=0.7423 and 

Y=7.823x+68.142, R
2
=0.496) at both the locations (Table 4.2.5). 

Table 4.2.5: Regression equation between E. furcellata populations and climatic 

factors of both the locations 

Parameter 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 
Y=3.280x+30.253, 

R
2
=0.491 

Y=3.115x+25.909, 

R
2
=0.625 

Y=5.103x+26.29, 

R
2
=0.739 

Y=2.814x+25.528, 

R
2
=0.483 

T. Min 
Y=7.783x+6.808, 

R
2
=0.707 

Y=5.790x+10.05, 

R
2
=0.605 

Y=6.034x+7.074, 

R
2
=0.635 

Y=4.324x+10.177, 

R
2
=0.469 

RF 

Y=280.17x+3.152, 

R
2
=0.455 

Y=372.41x-

10.287, 

R
2
=0.384 

Y=210.52x+34.7

6, 

R
2
=0.2115 

Y=317.47x+92.587, 

R
2
=0.236 

RH 

Y=910.464x+69.09

, 

R
2
=0.520 

Y=10.769x+66.24

8, 

R
2
=0.5506 

Y=11.836x+62.3

49, 

R
2
=0.7423 

Y=7.823x+68.142, 

R
2
=0.496 
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4.5. Study on bio-ecology and seasonal incidence of Cotesia rufirus 

during the period of observation 

4.5.1 Observation on bio-ecology of C. ruficrus: The parasitic wasp C. ruficrus was 

found to feed on nectar and honey flower of tea, hill glory bower, wild sunflower, etc. 

adjacent to the tea garden. This parasitoid parasitized other lepidopteran pest of tea.  

4.5.2. Periodicity of C. ruficrus: The periodicity of C. ruficrus for the two consecutive 

seasons was recorded and tabulated for both the study locations at fortnight intervals. The 

‗trends line‘ was accordingly drawn in order to predict the periodicity of the predator for 

the two selected places (L1 and L2) separately.  

4.5.2.1. During 2017-2018: The population was found to be high in the months of pre-

winter and spring seasons. The parasitoid wasp attained the highest population in 

September, October, November, December, February and March in both the locations 

(Fig. 5.2.1). In March and November the parasitoid wasp attained the peak population 

(2.8cocoons / bush) at the first location. Whereas the peak population at the second 

location was recorded in November (2.9 cocoons/bush). The decline of population of this 

parasitoid wasp was found from June to August in both the locations. 

 

Fig. 5.2.1: Seasonal abundance and the trends line (in dotted line) suggesting the 

prediction of the incidence of C. ruficrus during 2017-2018 for both the study 

locations 
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4.5.2.2 During 2018-2019: In the second season the highest population trends were found 

from February to April and from September to December at both the locations (Fig. 5.2.2). 

The highest number of cocoons per bush was 3 and 3.4 cocoons/ bush in the March at L1 

and L2 respectively. The least number of cocoons per bush was observed in the months of 

rainy seasons at both the locations. 

 

Fig. 5.2.2: Seasonal abundance and the trends line (in dotted line) suggesting the 

prediction of the incidence of C. ruficrus during 2018-2019 for both the study 

locations 

4.5.3 Observation of ‘trends line’ of H. talaca during the period of observation: A 

prediction line was generated taking in consideration of the incidence of the C. ruficrus 

population for the first two fortnight observations (Fig. 5.2.1). Population dynamics in 

both seasons was worked out at 2% moving average scale. The incidence of C. ruficrus 

from April to June population was apparently synchronized with the predicted value. But 

after that the observed population for both the seasons showed rapid oscillatory fluctuation 

from August to March. For these reasons the trends line cannot be consider a prediction 

for the population of C. ruficrus. After February, the incidence of C. ruficrus population 

could be predicted from the trends line (Fig. 5.2.2). 
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4.5.4.1 During 2017-2018: Simple correlations (r= -0.2114 and r=-0.3930) indicated that, 

T. Max imparted negative effect on the population increasing trends of the parasitoid wasp 

at both the study area. Similarly, the correlation (r=-0.3537 and r=-0.5482) also indicated 

the negative effect of T. Min on the population dynamics of C. ruficrus (Table 5.3). RF 

imparted negative correlation on the incidence of C. ruficrus at L1 and L2. RH of both the 

location showed also negative correlations (r= -0.2465 and r= -0.4744) on the population 

trends of the C. ruficrus.  

 

Fig. 5.4.1: Regression line representing relationship between abiotic factors and 

population abundance of C. ruficrus in the season of 2017-2018 at Banarhat TE 

 

Fig. 5.4.2: Regression line representing relationship between abiotic factors and 
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Fig. 5.4.3: Regression line representing relationship between abiotic factors and 

population abundance of C. ruficrus in the season of 2018-2019 at Banarhat TE 

 

Fig. 5.4.4: Regression line representing relationship between abiotic factors and 
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Relative humidity during the study periods was negatively influenced on the abundance of 

C. ruficrus for both the study locations L1 and L2. 

Table 5.4: Correlation between C. ruficrus populations with climatic factors of both 

locations 

Parameters 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max -0.2114 -0.3930 -0.1449 -0.4199 

T. Min -0.3537 -0.5482 -0.1478 -0.5517 

RF -0.4812 -0.7054 -0.2030 -0.7452 

RH -0.2465 -0.4744 -0.3057 -0.4777 

Values are significant at p < .05. 

4.5.5 Regression analysis  

4.5.5.1 During 2017-2018: The regression equations indicated that, all the climatic factors 

were negatively influenced on the population incidence of C. ruficrus at both the location 

(Fig. 5.4.1 and 5.4.2). The regression equations (Y= -1.684x+35.35, R
2
=0.044 and Y= -

1.724x+32.42, R
2
=0.154) showed negative impact between the population of parasitic 

wasp and abiotic factor T. Max at L1 and L2. Similarly the T. Min. also negatively 

influenced the population dynamics of the wasp at both the locations. The regression 

equations (Y= -258.99x+754.14 R
2
=0.231 and Y= -472.12x+1255.6, R

2
=0.497) indicated 

that, rainfall showed the negative impact in the increasing trends of the parasitic wasp, 

noticed in both the locations, while RH also showed negative regression equations, which 

was worked out for L1 and L2 (Table 5.4). 

4.5.5.2 During 2018-2019: The regression analysis revealed that, T. Max (Y= -

1.052x+34.543, R
2
=0.021 and Y= -1.676x+32.582, R

2
=0.377) and T. Min. (Y= -

1.136x+17.074, R
2
=0.022 and Y= -3.435x+22.791, R

2
=0.304) showed the negative slope 

which indicated the negative impact of T. Max and T. Min on the C. ruficrus population 

(Fig. 5.4.3). The regression equations (Y= -171.21x+623.3, R
2
=0.093 and Y= -

480.51x+149.4, R
2
=0.555) for both the locations showed insignificant and negative 

relation between rainfall and population trends of C. ruficrus (Fig. 5.4.4). Whereas RH 
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also showed negative insignificant regression equations for L1 and L1 with C. ruficrus 

population dynamics (Table 5.6). 

Table 5.6: Regression equation between C. ruficrus populations and climatic factors 

of both the locations 

Parameters 

Period and places of observation (s) 

2017-2018 2018-2019 

L1 L2 L1 L2 

T. Max 
Y= -1.684x+35.35, 

R
2
=0.044 

Y= -1.724x+32.42, 

R
2
=0.154 

Y= -1.052x+34.543,  

R
2
=0.021 

Y= -1.676x+32.582, 

R
2
=0.377 

T. Min 

Y= -4.243x+22.679, 

R
2
=0.125 

Y= -4.544x+24.607, 

R
2
=0.300 

Y= -1.136x+17.074,  

R
2
=0.022 

Y= -3.435x+22.791, 

R
2
=0.304 

RF 
Y= -258.99x+754.14 

R
2
=0.231 

Y= -472.12x+1255.6, 

R
2
=0.497 

Y= -171.21x+623.3,  

R
2
=0.093 

Y= -480.51x+149.4, 

R
2
=0.555 

RH 
Y= -4.636x+85.618, 

R
2
=0.060 

Y= -7.670x+91.887, 

R
2
=0.225 

Y= -3.411x+83.374,  

R
2
=0.041 

Y= -5.236x+88.938, 

R
2
=0.228 
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4.6. Observation on the biotic interaction between the H. talaca and 

natural enemies 

4.6.1 At Banarhat TE (L1) 

4.6.1.1 During 2017-2018: At L1, during February, initially, the incidence of H. talaca 

population was 6.4 individuals/bush. A steady upsurge of the pest population was noted. 

Maximum incidence of H. talaca was observed at June with 13.1 individuals/bush. A 

steady decline of population was then observed. Dynamics of S. collaris (Fig.6.1.1), E. 

furcellata (Fig.6.1.3) and C. ruficrus (Fig.6.1.5) had shown a density dependent variation 

in relation to number of larvae of H. talaca per bush. Population of H. talaca and its 

predators and parasitoid (S. collaris, E. furcellata and C. ruficrus) were closely correlated 

to each other.Regression equation and correlation were worked out between the population 

trends of H. talaca and its natural enemies (Fig. 6.1.2, 6.1.4 and 6.1.6). The result showed 

that the population dynamics of S. collaris had significantly positive correlation 

(r=0.6117) with the population dynamics of H. talaca, whereas E. furcellata (r=0.2567) 

and C. ruficrus (r=0.2236) had insignificantly negative correlation (Table 6.3 and 6.4).  

 

Fig. 6.1.1: Population dynamics of S. collaris in respect to densities of H. talaca at 

Banarhat TE (2017-2018)  
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Fig. 6.1.2: Regression line representing relationship between the incidence of H. 

talaca and S collaris at Banarhat TE (2017-2018) 

 

Fig. 6.1.3: Population dynamics of E. furcellata in respect to densities of H. talaca at 

Banarhat TE (2017-2018)  
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Fig. 6.1.4: Regression line representing relationship between the incidence of H. 

talaca and E. furcellata at Banarhat TE (2017-2018) 

 

Fig. 6.1.5: Population dynamics of C. ruficrus in respect to densities of H. talaca at 

Banarhat TE (2017-2018)  
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Fig. 6.1.6: Regression line representing relationship between population abundance 

of H. talaca and C. ruficrus at Banarhat TE (2017-2018) 

4.6.1.2 During 2018-2019: Extent of increase of H. talaca population was comparatively 

higher during 2018-2019 than 2017-2018. The dynamics of S.collaris, E. furcellata and C. 
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(Fig.6.1.2.1 and 6.1.2.3). Both the predator population had increased in parity to the 
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increasing temperature from March onwards (Fig. 6.1.2.5). The result exhibited that the 

population dynamics of S.collaris had significantly positive correlation with the 

population dynamics of H. talaca (r=0.4347), whereas E. furcellata (r=0.2846) and C. 

ruficrus (r=0.1246) had insignificantly negative correlation (Fig.6.1.2.2, 6.1.2.4and 6.1.2.6) 
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Fig. 6.1.2.2: Regression line representing relationship between population abundance 

of H. talaca and S collaris at Banarhat TE (2018-2019) 

 

Fig. 6.1.2.3: Population dynamics of E. furcellata in respect to densities of H. talaca at 

Banarhat TE (2018-2019) 
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Fig. 6.1.2.4: Regression line representing relationship between population abundance 

of H. talaca and E. furcellata at Banarhat TE (2018-2019) 

 

Fig. 6.1.2.5: Population dynamics of C. ruficrus in respect to densities of H. talaca at 

Banarhat TE (2018-2019) 
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Fig. 6.1.2.6: Regression line representing relationship between population abundance 

of H. talaca and C. ruficrus at Banarhat TE (2018-2019) 
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Fig. 6.2.1: Population dynamics of S. collaris in respect to densities of H. talaca at 

TRA Experimental plot (2017-2018) 

 

Fig. 6.2.2: Regression line representing relationship between population abundance 

of H. talaca and S collaris at TRA experimental plot (2017-2018) 
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Fig. 6.2.3: Population dynamics of E. furcellata in respect to densities of H. talaca at 

TRA experimental plot (2017-2018) 

 

Fig. 6.2.4: Regression line representing relationship between population abundance 

of H. talaca and E. furcellata at TRA experimental plot (2017-2018) 
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Fig. 6.2.5: Population dynamics of C. ruficrus in respect to densities of H. talaca at 

TRA experimental plot (2017-2018)  

 

Fig. 6.2.6: Regression line representing relationship between population abundance 

of H. talaca and C. ruficrus at TRA experimental plot (2017-2018) 
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and 6.2.2.2).The incidence of E. furcellata had also exhibited parity with H. talaca pest 

population (Fig. 6.2.2.3 and 6.2.2.4). C. ruficrus attained peak incidence in March with 3.4 

cocoons/bush. A steady decline of population was then recorded. The population of C. 

ruficrus was also related to the population trends of H. talaca (Fig. 6.2.2.5 and 6.2.2.6). 

Collectively, the population of C. ruficrus (r=0.5147), E. furcellata (r= 0.1916) and C. 

ruficrus (r= 0.0815) exhibited positive relation with H. talaca population (Table 6.3 and 

6.4).  

 

Fig. 6.2.2.1 Population dynamics of S. collaris in respect to densities of H. talaca at 

TRA Experimental plot (2018-2019) 

 

Fig. 6.2.2.2: Regression line representing relationship between population abundance 

of H. talaca and S collaris at TRA experimental plot (2018-2019) 
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Fig. 6.2.2.3: Population dynamics of E. furcellata in respect to densities of H. talaca at 

TRA experimental plot (2018-2019) 

 

Fig. 6.2.2.4: Regression line representing relationship between population abundance 

of H. talaca and E. furcellata at TRA experimental plot (2018-2019) 
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Fig. 6.2.2.5: Population dynamics of C. ruficrus in respect to densities of H. talaca at 

TRA experimental plot (2018-2019) 

 

Fig. 6.2.2.6: Regression line representing relationship between population abundance 

of H. talaca and C. ruficrus at TRA experimental plot (2018-2019) 
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Table 6.3: Correlation between the population dynamics of H. talaca and its natural 

enemies 

Natural 

enemies 

Places of observation with correlation value* 

2017-2018 2018-2019 

L1 L2 L1 L2 

S. collaris 0.6117 0.4347 0.6116 0.5147 

E. furcellata 0.2567 0.2846 0.3760 0.1916 

C. ruficrus 0.2236 0.1246 0.0391 0.0815 

*L1:  Banarhat TE, L2: TRA experimental plot   

Table 6.4: Regression equations between the population of H. talaca and its natural 

enemies 

Natural enemies 

Places of observation with correlation value* 

2017-2018 2018-2019 

L1 L2 L1 L2 

S. collaris 

y = 2.66x + 3.29, 

R² = 0.3742 

y = 2.15x + 3.51, 

R² = 0.189 

y = 3.69x + 1.63, 

R² = 0.3741 

 

y = 2.63x + 3.68, 

R² = 0.2649 

E. furcellata 

y = 1.31x + 5.73, 

R² = 0.0659 

 

y = 1.60x + 5.30, 

R² = 0.081 

y = 2.42x + 5.24, 

R² = 0.1414 

y = 1.20x + 6.82, 

R² = 0.0367 

C. ruficrus 

y = 1.46x + 4.77, 

R² = 0.05 

 

y = 1.26x + 4.71, 

R² = 0.0401 

 

y = 0.30x + 7.59, 

R² = 0.0015 

 

y = 0.50x + 7.31, 

R² = 0.0066 

 
*L1:  Banarhat TE, L2: TRA experimental plot  
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4.7. Study on the biochemistry of tea leaves and susceptibility index of 

selected tea clones against H. talaca  

4.7.1 Observations on the tea leaf biochemistry 

4.7.1.1. Analysis of primary metabolites: Among all the primary metabolites protein, 

lipid, carbohydrate and chlorophyll play the important role in the building of plant body. 

In the different selected cultivars of tea the amount of protein, lipid and carbohydrate were 

varied (Table 7.1).  

4.7.1.1.1. Carbohydrate: Total carbohydrate of the selected tea leaves was estimated 

using the standard calibrating curve (Fig. 7.1.1.1). TV1 was characterized with high 

carbohydrate (0.737±0.003mg/g) followed by K1/1, TV26, B157, HP12, TV16, TV22, 

SNT8, TV20 and TS-520.  

 

Fig. 7.1.1.1.  Standard curve of carbohydrate 

4.7.1.1.2. Protein: Protein imparts a major role in the biosynthesis of hormones, enzymes, 

membrane channels and pumps. Total protein of the selected tea cultivars was estimated 

by using the standard curve derived from known concentration of Bovine Serum (Fig. 

7.1.1.2). For this reason high amount of protein in the tea cultivar of TV20 

(10.40±1.2mg/g) and TV1 (10.10±1.1mg/g) compared with the other selected cultivars 

was noted. Comparatively low amount of protein was recorded in TS-520 (6.31±0.6mg/g). 
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Fig. 7.1.1.2. Standard curve of protein. 

4.7.1.1.3. Lipid: Lipid also play an important role in the plant health by providing the 

energy for metabolic processes, structural components for membranes, and intracellular 

signals. The amount was observed high in the cultivars of TV20 (14.6±1.4mg/g) and TV1 

(14.2±1.5mg/g). TV22 contained low amount of total lipid (10.8±1.8g/mg) compared the 

other selected cultivars.  

4.7.1.1.4. Chlorophyll: The quantity of chlorophyll was recorded comparatively high in 

K1/1(0.946±0.9mg/g) and TV20 (0.912±0.8mg/g). Based on the primary metabolites, food 

consumption of looper varied. Less amount was found in TV16 (0.678±0.07 mg/g).  

4.7.1.1.5 Correlation regression: The regression revealed that significantly positive 

correlation of protein (r=0.6351), lipid (r= 0.6223), carbohydrate (r=0.5767) with the food 

consumption of looper on selected tea cultivars were recorded (Table 7.1.2.6). Correlation 

coefficient (r= 0.1414) between chlorophyll and the larval food consumption though 

positive but non-significance (Fig. 7.1.1). 

4.7.1.2. Analysis of secondary metabolites:  Food consumption of looper were found to 

be influenced by quantity of total phenols, total alkaloids, total flavonoids, carotenoids of 

tea leaf (Table 7.1).  

4.7.1.2.1 Total polyphenol: Total polyphenol of selected tea cultivars was computed by 

the standard curve (Fig. 7.1.2.1), wherein the highest concentration was observed in the 

tea cultivar of TS-520 (270.2±10.2mg/g) followed by TV1, SNT8, TV16, HP12, TV20, 

TV22, TV26 and K1/1. The lowest quantity was observed in B157 (190.9±15.5mg/g). 
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Fig. 7.1.2.1 Standard curve of polyphenol 

4.7.1.2.2 Total alkaloid: The highest amount of total alkaloid was present in B157 

(35.7±2.8mg/g) followed by SNT8, TV16, TV26, TV22, TS-520, K1/1, HP12, and TV1. 

Whereas the lowest quantity was recorded in TV20 (25.6±5.2 mg/g).  

4.7.1.2.3 Total Flavonoid: Flavonoid plays a crucial role in indirect defense of plant against 

insect herbivores. Among all of the selected tea cultivars highest quantity was recorded in 

B157 as (0.15±0.003mg/g). TV26, SNT8, TS-520, HP12, TV1, TV16 and TV20. The lowest 

quantity was recorded in K1/1 (0.10±0.005 mg/g). Total flavonoid was estimated by using 

standard calibration curve (Fig. 7.1.2.3). 

