
1 

 

 

 

 

 

 

 

 

 

 



2 

 

ANNUAL PROGRESS REPORT 

2015-16

All India Co -ordinated Research Project on                           

Biological Control of Crop Pests

ICAR - National Bureau of Agricultural Insect Resources

Bengaluru 560 024

Compiled and edited by

B. Ramanujam

S. K. Jalali

R. R. Rachana

JagadishPatil

RichaVarshney

K. SreenivasaMurthy

A. N. Shylesha

Sunil Joshi

M. Mohan

Abraham Verghese

 
 

 

 

 

 

 

 

 

 

 



3 

 

 

 

 

Copyright© Director,NationalBureauof Agricultural InsectResources,Bengaluru, 560024

This publicationis in copyright. All rights reserved. No part of this publicationmaybe reproduced,storedin retrieval system,or

transmittedin any form (electronic,mechanical,photocopying,recordingor otherwise)without prior written permissionof the

Director,NBAIR, Bengaluruexceptfor brief quotations,duly acknowledged,for academicpurposesonly.

Cover design: Sunil Joshi

Cover page

1. Different Bt strains isolated from soil

2. Adult of Pseudonemophasversteegi(Ritsema) (Coleoptera: Cerambycidae)

3. Experimental plot on biological suppression of Tutaabsoluta(Meyrick) (Lepidoptera: Gelechiidae)  

in tomato

4. Galleria mellonella(Linnaeus) infected with Heterorhabditisindica

5. BlaptostethuspallescensPoppius(Hemiptera: Anthocoridae)

6. Large scale fields demonstration of bio-control technologies at farmerôs field

7. Tutaabsoluta(Meyrick) (Lepidoptera: Gelechiidae) infested  tomato

8. Pinappleplant infested with DysmicoccusneobrevipesBeardsley (Hemiptera: Pseudococcidae)

9. Distribution of Tutaabsoluta(Meyrick) pheromontraps to the farmers 

10. Mass trapping of Tutaabsolutaadults at farmerôs field in Raichur

Photo credits: Photographs 1 & 7 ïAAUA; 2 ïCAU; 3 ïMPKV; 4 ïCPCRI; 5 ïNCIPM; 6 ïGBPUAT;                                     

8 ïKAU; 9 & 10 ïUASR

1

2

3 4 5

6 7 8

9

10

 
 

 

 

 

 

 

 

 



4 

 

 

 

 

 

 

 

Programme for 2015-16 
 

1. Basic research 

 

1. National Bureau of Agriculturally Important insects 

1. Biodiversity of natural enemies of insect pests 

2. Biodiversity of oophagous paraditoids with special reference to Scelionidae 

(Hymenoptera)  

3. Biosystematics of Trichogrammatidae (Hymenoptera) 

4. Biodiversity of aphids, coccids and their natural enemies 

5. Documentation, production and utilisation of predatory anthocorids and mites 

6. Molecular characterization and DNA barcoding of agriculturally important parasitoids 

and predators 

7. Monitoring of invasive pests 

8. Biosystematics and diversity of entomogenous nematodes in India 

9. Mapping of the cry gene diversity in hot and humid regions of India 

10. Exploitation of Beauveria bassiana for management of stem borer, Chilo partellus in 

maize and sorghum through endophytic establishment  

 

2. Indian Agricultural Research Institute, New Delhi 

 

1. Evaluation of Trichogramma strains for searching efficiency, temperature tolerance and 

fecundity and breeding of better performing strains Trichogramma chilonis under 

laboratory conditions 

2. Screening for temperature tolerance in Cotton mealybug parasitoid, Aenasius arizonensis 

(Girault) (=Aenasius bambawalei Hayat) (IARI and PAU) 

 

2.1.3. Biodiversity of biocontrol agents from various agro ecological zones 

 

1. Survey, collection and diversity analysis of Trichogramma, Chrysoperla, Coccinelids, 

spiders, anthocorids and entomopathogens   

2. Isolation of entomopathogens from soil samples collected from different districts of 

Punjab 

 

2.2. Biological control of plant diseases using antagonistic organisms 
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1. Field evaluation of the promising Trichoderma, Pseudomonas and Bacillus isolates for 

the management of diseases and improved crop growth in rice, chickpea and pea 

(GBPUAT) 

2. Evaluation of potential isolates of Trichoderma, Pseudomonas and Bacillus for the 

management of pre & post-emergence damping-off and improved growth in vegetable 

nursery beds of tomato onion and chilli (GBPUAT) 

3. Evaluation of promising biological control agents against chilli anthracnose (AAU-A, 

GBPUAT and PAU) 

4. Management of bacterial wilt an isolate of Pseudomonas florescence (CAU) 

 

 

 

 

2.3. Biological suppression of Sugarcane pests 

 

1. Monitoring the sugarcane woolly aphid (SWA) incidence and impact assessment of 

natural enemies on its biosuppression (MPKV, TNAU, PJTSAU and UAS-R) 

2. Management of White grub, Holotrichia consanguinea Blanch in sugarcane using 

Bioagents (ANGRAU, Anakapalle) 

3. Bioefficacy of entomopathogenic fungi and entomopathogenic nematodes in suppression 

of termite incidence in sugarcane (ANGRAU- Anakapalle) 

4. IPM module for the sustainable management of early shoot borer (Chilo infuscatellus) 

and internode borer (Chilo infuscatellus and Chilo sacchariphagus indicus) in sugarcane 

(ANGRAU- Anakapalle) 

 

2.4. Cotton  

 

1. Monitoring biodiversity and outbreaks for invasive mealybugs on cotton, survey for 

incidence of mealybugs on cotton and collection of their natural enemies (MPKV, PAU, 

PJTSAU, TNAU, and UAS-R) 

2. Monitoring biodiversity and outbreaks of sap sucking pests including mirids and their 

natural enemies in Bt cotton (MPKV, PJTSAU and UAS-R) 

3. Diversity of sucking pests, bollworms and their natural enemies in transgenic Bt and non- 

Bt cotton (PAU-Ludhiana) 

4. Bioefficacy of microbial insecticides against sucking pests in Bt cotton (AAU-A) 

5. Biological suppression of sap sucking pests of Bt cotton (MPKV, PJTSAU and UAS-R) 

 

2.5. Tobacco  

 

1. Bio-intensive integrated management of tobacco aphid, Myzus nicotianae Blackman in 

central black soils of Andhra Pradesh (CTRI-Guntur) 

 

2.6. Rice  

 

1. Seasonal abundance of predatory spiders (PAU)  
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2. Diversity of insect pests and their natural enemies in organic and conventional rice 

(PAU) 

3. Field evaluation of fungal pathogens on gundhi bug, Leptocorisa oratorius (KAU)  

 

2.7. Maize  

 

1. Bio suppression of Chilo partellus with Trichogramma chilonis on rabi maize 

(ANGRAU-Anakapalle) 

2. Evaluation of NBAIR entomopathogenic strains against maize stem borer (ANGRAU-

Anakapalle) 

 

2.8. Sorghum  

 

1. Field evaluation of NBAII entomopathogenic strains against sorghum stem borer, Chilo 

partellus (Swinhoe) in kharif sorghum (IIMR and UAS-R) 

 

 

2.9. Pulses  

 

1. Demonstration of NBAIR liquid formulation (PDBC BT1 AND NBAII BTG4) against 

pigeon pea pod borer (Helicoverpa armigera) (AAU and UAS-R) 

2. Evaluation of microbial agents for management of Lepidopteran pests on Moong bean 

(Spodoptera litura, Helicoverpa armigera) (PAU) 

3. Evaluation of IPM Modules of Green gram (MPUAT) 

4. Evaluation of biocontrol agents against pod borers of cowpea (KAU) 

 

2.10. Oil seeds 

  

1. Biological suppression of mustard aphid, Lipaphis erysimi (MPKV) 

 

2.11. Coconut 

 

1. Bio-suppression of red palm weevil through entomopathogenic nematodes (CPCRI) 

2.12. Tropical Fruits 

 

1. Field evaluation of Metarhizium anisopliae formulations against mango hoppers (KAU 

and TNAU) 

2. Survey, collection, Identification and Mass culturing of Trichogrammatids and 

Entomopathogenic nematodes from mango ecosystem in Uttar Pradesh and Uttarakhand 

for evaluation against mango leaf webber, Orthaga euadrusalis (CISH) 

3. Monitor and record of incidence of papaya mealybug and its natural enemies on papaya 

and other alternate host (AAU, MPKV, KAU, TNAU and NBAIR) 

4. Bio-efficacy of EPNs against Citrus trunk borer, Pseudonemophas (=Anoplophora) 

versteegi (CAU)  

5. Field evaluation of Entomopathogens against banana pseudostem weevil, Odoiporus 

longicollis (KAU)  
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6. Field evaluation of entomopathogens against pineapple mealybug, Dysmicoccus brevipes 

(KAU)  

7. Laboratory and field evaluation of entomopathogenic fungi against banana root 

mealybug, Geococcus citrinus (KAU)  

8. Laboratory evaluation of entomopathogenic fungi against pepper root mealybug, 

Formicoccus polysperes (KAU)  

9. Field evaluation of Beauveria bassiana liquid formulation against tea mosquito bug in 

Guava (TNAU) 

10. Incidence of tamarind fruit and seed borer in Chhattisgarh state with their natural 

enemies. 