 

Fig. 7.1.2.3 Standard curve of Quercetin. 
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4.7.1.2.4 Carotenoids: Among all the tested tea cultivars, presence of highest amount of 

carotenoids was recorded in K1/1(0.277±0.03 mg/g). This was followed by TV20, TV22, 

B157, TV26, HP12, SNT8, TV16 and TS520. The lowest quantity was present in TV1 

(0.178±0.03 mg/g).  

Table 7.1: Quantitative estimation of tea leaf primary and secondary metabolites 

C
u

lt
iv

a
rs

 

Total 

phenols 

(mg/g) 

Total 

alkaloids 

(mg/g) 

Total 

flavonoids 

(mg/g) 

Carbohydrate 

(mg/g) 

Protein 

(mg/g) 

Lipids 

(mg/g) 

Chlorophyll 

(mg/g) 

Carotenoids 

(mg/g) 

TV20 228.7±21.1 25.6±5.2 0.12±0.007 0.687±0.05 10.40±1.2 14.6±1.4 0.912±0.08 0.267±0.04 

TV1 266.6±15.2 25.8±3.8 0.13±0.004 0.786±0.003 10.10±1.1 14.2±1.5 0.604±0.06 0.178±0.03 

K1/1 205.4±15.0 27.4±3.7 0.10±0.005 0.774±0.005 7.71±0.9 12.4±1.2 0.946±0.09 0.277±0.03 

TV22 213.9±11.3 29.8±2.9 0.11±0.005 0.756±0.008 9.26±0.9 11.3±1.8 0.889±0.08 0.256±0.04 

TV26 217.2±17.3 30.4±3.5 0.14±0.001 0.698±0.006 10.83±1.8 12.8±1.2 0.821±0.07 0.233±0.02 

TV16 259.2±20.1 31.8±3.5 0.13±0.003 0.678±0.001 9.42±1.9 12.3±1.1 0.678±0.07 0.201±0.03 

SNT8 264.2±21.3 33.8±4.2 0.14±0.001 0.643±0.002 7.21±0.7 12.4±1.2 0.788±0.08 0.218±0.02 

TS-520 270.0±10.2 29.4±2.9 0.14±0.004 0.664±0.003 6.31±0.6 9.4±0.8 0.711±0.09 0.198±0.01 

HP12 241.±14.5 26.8±2.6 0.14±0.003 0.583±0.007 8.35±0.8 12.2±1.2 0.746±0.06 0.220±0.02 

B157 190.9±15.5 35.7±2.8 0.15±0.003 0.703±0.007 7.20±0.8 11.2±1.2 0.838±0.08 0.241±0.02 

Values are representing mean ± SD of five replications. 

 

Fig. 7.1.1: Regression line showing correlation between food consumption of H. talaca 

and tea leaf primary metabolites  
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Fig. 7.1.2: Regression line showing correlation between food consumption of H. talaca 

and tea leaf secondary metabolites 

4.7.1.2.5 Individual Catechins and Caffeine: The HPLC analysis showed that, highest 

quantity of EGC was found in TV20 (4.382%) compared with the other cultivars, while 

the lowest value was observed in TV16 (2.480%). Catechins was found in all the selected 

cultivars with variation, wherein highest quantity was observed in TV16 (1.794%) and the 

lowest quantity was seen in K1/1(0.714%). The results revealed that, the maximum EC 

was noticed in TV22 (1.855%) and minimum quantity in B157 (0.942%). Whereas EGCG 

contents was highest in K1/1 (11.31%) and lowest in HP12 (6.633%) compared with the 

other cultivars. The highest quantity of ECG was recorded in TV16 (4.929%) followed by 

other cultivars, where, the HP12 contains the lowest quantity. Among all the selected 

cultivars TV16 (3.625%) contained highest and TV16 (2.519%) lowest caffeine quantity. 

Gallic acid present in high quantity in B157 (0.199%) followed by other cultivars, while 

the lowest quantity was observed in HP12 (0.162%). 

4.7.1.2.6 The correlation coefficient: Secondary metabolites alkaloids (r= -0.6137) and 

flavonoids (r= -0.7403) showed negative correlation with food consumption of looper 

(Table 7.1.2.6). Polyphenol and carotenoid were positively correlated with food 

consumption of looper (Fig. 7.1.2). The correlation coefficient of all types of Catechins 

(EGC, Catechin, EC. EGCG, ECG) and Caffeine with the feeding of looper on the 

selected cultivars were positively correlated (Fig. 7.1.2.6). Whereas, Galic acid showed the 

negative correlation (r= -0.5610) with food consumption of looper (Table. 7.1.2.8). 
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Table 7.1.2.6: Correlation between food consumption of H. talaca and biochemical 

compositions tea leaves 

Metabolites Components 
Correlation 

coefficient (r) 
Regression equation 

Primary 

Protein 0.6351* y = 0.1352x - 3.036, R² = 0.403 

Lipid 0.6223* y = 0.127x + 1.265, R² = 0.387 

Carbohydrate 0.5767* y = 0.005x + 0.269, R² = 0.332 

Chlorophyll 0.1414 y = 0.002x + 0.608, R² = 0.02 

Secondary  

Polyphenol 0.1356 y = 0.1093x + 227.21, R² = 0.001 

Alkaloid -0.6137* y = -0.2866x + 54.489, R² = 0.376 

Flavonoid -0.7403* y = -0.0016x + 0.2681, R² = 0.548 

carotenoids 0.1874 y = 0.0008x + 0.1574, R² = 0.035 

*Values are significant at p < .05. 

Table 7.1.2.7: percentage of weight of EGC, Catechin, EC, EGCG, ECG, Caffeine 

and Gallic acid 

Cultivars 

Catechin 

EGC 

(%) 

Catechin 

(%) 

EC  

(%) 

EGCG 

(%) 

ECG 

(%) 

Caffeine 

(%) 

Gallic 

acid (%) 

TV20 4.382 0.803 1.484 7.912 1.877 3.125 0.162 

TV1 2.639 1.380 1.373 7.392 3.498 3.431 0.166 

K1/1 3.837 0.714 1.210 11.31 2.174 3.394 0.176 

TV22 3.927 0.980 1.855 9.793 3.397 3.331 0.175 

TV26 3.255 0.753 1.278 9.504 2.353 2.519 0.182 

TV16 2.480 1.794 1.645 7.575 4.929 3.625 0.172 

SNT8 3.568 0.792 1.112 8.953 1.990 2.947 0.194 

TS-520 3.474 0.771 1.477 9.345 2.681 3.366 0.195 

HP12 3.852 0.829 1.276 6.633 1.737 2.663 0.162 

B157 2.987 0.716 0.942 9.499 2.109 2.818 0.199 
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Table 7.1.2.8: Regression equation and correlation between food consumption and 

percentage of weight of EGC, Catechin, EC, EGCG, ECG, Caffeine and Gallic acid  

Biochemical 

component of tea leaf 
Correlation coefficient (r) Regression equation 

EGC 0.1852 y = 0.015x + 2.107, R² = 0.034 

Catechin 0.2884 y = 0.014x - 0.272, R² = 0.083 

EC 0.5149 y = 0.018x - 0.256, R² = 0.265 

EGCG 0.0789 y = 0.015x + 7.475, R² = 0.006 

ECG 0.2840 y = 0.039x - 0.703, R² = 0.080 

Caffeine 0.4635 y = 0.023x + 1.082, R² = 0.214 

Galic acid -0.5610 y = -0.001x + 0.271, R² = 0.314 

 

 

Fig. 7.1.2.6: Regression equation and correlation between food consumption and 

percentage of weight of EGC, Catechin, EC, EGCG, ECG, Caffeine and Gallic acid: 
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Fig 7.1.2.7: Chromatograms of green leaf of different tea cultivars and catechins 

mixed standard 

4.7.1.3 Tea leaf biophysical characters: For the better understinding of the relationship 

and the performnece of direct defense of tea plant against larvae of H. talaca, tea leaf 

biophysical characters like, leaf thickness and trichome density were observed (Table 

7.1.3). Tea leaf thickness of the cultivar B157 was measured as 0.248 µm, which was 

more thick compared to the other cultivars. The regression correlation showed negetive 

correlation coefficient (r= -0.7624) between the leaf thickness and food consumption of 

looper, which was statistically significant at p < .05 (Fig. 7.1.3). Trichome density was 

also high in the cultival of B157 (134.3±9.3/cm
2
) and less in TV22 (103.3±6.0/cm

2
) in the 

third leaf. The correlation coefficient (r= -0.8024) worked out, was showed negative 

relationship between trichome density and food consumption of looper (Table 7.1.4).    
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Table 7.1.3: biophysical characters of tea leaf 

Cultivars Leaf thickness (µm) Trichome density (No./cm
2
) 

TV20 0.224±0.002 104.33±7.3 

TV1 0.215±0.004 111.6±7.2 

K1/1 0.235±0.002 118.0±9.9 

TV22 0.227±0.001 103.3±6.0 

TV26 0.212±0.002 125.3±8.6 

TV16 0.223±0.005 123.0±9.6 

SNT8 0.239±0.001 128.3±9.9 

TS520 0.240±0.002 131.3±9.3 

HP12 0.241±0.002 125.7±7.8 

B157 0.248±0.002 134.3±9.3 
Values are representing mean (±SE) of five replications 

Table 7.1.4: Regression equation and correlation between food consumption of H. 

talaca and leaf biophysical characters 

Correlation between food consumption of H. talaca and leaf characteristics  

Parameters Correlation coefficient (r) Regression equation 

Thickness of leaf -0.7624 y = -0.001x + 0.339, R² = 0.581 

Trichome density -0.8024 y = -1.203x + 224.79, R² = 0.643 

Values are significant at p < .05 

 

Fig.7.1.3: Regression line representing relationship between tea leaf biophysical 

characters and food consumption of H. talaca 

4.7.1.4 Study on food consumption and weight gain by H. talaca on selected cultivars: 

The gradual increase of food consumption and weight gain by the larvae of H. talaca were 

recorded. Fifth instar larvae consumed almost double amount of food compared to the 

young instars. The average food consumption of all instars was more on TV20 followed 

by TV1, K1/1, TV22, TV26, TV16, SNT8, TS-520, HP12 and B157 (Fig. 7.1.4, 7.1.5 and 

7.1.6). Similar trends were also found in the weight gain by larvae. The relative 
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consumption rate (RCR) and relative growth rate (RGR) were noticed in decreased trends 

with the advanced instars gradually.  

Title 7.1.5:  Food consumption of H. talaca on tea leaves 

Cultivars Larval 

stages of H. 

talaca 

Food 

consumption 

(mg) 

Body weight 

gain (mg) 

Nutritional indices 

RCR RGR AD 

(%) 

ECD 

(%) 

ECI 

(%) 

TV20 

II 9.2±0.6a 3.0±0.3a 0.300 0.098 55.43 58.82 32.61 

III 33.6±4.0a 9.8±0.7a 0.300 0.088 59.50 49.00 29.17 

IV 112.0±14.2a 18.2±2.2a 0.252 0.040 62.60 25.92 16.25 

V 223.6±24.7NS 31.0±2.0a 0.084 0.011 66.18 20.91 13.86 

TV1 

II 9.2±0.7a 3.0±0.3a 0.300 0.098 55.10 59.17 32.60 

III 33.2±4.2a 9.6±1.4ab 0.291 0.086 59.12 48.92 28.91 

IV 111.4±12.9ab 17.8±1.0a 0.254 0.040 62.13 25.57 16.11 

V 222.4±21.1 NS 30.6±1.4a 0.084 0.011 66.09 20.82 13.84 

K1/1 

II 9.0±0.3a 2.9±0.2ab 0.292 0.095 55.00 58.58 32.22 

III 32.8±1.9a 9.2±0.7abc 0.290 0.083 58.53 47.92 28.00 

IV 110.2±3.0ab 17.4±1.1a 0.251 0.039 62.00 25.51 15.93 

V 220.0±18.4 NS 29.5±1.8ab 0.080 0.011 65.90 20.34 13.41 

TV22 

II 8.0±0.5ab 2.4±0.2abc 0.282 0.087 54.87 54.66 30.00 

III 32.0±1.6ab 8.8±0.4abc 0.290 0.080 58.12 47.31 27.52 

IV 108.6±4.5abc 15.2±1.4ab 0.241 0.348 61.69 22.68 14.254 

V 217.0±21.0 NS 29.0±1.5ab 0.083 0.011 65.85 20.29 13.42 

TV26 

II 7.1±0.7bc 2.1±0.2bcd 0.282 0.086 53.52 55.26 30.91 

III 30.8±1.7ab 8.1±0.5sbcd 0.290 0.076 57.79 45.50 26.34 

IV 103.1±2.9abcd 14.3±1.0bc 0.241 0.031 61.45 21.93 12.90 

V 214.8±15.0 NS 28.8±0.6ab 0.080 0.011 64.89 20.65 13.41 

TV16 

II 6.9±0.5bc 2.0±0.2cd 0.282 0.088 52.17 55.55 31.93 

III 30.5±1.2ab 8.0±0.4bcd 0.290 0.076 55.40 47.33 26.22 

IV 102.0±3.9abcd 13.1±0.8bc 0.240 0.031 59.31 21.65 12.81 

V 212.5±14.4NS 28.5±0.5ab 0.080 0.011 64.47 20.87 13.43 

SNT8 

II 6.0±0.4cd 1.71±0.2cd 0.261 0.091 52.00 54.98 35.02 

III 28.8±1.8abc 7.4±0.5cde 0.302 0.078 54.86 46.83 25.71 

IV 98.0±3.1abcd 12.0±0.9c 0.240 0.029 60.20 20.33 12.20 

V 208.0±19.8 NS 27.0±1.8abc 0.110 0.014 63.94 20.30 12.91 

TS520 

II 5.8±0.6cd 1.65±0.2cd 0.260 0.095 51.89 54.81 36.22 

III 25.7±2.4bcd 6.5±0.7def 0.290 0.074 54.47 46.42 25.34 

IV 95.0±5.6bcd 11.5±0.4cd 0.232 0.004 60.15 20.12 12.12 

V 200.0±11.8 NS 25.3±1.7bc 0.080 0.010 63.50 19.92 12.90 

HP12 

II 5.0±0.4de 1.41±0.2cd 0.251 0.096 51.60 54.65 38.01 

III 23.4±1.7cd 5.8±0.6ef 0.312 0.078 54.27 45.66 24.82 

IV 91.0±8.0cd 10.4±0.6de 0.232 0.021 59.34 19.25 11.42 

V 194.3±15.9 NS 24.6±3.6bc 0.080 0.009 63.04 18.44 11.64 

B157 

II 4.3±0.5e 1.4±0.2d 0.241 0.093 51.16 54.54 39.52 

III 19.3±1.2d 4.9±0.4f 0.282 0.071 53.93 45.15 25.43 

IV 86.7±7.0d 9.6±0.6e 0.250 0.021 58.82 18.82 11.12 

V 189.2±4.8 NS 24.1±2.6cd 0.080 0.008 62.96 16.72 10.41 

*Values are representing mean and standard error of 5 replications. The means followed by all the II instar 

(Data of food consumption and body weight gain are significant at 5% level of significance CD (0.05) = 

1.455 and CD (0.05) = 0.677), III instar (Data of food consumption and body weight gain are significant at 

5% level of significance CD (0.05) = 7.017and CD (0.05) = 1.974), IV instar (Data of food consumption and 

body weight gain are significant at 5% level of significance CD (0.05)= 16.385 and CD (0.05) = 3.145) and 

V instar (Data of food consumption was not significant and body weight gain are significant at 5% level of 

significance CD (0.05) = 5.174) the same letter are not significantly different at P = 0.05 

The larvae of II, III, IV and V instars reared on the cultivar TV20 showed highest 

food consumption (9.2±0.6, 33.6±4.0, 112.0±14.2 and 223.6±24.7 mg per day 

respectively) AD (55.43, 59.50, 62.60 and 66.18 % respectively) with ECD values of 



Chapter IV: Results 

111 | P a g e  

(58.82, 49.00, 25.92 and 20.9 respectively) and ECI values of (32.61, 29.17, 16.25 and 

13.86). These was followed by TV1>K1/1> TV22> TV26> TV16> SNT8>TS-520>HP12. 

Whereas the larvae showed the lowest food consumption (4.3±0.5, 19.3±1.2, 86.7±7.0 and 

189.2±4.8 mg respectively), nutritional indices like, AD (51.16, 53.93, 58.82 and 62.96 % 

respectively), ECD (54.54, 45.15, 18.82 and 16.72 respectively) and ECI (respectively 39.5, 

25.4, 11.1 and10.4). It was interestingly observed that, the AD was gradually increased and on 

the other had ECI and ECD were gradually decreased (Table 7.1.5). 

4.7.1.5 Susceptible index (Status of host preference on different tea cultivars by H. 

talaca): Among all the selected cultivars used in the present study, TV20, TV1, K1/1, TV22, 

TV26, TV16 and SNT8 were found highly susceptible to H. talaca, with susceptible index 

score ranged from 0.90 to1.07. The cultivars TS-520 and HP12 were susceptible with 

susceptible index score varied from 0.80 to 0.89. Only B157 was found to be moderately 

susceptible with susceptible index score of 0.772 (Table 7.1.6). 

 

Fig.7.1.4: Leaf discs fed by II instar larvae of H. talaca 

 

Fig.7.1.5: Leaf discs fed by III instar larvae of H. talaca 
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Fig. 7.1.6: Leaf discs fed by IV instar larvae of H. talaca 

Table 7.1.6: Susceptible index (Status of host preference on different tea cultivars by H. 

talaca) 

Cultivars Susceptible index* Status** 

TV20 1.009 HS 

TV1 1.000 HS 

K1/1 0.989 HS 

TV22 0.969 HS 

TV26 0.948 HS 

TV16 0.938 HS 

SNT8 0.908 HS 

TS-520 0.870 S 

HP12 0.837 S 

B157 0.772 MS 

Highly susceptible (HS)= 0.90-1.0, Susceptible (S)= 0.80-0.89, Moderately Susceptible (MS)= 0.70-0.79, 

(Less Susceptible (LS)= 0.60-0.69, (Less Resistance (LR)= 0.50-0.59, Moderately Resistance (MR)= 0.40-

0.49, Resistance (0.30-0.39) and Highly Resistance (HR)= 0.20-0.29) 

4.7.1.6 Cluster analysis: Based on the nutritional indices of larvae of H. talaca a 

dendrogram was constructed (Fig. 7.1.7). The dendrogram showed A and B two distinct 

clusters. Cluster A was sub-clustered into A1 and A2, whereas cluster B was sub-clustered 

into B1 and B2. The selected tea cultivars were divided into this sub-clusters based on the 

nutritional indices of larvae reared on each cultivars. The cultivars TS520 and HP12 

included under the sub-cluster A1 and as susceptible cultivars whereas B157 included 

under A2 as moderately susceptible cultivar. The cultivars included under the sub-clusters 
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B1 (TV22, TV16, TV26 and SNT8) and B2 (TV1, TV20 and K1/1) were considered as 

highly susceptible cultivars. 