 

2.13. Temperate Fruits 

 

1. Evaluation of entomopathogenic fungi and EPNs for the suppression of Apple root borer, 

Dorystheneshugelii under field conditions (YSPUHF-Solan) 

2. Survey for identification of suitable natural enemies of Codling moth, Cydia pomonella 

(SKUAST) 

3. Field evaluation of Trichogramma embryophagum and T. cacoeciae against Codling 

moth, Cydia pomonella on apple (SKUAST) 

4. Evaluation of predatory bug, Blaptostethus pallescens against European red                  

mite, Panonychus ulmi on apple (SKUAST) 

5. Field evaluation of anthocorid bug, Blaptostethus pallescens against Two spotted spider 

mite, Tetranychus urticae on apple (SKUAST) 

 

2.14. Vegetables 

 

1. Demonstration of BIPM package for management of key pests of tomato (AAU-J, 

MPUAT, TNAU and YSPUHF) 

2. Survey and surveillance of pinworm, Tuta absoluta on tomato (AAU-A, AAU-J, KAU, 

MPKV, PAU, PJTSAU, SKUAST, YSPUHF, UAS-R, IIVR, TNAU and IGKV) 

3. Biological suppression of American pinworm, Tuta absoluta on tomato (AAU-A, IIHR, 

MPKV, PJTSAU, UAS-R and YSPUHF-Solan)  

4. Biological control of brinjal mealy bug, Coccidohystrix insolitus (TNAU) 

5. Biological suppression of shoot and fruit borer, Leucinodes orbonalis in brinjal (MPKV)  

6. Validation of different BIPM modules against shoot and fruit borer, Leucinodes orbonalis 

in brinjal (PAU) 

7. Development of Biocontrol based IPM module against, Leucinodes orbanalis of Brinjal 

(AAU-J) 

8. Bioefficacy evaluation of EPN formulations of NBAIR against ash weevil in brinjal 

(TNAU) 

9. Bio-efficacy of microbial insecticides against Spodoptera litura in cabbage (AAU-A) 

10. Role of habitat manipulation on natural enemies of cabbage pests (AAU-J)   

11. Efficacy of Bt strains against Diamond back moth in Cauliflower (TNAU) 

12. Field evaluation of biocontrol based IPM module against pests of cabbage (Plutella 

xylostella, Spodoptera litura, Pieris brassicae) (PAU) 
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13. Evaluation of fungal pathogens against sucking pest of hot chilli (Capsicum sinensis) 

(AAU-J and IIVR) 

14. Development of bio-intensive IPM package for the suppression of insect pests of 

capsicum under field conditions (YSPUHF) 

15. Biological suppression of fruit borer, Earis vitella in okra (MPKV) 

16. BIPM in okra (OUAT) 

17. Evaluation of Bio-intensive IPM module against, Aleurodicus dispersus on cassava 

(TNAU) 

18. Evaluation of predatory bug, Blaptostethus pallescens against saffron thrips, Haplothrips 

sp.  on saffron  (SKUAST) 

19. Biological Suppression of Bud Worm (Hendecasis sp) and Blossom Midge (Contarinia 

sp) in Jasmine (TNAU) 

20. Effect of host plants on natural parasitism of Diaphania indica by the larval parasitoid, 

Dolichogenidea stantoni (IIHR) 

 

2.15. Mealybugs 

 

1. Monitoring the diversity and outbreaks for invasive mealy bug and other sap sucking 

pests on Cotton (TNAU, KAU, IIVR and OUAT) 

 

 

 

2.16. Biological suppression of polyhouse crop pests 
 

1. Monitoring the diversity of pests and natural enemies in chrysanthemum under polyhouse 

conditions (TNAU) 

2. Evaluation of anthocorid predators against spider mites, Tetranychus urticae under insect 

net cage condition (PAU) 

3. Evaluation of efficacy of predators against cabbage aphids in polyhouse (SKUAST) 

4. Evaluation of entomopathogenic fungi against spider mite, Tetranychus urticae on 

capsicum /bell pepper under protected cultivation (PAU) 

5. Biological management of red spider mite, Tetranychus urticae infesting rose in 

polyhouse conditions (MPKV) 

6. Evaluation of biocontrol agents against sap sucking insect pests of ornamentals/ 

vegetables in polyhouses (YSPUHF) 

7. Evaluation of predatory mite, Neoseiulus longispinosus against phytophagus mite in 

carnation under polyhouse conditions (YSPUHF) 

8. Evaluation of Anthocorid predator, Blapposthetes pallescens against spider mites in 

polyhouse (NCIPM) 
 

2.17. Biological suppression of storage pests 
 

1. Evaluation of Uscana sp. (Trichogrammatidae) against Callosobruchus sp. on storability 

of pigeonpea seed (Dir.Seed.Res) 
 

2.18. Enabling Large scale adoption of proven biocontrol technologies 
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1. Rice (AAU-J. KAU, PAU, GBPUT and OUAT) 
 

2. Sugarcane (OUAT and PAU) 

 

i. Enabling large scale adoptation of proven biocontrol technologies against early shoot 

borer,Stalk borer and top borer of sugarcane (PAU) 

ii.  Enabling large scale adoptation of proven biocontrol technologies against early shoot 

borer and Internode borer of sugarcane (OUAT) 
 

3. Maize  

i. Demonstration of biological control of maize stem borer, Chilo partellus using 

Trichogramma chilonis (PAU) 
 

4. Brinjal  

i. BIPM in brinjal (OUAT) 
 

2.19. Tribal sub plan programme (TSP) 
 

1. AAU-Anand: Biocontrol technologies for the management of Fusarium wilt and pod 

bore (H. armigera) in pigeon pea  

2. ANGRAU-Anakapalle: Organic Paddy cultivation  

3. MPKV, Pune: Management of insect pests in fruit crops in tribal area  

4. OUAT: Demonstration on biointensive pest management on brinjal at Kandhamal and 

Keonjhar districts. 

5. TNAU-Coimbtore 

6. YSPUHF: Use of eco-friendly methods of pest management for apple, apricot and 

vegetable crop pests.   

 CONTENTS  
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2. Experimental Results 
   

2.1 Basic Research Page 
  No. 

2.1.1 National Bureau of Agricultural Insect Resources 
 

   

1. Biodiversity of natural enemies of insect pests 01 

2. 
Biodiversity of oophagous paraditoids with special reference to Scelionidae 

(Hymenoptera) 
01 

3. Biosystematics of Trichogrammatidae (Hymenoptera) 02 

4. Biodiversity of aphids, coccids and their natural enemies 02 

5. Documentation, production and utilisation of predatory anthocorids and mites 02 

6. 
Molecular characterization and DNA barcoding of agriculturally important 

parasitoids and predators 
04 

7. Monitoring of invasive pests 04 

8. Biosystematics and diversity of entomogenous nematodes in India 10 

9. Mapping of the cry gene diversity in hot and humid regions of India 11 

  10. 
Exploitation of Beauveria bassiana for management of stem borer, Chilo 

partellus in maize and sorghum through endophytic establishment 
12 

   

2.1.2 Indian Agricultural Research Institute, New Delhi  

   

1. 

Evaluation of Trichogramma strains for searching efficiency, temperature 

tolerance and fecundity and breeding of better performing strains 

Trichogramma chilonis under laboratory conditions 

13 

2. 
Screening for temperature tolerance in Cotton mealybug parasitoid, Aenasius 

arizonensis (Girault) (=Aenasius bambawalei Hayat) (IARI and PAU) 
19 

   

2.1.3 Biodiversity of Biocontrol Agents from Various Agro Ecological Zones  

   

1. 
Survey, collection and diversity analysis of Trichogramma, Chrysoperla, 

Coccinelids, spiders, anthocorids and entomopathogens 
21 

2. 
Isolation of entomopathogens from soil samples collected from different 

districts of Punjab 
33 

3. Mapping of EPN diversity in Punjab 34 

4. 
Surveillance for alien invasive pests in vulnerable areas (AAU-A, AAU-J, 

KAU, MPKV and YSPUHF) 
43 

  
 

2.2 Biological control of plant diseases using antagonistic organisms  

   

1. 

Field evaluation of the promising Trichoderma, Pseudomonas and Bacillus 

isolates for the management of diseases and improved crop growth in rice, 

chickpea and pea (GBPUAT) 

45 
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2. 

Evaluation of potential isolates of Trichoderma, Pseudomonas and Bacillus for 

the management of pre & post-emergence damping-off and improved growth 

in vegetable Nursery beds of tomato onion and chilli (GBPUAT) 

51 

3. 
Evaluation of promising biological control agents against chilli anthracnose 

(AAU-A, GBPUAT and PAU) 
54 

4. Management of bacterial wilt an isolate of Pseudomonas florescence (CAU) 58 

   

2.3 Biological suppression of pests of Sugarcane  

   

1. 

Monitoring the sugarcane woolly aphid (SWA) incidence and impact 

assessment of natural enemies on its biosuppression (MPKV, TNAU, PJTSAU 

and UAS-R) 

60 

2. 
Management of White grub, Holotrichia consanguinea Blanch in sugarcane 

using Bioagents (ANGRAU, Anakapalle) 
63 

3. 
Bioefficacy of entomopathogenic fungi and entomopathogenic nematodes in 

suppression of termite incidence in sugarcane (ANGRAU- Anakapalle) 
65 

4. 

IPM module for the sustainable management of early shoot borer 

(Chilo infuscatellus) and internode borer (Chilo infuscatellus and 

Chilo sacchariphagus indicus) in sugarcane (ANGRAU- Anakapalle) 

67 

   

2.4 Cotton  

   

1. 

Monitoring biodiversity and outbreaks for invasive mealybugs on cotton, 

survey for incidence of mealybugs on cotton and collection of their natural 

enemies (MPKV, PAU, PJTSAU, TNAU, and UAS-R) 

71 

2. 
Monitoring biodiversity and outbreaks of sap sucking pests including mirids 

and their natural enemies in Bt cotton (MPKV, PJTSAU and UAS-R) 
75 

3. 
Diversity of sucking pests, bollworms and their natural enemies in transgenic 

Bt and non- Bt cotton (PAU-Ludhiana) 
77 

4. 
Bioefficacy of microbial insecticides against sucking pests in Bt cotton (AAU-

A) 
88 

5. 
Biological suppression of sap sucking pests of Bt cotton (MPKV, PJTSAU and 

UAS-R) 
94 

   

2.5 Tobacco  

   

1. 
Bio-intensive integrated management of tobacco aphid, Myzus nicotianae 

Blackman in central black soils of Andhra Pradesh (CTRI-Guntur) 
97 

   

2.6 Rice  

 
  

1. Seasonal abundance of predatory spiders (PAU) 102 

2. 
Diversity of insect pests and their natural enemies in organic and conventional 

rice (PAU) 
104 

3. 
Field evaluation of fungal pathogens on gundhi bug, Leptocorisa oratorius 

(KAU) 
105 
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2.7 Maize  

 
  

1. 
Bio suppression of Chilo partellus with Trichogramma chilonis on rabi maize 

(ANGRAU) 
107 

2. 
Evaluation of NBAIR entomopathogenic strains against maize stem borer 

(ANGRAU) 
108 

2.8 Sorghum  

   

1. 
Field evaluation of NBAII entomopathogenic strains against sorghum stem 

borer, Chilo partellus (Swinhoe) in kharif sorghum (IIMR and UAS-R) 
110 

   

2.9 Pulses  

   

1. 
Demonstration of NBAIR liquid formulation (PDBC BT1 AND NBAII BTG4) 

against pigeon pea pod borer (Helicoverpa armigera) (AAU and UAS-R) 
113 

2. 
Evaluation of microbial agents for management of Lepidopteran pests on 

Moong bean (Spodoptera litura, Helicoverpa armigera) (PAU) 
113 

3. Evaluation of IPM Modules of Green gram (MPUAT) 114 

4. Evaluation of biocontrol agents against pod borers of cowpea (KAU) 115 

   

2.10 Oil Seeds 116 

   

1. Biological suppression of mustard aphid, Lipaphis erysimi (MPKV) 116 

 
 

 

2.11 Coconut 117 

1. 
Bio-suppression of red palm weevil through entomopathogenic nematodes 

(CPCRI) 
117 

   

2.12 Tropical Fruits   

   

1. 
Field evaluation of Metarhizium anisopliae formulations against mango 

hoppers (KAU and TNAU) 
118 

2. 