 

Fig. 7.1.7: Dendrogram based on the mean of all larval food consumption, body 

weight gain and nutritional indices of H. tacala fed on different tea cultivars 
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4.8. Study on biology and life table of S. collaris 

4.8.1 Study on the biology of S. collaris on H. talaca and C. cephalonica: After mating, 

the female reuviid bug, S. collaris started to lay the first clutch of eggs (Fig. 8.1). A 

healthy female laid 320.4±44.2 eggs when fed on larvae of H. talaca. Whereas, only 

282±23.9 eggs were laid when feed on larvae of C. cephalonica. Eggs were brown, 

cemented together vertically with substratum in a cluster. The incubation period was 

13.6±1.1days when reared on larvae of C. cephalonica. But the incubation period was 

11.8±2.3days while feed on H. talaca. Total nymphal period of S. collaris was 58.4±3.9 

days when feed on of C. cephalonica larvae and comparatively longer with the duration of 

64.8±4.1days when feed on H. talaca. In addition to this, ovipositional period of the 

predatory bug was 42.0±2.9 days when reared on looper and 39.6±2.3 days when reared 

on C. cephalonica. Longevity of the adult predatory bug was sex independent (Table 8.1.). 

Table 8.1: Biology of S. collaris on larvae of H. talaca and C. cephalonica 

Parameters 
Developmental stages ( in days) on  

C. cephalonica H. talaca 

Incubation period 13.6±1.1 11.8±2.3 

I instar 9.6±2.1 10.4±0.9 

II instar 11.2±0.8 12.8±3.3 

III instar 11.6±2.1 12.6±2.4 

IV instar 12.6±0.5 14.0±2.5 

V instar 13.4±2.3 15.0±1.2 

Total nymphal period 58.4±3.9 64.8±4.1 

Preovipositional period 9.2±0.8 9.6±2.1 

Ovipositional period 39.6±2.3 42.0±2.9 

Female longevity 58.2±2.0 59.4±3.4 

Male longevity 41.6±1.5 42.4±2.1 

Eggs/female 282±23.9
 

320.4±44.2
 

Sex ratio (F:M) 1:0.79 1:0.89 

4.8.2 Study on life table of S. collaris reared on H. talaca: The survival rate (%) of the 

predatory reduviid bug were noted on larvae of H. talaca. The egg hatchibility, survival of 

I, II, III, IV, V instar nymphs and adult were respectively 96.7, 96.7, 92.6, 94.8, 92.7, 93.9 

and 94.2% (Fig. 8.2). Highest mortality was observed in I and IV instar nymphal stages. 

Life table parameter like, age specific survival rate (lx), age specific fecundity rate (mx) 

and age specific maternity (lxmx) are worked out and presented in (Fig. 8.3) Intrinsic rate 

of natural increase (rm) of S. collaris was 0.062 day while net reproductive rate (Ro) was 

252.78 female offspring/adult female. The gross reproductive rate (∑mx) was 278.98 and 

the finite rate of increase was 1.06 (Table 8.2). 
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Fig. 8.1: Different life stages of S. collaris reared on larvae of H. talaca and C. 

cephalonica: (a) egg raft, (b) newly hatched nymph from egg, (c) first instar nymph, 

(d) second instar nymph, (e) third instar nymph, (f) fourth instar nymph, (g) fifth 

instar nymph and (h) adult are mating. 

 

Fig. 8.2: Survival percentage of S. collaris reared on H. talaca 
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Fig. 8.3: Age specific survival rate (lx), fecundity (mx) and maternity (Xlxmx) of S. collaris 

on H. talaca 

Table 8.2: Life table parameters of S. collaris reared on larvae of H. talaca.  

Life table of S. collaris reared on H. talaca 

Parameters Values 

Intrinsic rate of natural increase(rm) 0.062 

Finite rate of increase(λ) 1.06 

Net reproductive rate(Ro) 252.78 

Mean generation time(Tc) 96.51 

Corrected generation timer(T) 89.23 

Gross reproductive rate (GRR) 278.98 

Weekly multiplication (Wm) 1.54 

Doubling time (Dt) 11.18 

4.8.3 Study on predatory efficiency of S. collaris on larvae of H. talaca: The predatory 

potential of both the nymphs and adult of S. collaris was assessed in terms of the 

consumption capacity of the natural enemy for the pest H. talaca (Fig. 8.5 and 8.6). The 

feeding efficiency of S. collaris was found to be gradually increase with the development 

of life stages. It was also noticed that, with the advance age stages of S. collaris the 

feeding efficiency and prey preference also varied, that was assessed by ‗no-choice‘ and 

‗free-choice‘ experiments. 

4.8.3.1 No-choice condition of feeding: In a no-choice condition of feeding first instar 

nymph of S. collaris fed 2.2±0.8 second instar larvae of H. talaca in 24h which was found 

increase with the advancement of instars (p=0.05), Whereas II, III IV and V instar nymphs 

preferred 3.6±1.5, 5.0±1.2, 6.6±2.1 and 7.0±1.2 second instar larvae respectively (Table 
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8.3). Highest consumption was noticed in adult female, 11.8±2.6 larvae per day. The 

interesting observation was that, the number of prey consumption was reduced gradually 

when the feeding on advanced stages of H. talaca. Adult female was observed voraciously 

feeding on maximum fourth and fifth instar larvae of H. talaca per day. 

4.8.3.2 Free-choice condition of feeding: The results of free-choice condition of feeding, 

I and II instar nymph of S. collaris were observed more preference towards the second and 

third instar larvae of H. talaca (Table 8.4). The III instar nymph consumed (2.0±0.7) on 

second instar larvae of H. talaca recorded at 24h intervals whereas IV and V instar nymph 

consumed 3.6±0.5and 4.0±1.2 larvae of H. talaca respectively compared to other larval 

instars of H. talaca. In both the feeding conditions, S. collaris showed its efficiency to 

consume maximum number of larvae of H. talaca under laboratory conditions. In free-

choice condition of feeding, the predation became less compared to no-choice condition of 

feeding.The average feeding by the I, II, III, IV, V, male and female of S. collaris was 

recorded as 2.1, 2.9, 3.4, 4.4, 5.8, 9.3, and 11.3 per day in no choice condition and 1.3, 1.5, 

1.7, 2.6, 3.1, 3.9 and 4.2 in free choice condition of feeding (Fig. 8.4). 

Table 8.3: Predatory efficiency of S. collaris on different larval stages of H. talaca in 

No-choice feeding condition 

Stages of S. 

collaris 

Feeding on larval stages of H. talaca 

II III IV V 

I 2.2±0.8d 2.0±1.0d - - 

II 3.6±1.5cd 2.2±0.8d - - 

III 5.0±1.2bc 3.6±1.5cd 3.0±1.0d 1.8±0.8c 

IV 6.6±2.1b 4.2±0.8cd 4.0±1.6cd 2.6±0.9c 

V 7.0±1.2b 5.8±1.5c 5.0±1.6c 5.4±1.1b 

Male 9.8±1.9a 8.8±1.9b 9.6±1.8b 9.0±1.0a 

Female 11.8±2.6a 11.4± 4.0a 11.8±2.5a 10.2±1.9a 

Means followed by the same alphabet in a column do not differ significantly at p = 0.05 according to 

Tukey‘s multiple comparison test. (-): No food consumption was observed 
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Table 8.4: Predatory efficiency of S. collaris on different larval stages of H. talaca in 

Free-choice feeding condition 

Stages of S. 

collaris 

Larval stages of H. talaca 

II III IV V 

I 1.4±0.5c 1.2±0.4c - - 

II 1.6±0.9c 1.4±0.5c - - 

III 1.8±0.8c 2.0±0.7bc 1.8±0.8b 1.2±0.4b 

IV 2.2±0.8bc 2.4±0.5bc 3.6±0.5a 2.0±0.7b 

V 3.0±0.7ab 3.2±1.3ab 4.0±1.2a 2.2±0.8b 

Male 3.2±0.8ab 3.6±1.1a 4.2±0.8a 4.6±1.8a 

Female 3.4±1.1a 3.8±0.8a 4.6±1.1a 5.0±1.6a 

Means followed by the same alphabet in a column do not differ significantly at p = 0.05 according to 

Tukey‘s multiple comparison test. (-): No food consumption was observed 

 

 

Fig. 8.4: Mean of predatory efficiency on all the larval instars by individual life stage of 

S.collaris in both no-choice and free- choice conditions 
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Fig. 8.5: Feeding of S. collaris: (a) group feeding of III instar nymph on looper and (b) on 

larvae of C. cephalonica; (c) adult female feeding on looper and (d) on larvae of C. 

cephalonica; (e) feeding of fourth instar nymph and (f) fifth instar nymph 

 

 
Fig. 8.6: Condition of looper after feeding by S. collaris: (a) healthy looper and (b) dead 

looper 

4.8.4 Predatory behaviour of S. collaris consumption on larvae of H. talaca: Predatory 

behaviour of S. collaris on larvae of H. talaca offered a visual stimulus by providing prey 

of different stages which lead to arouse, erect posture and extension of antennae and 
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rostrum of S. collaris towards the prey. Time taken by the different stages of S. collaris for 

approach and attacking, paralyzing and feeding were recorded during consumption. The 

first instar nymph of S. collaris took 24.0±1.0 seconds in approach attacking prey larva. 

Whereas II, III, IV and V instar nymphs were taken 22.0±1.0, 19.3±1.2, 17.0±1.0 

and14.0±1.0 seconds. In excited condition, the predator pin the rostrum on the host body 

and inject the venom within 6.3±1.5 seconds to paralyze the larvae of H. talaca. The 

experimental data showed that depending on the developmental stages of S. collaris and 

the stages of host larvae the feeding time varied (Table 8.5). 

Table 8.5: Predatory behaviour of S. collaris, feeding on larvae of H. talaca 

Stages of S. 

collaris 

Predatory activities* (in second) 

Approach 

attacking 

Paralyzing Sucking (Stages of H. talaca) 

II III IV V 

I 24.0±1.0 12.0±2.0 74.7±3.5 87.7±1.5 - - 

II 22.0±1.0 11.3±1.5 73.0±2.6 86.0±4.4 - - 

III 19.3±1.2 11.0±1.0 71.0±2.6 84.0±4.0 95.3±2.1 124.0±3.6 

IV 17.0±1.0 9.7±0.6 69.0±5.5 81.7±2.1 94.0±2.0 123.0±4.6 

V 14.0±1.0 9.0±1.0 68.3±1.5 80.7±6.7 93.3±3.5 120.0±4.4 

Male 11.7±1.5 6.7±0.6 65.7±2.1 78.3±1.5 90.0±4.4 119.3±8.0 

Female 9.7±0.6 6.3±1.5 64.3±5.9 77.3±3.8 88.0±4.6 118.3±3.1 
*Means were calculated by Tukey-Kramer HSD Post-Hoc Test, significant at p<0.05. (-): No food 

consumption was observed 

 

4.8.5 Mass rearing of S. collaris on C. cephalonica: The highest survival percentage of the 

predatory bug S. collaris reared on larvae of C. chephalonica revealed the successful attempt 

of mass rearing (Fig. 8.7). As the fecundity of healthy female reared on rice meal moth was 

recorded earlier, from this up to 95.24±1.0 % egg was hatched. The survival percentage of I, 

II, III, IV and V instar nymph were recorded as 95.52±0.8, 91.81±0.7, 94.67±2.0, 94.72±1.9 

and 93.94±0.8 respectively (Table 8.6). All the nymphal instars voraciously consumed larvae 

of rice meal moth. The survivality of adult was 93.36±1.8%, of this 54.48±0.2% female and 

46.26±3.0% male. 

Table 8.6: Percentage of surviving of S. collaris reared on alternative host C. 

cephalonica 

Parameters Values 

Hatched 95.24±1.0 

I Instar 95.52±0.8 

II Instar 91.81±0.7 

III Instar 94.67±2.0 

IV Instar 94.72±1.9 

V Instar 93.94±0.8 

Adult 93.36±1.8 
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Fig. 8.7: Mass rearing of S. collaris 

4.8.6 Study on effect of pesticide on S. collaris: Among all the treated pesticides 

Quinalphos and Thiamethoxam are most toxic to all the life stages of S. collaris compared 

to Emamectin benzoate 5%SG, Deltamethrin 2.8EC, Bifenthrin 10%EC, Flubendiamade 

20WG, Fenpyroxymate 5EC, Beauveria bassiana formulation and Azadirachtin 5% EC 

(Table 8.7). The significant effect of insecticides on immature stages was varied depend 

on the exposure time. Cent percent mortality was observed within 24h of the exposure of 

Quinalphos and Thiamethoxam. In the treatment of Bifenthrin 53.3±3.3% and 43.3±3.3 % 

mortality were observed after 72h of the application. Toxicity of Emamectin benzoate 

5%SG, Flubendiamade 20WG and Fenpyroxymate 5EC were found low mortality after 

24h of the exposure on nymph and adult. No effective mortality was observed in the 

treatment of Beauveria bassiana formulation and no toxic effect found in Azadirachtin 5% 

EC exposure.  
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Table 8.6: Toxicity of certain common used pesticides on both mature and immature 

stages of S. collaris 

Treatments Concentration Percentage 

of mortality 

after 

Percentage of mortality after 

24h 48h 72h 

Quinalphos  

25EC 
1:400 

Nymph 100.0±0.0a 100.0±0.0a 100.0±0.0a 

Adult 100.0±0.0
a 

100.0±0.0
a 

100.0±0.0
a 

Thiamethoxam  

25WG 
1:4000 

Nymph 100.0±0.0a 100.0±0.0 a 100.0±0.0a 

Adult 100.0±0.0a 100.0±0.0a 100.0±0.0a 

Emamectin benzoate 

5%SG 
1:2500 

Nymph 10.0±0.0bc 13.3±3.3c 33.3±6.7d 

Adult 6.7±3.3b 10.0±0.0bc 26.7±6.7c 

Deltamethrin  

2.8EC 
1:2000 

Nymph 6.7±3.3c 20.0±0.0b 40.0±3.3cd 

Adult 0.0±0.0c 13.3±3.3bc 30.0±5.8c 

Bifenthrin  

10%EC 
1:1600 

Nymph 13.3±3.3b 16.7±3.3bc 53.3±3.3b 

Adult 10.0±5.7b 16.7±3.3b 43.3±3.3b 

Flubendiamade  

20WG 
1:5000 

Nymph 0.0±0.0d 13.3±3.3c 43.3±3.3c 

Adult 0.0±0.0c 6.7±3.3cd 30.0±3.3c 

Fenpyroxymate  

5EC 
1:2000 

Nymph 0.0±0.0d 6.7±3.3d 33.3±3.3d 

Adult 0.0±0.0c 6.7±3.3cd 23.3±3.3c 

Beauveria bassiana 

formulation 
2kg/ha 

Nymph 0.0±0.0d 0.0±0.0e 10.0±0.0e 

Adult 0.0±0.0c 0.0±0.0d 6.7±3.3d 

Azadirachtin  

5% EC 
1:1500 

Nymph 0.0±0.0d 0.0±0.0e 0.0±0.0f 

Adult 0.0±0.0c 0.0±0.0d 0.0±0.0d 

Control (water) - 
Nymph 0.0±0.0d 0.0±0.0e 0.0±0.0f 

Adult 0.0±0.0c 0.0±0.0d 0.0±0.0d 

Means (±SD) of five replications followed by the same letter in a column do not differ significantly at p = 

0.05 according to Tukey‘s multiple comparison test. ‗-‗: there is no recomended concentration 

4.8.7 Field release of S. collaris: A 100 number of adult S. collaris was released at kurti 

and Hope TE (Fig. 8.9). The population trends of H. talaca, before and after release of 

predator in both the control and released plot were observed and the population was 

assessed by individuals/bush wise counting. The population reduction after release of adult 

S. collaris was recorded compared to the control plot. On 11
th

 day after release of predator 

an average of 4.10±0.67 lopper per bush was found in released plot, whereas in control 

plot 7.50±1.32 looper per bush (Table 8.8). On the 13
th

 day after exposure of the predator 

around 35% population reduction was noticed (Fig. 8.8). 

 

 

 

 

 



Chapter IV: Results 

123 | P a g e  

Table 8.8: Assessment of population of H. talaca in both released and control plots 

before and after release of S. collaris 

Days after release of 

S. collaris 

Number of H. talaca population/ bush 

Released plot Control plot 

Pre-released 6.17±1.24NS 6.07±1.37NS 

1 5.30±1.28b 6.70±1.35a 

3 4.90±1.10b 6.90±1.47a 

5 4.53±0.94
b 

7.10±1.52
a 

7 4.33±0.74b 7.23±1.51a 

9 4.23±0.59b 7.40±1.4a 

11 4.10±0.67b 7.50±1.32a 

13 3.80±0.61b 7.47±1.36a 

Non-significance= NS. Values followed by the same alphabet in the same row are not significantly different 

at 5% level of significance according to Tukey‘s test 

 
Fig. 8.8: Population reduction percentage of H. talaca, in the S. collaris released plot 

 

Fig. 8.9: Field release of S. collaris: (a) at Kurti TE and (b) Hope TE 

y = -0.8674x2 + 11.128x 

R² = 0.9017 

0

5

10

15

20

25

30

35

40

45

1st 3rd 5th 7th 9th 11th 13th

%
 o

f 
re

d
u

ct
io

n
 

Day of observation 

Population reduction of H. talaca (%)

2 per. Mov. Avg. (Population reduction of H. talaca (%))



Chapter IV: Results 

124 | P a g e  

4.9. Study on biology and life table of E. furcellata   

4.9.1 Study on biology of E. furcellata on H. talaca and C. chephalonica: The life 

stages of E. furcellata, consists of egg, five nymplal instars and adult (Fig.9.1). In the 

present investigation, the biology of stink bug E. furcellata on the larvae of H. talaca and 

C. cephalonica showed, the average number of eggs laid by the female were 276.6±15.8 

and 284.6±11.8 respectively (Table 9.1). It indicates that the fecundity is little bit less 

when reared on H. talaca. Initially freshly laid eggs were whitish golden in colour, later 

turned into creamy to light brownish. Incubation period was little shorter (7.0±1.0) reared 

on H. talaca compared to rear on C. cephalonica (7.6±1.1). Total nymphal period was 

recorded in the culture on looper (21.8±0.7days), whereas the shorter period (18.4±1.5 

days) was noticed reared on C. cephalonoca. Longevity of adult female was 30.8±1.9 days 

when reared on looper, which is shorter than the longevity of female (32.8±0.8 days) 

reared on C. cephalonica. No significant variation was observed in oviposition period 

between the two rearing media. 

Table 9.1: Biology of E. furcellata on H. talaca and C. chephalonica 

Parameters Mean duration of E. furcellata reared on 

Larvae of H. talaca Larvae of C. cephalonica 

Incubation period 7.0±1.0 7.6±1.1 

I instar 3.2±0.8 3.2±0.4 

II instar 3.6±0.9 3.4±0.5 

III instar 4.8±0.8 4.0±1.0 

IV Vinstar 5.0±0.7 3.8±0.4 

V instar 5.2±0.8 4.0±0.7 

Total nymphal period 21.8±0.7 18.4±1.5 

Pre-oviposition period 6.2±1.3 5.4±0.5 

Oviposition period 18.4±2.3 18.0±1.6 

Male longevity 27.6±1.1 30.0±1.9 

Female longevity 30.8±1.9 32.8±0.8 

Fecundaty /female 276.6±15.8 284.6±11.8 
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Fig. 9.1: Life stages of E. furcellata: (a) egg; nymphal stages of (b) first instar, (c) second 

instar, (d) third instar, (e) fourth instar, (f) fifth instar; (g) adult male and (h) adult female 

4.9.2 Study on life table of E. furcellata reared on H. talaca: The survival trends of the 

stink bug were investigated when reared on larvae of H. talaca. The survival of different 

life stages of E. furcellata were worked out from the rearing condition under laboratory, 

egg hatched, I, II, III, IV, V instar nymphs and adult were 95.35, 95.35, 91.84, 92.83, 

94.51, 93.25 and 95.15% (Fig.9.2). Highest mortality was observed in I instar nymphal 

stages. 

 
Fig. 9.2: Survival percentage of different life stages of E. furcellata when reared on larvae of 

H. talaca 
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Data was analyzed for worked out age specific survival rate (lx), age specific fecundity 

rate (mx) and age specific maternity (lxmx) for construct the life table of stink bug reared 

on the larvae of H. talaca, presented in (Fig.9.2) The life table parameter like intrinsic rate 

of natural increase (rm) of E. furcellata was recorded as 0.149 day
-1

 and the net 

reproductive rate (Ro) was 218.14 female offspring per adult female, produced during 

their life span expected as 276.6±15.8 eggs/ female. The gross reproductive rate (∑mx) 

was also recorded as 244.69 and the finite rate of increase (λ)was 1.06 (Table 9.3). 

Table 9.2: Life table parameter of E. furcellata reared on H. talaca 

Parameters Values 

Intrinsic rate of natural increase(rm) 0.149 

Finite rate of increase(λ) 1.161 

Net reproductive rate(Ro) 218.14 

Mean generation time(Tc) 35.49 

Corrected generation timer(T) 35.94 

Gross reproductive rate (GRR) 244.69 

Weekly multiplication (Wm) 2.85 

Doubling time (Dt) 4.63 

 

 

Fig. 9.3: Age-specific survival rate (lx), age-sepcific fecundity (mx) and maternity (Xlxmx) of 

female E. furcellata feeding on larvae of H. talaca. 

4.9.3 Study on predatory efficiency of E. furcellata on different stages of H. talaca: 

The predatory potential of the all the life stages of E. furcellata was assessed by recording 

the total number of H. talaca larvae consumed per day (Fig. 9.3.2). The feeding efficiency 
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of E. furcellata was found to be gradually increase with the development and big size of 

life stages. It was also examined that, in each life stage the feeding efficiency and prey 

preference varied, that was assessed by ‗no-choice‘ and ‗free-choice‘ experiments. 

4.9.3.1 No-choice condition of feeding: In the experiment of no-choice condition of 

feeding, first instar nymph of E. furcellata fed 1.8±0.4 second instar larvae of H. talaca. 

Whereas II, III, IV and V instar nymph predate 3.2±0.4, 4.6±1.1, 5.8±1.3 and 6.0±1.4, 

second instar larvae of H. talaca (Table 9.3.1). The adult female predated 10.2±0.8
 
larvae 

per day, which was the highest number of predation among all the life stages of E. 

furcellata. First and second instar nymph were prefer second instar larva of H. talaca. 

Whereas adult female was observed voraciously feeding on maximum fourth and fifth 

instar larvae of H. talaca per day. 

4.9.3.2. Free-choice condition of feeding: In the present study of free-choice condition of 

feeding, the number of predation per day has been reduced compared to no-choice 

condition of feeding. Fifth instar nymph of E.  furcellata was found to feed 4.8±0.8 third 

instar larvae of H. talaca followed by IV instar (4.0±1.0), III instar (3.0±1.0), II instar 

(2.0±0.7) and I instar (1.2±0.4) nymph (Table 9.3.2). 

The average predation of rate by the I, II, III, IV, V, male and female was observed as 1.6, 2.8, 

3.2, 4.3, 4.9, 7.15 and 8.4 per day in no choice condition and 1.5, ,2.3, 2.9, 3.8, 4.5, 6.5 and 7.5 

in free choice condition of feeding (Fig. 9.3.2). 

 

Fig. 9.3.1: Feeding E. furcellata on larvae of H. talaca: (a) group feeding of first instar 

nymph, (b) feeding of first instar nymph and (c) feeding of adult stink bug  
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Table 9.3.1: predatory efficiency of E. furcellata on different stages of H. talaca in no-

choice condition 

Stages of  

E. furcellata 

Feeding on different life stages (larval) of H.talaca 

II III IV V 

I Instar 1.8±0.4e 1.4±0.5a - - 

II Instar 3.2±0.4d 2.4±0.5de - - 

III Instar 4.6±1.1c 3.2±0.8d 3.0±0.7b 2.0±0.7d 

IV Instar 5.8±1.3
bc 

4.4±0.9
c 

4.0±1.6
b 

3.0±0.7
cd 

V Instar 6.0±1.4b 5.4±1.1c 4.4±1.1b 3.8±1.1c 

Male 9.2±0.8a 7.6±1.1b 6.2±0.8a 5.6±1.1b 

Female 10.2±0.8a 9.0±1.0a 7.4±1.8a 7.0±1.6a 

Values represent mean ±SD of five replications. Means followed by the same letter in a column do not differ 

significantly at p=0.05, according to Tukey‘s multiple comparison test. (-): No food consumption was 

observed 

Table 9.3.2: Predatory efficiency of E. furcellata on different stages of H.talaca in 

Free-choice condition 

Stages of  

E. furcellata 

Feeding on different life stages (Larval) of H.talaca 

II III IV V 

I Instar 1.8±0.4d 1.2±0.4e - - 

II Instar 2.6±0.5d 2.0±0.7de - - 

III Instar 4.0±1.0c 3.0±1.0cd 2.8±0.8c 1.8±0.8c 

IV Instar 5.0±0.7bc 4.0±1.0bc 3.6±0.5c 2.6±0.5bc 

V Instar 5.6±1.1b 4.8±0.8b 4.0±1.2bc 3.4±0.5b 

Male 8.8±1.3a 7.2±1.3a 5.2±0.8ab 4.8±1.5a 

Female 9.8±1.1a 8.2±0.8a 6.4±1.1a 5.4±1.1a 

Values represent mean ±SD of five replications, Means followed by the same letter in a column do not differ 

significantly at p=0.05, according to Tukey‘s multiple comparison test. (-): No food consumption was 

observed 

 

 

Fig. 9.3.2: Mean of predatory efficiency on all the larval instars by individual life stage of E. 

furcellata in both no-choice and free- choice conditions  
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4.9.4 Study on predatory behaviour of E. furcellata on different stages of H. talaca: In 

the experiment of predatory behaviour of E. furcellata, different instar of larvae of H. talaca were 

provided as a visual stimulus which lead to arouse, erect posture and extension of antennae and 

rostrum towards the prey. The time taken by different life stages of E. furcellata for approach and 

attacking, paralyzing and feeding were recorded during feeding (Table 9.3.3). The first instar 

nymph of E. furcellata took 17.7±2.5
 
seconds for approach attacking towards prey larva followed 

by II (16.7±0.6 seconds), III (15.3±2.1 seconds), IV (13.7±1.5 seconds) and V (11.7±1.5 seconds) 

instar. When female of E. furcellata got excited, pin the rostrum on the body of the fifth instar host 

larva and inject the venom within 4.7±0.6 seconds. Then the host became paralyzed and the host 

was sucked by the female within 95.3±5.0 seconds. For these operation other life stages of E. 

furcellata took more time. 

Table 9.3.3: Predatory behaviour of E. furcellata feeding of different larval instars of 

H. talaca 

Predatory activities of E. furcellata (in second) 

Stages of  

E. 

furcellata 

Approach 

attacking 

Paralyzing Sucking (Larval stages of H. talaca) 

II III IV V 

I Instar 17.7±2.5a 9.7±1.5a 72.3±5.1a 81.0±2.6a - - 

II Instar 16.7±0.6ab 8.7±1.5ab 71.7±1.5a 79.7±2.5a - - 

III Instar 15.3±2.1ab 8.0±1.0ab 67.3±2.1ab 77.0±3.6ab 97.3±2.1a 123.3±3.1a 

IV Instar 13.7±1.5bc 7.7±1.5b 65.3±4.0bc 76.0±3.6abc 94.0±3.6ab 118.3±4.9ab 

V Instar 11.7±1.5cd 7.0±1.0b 60.3±1.5cd 74.7±4.2bc 90.3±2.5abc 113.7±3.5b 

Male 9.7±1.5de 5.0±1.0c 58.3±1.5d 72.0±4.4abc 87.3±5.9bc 103.3±5.1c 

Female 8.0±2.0e 4.7±0.6c 56.0±2.6d 71.7±3.2c 84.7±4.5c 95.3±5.0c 

Values represent mean ±SD of five replications, Means followed by the same letter in a column do not differ 

significantly at p=0.05, according to Tukey‘s multiple comparison test. ‗-‗: no such kind of behaviour 

observed 

4.9.5 Study of the toxic effect of pesticides on immature and mature stages of E. 

furcellata: In this experiment it is investigated that among all the tested pesticides 

Quinalphos and Thiamethoxam are most toxic in the case of all the life stages of E. 

furcellata also. Emamectin benzoate, Deltamethrin, Bifenthrin, Flubendiamade, 

Fenpyroxymate, Beauveria bassiana formulation and Azadirachtin was found to be less 

toxic (Table 9.4). 100% mortality was observed within 24h of the spraying of Quinalphos 

and Thiamethoxam. After 72h of the exposure of Deltamethrin and Bifenthrin were caused 

53.3±3.3% and 50.0±5.8% mortality on nymphal stages. The significant effect of 

insecticides on immature stages was varied depend on the exposure time. In the treatment 
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with Fenpyroxymate 33.3±3.3% mortality was found in nymphal stages and 30.0±5.8% on 

the adult. Due to less toxic nature on insect. The treatment result of Beauveria bassiana 

formulation showed 10.0±0.0% nymphal and 6.7±3.3% adult mortality after 72h, before 

that no toxic symptom was noticed. No mortality was found in the treatment of 

Azadirachtin 5% EC exposure. 

Table 9.4: Effect of certain common used pesticides on nymph and larvae of E. 

furcellata 

Treatments Concentration Stage of  

E. furcellata 

Percentage of mortality after 

24h 48h 72h 

Quinalphos  

25EC 
1:400 

Nymph 100.0±0.0a 100.0±0.0a 100.0±0.0a 

Adult 96.7±3.3a 96.7±3.3a 100.0±0.0a 

Thiamethoxam  

25WG 
1:4000 

Nymph 100.0±0.0a 100.0±0.0a 100.0±0.0a 

Adult 93.3±3.3a 96.7±3.3a 100.0±0.0a 

Emamectin benzoate 

5%SG 
1:2500 

Nymph 16.7±3.3b 16.7±3.3bc 33.3±3.3c 

Adult 10.0±0.0b 13.3±3.3bc 30.0±3.3c 

Deltamethrin  

2.8EC 
1:2000 

Nymph 10.0±0.0c 16.7±3.3bc 53.3±3.3b 

Adult 0.0±0.0c 16.7±3.3bc 43.3±3.3b 

Bifenthrin  

10%EC 
1:1600 

Nymph 16.7±3.3b 23.3±3.3b 50.0±5.8b 

Adult 13.3±3.3b 20.0±5.8b 46.7±3.3b 

Flubendiamade  

20WG 
1:5000 

Nymph 6.7±3.3c 20.0±5.8bc 36.7±0.0c 

Adult 0.0±0.0c 10.0±0.0c 33.3±3.3c 

Fenpyroxymate  

5EC 
1:2000 

Nymph 0.0±0.0d 13.3±3.3c 33.3±3.3c 

Adult 0.0±0.0c 10.0±0.0c 30.0±5.8c 

Beauveria bassiana 

formulation 
2kg/ha 

Nymph 0.0±0.0d 0.0±0.0d 10.0±0.0d 

Adult 0.0±0.0c 0.0±0.0d 6.7±3.3d 

Azadirachtin  

5% EC 
1:1500 

Nymph 0.0±0.0d 0.0±0.0d 0.0±0.0e 

Adult 0.0±0.0c 0.0±0.0d 0.0±0.0d 

Control (water) - 
Nymph 0.0±0.0d 0.0±0.0d 0.0±0.0e 

Adult 0.0±0.0c 0.0±0.0d 0.0±0.0d 

Values represent mean ±SD of five replications, Means followed by the same letter in a column do not differ 

significantly at p=0.05, according to Tukey‘s multiple comparison test. ‗-‗: there is no recomended 

concentration 
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4.10 Study on biology and life table of C. ruficrus on H. talaca 

4.10.1 Study on biological parameters of C. ruficrus reared on H. talaca larvae under 

laboratory conditions: The results obtained from the studies on the biological parameters of 

C. ruficrus that, the duration of developmental period was found to be more in II instar (9.2 ± 

0.37 days) followed by III (12 ± 0.32 days) and IV (11 ± 0.45) instars host larvae (Table 10.1). 

In case of II instar host larvae, the mean number of cocoon formation was comparatively very 

less when compared to the other stages, may be because of the body size and stage of the host 

larvae. A mean number of 65.2±1.85 cocoons per IV instar host larva and 27.2±3.04 cocoons 

per III instar host larva followed by 4.6 ± 0.68 per II instar host larva were recorded (Fig. 

10.1). Pupal development of C. ruficrus was also varied on different host instars. Pupae which 

were formed from the II instar host larvae have taken more time (5.8±0.20 days) for 

completing the pupal duration compared with III and IV instar host larvae (Fig. 10.2).  

Table 10.1: Biology of C. ruficrus parasitized on larvae of H. talaca 

Biological parameters of 

C. ruficrus 

Larval instar of H. talaca (Host) F- value P-value CD 

(0.05) II III IV 

Larval development period 

(Days) * 
12 ± 0.32a 11 ± 0.45a 9.2 ± 0.37b 13.726 0.00079 1.384 

Pupal development period (Days) 

* 
5.8±0.20a 4.6±0.51ab 4.0±0.45b 5.039 0.0257 1.358 

Adult female longevity (Range) 4 to 6 days 

Adult male longevity (Range) 3 to 4 days 

Sex ratio (F:M) 1:0.5 

Total developmental period 

(Range) 
19 to 24 days 

*Values represent mean ±SE of five replications followed by the same letter in a row do not differ 

significantly at P <0.05 (One-way ANOVA) according to Tukey‘s multiple comparison test 

 

Fig. 10.1: Number of cocoon formation of C. ruficrus, adult (female and male) wasp 

emergence from a single host larva from different stages. Values are significant at P <0.05 

(One-way ANOVA). 
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Fig. 10.2: Life stages of C. ruficrus: (a) adult C. ruficrus, (b) larvae of C. ruficrus 

emerging from host larva, (c) larvae of C. ruficrus forming cocoons and (d) cocoons 

of C. ruficrus  

4.10.2. Study on life table of C. ruficrus reared on larvae of H. talaca: The survival rate 

of larva, cocoon and adult of C. ruficrus were 93.3±2.2, 92.9±3.5 and 92.4±1.8% in the 

laboratory conditions (Table 10.2). The age specific survival rate (lx), age specific 

fecundity rate (mx) and age specific maternity (lxmx) were worked out for construct the 

life table of C. ruficrus (Fig. 10.3). The intrinsic rate of natural increase (rm) of C. ruficrus 

was 0.203 day
-1

 and the net reproductive rate (Ro) was 41.11 female offspring/adult 

female when 108 eggs/ female was laid. The gross reproductive rate (∑mx) was 50.09 and 

the finite rate of increase (λ)was 1.23 (Table 10.3). 

Table 10.2: Survival percentage of C. ruficrus reared on H. talaca 

Life stages Survivality (%) 

Larva 93.3±2.2 

Cocoon 92.9±3.5 

Adult 92.4±1.8 
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Fig. 10.3: Age-specific survival rate (lx), age-sepcific fecundity (mx) and maternity 

(Xlxmx) of female C. ruficrus parasitized on larvae of H. talaca 

Table 10.3: Life table of C. ruficrus reared on H. talaca 

Parameters Values 

Intrinsic rate of natural increase(rm) 0.203 

Finite rate of increase(λ) 1.23 

Net reproductive rate(Ro) 41.11 

Mean generation time(Tc) 19.13 

Corrected generation timer(T) 19.13 

Gross reproductive rate (GRR) 50.09 

Doubling time (Dt) 3.57 

4.10.3 Effect of parasitism on food consumption and growth of H. talaca: The food 

consumption of II, III and IV instar parasitized larvae were conspicuously reduced upto 

the egression of parasitoid when compared with the un-parasitized larvae. In the case of II 

instar parasitized larvae, the amount of food consumption was found to be very low during 

the initial two days and it gradually increased up to the 4
th

 day of development compared 

to normal ones (Table 10.4). II instar parasitized larva consumed 6.1±0.8 mg of food 

whereas un-parasitized larva consumed 8.9±1.1mg on the second day of parasitization. On 

the fourth day of development of food consumption was increased very little amount in the 

parasitized II instar larva (6.6±0.9mg) where as in un-parasitized 10.3±0.8 mg food 

consumption recorded. These trends was found in both III and IV instar larvae.  

Over the period, parasitoid larvae had spent days into the host larval body and consumed 

nutrition. On the 4
th

 day of development the mean weight gain was recorded in second 

instar parasitized larva 6.1±0.2 mg and 3.4±0.7mg in un-parasitized larvae. Similarly in 
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the 4
th

 day after parasitization the mean weight gain was 23.8±0.9mg by IV instar normal 

larva, whereas less weight gain recorded 16.0±2.9mg by parasitized larva (Table10.5). 

Table 10.4: Parasitic impact of C. ruficrus on food consumption of host larvae (H. 

talaca) 

Parasitic effect on the fitness of H. talaca by C. ruficrus* 

Days of 

parasitization 

Food consumption by the larvae (H. talaca) (mg) 

II III IV 

UP P UP P UP P 

1st 6.8±1.3 5.8±0.8 21.6±3 17.9±0.7 106.6±10.1 92.4±13.0 

2nd 8.9±1.1 6.1±0.8 24.7±1.7 18.8±1.6 116.6±2.9 93.1±13.4 

3rd 9.2±0.7 6.4±0.7 27.2±1.7 19.2±1.5 126.0±10.2 94.3±13.2 

4th  10.3±0.8 6.6±0.9 29.3±1.5 19.6±1.4 134.4±7.0 95.3±13.7 
*Value represented mean±SD of ten replications (UP and P) are significantly different at 1% level of 

significance, according to t-test. UP= unparasitized, P= parasitized 

Table 10.5: Parasitic impact of C. ruficrus on weight gain of host larvae (H. talaca) 

Parasitic effect on the fitness of H. talaca by C. ruficrus 

Days of 

parasitization 

Weight gain by the larvae (H. talaca) (mg) 

II III IV 

UP P UP P UP P 

1st 3.0±0.7 2.9±0.5 8.1±1.0 7.8±1.0 15.2±3.1 13.9±2.9 

2nd 4.4±0.5 3.0±0.8 9.0±0.8 7.9±1.1 18.5±2.6 14.3±2.9 

3rd 5.2±0.4 3.2±0.6 10.1±0.8 8.0±1.2 21.3±1.5 15.1±3.0 

4th  6.1±0.2 3.4±0.7 11.3±0.7 8.2±1.2 23.8±0.9 16.0±2.9 

Value represented mean±SD of ten replications (UP and P) are significantly different at 1% level of 

significance, according to t-test. UP= unparasitized, P= parasitized 

 

 

Fig.10.4 Food consumption (mg) of parasitized (white) and unparasitized (black) larvae 

of H.talaca. Values are significantly different at p<0.05 according to Tukey’s HSD test 
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Fig. 10.5 Body weight (mg) of parasitized (white) and unparasitized (Black bar) larvae of 

H. talaca. Values are significantly different at p<0.05 according to Tukey’s HSD test 

 

 
Fig. 10.6: Parasitism by C. ruficrus on host larva, H. talaca: (a-c) larva of C. ruficrus 

into the body of H. talaca, (d) parasitic wasp made whole on the host body, (e) larvae 

of C. ruficrus emerging from the host body and (d) cocoon formation by the parasitic 

larvae   

4.10.4 Differential haemocyte count (DHC) and morphology of different haemocytes: 

There were five types of haemocytes observed in the haemolymph of H.talaca larvae, 
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(GR), and oenocytoids (OE). The DHC analysis showed significant difference between 

parasitized and un-parasitized IV instar larvae. The percentage of PR was found to 

increase significantly in parasitized larvae while in case of unparasitised larvae the AD, 

GR, PL and OE showed significant increasing  trend (p<0.05; F=36.099 and t= 45.26) 

(Table 10.6).  