Survey, collection, Identification and Mass culturing of Trichogrammatids and 

Entomopathogenic nematodes from mango ecosystem in Uttar Pradesh and 

Uttarakhand for evaluation against mango leaf webber, Orthaga euadrusalis 

(CISH) 

120 

3. 
Monitor and record of incidence of papaya mealybug and its natural enemies 

on papaya and other alternate host (AAU, MPKV, KAU, TNAU and NBAIR) 
121 

4. 
Bio-efficacy of EPNs against Citrus trunk borer, Pseudonemophas 

(=Anoplophora) versteegi (CAU) 
127 

5. 
Field evaluation of Entomopathogens against banana pseudostem weevil, 

Odoiporus longicollis (KAU)  
129 

6. 
Field evaluation of entomopathogens against pineapple mealybug, 

Dysmicoccus brevipes (KAU)  
129 

7. Laboratory and field evaluation of entomopathogenic fungi against banana root 130 
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mealybug, Geococcus citrinus (KAU)  

8. 
Laboratory evaluation of entomopathogenic fungi against pepper root 

mealybug, Formicoccus polysperes (KAU)  
131 

9. 
Field evaluation of Beauveria bassiana liquid formulation against tea mosquito 

bug in Guava (TNAU) 
131 

10. 

 

Incidence of tamarind fruit and seed borer in Chhattisgarh state with their 

natural enemies. 
131 

  
 

2.13 Temperate Fruits  

   

1. 
Evaluation of entomopathogenic fungi and EPNs for the suppression of Apple 

root borer, Dorystheneshugelii under field conditions (YSPUHF-Solan) 
133 

2. 
Survey for identification of suitable natural enemies of Codling moth, Cydia 

pomonella (SKUAST) 
133 

3. 
Field evaluation of Trichogramma embryophagum and T. cacoeciae against 

Codling moth, Cydia pomonella on apple (SKUAST) 
134 

4. 
Evaluation of predatory bug, Blaptostethus pallescens against European red                  

mite, Panonychus ulmi on apple (SKUAST) 
137 

5. 
Field evaluation of anthocorid bug, Blaptostethus pallescens against Two 

spotted spider mite, Tetranychus urticae on apple (SKUAST) 
139 

   
2.14 Vegetables  

   

1. 
Demonstration of BIPM package for management of key pests of tomato 

(AAU-J, MPUAT, TNAU and YSPUHF) 
141 

2. 

Survey and surveillance of pinworm, Tuta absoluta on tomato (AAU-A, AAU-

J, KAU, MPKV, PAU, PJTSAU, SKUAST, YSPUHF, UAS-R, IIVR, TNAU 

and IGKV) 

148 

3. 
Biological suppression of American pinworm, Tuta absoluta on tomato (AAU-

A, IIHR, MPKV, PJTSAU, UAS-R and YSPUHF-Solan) 
154 

4. Biological control of brinjal mealy bug, Coccidohystrix insolitus (TNAU) 158 

5. 
Biological suppression of shoot and fruit borer, Leucinodes orbonalis in brinjal 

(MPKV) 
159 

6. 
Validation of different BIPM modules against shoot and fruit borer, 

Leucinodes orbonalis in brinjal (PAU) 
159 

7. 
Development of Biocontrol based IPM module against, Leucinodes orbanalis 

of Brinjal (AAU-J) 
160 

8. 
Bioefficacy evaluation of EPN formulations of NBAIR against ash weevil in 

brinjal (TNAU) 
161 

9. 
Bio-efficacy of microbial insecticides against Spodoptera litura in cabbage 

(AAU-A) 
163 

10. Role of habitat manipulation on natural enemies of cabbage pests (AAU-J) 164 

11. Efficacy of Bt strains against Diamond back moth in Cauliflower (TNAU) 165 
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12. 
Field evaluation of biocontrol based IPM module against pests of cabbage 

(Plutella xylostella, Spodoptera litura, Pieris brassicae) (PAU) 
167 

13. 
Evaluation of fungal pathogens against sucking pest of hot chilli (Capsicum 

sinensis) (AAU-J and IIVR) 
167 

14. 
Development of bio-intensive IPM package for the suppression of insect pests 

of capsicum under field conditions (YSPUHF) 
171 

15. Biological suppression of fruit borer, Earis vitella in okra (MPKV) 171 

16. BIPM in okra (OUAT) 171 

17. 
Evaluation of Bio-intensive IPM module against, Aleurodicus dispersus on 

cassava (TNAU) 
175 

18. 
Evaluation of predatory bug, Blaptostethus pallescens against saffron thrips, 

Haplothrips sp.  on saffron  (SKUAST) 
177 

19. 
Biological Suppression of Bud Worm (Hendecasis sp) and Blossom Midge 

(Contarinia sp) in Jasmine (TNAU) 
177 

20. 
Effect of host plants on natural parasitism of Diaphania indica by the larval 

parasitoid, Dolichogenidea stantoni (IIHR) 
178 

   

2.15 Mealy Bugs  

   

1. 
Monitoring the biodiversity and outbreaks of invasive mealy bugs  and other 

sap sucking pests on Cotton (TNAU, KAU and IIVR) 
180 

  
 

2.16 Biological Suppression of Polyhouse crop pests  

   

1. 
Monitoring the diversity of pests and natural enemies in chrysanthemum under 

polyhouse conditions (TNAU) 
184 

2. 

 

Evaluation of anthocorid predators against spider mites, Tetranychus urticae 

under insect net cage condition (PAU) 
184 

3. 
Evaluation of efficacy of predators against cabbage aphids in polyhouse 

(SKUAST) 
185 

4. 
Evaluation of entomopathogenic fungi against spider mite, Tetranychus urticae 

on capsicum /bell pepper under protected cultivation (PAU) 
187 

5. 
Biological management of red spider mite, Tetranychus urticae infesting rose 

in polyhouse conditions (MPKV) 
188 

6. 
Evaluation of biocontrol agents against sap sucking insect pests of 

ornamentals/ vegetables in polyhouses (YSPUHF) 
189 

7. 
Evaluation of predatory mite, Neoseiulus longispinosus against phytophagus 

mite in carnation under polyhouse conditions (YSPUHF) 
190 

8. 
Evaluation of Anthocorid predator, Blapposthetes pallescens against spider 

mites in polyhouse (NCIPM) 
191 

   

2.17 Biological Suppression of Storage Pests  

   

1. 
Evaluation of Uscana sp. (Trichogrammatidae) against Callosobruchus sp. on 

storability of pigeon pea seed (Dir. Seed Res.). 
193 
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2.18 Enabling large scale adoption of proven biocontrol technologies  

   

1 Rice- AAU-J, KAU, PAU, GBPUAT and OUAT 196 

   

2 Sugarcane - OUAT & PAU  204 

1. 
Enabling large scale demonstration of proven biocontrol technologies against 

early shoot borer,  stalk borer and top borer  of sugarcane (PAU) 
204 

2. 
Enabling large scale demonstration of proven biocontrol technologies against 

early shoot borer & internode borer  of sugarcane (OUAT) 

209 

 

 

3 
Maize  

1. 
Demonstration of biological control of maize stem borer, Chilo partellus using 

Trichogramma chilonis (PAU) 
210 

4 Brinjal   

1. BIPM In brinjal (OUAT) 211 

   

2.19 Tribal sub plan programme (TSP)  

1. 
AAU-Anand: Biocontrol technologies for the management of Fusarium wilt 

and pod borer (H. armigera) in pigeon pea 
213 

2. ANGRAU-Anakapalle: Organic Paddy cultivation 213 

3. MPKV, Pune: Management of insect pests in fruit crops in tribal area 215 

4. 
OUAT: Demonstration on biointensive pest management on brinjal at 

Kandhamal and Keonjhar districts. 
218 

5. TNAU-Coimbtore 219 

6. 
YSPUHF: Use of eco-friendly methods of pest management for apple, apricot 

and vegetable crop pests. 
220 

   

 General Information  

   

3 Functioning of the Co-ordinated project  

   

3.1 Staff position 223 

3.2 Budget for AICRP on Biocontrol 2014-15 225 

3.3 Problems encountered during the year 227 

   

4 General  

4.1 Meteorological data (2014-15) 228 

4.2 Visitors 233 
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2. EXPERIMENTAL RESULTS  

 
2.1 Basic Research  

 

2.1.1. National Bureau of Agricultural Insect Resources 

 

Biosystematic studies on agricultural insects 

 

i. Biodiversity of natural enemies of insect pests 

 

 Insect collections added from Rajasthan, Gujarat, Andamans & Nicobar islands, Mizoram 

and Karnataka: collected ~6000 specimens, >200 species during ~200 survey days. Described 3 

new species, Tetrastichus thetisae, Sympiesis thyrsisae and Halticoptera indica. First 

phylogenetic study to resolve a diverse and geographically realistic subset of species within the 

genus Glyptapanteles (Hymenoptera: Braconidae) to correlate the host specialization in India 

was conducted. The genus Glyptapanteles is taxonomically challenging due to its highly 

speciose nature, morphological similarity amongst species and negligible host records. The 

present study was based on 60 populations reared from 35 host species, 100 + individual 

caterpillar rearings and from 12 different geographical locations of the country that represent 26 
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provisional Glyptapanteles species within 8 species-groups.  Maximum likelihood and Bayesian 

inference methods displayed three and four major discrete Glyptapanteles clades, respectively. In 

clade A very few Indian species were grouped along with Neotropical and Thailand species. The 

other clades B and C grouped the majority of the Indian species and showed considerable host 

specificity in both the trees. Three different sets of data (morphology, host records, and COI) 

were integrated in order to generate accurate boundaries between species/species-groups. The 

present study, perhaps the most comprehensive done to date in India, suggests the presence of 

several additional Glyptapanteles species, which were previously unrecognized (Gupta et al., 

2016). Images of life stages and damage of recent outbreak of Hasora 

chromus (Cramer) (Lepidoptera: Hesperiidae) in March 2016, Bangalore was uploaded in 

NBAIR website. 

 ii . Biodiversity of oophagous paraditoids with special reference to Scelionidae 

(Hymenoptera) 

 

 Surveys were conducted for Platygastroidea in eight states viz., Tripura, Andaman and 

Nicobar Islands, Tamil Nadu, Kerala and Karnataka. A total of 1150 parasitoids were collected, 

curated and preserved for future studies. So far 52 genera under four families of Platygastroidea 

were recorded from India under this project and an additional four genera are added raising the 

total to 66 genera. The four genera are Pardoteleia, Pleistopleura, Ptiostenius, Titta and Nyleta.  