The morphological abnormalities in cellular diameter of different haemocytes of 

parasitized larvae of H. talaca were observed (Table 10.7). GRs were spherical or oval in 

shape, nucleus is oval and smaller in size and the cytoplasm is granular in un-parasitized 

larvae while in parasitized larvae the shape of cells were abnormal, the size of nucleus is 

founded to be reduced. ADs were small to large, spherical or oval cells with concave, 

biconvex, punctate or lobate nucleus and were mostly eccentrically located, cytoplasm 

contains small refringent fat droplets and vacuoles in normal larvae, however this type of 

features were not observed in parasitized larvae. OEs were observed as the largest 

haemocyte (18.67±1.1µm) with large nucleus, some droplets of fat were present in the 

cytoplasm but in case of parasitized larvae the shape of OEs (11.3±1.3µm) were 

significantly reduced (p<0.05) (Table 10.7). PLs were variable in shape and size and were 

distinguished by round or elongate nucleus and were generally centrally located with a 

distinct nucleolus in un-parasitized larvae but some abnormality in shape and size were 

observed in parasitized larvae (Fig. 10.7).  

Table 10.6: Percentage of different haemocytes of normal and parasitized H. talaca 

Haemocytes 

Cellular type (%) 

PR GR AD PL OE 

Normal 41.1* 26.7* 11.1* 21.1* 3.3* 

Parasitized 49.4 24.7 8.2 12.9 1.1 

*Values are significantly different from each other at p<0.05; F=36.099 and t= 45.26 with 

4 degrees of freedom 
 

Table 10.7: Morphological analysis of different haemocytes of normal and 

parasitized H. talaca 

H. talaca Parameter PR GR AD PL OE 

Un-parasitized C.D (µm) 7.3±1.5 9.3±1.5 13.3±1.1 14.6±1.1 18.7±1.1 

Parasitized C.D (µm) 

t (df=1) 

p 

4.7±1.1 

2.8 

0.047 

7.3±1.1 

2.1 

0.101 

8.7±1.1 

4.9 

0.008 

9.3±1.1 

5.6 

0.005 

11.3±1.1 

7.7 

0.001 

Values are presented as mean of experiments ±SD, C.D= cellular diameter p< 0.05 indicates significant 

differences between the parasitized and un-parasitized larvae (t- test) 
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Fig. 10.7: Morphology of different haemocytes of parasitized and un-parasitized 

larvae of H. talaca viz.(A) un-parasitized OE, (B) parasitized OE, (C) un-parasitized 

AD, (D) parasitized AD, (E) un-parasitized PR, (F) parasitized PR and GR, (G) 

parasitized GR, (H) un-parasitized PL and (I) parasitized PL 

4.10.5 Effect of pesticide on C. ruficrus: An experiment was conducted to understand the 

effect of use of some pesticides that are commonly applied in tea gardens, on the parasitic 

wasp C. ruficrus. The result revealed that, after 24h of the exposure of all the nine selected 

pesticides, highest 88.7±8.8 and 86.7±3.3% mortality were recorded in the treatment of 

Quinalphos and Thiamethoxam, whereas comparatively less percentage of mortality was 

recorded in other pesticides treatments (Table 10.8). After 72h of the exposure mortality 

percentage was 100%. It indicates that both the pesticides are most toxic in nature. 

Treatment with bifenthrin caused moderately high as 53.3±3.3% mortality after 72h 

followed Deltamethrin, Emamectin benzoate, Flubendiamade and Fenpyroxymate. In the 

treatment of Beauveria bassiana formulation showed 10.0±0.0% was seen after 72h of 

spray whereas no mortality was found in the treatment of Azadirachtin 5% EC. 
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Table 10.8: Effect of commonly used pesticides on C. ruficrus 

Treatments 

Concentration Percentage of mortality after 

24h 48h 72h 

Quinalphos 25EC 1:400 88.7±8.8a 97.7±3.3a 100.0±0.0a 

Thiamethoxam 25WG 1:4000 86.7±3.3a 96.7±3.3a 100.0±0.0a 

Emamectin benzoate 5%SG 1:2500 6.7±3.3cd 13.3±3.3c 36.7±3.3cd 

Deltamethrin 2.8EC 1:2000 10.0±0.0c 20.0±0.0bc 43.3±3.3c 

Bifenthrin 10%EC 1:1600 13.3±3.3b 30.0±5.8b 53.3±3.3b 

Flubendiamade 20WG 1:5000 0.0±0.0d 20.0±5.8bc 30.0±5.8d 

Fenpyroxymate 5EC 1:2000 6.7±3.3d 16.7±3.3c 30.0±5.8d 

Beauveria bassiana formulation 2kg/ha 0.0±0.0e 0.0±0.0d 10.0±0.0e 

Azadirachtin 5% EC 1:1500 0.0±0.0f 0.0±0.0d 0.0±0.0f 

Control (water) - 0.0±0.0f 0.0±0.0d 0.0±0.0f 

Means (±SD) of five replications followed by the same letter in a column do not differ significantly at p = 

0.05 according to Tukey‘s multiple comparison test 
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DISCUSSION 

5. 1 Study on the bio-ecology and seasonal incidence of Hyposidra talaca 

in relation to the climatic parameters of Dooars region of West Bengal 

5. 1.1 Observation on bio-ecology of H. talaca: In the tea ecosystem interaction of H. 

talaca with different trophic component was observed and accordingly recorded in the 

present experimentation. H. talaca was observed to lay eggs on shade tree (Melia 

azedarach) and mango tree (Mangifera indica) that are adjacent to the tea gardens. Apart 

from that larvae of H. talaca perpetuated on goat weed (Ageratum conyzoides) during 

pruning of the tea plant. The present observation is supported by the findings of Majumder 

(2010) who had also reported somewhat similar ovipositional and feeding behaviour of H. 

talaca in the tea ecosystem.  

5. 1.2. Seasonal abundance of H. talaca during the period of observation: The 

outbreak of H. talaca resulted in extensive damage in tea gardens throughout the year 

particularly in the area of West Bengal and Assam where tea was grown at commercial 

scale (Antony et al., 2012). In the present experiment, the population of H. talaca was 

found to fluctuate throughout the study period (2017-2018 and 2018-2019) of observation 

irrespective of the two locations namely, Banarhat TE and TRA experimental plot. 

Persistent high population of H. talaca was observed from February to June and August to 

November respectively in the present observation. The incidence of ‗peak‘ population was 

noted during May at Banarhat TE and June in TRA plot respectively in both the periods of 

observation. Findings of the present study are in covenant with that of Das et al., (2010a) 

who had also observed that Hyposidra spp. remained active in March-May, June-August 

and September-November respectively followed by a steady decrease of population during 

December-February (winter months). Similar trends of the population abundance and 

fluctuation was observed by Majumder (2010), who had noted that looper population 

attained the highest incidence during summer months followed by a gradual decrease 

during monsoon and winter at Dooars region of the Northern parts of West Bengal. 

The abundance of H. talaca was considerably influenced by the climatic factors. In the 

present observation the population showed significant positive correlation with maximum 

temperature and relative humidity, whereas positive but insignificant correlation was noted 

for minimum temperature and rainfall in the first season of the study. In the study period 
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of 2018-2019 same category of correlations has been noticed. Sinu et al., (2011) had 

reported that, prolonged drought and inconsistent rainfall influence the extent of 

infestation of H. talaca in tea growing area. Duration of development, survival rate, 

feeding rate, metabolism and fecundity of insect depends on the temperature (Cui et al., 

2018). High temperature enhanced insect metabolism, mating and respiratory mechanism, 

whereas low temperature slowed down physiological activity (Kuang et al. 2010and Qian 

et al. 2017). 

5.1.3 Biology of H. talaca on three alternate diets: H. talaca has successfully completed 

life cycle on all of the three selected alternative foods. The larvae of H. talaca was found 

as a defoliator of Theobroma cacao, Cinchona spp. and Garciniam angostana (Dun, 1967; 

Kennedy, 1996 and Intachat et al., 2001), Tectona grandis (Tripathy and Rout 2018) and 

Shorea robusta (Sen-Sharma and Thakur, 2008). Sharma et al., (2014) had observed that, 

H. talaca successfully completed its life cycle on T. grandis. The diverse host range and 

survival fitness offered plasticity to H. talaca. The pest possess detoxification capacity 

against plant allelochemicals and use plant nutrients to survive (Das and Mukhopadhyay, 

2014). The best ‗fitness‘ of H. talaca, out of the three diets, was noted on artificial diet 

followed by tea leaf and the least was noted for shade tree leaf. The duration of larval 

development was comparatively shorter on artificial diet (25.2±2.4 days) when compared 

to tea leaf (26.8±0.5 days) and shade tree leaf (27.6±0.9 days) respectively. The female 

longevity and oviposition period were 6.2±1.0 and 6.4±0.5days respectively when reared 

on artificial diet. However the female longevity and oviposition period were 6.0±0.8 and 

6.0±0.7daysfor tea leaf. In case of shade tree leaf the values were 6.0±1.0 and 4.6±0.5days 

respectively. Substantial amount of secondary metabolites were present in A. lenticularis 

(Seigler, 2003 and Subhan, 2016). However, H. talaca could withstand the secondary 

metabolites of the plant for its survival and sustenance. The incubation period of H. talaca 

was 7.0±0.7, 6.4±0.9 and 7.6±0.5 days respectively when reared on tea leaves, artificial 

diet and shade tree leaves respectively. The duration of incubation period recorded in the 

current study was well in agreement with the study of Das et al., (2010a) and Chutia et al., 

(2012a). Sharma et al., (2014) had recoded that the range of total larval period as 15.24-

17.14 days while female longevity as 4-8 days respectively. However, they had considered 

teak (Tectona grandis) as the dietary source of H. talaca in the agro-climatic region of 

Jammu, (J&K). The total fecundity per female, in the present study was 578.8±26.3, 

589.6±15.6 and 566±18.8 when reared on tea leaves, artificial diet and shade tree leaves 
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respectively. Supplementary nutrients present in the artificial diet enhanced the health and 

development of the growing larvae and fecundity of adults. Abbasi et al., (2007) had also 

noted that the faster rate of development of related lepidopteran pest, cotton bollworm, 

Helicoverpa armigera on artificial diet supplemented with nutrients compared to its main 

host. 

It is thus evicted that, H. talaca acclimatized itself on tea ecosystem apart from its original 

host shade tree. It can also sustain life cycle on tea leaf, may be for the high nutrient value 

of tea. Rearing of H. talaca could be possible to rear on artificial diet. 

5.1.4 Survival of H. talaca reared on three different diets: Significant differences of the 

survival rate of H. talaca were noted on three different diets. Highest survival percentage 

of 98.5±0.5% was observed for artificial diet while lowest survival rate of 92.5±0.1% was 

noted for shade tree leaf. The artificial diet could be found more appropriate than the 

natural food sources under laboratory conditions (Parra 1991 and Campos et al., 2017).  

5.1.5 Life table of H. talaca reared on three different diets: Higher mortality of 1st instar 

larva was noted on artificial diet when compared to the other instar stages, in the present study. 

This probably due to the time required for the 1st instar larvae to acclimatize to the artificial diet in 

lieu of food of natural sources. Danthanarayana and Kathiravetpillai (1969) have made similar 

observation on twig caterpillar Ectropis bhurmitra infesting tea. Gomes et al., (2017) and Surpur 

et al., (2018) highlighted the fitness and the survivality of the larva, thus can be ensured on 

appropriate artificial diet for other insects also. 

The net reproductive rate (Ro) of H. talaca, in the present study was 462.9±22.1 when fed 

on artificial diet. This was followed by the main host tea leaf (396.9±16.1) and shade tree 

leaf (377.6±20.0) in descending order. The mean length of generation (Tc) was 35.3±5.4 

days when reared on artificial diet. But it was recorded as 36.1±6.5 days on tea leaf and 

37.1±7.2 days on shade tree leaves respectively. Although information on the life table of 

similar lepidopteran pests of other agro-ecosystem was availble, but study on H. talaca on 

tea was studied for the first time. References available are mostly cocerened with the 

insect pest of other crops of same insect order. Jha et al., (2012) had constructed the life 

table of Helicoverpa armigera reared on an artificial diet and recorded that ‗Tc‘ was 36.7 

days. Farahani et al., (2012) had reported that the mean generation time of the beet 

armyworm Spodoptera exigua on soybean was 32.0± 0.3 days. The intrinsic rate of natural 

increase (rm) of H. talaca was 0.183±0.0 days when reared on artificial diet. Whereas 
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comparatively shorter ‗rm‘ was observed when reared on tea leaf (0.174±0.0) and shade 

tree leaf (0.164±0.0) respectively. Findings of the current study somewhat similar with the 

study of Farahani et al., (2012) who had recoreded that the ‗rm‘ value of S. exigua was 

0.168±0.004 when reared on soyabean. Surpur et al., (2018) had noted that the ‗rm‘ value 

was 0.13 when Maruca vitrata was reared on chickpea artificial diet. The finite rate of 

natural increase (λ) of H. talaca was 1.20 female offspring per female per day when fed on 

artificial diet, which was greater than the other two diets that are considered in the present 

experiment. The life table parameters like ‗rm‘, ‗Tc‘ and ‗λ‘ are useful indices of 

population growth in a given set of growth conditions. Shorter developmental time and 

high reproductive rate of any insect on a food source reflect fitness of the organism (Van 

Lenteren and Noldus 1990). The life table constructed with the data on the ‗rm‘ provides 

the characteristic of life patterns of a particular species (Satpute et al. 2005). Insect 

growth, longevity and reproduction can be influenced by the available food sources (host 

plants or host prey) and also by ambient temperature (Ellers-Kirk and Fleischer 2006). The 

intrinsic growth rate, longevity and fecundity of H. talaca were more in artificial diet. 

However in natural condition H. talaca prefers to feed on tea plant as a main host and 

exhibits better fitness in comparison to the shade tree, the original host plant. The net 

reproductive rate reflects the potential population growth with shorter developmental time 

to complete more generations on a particular host (Liu et al., 2004). 

5.2 Seasonal abundance of S. collaris during the period of observation: The population 

dynamics of all of the life stages of S. collaris were significantly correlated with H. talaca 

population at both the study areas during 2017-2018 and 2018-2019. During both summer 

and monsoon months the population gradually increased at both the study locations. But 

after October the population declined gradually. Kumaraswami and Ambrose (1994) from 

Melapattam Scrub jungle of Southern India had noted that the adult reduviid species, 

Rhynocorism arginatus attained peak from January onwards up to June. The immature life 

stages were found during the month of August and September. Threshold temperature for 

larval developmental and also the thermal requirements to complete the life cycle of 

insects totally depends on the local thermal adaptation (Kobori and Hanboosong 2017). 

Both biotic and abiotic factors affect the insect pest population dynamics (Kroschel et al., 

2013). In the present study the population abundance of S. collaris was positively 

correlated with maximum temperature (r= 0.9690), minimum temperature (r= 0.9807), 

relative humidity (r= 0.8694) and rainfall (r= 0.7970) at TRA experimental plot during 
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2017-2018 at significant (p<0.05) level. During 2018-2019 similar trends of correlation 

were also found. At Banarhat TE also, the correlation of S. collaris with maximum 

temperature (r= 0.9344), minimum temperature (r= 0.9331), relative humidity (r= 0.9320) 

and rainfall (r= 0.8809) were significantly positive during 2017-2018. Similar trends of 

correlation were recorded for the second season at Banarhat TE.  

Present results are in well agreement with the findings of Siddaiah et al., (2014). They had 

obtained significant positive correlation of S. collaris with maximum temperature (r = 

0.853), minimum temperature (r = 0.932), relative humidity (r =0.850) and minimum 

relative humidity (r = 0.891) at Ranchi, Jharkhad, India. 

In tea ecosystem life stages of S. collaris feed on tea red slug caterpillar, Eterusia 

magnifica in the absence of H. talaca larvae. This reduviid bug was observed to forage in 

the un-pruned plots and shade trees during winter period (December to February). Eggs 

were found on the bark of shade tree and sometimes in the grooves of the bark of the 

shade tree. The bug inhabits in small jungle trees nearer to the tea fields. Somewhat 

similar observation was made by Ambrose (1999) who had observed that reduviid bugs in 

trees and shrubs. Many species of Reduviid predators shares diverse habitats and also 

found in adjacent agro-ecosystems. 

5.3 Seasonal abundance of E. furcellata during the period of observation: At both the 

study locations namely Banarhat TE and TRA experimental plot pentatomid predator bug 

first appeared in the month of March during 2017-2018 and also in 2018-2019. The 

incidence of bug population was very low and it was 0.6 and 0.7 bugs/bush at Banarhat TE 

during 2017-2018 and 2018-2019 respectively. At TRA plot the incidence of bug 

population was mostly similar. Chakravarty et al.,(2017) also had observed similar types 

of population trend with about 1.2 bugs/sq.m pigeon-pea.  After that, the population then 

increase gradually attaining peak incidence of 2.5 bugs/bush of E. furcellata population of 

in August and 2.7 bugs/bush in September at Banarhat TE. Mostly similar population 

density was recorded at TRA plot at September with 2.2bugs/ bush and at October with 

2.8 bugs/ bush during 2017-2018 and 2018-2019 respectively. Suyal et al., (2018) 

observed 3.8 bugs/ soybean plant during peak incidence in September during 2017.  

For comprehensive study about the impact of temperature, rainfall and relative humidity 

on the population trends of E. furcellata the metrological data for the period was computed 
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against the bug population by simple correlation.  Present study showed that E. furcellata 

population had exhibited significant positive correlation with maximum and minimum 

temperature, relative humidity and rainfall at both the places under consideration. 

Chakravarty et al., (2017) had reported that the abundance of population was positively 

correlated with maximum temperature (r = 0.750) and rainfall (r = 0.725) at significant 

level. Whereas for other meteorological parameters the correlation was be non-significant. 

Pillai and Agnihotri (2011) observed that the numerical abundance of predatory sting bug 

of green gram was positively correlated with maximum temperature, minimum 

temperature and evening relative humidity respectively. 

In tea ecosystem, E. furcellata lays eggs on the shade tree bark and also fed on the shade 

tree lepidopteran pest like hairy caterpillar. 

5.4 Seasonal abundance of C. ruficrus during the period of observation: Seasonal 

abundance of the parasitoid wasp, C. ruficrus during February 2017 to January 2019 in tea 

ecosystem in relation to the abiotic factors was observed at both Banarhat TE and TRA 

experimental plots. The incidence of C. ruficrus was about 2.9 to 3.4 cocoons/bush in 

March and November respectively at both the locations during the period of observation. 