 

 A new species group and fifteen new species has been described. The new species group 

Idris adikeshavus group has been proposed with five new species ï Idris adikeshavus, I. 

brevicornis, I. deergakombus, I. teestai and I. lopamudra. Two new species, Ptilostenius griffithi 

and P. nicevillei, are described from both female and male specimens. A new species of 

Trimorus - T. leptoclava - with an unusual female antenna (the distal segments of the clava are 

not incrassate) is described. A new species of an unusual, sexually dimorphic species of Gryon ï 

Gryon ingens has been described. This was reared from the eggs of Isyndus heros Fab 

(Hemiptera: Reduviidae) laid on leaves of mango. Six new species of platygastridae from India: 

Amblyaspis khasiana (Meghalaya), A. kurinji (Tamil Nadu, Shenbaganur), Gastrotrypes 

longicaudatus (Bengaluru), G. manii (Andaman Islands), Isolia kalingi (Orissa) and Synopeas 

(Sactogaster) ribhoiense (Meghalaya) are described and illustrated.  

 

iii.  Biosystematics of Trichogrammatidae (Hymenoptera) 

 

 Eight states were surveyed for Trichogrammatidae. These included island ecosystems 

like the Andamans and the Nicobars; lowland rainforests and cultivated areas in Tripura in NE 

India; cultivated and natural ecosystems in eastern India viz., Odisha; and Kerala, Tamil Nadu 

and Karnataka in S.India  which included parts of the W.Ghats  and other cultivated and non-

cultivated areas. 

 

 The relatively recently described T. rabindrai, a species so far known only from S. India 

was discovered in S. Andaman. It is being bar coded to determine whether it is a cryptic species. 

A species of Mirufens was for the first time collected from the Nicobar islands. It was collected 

from leaf galls of Dipterocarpus sp. Additional species of trichogrammatids collected from the 
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Nicobars are being sorted for further studies. These are the first species of trichogrammatids to 

be collected from these islands. 

 

 A species of Trichogrammatoidea similar T. tenuigonadium in habitus but with genitalia 

in males resembling other Trichogrammatoidea has been discovered from Karnataka. The 

barcode generated for this species is distinct unlike any other species in the genus thus validating 

its status as a new species. 

 

iv. Biodiversity of aphids, coccids and their natural enemies 

 

 Aphid species viz., Aphis (Bursaphis) solitaria McVicar Baker and Brachycaudus 

(Brachycaudina) napelli (Schrank); mealybug viz., Formicococcus formicarii (Green) and scale, 

Anomalococcus crematogastri (Green) were recorded for the first time from India. Similarly, 

Trionymus townesi Beardsley and Dysmicoccus carens Williams were recorded for the first time 

from Karnataka. Eleven species of aphids, a species of mealybug and a species of soft scale were 

added as new to the existing collection of aphids and coccids at NBAIR. 

  

v. Documentation, production and utilisation of predatory anthocorids and mites  

 

 Anthocorid predators such as Montandoniola bellatula Yamada 2007 and Xylocoris 

cerealis Yamada and Yasunaga 2006 (from Karnataka) were new records for India. Two new 

species of Orius were recorded, one from coconut and rose and another from Clerodendrum 

infortunatum, all from Karnataka. Four anthocorid predators, viz., Cardiastethus exiguus, Bilia 

castanea, Orius maxidentex and Buchananiella pseudococci pseudococci were recorded on 

thrips infested mulberry in Salem (Tamil Nadu) and O. maxidentex from Karnataka. A new 

species of Orius was recorded on Clerodendrum infortunatum. Though the population of aphids 

and broad mites was low, there seemed to be a close correlation between the populations of the 

pests and the anthocorid. It was interesting to observe that this anthocorid could survive the harsh 

summer months. The fertility parameters of two litter inhabiting anthocorids Amphiareus 

constrictus and Buchananiella indica were studied, of which A. constrictus had a higher 

reproductive rate than B. indica, while the finite rate of increase was comparable for the two 

species. 

 

 Four to six releases of Blaptostethus pallescens against broad mites 

(Polyphagotarsonemus latus) infesting capsicum could significantly reduce the pest incidence 

and curling symptoms and improve the plant height in comparison to control where no releases 

were made.  

 

 EM and LM images of eggs of Blaptostethus pallescens and Blaptostethoides pacificus 

were examined to identify characters, which can be utilised to separate them. The follicular pits 

on the surface of the operculum form different patterns, which aid as identification characters.  

 

 Xylocoris flavipes and Blaptostethus pallescens were evaluated against Sitophilus oryzae 

infested maize seeds. The treatments where 20 and 30 X. flavipes nymphs and 40 X. flavipes 

adults were released and where 20, 30 and 40 B. pallescens nymphs were released after seven 

days of egg laying by S. oryzae, were significantly superior to control. In another experiment 
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where anthocorid predators were released along with the pests, pest emergence was significantly 

reduced in the treatments with 10 B. pallescens nymphs, and 10 and 30 B. pallescens adults and 

10 to 30 X. flavipes adults. This experiment indicates that anthocorid predators are potential bio-

agents of Sitophilus oryzae and would be very effective if introduced as soon as seeds are stored 

as they would deter adult oviposition.  

 

 At NBAIR, the production of Corcyra cephalonica has been scaled up by optimising the 

dosage of charging and installing temperature humidity maintenance system in the rearing room 

in 2013. The production increased from 19.8 cc/ month in 2010 to 48 cc in 2016. 

 

 T. chilonis was exposed in large 3 ft cages @ of 8 tricho cards / per one nucleus card and 

maximum of 104 cards could be exposed at a time and parasitism reached up to 99.0%. By 

adopting a similar method, T. japonicum was exposed @ of 4 tricho cards / per one nucleus card 

and maximum of 97 cards could be exposed at a time and up to 85.0% parasitism could be 

recorded. 

 

 The interaction between two parasitoids of litchi stink bug Anastatus acherontiae and 

Anastatus bangalorensis was studied. In sequential and simultaneous exposures, overall 

parasitism (26.7 to 90.0%) was significantly higher than or on par with the parasitism by 

individual species indicating that the parasitoids are complementary to each other. 

 

 

 

 
vi. Molecular characterization and DNA barcoding of agriculturally important parasitoids 

and predators 

  

 Different parasitoids, predators and other insects were collected from Andaman & 

Nicobar Islands, Srinagar, Pune, Anand, Varanasi, Dharmapuri and Bangalore and were used for 

DNA barcoding studies.   Parasitoids belong to Braconidae viz., Glyptapanteles sp. (Barcode: 

ACZ3549) (Genbank Acc. No. KR260984), Glyptapanteles sp  (AAI5405) (KT284335), 

Glyptapanteles sp (ACZ3433) (KT25318), Microplitis maculipennis (ACV9232) (KP759295), 

Glyptapanteles creatonoti (AAH1199) (KR021154), Glyptapanteles sp (ACZ3493) (KT254316), 

Glyptapanteles obliquae (Wilkinson) (ACS3730) (KR021152), Glyptapanteles aristolochiae 

(Wilkinson) (ACZ3726) (KR021156), Glyptapanteles cf. Spodopterae Ahamad (ACS3730)  

(KR260983), Glyptapanteles spodopterae (ACS3730) (KR260976), Glyptapanteles sp 

(AAH1199)  (KT284334), Glyptapanteles sp (ACZ3303) (KT254319), Glyptapanteles bliquae 

(Wilkinson) (AAH1199) (KR021152),Glyptapanteles cf. amprosemae Ahmad (ACZ3016)  

(KT284342) were characterized and barcodes generated. Phylogenetic analyses were performed 

on 38 based on mitochondrial cytochrome oxidase subunit I (COI) nucleotide sequences. 

Maximum likelihood and Bayesian inference methods displayed three and four major 

discrete Glyptapanteles clades, respectively. Furthermore, molecular characterization and DNA 

barcodes were generated for 103 agriculturally important parasitoids, predators and other insects 

based on COI gene & ITS-2 and deposited in GenBank and BOLD and obtained accession 

numbers. 
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 A study was conducted to identify and differentiate Trichogramma species and infer their 

evolutionary relationship based on internal transcribed spacer-2 (ITS-2) and cytochrome oxidase 

I (COI). With available related species sequences of COI and ITS-2 loci, Bayesian phylogenetic 

trees for total 84 and 76 Trichogrammatids sequences were considered to understand 

evolutionary relationship among the different species and their identification. Performed 

comparative assessment of mean intra- and inter- specific evolutionary distances of using COI 

and ITS-2. In case of ITS-2 locus, the low intra- and high inter-specific distances was estimated 

for the different groups in trichogrammatids. Overall, ITS-2 is appropriate molecular marker 

identification in Trichogrammatids, at both species and genera level. 

 

vii. Monitoring of invasive pests 
 

a. New invasive Tomato pinworm, Tuta absoluta- Monitoring and management 

 

Tuta absoluta (Meyrick 1917), a lepidopteran tomato leaf miner also called as pin borer 

belongs to the family Gelichiidae. It is considered as one of the most devastating tomato pests in 

the countries it has invaded so far. It has originated from Peru (South America) and then invaded 

many other countries in South America, Europe, Africa and Asia. T. absoluta larvae can 

completely destroy the tomato leaves by mining leaves, stems and buds and burrowing 

tunnels in the fruits, causing the unmarketability of fresh tomatoes and yield losses 

up to 100%. The pest was detected and identified in October 2014 from Pune, Maharashtra in 

India by the Scientists of ICAR and now poses most serious threat to tomato cultivation in the 

country. The damage of this pest on tomato crops has been reported from Gujarat, Maharashtra, 

Telangana, Andhra Pradesh, Karnataka and Tamil Nadu.  

1. Diagnostic features of T. absoluta damage on tomato 

 

Feeding damage is caused by all the larval instars. Larva attacks all the parts of tomato 

except roots throughout the crop stage i.e., from seedling to harvest and can cause up to 100% 

crop damage mainly the leaves and green fruits. T. absoluta can be easily recognized on tomato 

plants by the presence of large blotch or mine on the leaves with dark frass inside and pinhead 

size holes on the developing fruits. On the leaves, the larvae feed on the mesophyll tissue, 

forming large mines or extensive galleries. In case of serious infestation, leaves die completely. 

The larval entry and exit holes on the fruits are small and pin-head sized. Sometimes the entry 

and exit holes are used by secondary pathogens, leading to fruit rot. Multiple holes and presence 

of many larvae in a fruit can be noticed (Table 1). The other potential host plants for T. absoluta 

in India are brinjal and potato apart from other solanaceous weed hosts. 

 

Table 1. Extent of damage on tomato crop by T. absoluta in different states during March 

2015 to February 2016 

 

State / District Place / village 

% leaf 

miner  

(Blotch) 

% Fruit 

damage 

Tamil Nadu: 

Dharmapuri 
Palakodu 5.7-55.5% 3.5-43.4 % 
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Krishnagiri 

Rayakottai, Kelamangalam, 

Ulimaranapalli, Binnamangalam 

Hosur, Soolagiri, Bagalur 

11.8-46.2% 7.5-52.4% 

Coimbatore 
Iruttupallam, Alandurai, 

Thondamuthur 
Nil  Nil  

Dindugal 
Moolanur, Kaveriammapatti, 

Oddanchathiram 
Nil  Nil  

Karnataka:  

Chintamanai 

Doddaulluru, Nandagudi 

Kadagaskanahalli, Kuruhatti 

 

1.5-41.7% 

 

5.0-32.5% 

Kolar Malur 3.5-64.3% 0.0-41.8% 

Bengaluru Rural 

Devanahalli, Doddaballapur 

Hessarghatta, Rajanukunte, 

Hoskote 

5.5-33.5% 11-28.5% 

Bengaluru Urban Anekal, Jigini, Halehalli 4.5-45.5% 2-32.7.0% 

Raichur (North 

Karnataka) 

Kadagammadoddi,  Kapur, 

Katlekur, Singandoddi and Hosur 

10.2 ï 

60.3% 
2.6 ï 35.8% 

Andhra Pradesh Madanapalli, Kuppam 13.0-36.7% 0.0-21.8% 

Telangana Warangal, Adilabad 0.0-2.8% >1.0% 

Gujarat:  

Surendranagar 
Sayala, Limbudi 

 

1-4.5% 

 

Nil  

Rajkot Dhoraji, Gondal, Jetpur 2-3% Nil  

Junagadh Vadal, Choki 5.5-17.0% 5-12.5% 

Jamnagar Jalansar 1-4% Nil  

Anand Anand >2% Nil  

 

2. Natural enemies of Tuta absoluta 

 

 Cage studies were conducted to evaluate Trichogramma species against eggs of Tuta 

absoluta infesting tomato plant. Three species of Trichogramma could successfully parasitize T. 

absoluta. Parasitism by Trichogramma achaeae was 28.8% followed by T. pretiosum 

(thelytokous) (22.7%) and Trichogrammatoidea bactrae (12.5%). No parasitism was recorded in 

the cages where T. chilonis was released. 
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Anthocorid predators, Amphiareus constrictus and Blaptostethus pallescens were 

observed to be efficient predators of Tuta absoluta eggs, feeding on 90 to 100% of the eggs when 

released in a ratio of 1 predator: 10 eggs.  

 

 3. Bioassay against Tuta absoluta with NBAIR Bt and fungal isolates of Beauveria bassiana 

and M. anisopliae isolates 

  

 Four NBAIR Bt isolates along with standard MTCC-8997 expressing the coleopteran 

specific proteins were tested against early second instar larvae of Tuta absoluta by tomato leaf 

dip methodology. The most toxic was NBAIR-4 isolate with LC50 of 301.3 ppm, followed by 

NBAIR-1, which showed LC50 as 373.7 ppm. The formulations are being tested for field efficacy 

(Table 2). 

 

Table 2. Bioassay of NBAIR Bt isolates against Tuta absoluta 

 

Bt Isolate LC50 (48h) in ppm Slope ± SE 
F-Limits  

ɢ
2 
(DF) 

L U 

NBAIR-1 373.7 3.74 ± 0.72 286.2 486.8 1.1 (3) 

NBAIR-3 413.7 2.8 ± 0.93 301.9 569.3 1.9 (3) 

NBAIR-4 301.3 4.5 ± 0.92 234.3 382.5 1.7 (3) 

NBAIR-6 860.3 2.3 ± 0.51 603.3 1492.4 1.2 (3) 

MTCC-8997 999.0 2.83 ± 0.51 408.6 767.9 1.9 (3) 

 

 Laboratory bioassay with three isolates each of B. bassiana (Bb-5a, Bb-19 and Bb-23) 

and M. anisopliae (Ma-4, Ma-6 and Ma-35) against Tuta absoluta was carried out and the results 

indicated very low mycosis (6.7 to 26.7%) with these isolates.  

 

4. Rapid action management plan advocated to farmers 

 

i. Destruction of infested tomato plants and fruits by burying deep inside the soil or by 

burning. 

ii.  Crop rotation with non solanaceous crops. 

iii.  Nursery with pest proof net covering and use of pest free seedlings for transplantation 

iv. Preservation / augmentation of natural enemies like Nesidiocoris tenuis, Necremnus sp., 

Orius sp., and Trichogramma spp. 

v. Installation of T. absoluta pheromone baits for monitoring and mass trapping male 

moths both in nursery and main field (40 traps /ha). 

vi. Initiate the use of insecticide both in nursery and main field, if the moth catches in the 

pheromone trap is exceeding 20-30 moths/trap / week. 

vii.  Recommended the following insecticides (as per the decision taken at the 355
th 

meeting 

of CIB registration committee held on 29.04.2015) for managing the pest on tomato. 

 

Sl. 

No 
Name Dose/lit 
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1 Chlorantriniliprole (Rynaxypyr) 10.26% OD 0.3 ml/lit  

2 Cynatriniliprole (Cynaxypyr) 18.5% SC 0.3 ml/lit  

3 Flubendiamide 20% WG 0.3 ml/lit  

4 Indoxacarb 14.5% SC 0.5 ml/lit  

5 Imidacloprid 17.8% SL 0.3 ml/lit  

6 
Neem formulation (Azadirachtin content of either @ 

1% or 5%) 
2-3 ml/lit  

 

a. Studies on papaya mealybug 

 Incidence of papaya mealybug was recorded below pest level in all the areas surveyed. 

However, in the summer of 2016, it was recorded in Andaman Islands causing 25-30% damage 

on papaya and other vegetable crops. Three consignments of parasitoids were sent for managing 

the same (Table 3). 

 

Table 3. Incidence of papaya mealy bug and its natural enemies on papaya and other 

alternate hosts 

 

 

Parasitism: A high level of parasitism was recorded from all the samples collected. 

Acerophagus papayae was the predominant parasitoid exercising control in addition 

Pseudleptomastix mexicana was recorded in all the samples with parasitism ranging from 5.0 to 

20.0%. None of the samples recorded from any area was free from parasitoids showing their 

wide spread presence and their adaptability to Indian conditions. 

 

Location 
Area of plantation 

(ha) 

No of plants with 

Papaya mealybug 
Damage 

Mandya 8.0 12 Trace 

Raichur 1.5 2 Trace 

Shimoga 0.5 Nil  - 

Hassan 1.5 Nil  - 

Gulbarga 0.5 Nil  - 

Bangalore 0.5 2 Trace 

Maddur 2.8 Nil  - 

Ramnagar 0.5 7 Severe in one 

Chamrajnagar 5.5 2 Trace 

Chitradurga 0.5 Nil  - 

Tumkur 1.0 Nil  - 

Nelamangala 2.0 2 Trace 

Coimbatore 0.5 2 Trace 

Nashik 1.2 Nil  - 

Nagpur 0.5 Nil  - 

Hosur 2.5 7 Severe in 2 trees 

Andaman Islands 0.5 15 Severe 
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Hyper parasitism: Parasitism of Acerophagus papayae by hyper parasitoids are showing 

increasing trend in Karnataka. The samples collected from Nelamangala, Chamarajnagar and 

Maddur had 6.0 to 7.0% hyperparasitism by Chartocerus sp. and 2.0 to 3.0% by Marietta 

leopardina.   

 

Supply of natural enemies: Acerophagus papayae and Pseudleptomastix mexicana cultures 

were sent to OUAT Bhubaneswar, Andaman Islands, Hosur, Madurai, New Delhi, Gujarat, 

Pondicherry, Ananthpur, in addition to local supplies in Karnataka. Cultures of Aenasius 

arizonensis, Zygogramma bicolorata, Neochetina spp. were sent to the requested researchers and 

organizations. 

 

b. Invasive whitefly,  Aleurothrixus trachoides 

 

 The association between the invasive pest solanum whitefly Aleurothrixus trachoides 

(Back) and the predator Axinoscymnus puttarudriahi Kapur and Munshi on capsicum under 

natural conditions was studied. Spatial distribution pattern was studied and the variance to mean 

ratio being greater than unity indicated an aggregated distribution of the pest and the predator. 