Present finding was partially agreed by Shankar (2004) who had studied on the incidence 

of C. plutellae and the rate of parasitization on diamondback moth larvae. In the present 

study the parasitoid wasp first appeared during March. The period coincides with the first 

flushing of tea leaf after winter dormancy. The abundance of C. ruficrus has gradually 

decreased from May onwards and increased again from September at both the study 

locations for two consecutive years. From Penang, Malaysia Okolle et al., (2006) had 

noted the seasonal periodicity of banana skipper, Erionotathrax and its all parasitoids 

namely Ooencyrtu serionotae, C. erionotae, Brachymeria albotibialis, Elasmus sp. and 

Melaloncha sp. Findings of the present study is similar with his study on the peak 

population trends of C. erionotae, to our findings. The occurrence of C. ruficrus is pest 

population dependent rather than climate dependent. As the numerical abundance of C. 

ruficrus was positively correlated with H. talaca incidence, but negatively correlated with 

all of the weather parameters. Successful parasitism and cocoon formation was found 

during October to April at both the study locations. Furlong and Zalucki, (2017) had 

commented that adversity of global climate change imparted detrimental effect on the 

host–parasitoid interactions. They further had observed a negative effect of increasing 
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global temperature on host–parasitoid. The optimum temperature for the survival, 

development and reproduction of Braconid parasitoid is lower than what was for its host 

as commented by Ramalho et al., (2011). In the present study abundant of wasp 

population were observed on flowering hedge plants and herbs namely Lantana camera, 

Moringa oleifera and Clerodendron infortunatum etc. associated with tea ecosystem. Lu et 

al. (2014) had pointed out that feeding on flower nectar caused an increased longevity to 

the parasitoids wasps Cotesia sp.  

5.5 Interaction between S. collaris, E. furcellata, C. ruficrus and H. talaca: Our 

investigation explored the interaction between the natural enemies (S. collaris, E. 

furcellata and C. ruficrus) and the target pest H. talaca. The incidence of these natural 

enemies coincided with the population trends of H. talaca at both the study locations 

during the study period. The population dynamics of all the life stages S. collaris of were 

found to be significantly correlated with the H. talaca population at both the study area in 

2017-2018 and 2018-2019. Pest and natural enemy complex associations within an 

agricultural field varied over the place, time and space (Kashyap et al., 2018). So, a 

periodic survey on pests and the natural enemy population is very important in IPM. The 

dynamics of E. furcellata were synchronized with H. talaca and were correlated at 

positively insignificant level. Information on the crop susceptibility to pest, biological 

stress and development rates and seasonal incidence of pest natural enemy complex 

develop the IMP system with ecological and economical balance (Pradhan et al., 2020). 

Chakravarty et al., (2017) observed that the E. furcellata and Rhynocoris 

fuscipes abundant during flowering and pod initiation stage of pigeonpea crop and 

incidence of pod borer, Maruca vitrata. The present observation showed that the 

population dynamics of C. ruficrus in tea ecosystem showed positive correlation with the 

population of H. talaca. This finding is in well agreement with the report of Burgess 

(1987), who had observed since the first collection of C. ruficrus in malaise trapping and 

sweep net sampling the incidence of larvae of the pest Mythimna separata occurred on 

maize in New Zealand. 

5.6. Study on the biochemistry of tea leaves and susceptibility index of selected tea 

cultivars against H. talaca  

5.6.1 Tea leaf biochemistry: 

5.6.1.1 Analysis of primary metabolites: Host plant biochemistry plays a vital role on 

the performance of the insect feeding. Amino-acids and proteins are the most significant 
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constituent of host plant (Rosenthal and Berenbaum, 1991 and Jager et al., 1996). In the 

present observation, among the selected cultivars, TV22 contains 10.83±1.8mg/g total 

protein and this was followed by TV20 (10.40±1.2mg/g) and TV1 (10.10±1.1mg/g)m 

respectively in descending order. 6.31±0.6mg/g total protein was found in TS-520 and the 

value was least. Sinija & Mishra, (2008) and Gayathri et al., (2017) showed that 15% 

protein of leaf dry weight was present in green tea leaf.  

Presence of simple sugars plays a vital part in the formation of tea aroma (Bokuchava, 

1969). Biochemical analysis showed the presence of 0.786±0.003gm/g carbohydrate in the 

cultivar TV1 which was followed by K1/1 and HP12 among all the selected cultivars. In 

parity to the present observation Gayathri et al., (2017) had noted 10% carbohydrates in 

tea leaf. Oligo-saccharides and polysaccharides are naturally occurring complex 

carbohydrates in tea leaf that are formed by chains of sugar residues interconnected by 

glycosidic linkages having biological regulatory functions (Albersheim et al., 1983). 

Young tea leaves contain comparatively higher concentrations of phosphatidyl 

ethanolamine and phosphatidyl choline than mature leaves as lipids materials. Whereas, 

monogalactosyl diglyceride and digalactosyl glyceride were predominant in mature leaves. 

Whereas Phosphatidyl choline was the major lipid in tea seeds (Roberts, 1974). Lipid 

content increases as the leaves mature. Leaf lipid content has been related to the maturity 

of the chloroplast (Bhuyan et al., 1991). The results of the biochemical analysis revealed 

that, TV20 contained 14.6±1.4 mg/g of total lipids which was the highest amount among 

all of the tested cultivars. TV1 contained 14.2±1.5mg/g while the lowest was observed in 

TS-520 (6.31±0.6mg/g). Contrary to the present observation Sinija and Mishra, (2008) 

reported only 2% lipid contents in green tea leaves. 

Chlorophyll is strongly related to the photosynthetic functioning of plants. Chlorophyll 

content in plant depends of the environmental and phenological conditions (Barry et al., 

2009). Plants compensate insect induced damage by increasing relative growth rate or by 

enhancing photosynthetic activity (Mizumachi et al., 2006). In the present study, highest 

level of 0.946±0.09 chlorophyll content was recorded in the cultivars K1/1. In TV20 the 

value was 0.912±0.08mg/g. whereas in TV16 lowest amount of 0.978±0.07mg/g 

chlorophyll was found. Present results are in well agreement with the findings of Adhikary 

et al., (2018). The total chlorophyll content was highly variable across plant species and 

accordingly capacity to withstand the extent of stress differs   (Cárdenas and Gallardo, 

2016). 
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5.6.1.2 Analysis of secondary metabolites: Total phenols as secondary metabolites in tea 

leaves, due to its antioxidant and anti-inflammatory properties has considered as the main 

active components for pharmacological studies (Al-Attar and Zeid, 2013 and Adhikary et 

al., 2018). The phenol induced the defensive mechanism of plant against insect herbivory 

(Magalhaes et al., 2008 and Scott et al., 2010). Among all of the selected cultivars, in the 

present study, TS-520 (266.6±15.2), (TV1264.2±21.3) and SNT-8 (270.0±10.2 mg/g) 

contained comparatively high amount of phenol. In consideration of total phenols the 

cultivar TV16, HP12, TV20, TV26, TV22, K1/1 and B157 ranked subsequently in 

descending order. Adhikary et al., (2018) recorded the high polyphenol content of 24.49 

±0.11 and 24.29 ±0.38% of dry weight in the cultivar of TV-26 and TV1 respectively 

compared to the cultivars of TS-520 (23.15 ±0.40% dry weight) and TV20 (22.32 ±0.68% 

dry weight). Hara et al., (1995) and Sinija & Mishra, (2008) reported that dried tea leaf 

contained 37.0% polyphenol which is marginally higher than the present findings. Amount 

of polyphenol was comparatively higher in the bud than the younger and older leaves 

(Chin et al., 2013).  

Alkaloids are one of the largest groups of plant secondary metabolites. Alkaloids act as 

defensive compound against insect pests due to their toxicity (Bourgaud et al., 2001). In 

the present study, the highest amount of total alkaloids was noted in B157 with 35.7±2.8 

mg/g. This was followed by the cultivar TV16 as 31.8±3.5mg/g. Chin et al., (2013) had 

reported that the average total alkaloids in old leaf, young leaf and bud collectively ranged 

between 20.8 to 58.1mg/g and 26.6 to 74.6 mg/g in direct extract (DE) method and in 

soxhlet extract (SE) method respectively. Such observation was almost similar to the 

present result. Lowest amount of alkaloids were found in the cultivar TV1 (25.8±3.8) 

which was followed by TV20 (25.6±5.2). Ramdani et al., (2018) reported that in green and 

black tea leaves the amount of alkaloid was 31.5 ± 0.31 g/kg and 28.7 ± 0.249 g/kg 

respectively. Alkaloids can act as antibiotic, antifungal or antiviral component and, thus, 

offering protection to plants from pathogens or herbivores (Bourgaud et al., 2001).  

Flavonoids defenses plants against pathogens, herbivores, environmental stress. 

Flavonoids has significant contribution to plant resistance has been highlighted (Treutter, 

2006). Available information about the presence of flavonoid in tea is scanty. In the 

present experiment cultivar B157 contained highest amount of total flavonoids as 

0.15±0.0003mg/g. This was followed by HP12, TS-520, SNT8, TV26 and K1/1 

respectively in descending order. Song et al., (2003) and Sajilata at el., (2008) studied the 

defensive role of flavonoid in green tea. Flavonoids as secondary metabolite offer defense 
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against herbivores (Feeny, 1976). In addition to that a number of insects are deterred by 

flavonoids during feeding (Brignolas et al. 1998 and Berhow and Vaughn 1999). 

Carotenoids functions as antioxidant with an interactive role between herbivores and their 

host plants (Ahmad 1992 and Felton & Summers 1995). The result of the present study 

showed that K1/1 contained higher amount of carotenoids (0.277±0.03mg/g). The value 

was followed by TV20 (0.267±0.04mg/g) and TV22 (0.256±0.04mg/g) respectively in 

descending order. Lowest amount of carotenoids were present in the cultivar TS-520 as 

0.198±0.01mg/g. Findings of the study are in the agreement with the study of Adhikary et 

al., (2018) who had also reported somewhat same amount of catotenoid in tea leaf.  

5.6.1.3 Analysis of secondary metabolites using HPLC method: Phenolic component of 

tea have health benefits (Reygaert, 2017). Most important component is catechins. Among 

all of the fractions of catechins present in the leaf, epicatechin (EC), epicatechin gallate 

(ECG), epigallocatechin (EGC) and epigallocatechin gallate (EGCG) were analyzed in the 

present experiment. Out of the four fractions, EGCG was present in maximum quantity. 

EGCG was predominantly present in K1/1 sharing 11.31%. In HP12 the value was 6.63%. 

The presence of EGCG in tea was also recorded by Adhikary et al., (2018). Sinija and 

Mishra, (2008) analyzed green tea and had reported nearly same result. Highest amount of 

EGC was obtained in cultivars TV20 (4.38%) while the lowest was noted in TV16 

(2.48%). Present observation is in agreement with that of Chin et al., (2013), Adhikary et 

al., (2018) and Ramdani et al., (2018). All of them had noted mostly similar observation. 

ECG ranked third in consideration of quantity among all of the catechins. Highest amount 

was recorded in TV16 (4.92%) while the lowest was scored in HP12 (1.73%). Present 

results are in well agreement with Reygaert (2017) and Adhikary et al., (2018). EC as an 

antioxidant catechin was found in lowest quantity. Highest quantity of catechin was noted 

in TV22 (1.85%) while the lowest was noted in B127 (0.94%). Schulz et al., (1999) had 

reported that the range of EC was 4.3-59.6 g/kg in green tea samples, which was 

comparatively, low than other catechins.  

Gallic acid (GA) is one of the main phenolic components of black tea. GA is present in 

both free and esterified forms sharing about 5% of the weight of the tea leaf (Harbowy and 

Ballentine, 1997). GA has insect repellent properties (Sarvamangala et al., 2014). In the 

present investigation, GA was maximum in B157 (0.199%). Minimum GA was recorded 

in HP12 (0.162%). Chin et al., (2013) reported that the amount of GA in leaf bud, young 

leaf and old leaf was 5.56 mg/g, 0.01 mg/g and 0.99 mg/g respectively. Such amount is 

slightly higher than the present observation. Caffeine as secondary metabolites present in 
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tea leaves have the potential antioxidant and anti-cancerous activities Schulz et al., (1999). 

Cultivar TV16, in the present study, contained the highest amount of caffeine (3.62%) 

compared to TV1 (3.43%) and K1/1(3.39%). The lowest amount was recorded in TV26 

(2.51%). Present observation is in consonance to the observation of Adhikary et al., (2018) 

who had noted mostly similar observation. 

5.6.2 Food consumption and susceptibility index of H. talaca on tea leaves: 

Development of pest resistant crop variety is one of the helpful components in IPM 

programme (Wilson and Huffaker, 1976). In the present study the susceptibility levels of 

the selected cultivars has been evaluated in terms of food consumption and utilization by 

the tea looper. The lowest food consumption and utilization was noticed in young larval 

instars of H talaca fed on different tea cultivars. A gradual increase in consumption was 

observed with the advancement of instars. The food consumption and larval development 

significantly varied among the tested cultivars. The results on food consumption of the II, 

III, IV and V instars was recorded as  9.2±0.6, 33.6±4.0, 112.0±14.2 and 223.6±24.7 mg 

per day respectively. Gaining of body weight for II, III, IV and V instars was 3.0±0.3, 

9.8±0.7, 18.2±2.2 and 31.0±2.0 mg per day respectively. The order of preference was 

respectively TV20>TV1>K1/1> TV22> TV26> TV16> SNT8>TS-520>HP12. While, the 

lowest consumption (9.2±0.6, 33.6±4.0, 112.0±14.2 and 223.6±24.7 mg per day 

respectively) and body weight gain (3.0±0.3, 9.8±0.7, 18.2±2.2 and 31.0±2.0 mg per day 

respectively) of II, III, IV and V instars larvae were observed on B157. Basumajumder et 

al., (2010) had studied on the growth and survival of larvae of H. infixaria on four 

different tea clones. They had observed that the larval period was significantly shortest 

(15. 78 d) when reared on TV25 clone. Other clones were TV1 (18. 14 days), TV9 (18. 00 

days) and Teen ali 17 (17. 00 days) that ranked afterwards.  

Noticeable differences were found within the nutritional indices like ECI and ECD values 

when H. talaca fed on the ten different tea cultivars. Kumar and Ahmad (2006) reported 

that the values of ECD depend on the amount of food intake and extent of digestibility by 

the larvae. In the current study, the ECD and ECI were recorded as higher in 2nd instar 

larva compared to the later instars. Results of the current investigations are in well 

agreement with the findings of Kumar and Ahmad (2006) who had reported that relatively 

low values of ECI was observed during advance instars. This trend was observed in the 

case of all the tested tea cultivars. The value of ECD and ECI were observed as high 

when H. talaca fed on TV20 followed by TV1>K1/1> TV22> TV26> TV16> SNT8>TS-

520>HP12. Whereas the ECD and ECI were low when larvae of H. talaca were fed on 
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B157. The ECI values may vary with the digestibility of food and the proportional 

utilization of amount of the digestible portion of food which is converted to body mass 

that is required for the vital activities of the developing larvae (Abdel- Rahman and Al-

Mozini 2007). The efficiency of conversion of ingested food (ECI) indicates the overall 

efficiency of the insect to utilize the food for growth and development (Nathan et al., 

2005). The RGR and RCR values were found to decrease with the advancement of larval 

instars. It was observed to be high when larvae of H. talaca fed on the cultivar TV20 

followed by TV1>K1/1>TV22>TV26>TV16> SNT8>TS-520>HP12>B157 respectively. 

The AD values were found to be low in 2nd instar larva and high in 5th instar larvae. The 

mean AD values of all the larvae were recorded as high when fen on TV20 and low on 

B157. Our results are in line with the results of Gurusubramanian et al., (1991) and 

Raman et al., (1994) had reported that the approximate digestibility (AD) and efficiency of 

conversion of ingested food to body substance (ECI) was inversely correlated with the 

larval age. 

Significant variation on food consumption by II, III and IV instar larvae was observed in 

different cultivar chosen for the study. Based on this, susceptible index was worked out 

where the tea cultivar TV20 ranked top position while B157 was at the bottom. This could 

be attributed to the variation in the primary and secondary metabolites in the host leaves. 

The highest lipid content was recorded in TV20. This was followed by 

TV1>K1/1>TV22>TV26>TV16>SNT8>TS-520>HP12>B157 respectively. The 

correlation value for mean food consumption by larva with protein (r=0.6351), lipid 

(r=0.5767), carbohydrate (r=0.6223) and chlorophyll (r=0.1414) content showed a positive 

relation. However, no significant difference for food consumption of fifth instar larval was 

observed. Truzi et al., (2019) reported that the RGR, representing the amount of food 

ingested by the insect per day was higher for the diet with a higher protein content to meet 

their nutritional needs in their development. Gall and Behmer (2014) reported that 

herbivorous insects prefer protein biased foods when the total macronutrient content in 

available foods is low. Such compensatory feeding response overcomes nutritional 

imbalances. Plant proteins and carbohydrates exist at a variable quantity within an 

individual plant depending on the type of tissue in young and old leaves (Mattson, 1980; 

Yeoh et al., 1992 and Sattelmacher et al., 1994). Insects find and consume food which 

contains high concentration of proteins and carbohydrates (Gall and Behmer, 2014). In the 

present study, among all the secondary metabolites, alkaloid (r= -0.6137), flavonoid (r= -

0.7403) and galic acid (r= -0.5610) showed a negative correlation with the larval feeding 

on different cultivars. It may be attributed to the variation in larval feeding on the tested 
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tea cultivars like TV20 to B157. Plants produce secondary metabolites like alkaloid, 

flavonoid, etc. when they encounter herbivores or pathogen attacks (Grayer, 2005 and 

Ahmed et al., 2017). Sarvamangala et al., (2014) reported that gallic acid acts as insect 

repellent. Ananthakrishnan, (1997) reported that gallic acid and salicylic acid play an 

important role in insect-plant interactions and have significant application in crop 

protection. The secondary metabolites like polyphenol, carotenoids, EGC, catechin, EC, 

EGCG, ECG and caffeine showed a positive correlation with the food consumption by 

larvae of H. talaca. Hyposidra spp. could utilize detoxification enzymes to overcome the 

secondary metabolites to complete their life cycle on the host plants Schima 

wallichii and Camellia sinensis and artificial diet (Das & Mukhopadhyay 2014 and Prasad 

& Mukhopadhyay, 2015). The trichome density (r= -0.8024) and leaf thickness (r= -

0.7624) also showed a negative impact on the food consumption of H. talaca larva on the 

tested cultivars. Hägg et al., (2013) reported that apart from secondary metabolites plants 

also had morphological features like waxes, trichomes, and latices to make the feeding 

more difficult for the insects. Funk and Heather (2010) reported that native plant species 

of Fabaceae, Asteraceae and Myrtaceae generally displayed high levels of structural 

defense by leaf toughness and leaf thickness. Fluctuation in food consumption by larva on 

body weight gain was also observed. 

The cluster analysis revealed that, the cultivars categorized under cluster B and sub-

branched A1 might be due to their physiological and biochemical characteristics whereas 

B157 was categorized under sub-branch A2. The nutritional indices of larvae of H. talaca 

reared on the selected cultivars, characteristics of biochemical components and 

morphology of all the tested cultivars revealed that cultivars of cluster B was highly 

preferable than the cultivars of sub-branched A1 sub-branched and A2. 

5.7.1 Biology of S. collaris on H. talaca and C. cephalonica: Conservation, augmentation 

and the utilization of reduviid predators in biological control programme to check insect 

pests have gained momentum in the recent years (Schaefer and Panizzi, 2000). After 9-11 

days of mating, S. collaris started to lay the first clutch of eggs. When fed on larvae of H. 

talaca, a healthy female of S. collaris laid a maximum 4-6 clutches, each containing about 

60-68eggs. Whereas, 3-5 clutches each with about 55- 63eggs were laid when reared on 

larvae of C. cephalonica. The incubation period was 13.6±1.1days when reared on larvae 

of C. Cephalonica. The duration was 11.8±2.3 days when reared on larvae of H. talaca. 

Total nymphal period starting from I to V instars of S. Collaris was 58.4±3.9 days when 

reared on C. cephalonica and 64.8±4.1 days when reared on H. talaca. Somewhat similar 
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observations were also reported by Rajan et al., (2017) when the pest was reared on C. 

Cephalonica and Spodoptera litura respectively. Ovipositional period of S. Collaris was 

42.0±2.9 days when reared on H. talaca.  But it was 39.6±2.3 days when reared on C. 

cephalonica. However, longevity of male and female S. collaris was not significantly 

different when reared on the two hosts. Present observation is in parity with the 

observation of Rajan et al., (2017).  Further experiment by Vennison and Ambrose (1990) 

had conformity with the present study. Like other harpactorines, longevity of females is 

longer than males. Such strategy promotes multiple mating with males of different age 

groups to facilitate comparatively higher fecundity (Ambrose et al., 2000). Nitin et al., 

(2017) reported that, the duration of I and V instar nymphs of closely related species of 

Sycanusgal banus were 9.24±0.18 and 16.04±0.19 days respectively when reared on 

larvae of Galleria mellonella.   

Fecundity of S. Collaris when reared on C. cephalonica and H. talaca was 282±23.9 

eggs/female and 320.4±44.2 eggs/female respectively, in the present investigation. Such 

finding is in well agreement to the fecundity of other reduviid bugs (Rajan et al., 2017 and 

Sahid et al., 2018). Rice meal moth C. Cephalonica has been further recommended as an 

alternative host for mass multiplication of predatory reduviid bug under laboratory 

conditions (George, 2000 and Rajan et al., 2017).    

5.7.2 Predatory efficiency of S. collaris on larvae of H. talaca: The effective utilization 

of predator in biological control agent requires comprehensive knowledge on their 

predatory efficiency. The Reduviidae represents the largest family of predaceous 

Hemiptera enlisting potential predators of economically important lepidopteran pest 

(Ambrose, 1999 and Srikumar et al., 2017). Rajan et al., (2017) reported that the feeding 

efficiency of S. collaris increased gradually with the advancement of life stages. In the 

present study of ‗no-choice‘ condition of feeding, the first instar nymph of S. collaris fed 

on an average 2.2±0.8 second instar larvae of H. talaca per day. The rate of predation 

gradually increase with the advancement of instars. Adult females preferred fourth and 

fifth instar larvae of H. talaca and consumed voraciously a maximum of 11.8±2.5 and 

10.2±1.9 larval individuals per day respectively. Srikumar et al., (2017) reported that the 

maximum predation by adult S. collaris on Spodoptera litura was 3.77 per day. Whereas 

in ‗free-choice‘ feeding condition, the first and second instar nymph of S. Collaris 

preferred second and third instar larvae of H. talaca. The third instar nymph consumed 
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2.0±0.7 larvae of H. talaca per day while fourth and fifth instar nymph consumed 3.6±0.5 

and 4.0±1.2 larvae per day. Such result was found to less when compared to ‗no-choice‘ 

condition. Vennison and Ambrose (1992) reported that adults of Sycanus reclinatus 

consumed 2-4 fully mature Heliothis armigera larvae per day. Such observation is in 

parity to the present results of ‗free choice‘ condition of feeding. This predatory bug was 

naturally found to fed on several species of economically important insect pests especially 

the lepidopteran larvae in several agro-ecosystem (Grundy and Mealzer, 2000; Sahayaraj, 

2000).  

5.7.3 Predatory behaviour of S. collaris fed on larvae of H. talaca: The present study 

emphasised the predatory voracious behaviour of entomophagous, crepuscular assassin 

bug S. collaris. When reduviid bugs percept a moving prey, a series of successive stages 

of predator-prey interactions occurs that leads to the engorging of the prey (Evangelin et 

al., 2014). Movement of H. talaca, visually stimulates predator. The predator responds by 

the unusual posture involving tibial juxtaposition that is followed by the erection of 

posture leading finally to the extension of antennae and rostrum towards the prey larvae. 

Present observation is similar to the study by Haridas and Ananthakrishnan, (1980). They 

had studied the predatory behaviour of reduviid predators viz., Rhodniusprolixus, 

Rhynocoris sp. and Platymeris sp. respectively. Venniso and Ambrose (1992) also noted 

somewhat same sequential predatory behaviour of Sycanus reclinatus, while preying on 

Heliothis armigera, Earia sinsulana and Slitura respectively. The antennal receptors of 

predator perceive the prey‘s kairomones and allomones (Hagan, 1987 and Rani and 

Wakamura, 1993). Such perception triggers the approach and immediately captures the 

prey by using the sensory hairs on the forelegs (Edwards, 1962; Ables, 1978 and 

Putchkova, 1979). In excited condition the predators pin the roustrum and injecte the 

venom to paralyze the prey larvae. The predators then ingest liquefied food by inserting 

the rostrum into the body of the prey and slowly emit a steady flow of venomous saliva 

which liquefies the body sap of the prey (Edwards, 1960; Haridas and Ananthakrishnan 

1980; Sahayaraj, 1994 and Jacobson 1911). In the present investigation different 

developmental stages of S. collaris were noticed during feeding on different life stages of 

host larvae. Similar trends were recorded by Rajan et al., (2017) during feeding of S. 

collaris on larvae of rice meal moth, C. cephalonica and S. litura. Depending on the prey 

size and its movement the sequential responses like time of approach attack and duration 

required to paralyze the prey varied (Edwards, 1962 and Ambrose, 1999). Adult male and 

female took 124.0±3.6, 123.0±4.6, 120.0±4.4, 119.3±8.0 and 118.3±3.1 seconds 
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respectively when predating on III, IV, V instar nymphs.  Rajan et al., (2017) reported that 

all of the life stages took more time to feed on larvae of S. litura. This study on predatory 

behaviour of S. collaris highlighted the potential role of H. talaca as an efficient biological 

control agent in tea ecosystem.  

5.7.4 Survival and life table of S. collaris reared on larvae of H. talaca: In the present 

study, abnormal hatching and moulting caused 4-8% nymphal mortality from I to V 

instars. Nymphal instars had a mean survival rate of 94.14%. Nitin et al., (2017) reported 

about 12.37% nymphal mortality of S. galbanus during the development period. About 

96.7% nymphs of S. collaris emerged from eggs when reared on larvae of H. talaca. Rajan 

et al., (2017) reported that, 92.11 % survival of immature stages of S. collaris were noted 

when the parasitoid feed on armyworm larvae. Better survival was also observed in other 

reduviids namely S. Dichotomus when reared on the larvae of S. litura and C. cephalonica 

respectively (Zulkefli et al., 2004) and R. marginatus (Niger) on cotton leaf worm S. litura 

(George, 1999). 

The net reproductive rate was measured in terms of female produced per generation. Net 

reproductive rate was considered as an indicator of population growth (Richard 1961 and 

Morris & Fulton 1970). Such property indicates the physiological capability of an 

organism to its reproductive capacity. The net reproductive rate (Ro) of S. collaris was 

252.78 when reared on larvae of H. talaca. Such value was lesser than the gross 

reproductive rate (GRR) which was 278.98. Both of the values in S. collaris are higher 

than that of other reduviid species. Venkatesan et al., (1997) had reported that in 

Cydnocoris gilvus (Burm) the value was 31.90. George et al., (1998b) had noted that, due 

to a sharp decline in the survivorship value of the parent females, (Ro) was less than GRR, 

during rearing on the Spodoptera litura. In the present study the mean length of generation 

(Tc) was 96.51days, whereas corrected generation time (T) was 89.23 days. The result of 

the present study is in the agreement with Shahayaraj and Sathiamoorthi (2002), who 

studied the life table of Rhynocorism arginatuson larvae of C. cephalonica. In our study 

innate capacity of natural increase (rm) of S. collaris was 0.062, with a finite rate of 

increase (λ) of 1.06, the population was able to multiply 1.54 times per week on larvae of 

H. talaca. Present findings are in the line with the observation of George et al., (1998a) 

who had noted that rm was 0.043 days, ‗λ‘ value was 1.07. The weekly multiplication 

value was 1.59 days. The innate capacity of natural increase (rc) was 0.192 

females/female/d, with a gross reproduction (mx) of 145.2 females/female and mean 

length of generation (Tc) was 88.5 d of S. collaris (Srikumar et al., 2017).  
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5.7.5 Mass rearing of S. collaris on C. cephalonica: The fecundity of S. collaris was 

283±23.9 when reared on alternative host larvae of C. cephalonica. The egg hatchability 

rate of S. collaris was 95.24±1.0% when reared on alternative host. All of the nymphal 

instars fed on rice meal moth larvae could fulfil daily nutritional requirements for the 

development. High survival rate(%) of this predatory bug was observed as 95.52±0.8, 

91.81±0.7, 94.67±2.0, 94.72±1.9, 93.94±0.8 on the developmental stages of I, II, III, IV 

and V instar nymphs respectively. Rajan et al., (2017) reported that, nymphal stages of S. 

collaris attained 92.11 % survival value when fed on leaf armyworm S. litura larvae. Such 

enhanced survival rate was also recorded by Zulkefli et al., (2004) on reduviid bug, S. 

dichotomus when reared on larvae of S. litura. George (2000) reported somewhat similar 

event for the larvae of C. cephalonica. Adult male and female longevity of this predatory 

bug were also observed as similar to rearing on its natural host. Zulkefli et al., (2004) and 

Rajan et al., (2017) had concluded that S. collaris easily handled the natural prey, S. litura 

than the laboratory prey, C. cephalonica. But from the present study the conjecture is 

coming out that, S. collaris could be possible to rear on the larvae of C. cephalonica under 

laboratory conditions. 

5.7.6 Effect of pesticide on S. collaris: In the present study, when exposed of Quinalphos 

and Thiomethoxam 100% mortality in both the immature and mature stages of S. collaris 

after 24h was noted. In parity to the present observation, Torres et al., (2003) reported 

high mortality of Hemipteran bug nymphs when reared on thiamethoxam-treated cotton 

plant. Kaushik et al., (2016) reported that Quinalphos 25 EC caused highly toxic to 

coccinellids resulting lowest population in comparison to control. De-Clercq et al., (1995) 

and De-Cock et al., (1996) reported that insect predators may get exposed to pesticides 

either by direct contact to spray applications or by indirect contact by fresh or dry residues 

from sprayed surfaces. Ingestion of contaminated preys or by consuming contaminated 

water also caused residual toxicity to natural enemies. Effective toxic impact was also 

seen when the S. collaris was treated with Bifenthrin followed by Flubendiamide, 

Deltamethrin, Emamectin Benzoate, Fenpyroximate, Beauveria bassiana formulation and 

Azadirachtin on both the nymph and adult stages of S. collaris. Zulkefli et al., (2004) had 

commented that regular use of systemic pesticides may suppress the Sycanus population in 

oil palm field if ‗poisoned‘ caterpillars are consumed. In field conditions, additional 

factors like, weather conditions and calibration of spraying equipment, etc. might be 

considered during calculating the mortality at field condition in comparison to laboratory 

condition.  
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5.7.7 Field release of S. collaris: The initial population and subsequent trend of 

population of tea looper H. talaca after the release of adult S. collaris in both the control 

and the experimental plot were assessed. The pest population was found to decrease after 

13
th

 day of release compared to the control plot at both Hope TE and Kurti TE. The most 

desirable characters of S. collaris are its predatory behaviour. Such behaviour could 

effectively prevent the multiplication of H. talaca under field conditions. The present 

study is similar with the findings of (Sahayaraj and Martin, 2003) who had released the 

predatory bug Rhynocorism arginatus in groundnut field which effectively reduced the 

lepidopteran pest population of S. litura, H. armigera, Atractomorpha crenulata, 

Chrotogonoustra chypterus, Aphis craccivora, Mylabrispus tulata and Mylabris indica. 

From the experiment it could be assumed that reduviid predator can be used as bio-control 

agent in the groundnut ecosystem under Integrated Pest Management (IPM) programme. 

Such findings also give base line information on the effective utilization of reduviid 

predator in biocontrol programme. Present study also emphasis on the possibility of mass 

rearing and subsequent field release of S. collaris in order to develop the biological control 

strategy of H. talaca. 

5.8.1 Biology of E. furcellata on H. talaca and C. cephalonica: All of the parameters of 

E. furcellata and C. cephalonica life cycle were mostly same except the rate of fecundity.  

Such variation was probably due to the high feeding rate of C. cephalonica.  Grossly, the 

present observation is in consonance to the study of (Lenin and Rajan, (2016) who also 

had noted mostly similar phenomenon when the pest was reared on C. Cephalonica. 

Kumar et al., (2001) used the larvae of Spilaricta oblique while Siddaiah and Devi (2015) 

had adopted vapourer tussock moth and tasar silkworm for the rearing of this pest. The 

total duration for the development of E. furcellata from incubation period to V instar 

nymph were 28.8 and 26.0 days respectively when reared on H. talaca and C. 

cephalonica. Such finding was also in parity with the observation of Ganguli et al., 

(2000); Ray & Khan, (2011) and Bhatnagar et al., (2019). As observed in the present study 

that I instar nymphs emerged from the dorsal surface of eggs after removing the upper lid, 

reddish with black in colour which later turned slowly into bluish and red. Ray & Khan 

(2011) and Siddaiah & Devi (2015) had also reported the same phenomenon. Nymphs 

were gregarious and found to stay together in undisturbed condition. The longevity of 

male and female of this stink bug was respectively 27.6± 1.1 and 30.8±1.9 days while 

reared on larvae of H. talaca. Such observation is supported by Siddaiah and Devi, (2015).  
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In conformity to the observation of Tuan et al., (2015), the duration to complete the life 

cycle of the pest, in the present study, is comparatively higher with 32.8±0.8 days while 

feeding on C. Cephalonica. The fecundity was also observed more when E. furcellata fed 

on larvae of C. cephalonica compared to H. talaca. This study suggests that mass culture 

of E. furcellata on the alternative host C. Cephalonica can be adopted for IPM 

programme. 

5.8.2 Predatory efficiency of E. furcellata on larvae of H. talaca: Predatory role of bio-

control agent could be assessed by prey consumption capacity. There is no published 

information on the predatory potential of E. furcellata on larvae of H talaca in tea. The 

predatory efficiency of this stink bug has gradually increased with the development of the 

life stages (Nyunt, 2008). First instar nymphs feed on II and III instar larvae of H. talaca 

in a group and did not prefer larger prey size. Smaller body size and slow motile second 

instar larva of H. talaca is more suitable as prey. Such observation has conformity with the 

findings of Lenin and Rajan (2016). Preference to comparatively larger prey size was 

noted from third instar larva.  Side by side rate of individual predation was also enhanced. 

Such observation has similarity with the finding of Tuan et al., (2015). Yasuda, (2000) had 

reported that E. furcellata locate prey by sensing the chemical signals of the prey. Nyunt 

(2008) had conducted similar experiment on the predatory efficacy of E. furcellata on 

American bollworm feeding on four different host plants namely cabbage, cotton, 

chickpea and tomato plants. In both ‗free-choice‘ as well as ‗no-choice‘ test conditions 

maximum prey consumption was noted for V instar nymphal instars. Nnymphs of E. 

furcellata started feeding by injecting the rostrum and sucking of the larval haemolymph. 

The larvae finally skeletonized due to such continuous sucking. Kalaiyarasi et al., (2017) 

had reported similar incidence when observing the feeding of E. furcellata on the eggs and 

grubs of Henosepilachna vigintioctopunctata. In both ‗free-choice‘ and ‗no-choice‘ 

experiment the rate of prey consumption by E. furcellata depended on the life stages of the 

prey. Lesser the prey size higher will be the consumption rate. Kumar et al., (2001), in 

consonance to the present observation, had reported that consumption of Spilaricta 

oblique on E. furcellata in mulberry plantation depend on the prey size. In the current 

observation of free-choice condition the consumption by immature stages of II, III, IV and 

V instar of E. furcellata on II instar larvae of H. talaca were 1.8±0.4, 2.6±0.5, 4.0±1.0, 

5.0±0.7 and 5.6±1.1 respectively. In contrary to the present study Nyunt (2008) had 

reported that the consumption of diamondback moth larvae by the II, III, IV and V instar 
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nymphs of E. furcellata was 4.1, 4.3, 6.0, and 8.5 larvae/day respectively when the prey 

density was 10 larvae. In ‗no-choice‘ condition of feeding an adult female could consume 

10.2±0.8, 9.0±1.0, 7.4±1.8 and 7.0±1.6 number of II, III, IV and V instar larvae of H. 

talaca per day respectively. Similar trends of feeding were observed by Kumar et al., 

(2001) on the prey of S. oblique. Such feeding fulfil the daily nutritional to sustain the 

physiological homeostasis. The predator could consume more number of II and III H. 

talaca larvae and it is promising that E. furcellata prevent the pest outbreak and yield loss. 

5.8.3 Predatory behaviour of E. furcellata on different stages of H. talaca:  

E. furcellata get active in the presence of moving H. talaca larva. After getting the visual 

stimuli from moving prey, the stink bug raises its body from the leaf surface and holds its 

antennae with continuous movement and move towards the prey (Kumar et al., 2001). 

Prior to capturing of the prey, the stink bug firstly approach to the prey slowly. It touches 

the prey, ascertains prey quality, and swiftly unfolds the rostrum from the resting position 

to a suitable angle (Kumar et al., 2001 and Singh et al., 2019a). Then quickly pin its 

rostrum into the body of the prey and inject the venom affecting the central nervous 

system. In the present experiment, the life stages of E. furcellata I, II, III, IV, V instars 

nymph, adult male and female took 17.7±2.5, 16.7±0.6, 15.3±2.1, 13.7±1.5, 11.7±1.5, 

9.7±1.5 and 8.0±2.0 seconds respectively in approach attacking towards second instar 

larvae of H. talaca. Kalaiyarasi et al., (2017) had noted that E. furcellata directly 

approached towards H. armigera larvae sustaining on cotton plants. Yasuda (1997 and 

2000) had commented that, feeding by larvae on leaf chlorophyllus tissue elicits the 

release of (E)- phytol which intern helps E. furcellata to locate the prey larva. He argued 

that chlorophyll-rich diet is comparatively more preferable by E. furcellata rather 

chlorophyll-poor diet. In the current investigation the I, II, III, IV, V instar nymph, adult 

male and female of stink bug injected its venom and paralyzed the looper within 9.7±1.5, 

8.7±1.5, 8.0±1.0, 7.7±1.5, 7.0±1.0, 5.0±1.0 and 4.7±0.6 seconds respectively. Singh et al., 

(2019b) noticed that E. forcellata takes some time to paralyze silkworm larva. The 

predator then inserts the proboscis on the ventral side of the silkworm repeatedly to suck 

haemolymph. A female stink bug took about 95.3±5.0 seconds to suck haemplymph from 

fifth instar looper. Singh et al., (2019b), on the other hand, had commented that after 

piercing the feeding process continues for up to 15-20 minutes. However, such time was 

more than the present observations. 
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5.8.4 Survival and life table of E. fuecellata reared on larvae of H. talaca: Information 

on the survival and life table of E. fuecellata on tea pests is scanty. In the present 

investigation, the egg hatchability of E. furcellata when reared on H. talaca larvae was 

about 95.35%. Lenin and Rajan (2016) had noted 90% egg hatchability of E. furcellata 

when reared on C. cephalonica. Survival rates of the nymphal stages of I, II, III, IV and V 

instars of this pentatomid bug was 95.35, 91.84, 92.83, 94.51 and 93.25% respectively. 