The positive association between the pest and the predator was confirmed through correlation 

analysis and 2 x 2 Chi-square test. Releases of Blaptostethus pallescens nymphs indicated that it 

is a potential predator of A. trachoides and confirmatory small scale field trials would be taken 

up. 

 

 

 

 

c. Host range of invasive Jack Beardsley mealybug, Pseudococcus jackbeardsleyi Gimpel 

and Miller in  Karnataka 

 

  Survey of P. jackbeardsleyi was continued in Tamil Nadu and Karnataka, sometime it 

was found co-associated with papaya mealybug on papaya and with Madeira mealybug in 

hibiscus, Cordyline terminalis (Agavaceae), Defembekia sp. Incidence was very low compared to 

previous years. Some of the local natural enemies like Cryptolaemus montrouzieri Mulsant, 

Spalgis epius Westwood and many species of gnats are keeping the spread under check. Nephus 

regularis was found to be a major predator on eggs of P. jackbeardsleyi and was found to be a 

major limiting factor for spread of this mealybug. 

 

d. Establishment of Cecidochares connexa, gall fly of Chromolaena 

 

 Chromolaena weed biocontrol agent C. connexa, which was released at different places 

has established causing up to 15 galls per 5 minutes search in 2 km in and around released spots 

in Kanakapur Road. In Puttur, it has spread around 6-9 kms from the released spot and in 

Tataguni estate it has sprad to the nearby forest area, whereas in GKVK campus, it has been 

localised because of the availability of host plants year round. Burning of the dried plants either 

manually or by forest fire has become the major factor for low level of spread in forest area. The 

gall fly has also established in Kerala and as well as in Tamil Nadu in the places of release.  
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e. Survey for invasive thrips, Frankliniella occidentalis 

Frequent collections of tomato, chilli and flowers were made to know the damage and 

spread of western flower thrips, Frankliniella occidentalis in India. The samples collected from 

different locations in Karnataka (Bangalore, Raichur, Shimoga, Hassan, Gulbarga, Chitradurga, 

Tumkur, Nelamangala), Tamil Nadu (Hosur, Dharmapuri and Coimbatore) and Maharastra 

(Nashik and Nagpur) did not yield any specimen of F. occidentalis showing its non occurrence in 

these locations. 

 

f. Mass production of Aenasius (=bambawalei Hayat) arizonensis (Girault) (Hymenoptera: 

Encyrtidae)  

 

 Aenasius arizonensis (Girault) (Hymenoptera: Encyrtidae), a solitary endoparasitoid on 

P. solenopsis was active in all the cotton growing areas and also on other alternate hosts. Adult 

females showed preference to parasitize third instar nymphs. Reddish brown cocoons scattered in 

the mealybug colony indicates the parasitism by A. arizonensis and can easily be distinguished 

from the healthy colony. Studies on mass production of parasitoids using Parthenium 

hysterophorus as host revealed that the total developmental period: 16 to 20 days and pupal 

period of 6 to 8 days. Adult longevity: females: 13 to 30 days and males 8 to 10 days with 

fecundity of 130-150 eggs. Females are more in number compared to males (Around 30 males to 

100 females in Parthenium host plant). Parasitoids were supplied to farmers on request.   

 

g. Erythrina g all wasp managment 

  

  Erythrina gall wasp, Quadrastichus erythrinae was found in low populations in Kolar, 

Mandya, and Ramnagar districts. Aprostocetus gala was found to be the major parasitoid of Q. 

erythrinae 10.0 to 15.0% parasitism observed in the field. The native species collected and 

identified as Aprostocetus sp. was found to be a potential parasitoid of erythrina gall wasp 

(Quadrastichus erythrinae) in India. Its molecular characterization and sequences matched 

>80.0% with the A. gala submissions.  

 

h. Incidence of leaf miner, Chromatomyia syngenisiae   

 Severe outbreak of Chromatomyia syngenisiae leaf miner was recorded from Coonor, 

Ooty and nearby areas including in poly houses across Nilgiri hills and Coimbatore. The 

incidence occurred in > 80.0% of the plants in the sampled area and the yellow traps were full by 

the end of the day of installation with adult flies. No parasitoids were recorded from the area. 

Release of Diglyphus sp. also did not bring down the damages. Herbertia sp. (Hymenoptera: 

Pteromalidae) was collected from the mummified puparium of the leaf miners. 

 

i. New invasives and host extensions 

 

ü Banana skipper, Erionota thrax (Lepidoptera: Hespiridae) severity has come down. 

ü Root mealybugs on pepper, Formicococcus polysperes Williams and other species have 

become severe in Coorg and Chickmagalur area. 

ü The skipper, common banded awl, Hasora chromus (Cramer) (Lepidoptera: Hesperiidae), 

upsurge was recorded on Pongamia pinnata in and around Bangalore.  In some localities 
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the caterpillars entered houses creating panic among people (in HSR Layout). High 

incidence was also noticed in ICAR-NBAIR research farm. The trees were entirely 

defoliated. Many insectivorous birds were seen feeding on the caterpillars. 

ü A looper (Cleora sp.) (Lepidoptera: Geometridae) was found to feed extensively on neem 

trees in a few villages of Samsthan Narayanpur Mandal of Nalgonda district in Telangana 

during October/November 2015. Similar damage was found in the nearby villages also. 

Previously this was recorded as a pest of pigeon pea from Hyderabad. 

ü Pepper root mealybugs: Mealybugs are major insect pests of black pepper plantations in 

southern parts of India. Five mealybugs species namely Planococcus sp., Planococcus 

citri (Risso), P. lilacinus Cockerell, Dysmicoccus brevipes (Cockerell) and Ferrisia 

virgata (Cockerell) are known to infest the roots and basal region of stem of black pepper 

vines. However Formicococcus polysperes Williams and other species have become 

severe in Coorg and Chickmagalur area. 

 

viii. Biosystematics and diversity of entomogenous nematodes in India  
 

 One hundred and thirty three soil samples were collected randomly from vegetables, 

banana, rubber, sugarcane, forest land of Marampally, Mudical, Vanjnadu, Kalady, Pala, 

Nedumudy, Changanassery, Kozhenchery, Chengannur in Kerala, Koppa, Jayapura, Balehonnur, 

Rambhapuri, Ganganamakki in Karnataka, Kadapa, Ananthagiri, Kothavalasa, Araku valley and 

Aanakapalle in Andhra Pradesh, Pune in Maharashtra and Great Nicobar islands. Total three 

insect associated nematodes were (Steinernema sp, Heterorhabidtis sp and Oscheius 

chromogenesis) isolated from these places. 

 

 

 

a. Efficacy of entomopathogenic nematodes on phorids 

 

 The pathogenicity of Heterorhabditis indica, Steinernema capocapsae and Oscheius sp 

were tested against maggots and pupae. These results showed that maggots were resistance to 

these nematodes and no mortality was observed. However, Oscheius sp showed mortality in 

pupae only. 

 

b. Efficacy of entomopathogenic nematodes (Rhabditida: Steinernematidae and 

Heterorhabditidae) on developmental stages of house fly, Musca domestica  

 

 The efficacy of five species of entomopathogenic nematodes (EPN), Heterorhabditis 

indica, S. carpocapsae, S. glaseri, S. abbasi and S. feltiae against developmental stages of house 

fly was studied under laboratory condition. In this present study, none of the EPN species tested 

infection on egg and pupal stages, while the second and third instar larvae were susceptible to all 

EPN species but second instar was more susceptible than third instar. Among the EPN species 

tested, S. carpocapsae caused significantly greater mortality (81.25-100%) than the H. indica 

(62.5-100%), S. glaseri (25-100%), S. abbasi and S. feltiae (6.25-100%) of the second instars of 

M. domectica. Whereas, H. indica caused significantly greater mortality (18.75-100%) than the 

S. carpocapsae, S. glaseri, S. abbasi and S. feltiae (6.25-100%) of third instars of M. domestica 
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at 50-10000 IJs/maggot. EPN species @ 10000 IJs/larva caused up to 81.25% mortality in 

artificial diet and 25% mortality in the poultry manure @ 256000 IJs/maggot.  

 

c. Pathogenicity of Oscheius sp. on Bactrocera cucurbitae pupae 

  

 A dose of 200 IJs/pupae of Oscheius sp. caused 80% pupal mortality of Bactrocera 

cucurbitae after 48 hrs of inoculation.  

 

ix. Mapping of the cry gene diversity in hot and humid regions of India 

 

 Twenty five isolates of Bacillus thuringiensis with bipyrmadal crystals were isolated from 

86 soil and insect samples collected from Western Ghats. Soil samples from Greater Nicobar 

Islands yielded 4 isolates of Bt expressing bipyramal and spherical crystals. 

 

 The trypsin activated vip3A protein (4 hrs IPTG inductions) caused 100% mortality of 

Plutella xylostella after 72 hours in all the protein concentrations tested. The highest mortality of 

100% was recorded at 500 µg concentration after 48 hours. The LCϟϚ value was calculated as 

53.676 µg/ ml. Trypsin activated vip3A protein (16 hrs IPTG inductions) was also tested and the 

LCϟϚ was calculated as 52.87 µg/ ml. 

 

 Cry8A expressing B. thuringiensis (NBAIR-BTAN4) caused 100% mortality of potato 

grub after 48 hrs. 

 

 Liquid formulation of NBAIR-BTG4 and standard HD-1 were tested against Cryptolemus 

montrouzieri and Chrysoperla carnea @ 1 and 2% concentrations. No mortality was recorded 

indicating their safety against the natural enemies. 

 

x. Exploitation of Beauveria bassiana for management of stem borer, Chilo partellus in 

maize and sorghum through endophytic establishment  

 

a. Establishment of B. bassiana as endophyte in maize and sorghum  

 

 Glasshouse experiments were conducted to study the endophytic ability of six strains of 

Beauveria bassiana (NBAIR-Bb-5a, 7, 14, 19, 23 and 45) in maize (Var. Nithyashree) through 

foliar application of oil formulations and in sorghum through foliar application of aqueous 

conidial suspension. All six strains showed varying percent colonizations and persistence in stem 

and leaf tissues of maize and sorghum. In case of maize, Bb-45 isolate recorded the maximum 

colonization of B. bassiana in older stem (46.67%), older leaf (47.78%) and young stem 

(52.22%) tissues. Bb-5a isolate showed maximum colonization in young leaf tissues (57.78%). 

Bb-5a strain also showed continuous colonization upto 60 DAT in both older/young stem and 

leaf tissues. In case of sorghum, Bb-5a isolate recorded the maximum colonization in older stem 

(21.30%) and young leaf tissues (22.22%). Bb-14 isolate showed maximum colonization in 

young stem (18.52%) and in older leaf tissues (28.70%). Bb-5a isolate also showed continuous 

colonization upto 60 DAT in older & younger stem tissues and also in older leaf tissues. Bb-14 

isolate showed continuous colonization upto 75 DAT in older leaf tissues. 
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b. Field evaluation of endophytic B. bassiana against maize and sorghum stem borer 

 

 Field trials were conducted to evaluate the endophytic isolates of B. bassiana (NBAIR-Bb-

5a, 7, 14, 19, 23 and 45) through foliar applications of oil formulations against stem borer, Chilo 

partellus in maize and sorghum at ICAR-NBAIR, Attur Research Farm, Bengaluru. 

  

 In maize, Bb-5a isolate showed significantly lower dead hearts (10.2 and 7.1% during 

kharif and rabi seasons respectively), lowest no. of exit holes (1.80 and 1.07/plant) and stem 

tunneling (1.23 and 2.21cm/plant) as compared to untreated control which showed higher dead 

hearts (23.6 and 26.8%), exit holes (7.2 and 4.07/plant) and stem tunneling (5.2 and 7.8 

cm/plant).  

 

 In sorghum, Bb-23 and Bb-5a isolates showed significantly lesser dead hearts of 6.8 and 

9.3%, respectively, lowest exit holes (0.4 and 0.7/plant) and stem tunneling (3.7 and 

4.3cm/plant), as compared to untreated control with 19.8% of dead hearts, 2.1/plant exit holes 

and 10.2 cm/plant of stem tunneling. 
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2.1.2 Indian Agricultural Research Institute, New Delhi 

 
1. Evaluation of Trichogramma strains for searching efficiency, temperature tolerance and 

fecundity and breeding of better performing strains Trichogramma chilonis under 

laboratory conditions 

 

 The field collected strains were maintained under laboratory conditions using C. 

cephalonica eggs. The better performing strains were used for further crossings. Test and back 

crosses were made between different strains of T. chilonis AAA10 (relatively temperature 

tolerant) with other high fecundity strains, viz., FFF1, FFF2 and FFF3. The results indicated high 

mortality among the individuals in each generation. The crosses with high fecundity are 

relatively more susceptible to test temperature regimes coupled with higher percentage of males. 

With increase in temperature stress, percentage of males among the progenies also increased. In 

some of the crosses all the progenies were males. The details of the crosses made and their 

breeding performance have been presented in the following tables. 

 

i. Breeding of Trichogramma chilonis for temperature tolerance under laboratory 

conditions 

 

1. FFF1 (male) x AAA10 (female) (AD1): Out of 15 pairs selected, fecundity ranged from 23 

to 70 progenies. At F10, generation 15 pairs were selected and shifted to 36 °C (Table 4).  

2. AAA10 (male) x FFF1 (female) (BD1): Out of 15 pairs selected, fecundity ranged from 32 

to 72 progenies. At F10 generations, 15 pairs were selected and shifted to 36 °C (Table 4). 

 

Table 4. Number of progenies emerged from crosses made and maintained at 34 
o
C 

 

 FFF1 (male) x AAA10 

(female) AD1 34 °C 

 AAA10 (male) x FFF1 

(female) BD1 34 °C 

No. of adults emerged in F10 No. of adults emerged in F10 

1 60 1 58  

2 65 2 42 

3 55 3 69 

4 70 4 56  

5 54  5 60  

6 63 6 65 

7 42 7 49 

8 49 8 38 

9 50 9 32 

10 52 10 51 

11 36 11 47 

12 31 12 71 

13 29  13 72 

14 23  14 64 

15 45 15 39 
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3. FFF1 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 29 to 

66 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15 pairs 

were selected and shifted to 38 °C (Table 5). 

4. AAA10 (male) x FFF1 (female) BD1: Out of 15 pairs selected, fecundity ranged from 35 to 

71 progenies and arrhenotoky was observed in one cross only. At F10 generations, 15 pairs 

were selected and shifted to 38 °C (Table 5). 

 

Table 5. Number of progenies emerged from crosses made and maintained at 36 
o
C 

 

 FFF1 (male) x AAA10 (female) 

AD1 36 °C 

 AAA10 (male) x FFF1 (female) 

BD1 36 °C 

No. of adults emerged in F10 No. of adults emerged in F10 

1 29 1 44  

2 Arrhenotoky 2 42 

3 42 3 59 

4 65 4 Arrhenotoky  

5 Arrhenotoky  5 43  

6 51 6 55 

7 42 7 69 

8 49 8 35 

9 65 9 48 

10 66 10 53 

11 41 11 46 

12 35 12 71 

13 Arrhenotoky  13 42 

14 44  14 64 

15 47 15 45 

 

5. FFF1 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 31 

to 53 progenies and arrhenotoky was observed in three crosses (Table 6). 

6. AAA10 (male) x FFF1 (female) BD1: Out of 15 pairs selected, fecundity ranged from 29 

to 51 progenies and arrhenotoky was observed in one cross only (Table 6). 

 

Table 6. Number of progenies emerged from crosses made and maintained at 38
o
C 

 

 FFF1 (male) x AAA10 

(female) AD1 38 °C 

 AAA10 (male) x FFF1 (female) 

BD1 38 °C 

No. of adults emerged in F10  No. of adults emerged in F10 

1 Arrhenotoky 1 29  

2 Arrhenotoky 2 Arrhenotoky 

3 42 3 49 

4 41 4 Arrhenotoky  

5 Arrhenotoky  5 51 

6 31 6 35 

7 Arrhenotoky  7 36 



31 

 

8 32 8 Arrhenotoky 

9 53 9 44 

10 Arrhenotoky  10 39 

11 44 11 Arrhenotoky 

12 32 12 Arrhenotoky  

13 42 13 42 

14 Arrhenotoky  14 Arrhenotoky  

15 Arrhenotoky 15 Arrhenotoky  

 

7. FFF2 (male) x AAA10 (female) (AD1): Out of 15 pairs selected, fecundity ranged from 36 to 

86 progenies. At F10 generation, 15 pairs were selected and shifted to 36 °C (Table 7). 

8. AAA10 (male) x FFF2 (female) (BD1): Out of 15 pairs selected, fecundity ranged from 36 to 

68 progenies. At F10 generation, 15 pairs were selected and shifted to 36 °C (Table 7). 

 

Table 7. Number of progenies emerged from crosses made and maintained at 34 
o
C 

 

 FFF2 (male) x AAA10 

(female) AD2 34 °C 

 AAA10 (male) x FFF2 (female) 

BD2 34 °C 

No. of adults emerged in 

F10 

 No. of adults emerged in F10 

1 57 1 47 

2 39 2 63 

3 67 3 57 

4 54 4 36 

5 86 5 68 

6 75 6 59  

7 66 7 41 

8 45 8 54 

9 38 9 38 

10 65 10 45 

11 54 11 51 

12 36 12 62 

13 55 13 48 

14 64 14 50 

15 44  15 38 

 

9. FFF2 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 21 to 

60 progenies and arrhenotoky was observed in two crosses. At F10 generation, 15 pairs were 

selected and shifted to 38 °C (Table 8). 

10. AAA10 (male) x FFF2 (female) BD1: Out of 15 pairs selected, fecundity ranged from 17 to 

53 progenies and no arrhenotoky was observed. At F10 generation, 15 pairs were selected 

and shifted to 38 °C (Table 8). 
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Table 8. Number of progenies emerged from crosses made and maintained at 36 
o
C 

 

 FFF2 (male) x AAA10 

(female) AD2 36 °C 

 AAA10 (male) x FFF2 

(female) BD2 36 °C 

No. of adults emerged in F10  No. of adults emerged in F10 

1 32 1 47 

2 39 2 53 

3 47 3 41 

4 28 4 36 

5 21 5 51 

6 46 6 42  

7 44 7 39 

8 39 8 17 

9 Arrhenotoky  9 48 

10 58 10 43 

11 35 11 26 

12 45 12 29 

13 58 13 48 

14 60 14 54 

15 Arrhenotoky  15 18 
 

11. FFF2 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 14 

to 45 progenies and arrhenotoky was observed in eight crosses (Table 9). 

12. AAA10 (male) x FFF2 (female) BD1: Out of 15 pairs selected, fecundity ranged from 11 

to 48 progenies and arrhenotoky was observed in eight cross (Table 9). 
 

Table 9. Number of progenies emerged from crosses made and maintained at 38 
o
C 

 

 FFF2 (male) x AAA10 

(female) AD2 38 °C 

 AAA10 (male) x FFF2 

(female) BD2 38 °C 

No. of adults emerged in F10  No. of adults emerged in F10 

1 Arrhenotoky 1 Arrhenotoky 

2 29 2 Arrhenotoky  

3 Arrhenotoky  3 11 

4 Arrhenotoky 4 26 

5 Arrhenotoky 5 Arrhenotoky  

6 37 6 Arrhenotoky  

7 34 7 Arrhenotoky 

8 Arrhenotoky 8 37 

9 45 9 48 

10 38 10 43 

11 Arrhenotoky  11 Arrhenotoky 

12 Arrhenotoky 12 Arrhenotoky 

13 14 13 13 

14 40 14 Arrhenotoky 

15 Arrhenotoky  15 28 
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13. FFF3 (male) x AAA10 (female) (AD1): Out of 15 pairs selected, fecundity ranged from 29 

to 82 progenies. At F10 generation, 15 pairs were selected and shifted to 36 °C (Table 10). 

14. AAA10 (male) x FFF3 (female) (BD1): Out of 15 pairs selected, fecundity ranged from 28 

to 91 progenies. At F10 generation, 15 pairs were selected and shifted to 36 °C (Table 10). 