Whereas Nielsen et al., (2008) reported about 61% survival rate of closely related 

pentatomid bug Halyomorpha halys at 25
0
C. The survival rate of E. fuecellata, in the 

present study, was high as H. talaca, was suitable food supplementing nutritional 

requirements. The highest nymphal mortality was observed in II instar compared to 

another life stages.  

In the life table study of E. furcellata the mean generation time (Tc) was 35.49 days and 

corrected generation time (T) was 35.9 4days. While the finite rate of increase (λ) 

was1.61. The net reproductive rate (Ro) was 218.14 and the ‗rm‘ value was 0.149. Present 

finding is in the agreement with the study of Tuan et al., (2015) who had noted that in 

stink bug, Plutella xylostella, the ‗rm‘ is 0.138, ‗λ‘ is 1.149 and ‗Ro‘ is 292.4 and ‗Tc‘ is 

40.9. But all the values were found to less while rearing on the larvae of S. litura. Nielsen 

et al., (2008) had reported that in polyphagous stink bug Halyomorpha halys ‗rm‘ is 0.07, 

‗Ro‘ is 60.02 and ‗Tc‘ is 56.59 when reared on green bean (Phaseolus vulgaris ), spanish 

peanut (Arachis hypogaea) and corn (Zea mays) . The intrinsic rate of natural increase 

(rm) as a key demographic parameter can be utilized to plot population growth at variable 

environmental conditions (Andrewartha and Birch, 1954 and Southwood and Henderson, 

2000). Population growth rate of a predator is either equal or greater than its prey may 

have the have the potentiality to regulate the prey population (Sabelis, 1992). Potential 

bio-control agent with definite ‗rm‘ value and reproductive potential can be utilized for 

pest-natural enemy interactions (Jervis & Copland, 1996 and Dent, 1997). However, other 

factors like predation potential, early detection ability and longevity may also equally 

contribute to the interaction between the predators and its prey (Roy et al., 2003). 

Therefore E. furcellata with its predatory potential and behaviour could have the ability to 

regulate the population of H. talaca in tea field. 
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5.9.1 Effect of parasitism on food consumption and growth of H. talaca: Bae and Kim 

(2004) had elaborated the impact of parasitism of the braconid wasp on different host 

larvae. In the present study, the food consumption and body weight gain of the parasitized 

larvae of H. talaca were found drastically affected in comparison to the healthy larvae. 

The parasitic wasp C. ruficrus is gregarious in habit. The female parasitic wasp laid eggs 

inside the growing host larvae of H. talaca and makes a complex association for their 

survival within the host haemocoel. Newly hatched parasitic larvae consume the host 

haemolymph for their nutrition and development which in turn put stress the food 

consumption rate of the host larvae. Such phenomenon consequences alteration of the 

body weight, growth and developmental period. These observations were in agreement 

with Chen et al., (2016) who also had studied on the parasitoid host interaction between C. 

ruficrus and Cnaphalocrocis medinalis. The braconid parasitism hampers the normal food 

consumption, growth and metamorphosis of different lepidopteran host larvae. Thompson 

(1982) showed the extent of host-parasitoid interaction between Trichoplusiani and 

Hyposoter exiguae and its consequences. Mahmoud et al., (2012), on the other hand, 

reported the parasitism of C. flavipes on two Crambids, Diatraeas accharalis and 

Eoreuma loftini with an inference on the result of parasitism on the host larva. Beckage 

and Templeton (1986) examined physiological changes of the host Manduca sexta due to 

parasitism by Apanteles congregates.  Ullah et al., (2016) had noted a significant decrease 

in food consumption of different larval instar of Pieris brassicae after parasitized by C. 

glomerata. Shi et al., (2015) reported that C. vestalis injects neuropeptide like substances 

into host larvae during oviposition and resultantly suppress the immunity of host larvae. 

The parasitic wasp injects polydnavirus into the host larva during oviposition that regulate 

immune system and side by side enable the parasitic larval development on the host 

(Strand and Burke 2014 and Tana et al., 2018).  

5.9.2 Differential haemocyte count (DHC) and morphology of different haemocytes: 

Parasitism of C. flavipes has led to the significant reduction of haemocytes of the host 

larva which play an important role in the regulation of insect physiology like cell mediated 

phagocytosis and encapsulation together with the transport of nutrients (Duodu and Antoh, 

1984). In the present study the number of different haemocytes viz. GRs, ADs, OEs and 

PLs were significantly reduced in parasitized larvae in contrast to the healthy ones. But the 

number of PRs was increased and other haemocytes were decreased in parasitized larvae. 

In un-parasitized larvae the GRs and PLs were representing as the immuno-defensive 

cells.  Ibrahim and Kim (2006) reported that the reduction of GR and PL number in the 

haemolymph of Plutella xylostella after the parasitization by C. plutellae significantly 
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suppressed the rate of phagocytosis response and haemocyte encapsulation. Sanap et al., 

(2016) had noted that there was a variation in the PR and GR haemocytes in Helicoverpa 

armigera larvae due to parasitization by Chelonus blackburni than the normal once. 

Reduction of haemocytes in parasitized host body, some anomalies in the function of 

immune system, development, metamorphosis, transportation of nutrition through the 

circulatory system has been found (Beckage and Kanost, 1993). In parasitized larvae, the 

morphological changes were observed and recorded in all five types of haemocytes. These 

morphologically abnormal haemocytes were not able to transport the essential nutrition 

through the circulatory system to the required organ and as a result the immune 

suppression has occurred. Tanaka (1987) observed that, the layer of the haemocyte 

became thinner in host larvae of Pseudaletia separate which was parasitized by the wasps 

Microplitis mediator and Apanteles kariyai and as a result the suppression of 

encapsulation capacity of foreign materials occured.  

5.9.3 Effect of pesticide on C. ruficrus: IPM is an eco-friendly pest management 

approach that relies on a combination of chemical, physical and biological control 

methods. The conservation and use of insect parasitoid are important for the development 

of a successful IPM. Such module also incorporates the choice for pesticide and proper 

time of application (Smith, 1996). After 24h of the exposure, highest toxic effect on adult 

C. ruficrus was impacted by Quinalphos and Thiamethoxam with 88.7±8.8 and 86.7±3.3% 

mortality. Toxicity of Thiamethoxam on larval parasitoid, Braconb revicornis was also 

observed by Shankarganesh et al., (2017). Samanta et al., (2007) and Thanavendan et al., 

(2017) had reported that Quinalphos has moderate toxic effect on B. brevicornis and C. 

blackburni respectively. Bifenthrin caused 53.3±3.3% mortality of C. ruficrus.  The extent 

of toxicity of the pesticides chronologically was Deltamethrin > Emamectin benzoate > 

Flubendiamade > Fenpyroxymate. Shankarganesh et al., (2017) had reported that 

Bifenthin had moderately toxic effect on B. brevicornis. Deltamethrin has harmful effect 

for adults and pupae of Trichogramma (Hassan, 1998). Similarly, Blibech et al., (2015) 

reported that exposure to Deltamethrin resulted in the decrease of parasitism by 

Trichogramma. Further harmful effect of Deltamethrin was noted on the pupae of T. oleae 

and T. cacoeciae, the potential parasitoids.  

After 72h of spray, Beauveria bassiana formulation caused 10.0±0.0% mortality. Toxic 

effect of B. bassiana was also noted by Medina et al., (2008). Efficacy of braconid 

parasitoid Psyttalia concolor was slowed down by pesticide application. Thanavendan et 
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al., (2017) had observed that NSKE 5% (Neem Seed Karnel Extract) formulation had at 

all no effect against B. brevicornis and C. blackburni.  

5.9.4 Biological parameters of C. ruficrus reared on H. talaca larvae under laboratory 

conditions: Extensive work has been done on the biological parameters of parasitoids of 

genus Cotesia and the lepidopteran hosts (Hill, 1986; Robert et al., 1992; Chen et al., 

2016; Patil et al., 2016 and Kaiser et al., 2017). In the present study, longevity of C. 

ruficrus on the host larvae of H. talaca was recorded as 19.2-23.8 days, which is almost 

similar with the study of Omwega & Overholt, (1997) and Khan et al., (2017). They had 

noted the biology of C. flavipes and C. sesamiae reared on different host larvae of 

Chilopartellus sp. and gramineous stem borer respectively under laboratory conditions. 

Kaiser et al., (2017) reported that the mean longevity of C. typhae was about 3 days when 

fed with honey at 25°C and 60% RH. Sallam et al., (2002) also observed the similar 

condition of C. sesamiae. But Potting et al., (1997), on the other hand, showed that the 

longevity of C. flavipes was about 5-6 days, which supports the present study. Whereas, 

Muirhead et al., (2008) reported that, the average longevity of C. Nonagriae was about 12 

days. In the present study C. ruficrus used to select and parasitize more on 4
th

 instar host 

larvae, compared to early instars, which could be because of fact that the early instars were 

not capable of supporting the successful parasitism. From the present investigation, it was 

evident that more number of cocoons was formed in the IV instar host larvae. Similar 

observation was reported by Chen et al., (2016). The male and female longevity of C. 

ruficrus in the present observation were less than the report of Naganagoud and Kulkarni, 

(1998), however, female and male ratio was high in the present study. The average larval 

development of C. ruficrus was 4 to 5 days and it varied depending on the host growth 

stages and physiology. These observations are in well agreement with the findings of 

Omwega and Overholt, (1997). The mean duration of pupa of C. ruficrus in the II, III and 

IV instar host larvae of H. talaca were recorded as 5.8, 4.6 and 4 days respectively. 

Similar results were described by Khan et al., (2017), who recorded the pupal duration of 

C. flavipes on III and IV
 
larval instar larvae of Chilopartellus as 6.46 and 5.06 days 

respectively. Kaiser et al., (2017) also reported the similar pulal developmental duration in 

C. typhae of France strain. The number of male and female hatched out from each host 

was dependent on the stage, body size and health of the host. Similar study was also 

described by Kaiser et al., (2017) on C. typhae of France and Italian strains. 

The successful parasitism by the parasitic wasp C. ruficrus on different stages of 

H. talaca larvae was assessed in the present study. Rahman and Bhola, (2011) reported 
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about 30-80% parasitism by Apanteles taprobene on the major tea looper Buzura 

suppressaria. Very few of the host pupated in such condition. Successful parasitism also 

depends on the host stage, size and immune system of the host. In our experiment, highest 

successful parasitism and low percentage of pupa mortality occurred in IV instar host 

followed by III
 
and II

 
instars respectively. Similar parasitic effect was observed earlier by 

Chen et al., (2016), in relation to the development time, clutch size, and survival of C. 

ruficrus. 

5.9.5 Life table of C. ruficrus reared on larvae of H. talaca: Study on life table explains 

the survival and reproduction rate of the pests and parasitoids. Mean fitness of a pest 

population can further be accurately described (Southwood 1978). Life table of C. ruficrus 

on tea looper was worked out for the first time in the present study. The survival rate was 

92.9±3.5% during cocoon formation. All newly emerged larvae from the host could 

survive 93.3±2.2%. Such observation in consonance with the study of Kaiser et al., 2017. 

The life table parameter like, intrinsic rate of natural increase (rm) was 0.203 day
-1

 and the 

net reproductive rate (Ro) was 41.11 female offspring per adult female in the present 

study. The gross reproductive rate (∑mx) was 50.09 and the finite rate of increase (λ) was 

1.23. The mean generation time was 19.13 while the doubling time was 3.57 days. Azad 

and Islam, (2016) constructed the life table of a braconid parasitoid, Opius dissitus 

(Musebeck),  on leafminer, Liriomyza sativae and recorded that the ‗rm‘ value was 0.255 

and ‗Ro‘was 22.38. The mean generation time was 12.68 days while the ‗λ‘ value was 

1.29 . The present results are partly similar with  such finding. Navea and Vargas (2012) 

reported that the intrinsic growth rate (rm) of Aphytis iaspidis was 0.09, Ro was 5.24, T 

was 16.87 and λ was1.10 respectively. However all of the parameters were comparatively 

less than the present observation regarding the rate of parasitization by C. ruficrus. 

Tripathi and Singh (1990) stated that in case of the faster growth rate of immature 

parasitoid in large hosts, the generation time ‗T‘ decreases.Such decrease is inversely 

related to the intrinsic rate of increase ‗rm‘ of the parasitoid population.  Messenger, 

(1964) focused on the intrinsic rate of natural increase (rm) to use it as bioclimatic index 

for rating the parasites. C. ruficrus with a short larval and pupal period, life span, low 

mortality rate and comparatively higher survival index can effectively be utilized to 

parasitize H. talaca larva in tea ecosystem.  
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SUMMARY AND CONCLUSION 

In the current study, carried out for two years at Banarhat TE and TRA experimental plot 

from February 2017 to January 2019. The survey was conducted on the population 

dynamics of the major tea looper H. talaca and its interaction with the ecological trophic 

levels of in tea ecosystem. In the similar way survey work was also conducted on the 

potential predators (S. collaris and E. furcellata) and parasitoid (C. ruficrus). These 

studies provide sequential information on the seasonal abundance, bio-ecology of pest and 

natural enemies and the impact of the abiotic factors like temperature 

(Maximum/Minimum), Rainfall and Relative Humidity were also worked out. A thorough 

information about the predatory efficiency, predatory behaviour of S. collaris and E. 

furcellata on the pest H. talaca. The current investigation also provides the evidence of the 

parasitic impact of C. ruficrus on H. talaca.  

 Studies on the seasonal abundance and bio-ecology of H. talaca and its natural 

enemies (S. collaris, E. furcellata and C. ruficrus) revealed that the population 

dynamics of both the pest and natural enemies coincides with the recurrent 

oscillations. The abiotic factors like maximum and minimum temperature, rainfall 

and relative humidity were found to influence on the population dynamics. Both 

the pest and natural enemies were found foraging on alternate hosts available 

adjacent to tea ecosystem.  

 Study on the biology and life table of H. talaca on tea leaf, artificial diet and shade 

tree leaf revealed that, a better survival fitness of H. talaca on artificial diet 

followed by tea leaf and shade tree leaf. The highest fecundity was observed when 

feeding on artificial diet.   

 Results on the study of susceptibility of H. talaca on the selected tea cultivars 

(TV1, TV20, TV16, TV22, TV26, HP12, ST520, K1/1, SNT 8 and B157) revealed 

that, the highest food consumption and growth of H. talaca were observed when 

feeding on TV20 (Highly susceptible) and lowest food consumption and growth 

was recorded on B157 (Moderately Susceptible).  

 The primary metabolites (Protein, carbohydrate, lipid and chlorophyll) of the 

leaves of selected tea cultivars (TV1, TV20, TV16, TV22, TV26, HP12, ST520, 

K1/1, SNT 8 and B157) were estimated and was found  comparatively high in the 
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cultivars of TV20, TV1, K1/1 followed by other cultivars. Whereas the secondary 

metabolites (Phenol, flavonoid, alkaloid and carotenoid) were found in high 

quantity in B157 and HP12 compared to other tested cultivars.  

 The study on biology and survival rate of the predators (S. collaris and E. 

furcellata) on H. talaca and C. cephalonica indicated no significant difference on 

the biological parameters of S. collaris and E. furcellata. However, the fecundity 

rate was more when reared on H. talaca. The high mortality rate was found for first 

instar nymphs. Whereas, E. furcellata showed high fecundity when feeding on 

larvae of C. cephalonica.   

 The results of the life table study of S. collaris and E. furcellata revealed that, the 

intrinsic rate of natural increase ―rm‖ as 0.062 day
-1

 and 0.149 day
-1

 while ―Ro‖ 

was 252.78 and 218.14 female offspring per adult female respectively. The gross 

reproductive rate (∑mx) was recorded as 278.98 and 244.69 while the finite rate of 

increase was 1.06 day
-1

 for both the predators.   

 Predatory potential of both the predators (S. collaris and E. furcellata) in a free- 

choice and no- choice conditions showed that all the stages of the predators were 

voraciously feeding on the larvae of H. talaca. The feeding potential gradually 

increased with the advancement of life stages of predators. Adult female consumed 

more number of larvae per day compared to male. The feeding potential was found 

to be higher in no-choice conditions compared to free-choice condition. 

 S. collaris and E. furcellata showed the predatory behaviour when offered a visual 

stimulus by providing different larval stages of H. talaca. Theses stimulus lead to 

arouse, erect posture and extension of antennae and rostrum of S. collaris and E. 

furcellata towards the prey.  

 Field release experiment of S. collaris revealed that, the predators get established 

in the ecosystem which was evidenced from the reduction of pest population in the 

released plots compared to the control plot. 

 C. ruficrus successfully completed its life cycle on the larvae of H. talaca. This 

parasitic wasp showed a selective preference towards IV instar larva as a suitable 

host for the parasitism compared to II and III instar larvae.  
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 Life table study showed that, the intrinsic rate of natural increase (rm) of C. 

ruficrus as 0.203 day
-1

 and the net reproductive rate (Ro) was 41.11 female 

offspring per adult female. The gross reproductive rate (∑mx) was 50.09 and the 

finite rate of increase (λ) was 1.23 day
-1

. 

 The parasitic impact of C. ruficrus has hampered the food consumption and growth 

of H. talaca. The haemocyte number and morphology of H talaca were also 

affected by the parasitic effect of C. ruficrus. 

 Study on the evaluation of the impact of pesticides on the predators and parasitoid 

(S. collaris, E. furcellata and C. ruficrus) revealed that, the commonly used 

pesticides like Thiomethoxam and Quinalphos were highly toxic followed by 

Emamectin benzoate, >Deltamethrin > Bifenthrin > Flubendiamade> 

Fenpyroxymate> Beauveria bassiana > Azadirachtin. 

Conclusions: 

 From the present study, it is concluded that, H. talaca was found to successfully 

complete its life cycle on artificial diet. This indicates that, we can easily mass rear 

them under laboratory conditions for experimental purposes throughout the year. 

Among all the tested cultivars, B157 was found to be moderately susceptible to H. 

talaca, which specifies that, the attack of H. talaca on this cultivar would be less 

compared to other highly susceptible cultivars. 

  Study on the life table parameters like, intrinsic rate of natural increase, gross 

reproductive rate (∑mx) and the finite rate of increase (λ) of the predators (S. 

collaris and E. furcellata) and parasitoid (C. ruficrus) indicated the ability of 

population build up  and survival of these natural enemies, which will be helpful in 

developing biological control strategy for tea pests. 

 The study on predatory behaviour and the potentiality under laboratory conditions 

specify that S. collaris and E. furcellata could be used as efficient biological 

control agents and can reduce the H. talaca population in tea ecosystem. 

 The artificial rearing, field release experiments on S. collaris could lead to enhance 

the conservation, and serve as a biological control agent in tea ecosystem. 
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 The parasitic effect of C. ruficrus on the three different instars of the H. talaca 

larva has reconfirmed that, parasitism by C. ruficrus hamper the normal food 

consumption ability of the host larvae, besides retarding the growth and 

development of the growing host resulting in the mortality of larvae of H. talaca. 

The results on the differential haemocyte count and the morphology of the 

haemocyte of parasitized host larvae suggest that, successful parasitism of C. 

ruficrus, which played a vital role as a biological control agent. The 

aforementioned reports provide an effective suggestion to the tea industry for the 

eco-friendly management of H. talaca. 

 Study on the effect pesticides on the natural enemies indicated that, Thiomethoxam 

and Quinalphos are very toxic to S. collaris, E. furcellata and C. ruficrus. So, the 

judicial use of safer pesticides may supportive to conserve the natural enemies in 

tea ecosystem. 
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