 

Table 10. Number of progenies emerged from crosses made and maintained at 34 
o
C 

 

FFF3 (male) x AAA10 (female) 

AD3 34 °C 
 

AAA10 (male) x FFF3 (female) 

BD3 34 °C 

 
No. of adults emerged in 

F10 
 No. of adults emerged in F10 

1 43 1 28 

2 29 2 46 

3 56 3 76 

4 41 4 64 

5 64 5 62 

6 62 6 52 

7 47 7 46 

8 73 8 49 

9 82 9 58 

10 79 10 91 

11 24 11 39 

12 36 12 51 

13 40 13 58 

14 45 14 37 

15 53 15 40 

 

15. FFF3 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 22 

to 71 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15 

pairs were selected and shifted to 38 °C (Table 11). 

16. AAA10 (male) x FFF3 (female) BD1: Out of 15 pairs selected fecundity ranged from 24 

to 58 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15 

pairs were selected and shifted to 38 °C (Table 11). 

 

Table 11. Number of progenies emerged from crosses made and maintained at 36 
o
C 

 

FFF3 (male) x AAA10 (female) 

AD3 36 °C 

 AAA10 (male) x FFF3 

(female) BD3 36 °C 

 No. of adults emerged in F10   No. of adults emerged in F10 

1 43 1 58 

2 29 2 39 

3 Arrhenotoky 3 36 

4 41 4 44 

5 54 5 51 
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6 Arrhenotoky  6 34 

7 48 7 31 

8 22 8 24 

9 Arrhenotoky 9 Arrhenotoky 

10 26 10 Arrhenotoky 

11 24 11 Arrhenotoky 

12 36 12 41 

13 41 13 48 

14 52 14 34 

15 74 15 50 

 

17. FFF3 (male) x AAA10 (female) AD1: Out of 15 pairs selected, fecundity ranged from 20 to 

44 progenies and arrhenotoky was observed in nine crosses (Table 12). 

18. AAA10 (male) x FFF3 (female) BD1: Out of 15 pairs selected, fecundity ranged from 16 to 

46 progenies and arrhenotoky was observed in eight crosses (Table 12). 

 

Table 12. Number of progenies emerged from crosses made and maintained at 38 
o
C 

 

FFF3 (male) x AAA10 (female) 

AD3 38 °C 

 AAA10 (male) x FFF3 (female) 

BD3 38 °C 

 No. of adults emerged in 

F10  

 No. of adults emerged in F10 

1 23 1 38 

2 29 2 Arrhenotoky 

3 Arrhenotoky 3 Arrhenotoky  

4 31 4 24 

5 44 5 41 

6 Arrhenotoky 6 Arrhenotoky  

7 Arrhenotoky 7 46 

8 Arrhenotoky 8 39 

9 Arrhenotoky 9 16 

10 Arrhenotoky 10 32 

11 34 11 Arrhenotoky 

12 20 12 Arrhenotoky 

13 Arrhenotoky 13 Arrhenotoky 

14 Arrhenotoky 14 Arrhenotoky 

15 Arrhenotoky 15 Arrhenotoky 
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ii. Greenhouse/net house trials for evaluating the performance of improved Trichogramma 

chilonis strains on cole crop insect pests (cauliflower and cabbage) 

 

 Experiments were carried out under net house conditions on cauliflower and cabbage 

crops. All the recommended agronomic package of practices were followed. Adults of P. 

xylostella and eggs of P. brassicae were introduced in the net house when the crop was two 

months old and then the improved strains of T. chilonis were released. The per cent parasitization 

was recorded. It was observed that the improved parasitoids performed as good as the wild ones 

when compared with the parasitization in open field.   

 

2. Screening for temperature tolerance in Cotton mealybug parasitoid, Aenasius arizonensis 

(Girault) (= Aenasius bambawalei Hayat) (IARI and PAU)  

 

i. PAU-Ludhiana 

 

 The specimens of mealybugs parasitized by A. arizonensis collected from different 

locations of Punjab were sent to concerned scientist at IARI New Delhi as given under:  

 

Date of collection Host Location 

4.7.15 Hibiscus Ludhiana 

14.7.15 Abutilon sp. Gurdaspur 

16.7.15 Sida sp. Fazilka 

16.7.15 Cotton Abohar 

 

ii. IARI -New Delhi 

 

 Report not received 
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2.1.3. Biodiversity of biocontrol agents from various agro ecological zones 
 

 i. AAU-Anand 

 

a. Trichogramma 

 

During 2015-16, trichocards with eggs of Corcyra cephalonica were placed on tomato, 

castor, groundnut and cotton fields for parasitism by Trichogramma in different geographical 

areas and collected after 3 days from the fields and observed in the laboratory for emergence of 

Trichogramma. Similarly, eggs of host insects A. janata were collected at fortnightly interval 

from castor. Trichogramma chilonis was the only Trichogrammatid recorded as evident from 

(Table 13). As the numbers of Trichogramma collected was very low they were multiplied 

separately in the laboratory and few samples were sent to NBAIR, Bangalore. 

 

Table 13. Biodiversity of Trichogramma  around Anand in different crops 

 

Crop 

No. of Trichogramma emerged per Installation 

(100 eggs/card) 

1
st
 2

nd
 3

rd
 4

th
 5

th
 

Tomato 1 2 2 1 2 

Castor 2 1 2 3 1 

Ground nut 1 3 2 1 0 

Cotton 2 3 3 2 1 

 

 b. Chrysoperla 

 

Geographical populations of green lacewing were collected. Chrysoperla zastrowi sillemi 

(Esben-Peterson) was found in all the locations. 

 

 c. Coccinellids  

 

Diversity of coccinellids from various crop ecosystems of the region was also studied. 

  

 d. Cryptolaemus  

 

The natural population of C. montrouzieri was observed throughout the year. Moreover, 

peak population was rich when the incidence of host was higher.  

 

 e. Spiders  

 

Total 17 spider specimens were collected, identified from paddy ecosystem and preserved as 

per the methodology given. Samples were sent to NBAIR for further studies and repository.  
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f. Insect-derived EPNs  

 

Soil samples were collected from different geographical locations. Totally 300 samples 

were processed for EPN trapping and no positive EPN sample was found. 

 

g. Isolation of native Bt isolates from soil  

  

 Isolation of B. thuringiensis was carried out as per the standard proceedure from 300 soil 

samples collected from the rhizospheres of pigeon pea, sorghum, cotton, Guwar., castor, paddy, 

banana, pearl millet, and tobacco from Panchmahal district of Gujarat. Fifty eight isolates of Bt 

were isolated from Panchmahal district.   

 

h. Anthocorids  

 

Regular surveys were carried out for anthocorid predators on thrips and mites infested plants. 

No predators were recorded.  

 

ii. AAU-Jorhat 

 

Survey, collection and diversity analysis of Trichogramma, Chrysoperla, Coccinelids, 

spiders, anthocorids and entomopathogens   

 

Locations: Jorhat district  

 

a. Trichogramma 

 

Corcyra sentinel egg cards containing 100 numbers of eggs were placed in rice, 

sugarcane, castor, tea and vegetables (Okra, brinjal, tomato and cole crops) from July to 

December, 2015 for parasitisation by Trichogramm in and around Jorhat district. The cards were 

collected after 2 days from the fields and observed in the laboratory for the emergence of 

Trichogramma spp. The recovery of Trichogramma spp. (unidentified) was made only from rice. 

 

The different stages of insect pests (egg, larvae, adult) were collected from different crop 

ecosystems (rice, sugarcane, papaya, cabbage, chilli, brinjal, tea) and kept in the laboratory for 

emergence of natural enemies, if any. The predators associated with the host plants were also 

collected. The natural enemies recovered from insect pests are presented in the following Table 

14.  
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Table 14. Bioagents collected from different crop ecosystem 

  

Crop and 

source of 

collection 

Name of Insect 
Natural enemies 

Parasitoids Predator 

Rice 

a) ICR farm, 

AAU, Jorhat 

b) Borhola, 

Jorhat 

district 

Eggs of Scirpophaga 

incertulas 

Trichogramma 

spp.(unidentified) 

collected from  

Borhola, Jorhat. No 

parasitoids recovered 

from ICR farm ,AAU, 

Jorhat 

Coccinellids (Micraspis sp.) and 

spiders like 

Oxyopes spp 

Tetragnatha spp. 

Lycosa spp. were collected from 

rice ecosystem 

Sugarcane 

Titabor, 

Jorhat 

1.Wooly aphid, 

Ceratovacuna lanigera 

 

2. Larvae of Plassy borer, 

Chilo tumidicostalis 

Encarsia 

flavoscutellum 

 

Cotesia flavipes 

Dipha aphidovora 

Chrysoperla spp. 

Papaya 
Mealy bug, Paracoccus 

marginatus 
Acerophagus papaye 

Spalgius epius, Cocinella 

septempunctata and Spiders 

(Unindentified). 

Cabbage, 

Horticultural 

farm, AAU, 

Jorhat 

DBM, Plutella xylostella 

Cabbage aphid, 

Brevicoryne brassicae 

Cotesia plutellae 

 

 

Cocinella septempunctata 

C. transversalis 

 

Hot chilli, 

Horticultural 

farm, AAU, 

Jorhat 

Aphis gossypi 
 

 

Cocinella septempunctata 

C.transversalis 

Brumoides suturalis 

Micraspis discolor 

Brinjal, 

Horticultural 

farm, AAU, 

Jorhat 

Shoot and fruit borer, 

Lucinoides orbanelis 

 

 

Predatory mite (Unidentified) 

C.transversalis 

Tea, 

Plantation 

garden, 

AAU, Jorhat 

Eggs of Helopeltis theivora Telenomus spp. Spiders, Oxyopes spp 

Okra, 

Horticultural 

farm, AAU, 

Jorhat 

Whitefly, Bemisia tabaci 

Jassid, Amrasca biguttula 

biguttula 

______________ 
Coccinella septempunctata 

C. transversalis 

Potato, 

Horticultural 

farm, AAU, 

Jorhat 

Potato aphid, Myzus 

persicae 
_______________ Micraspis spp. 

https://www.google.co.in/search?biw=1366&bih=657&q=Scirpophaga+incertulas&spell=1&sa=X&ei=rR4VVeuBNsmPuATp5oDQDg&ved=0CBkQvwUoAA
https://www.google.co.in/search?biw=1366&bih=657&q=Scirpophaga+incertulas&spell=1&sa=X&ei=rR4VVeuBNsmPuATp5oDQDg&ved=0CBkQvwUoAA
https://www.google.co.in/search?biw=1366&bih=657&q=Scirpophaga+incertulas&spell=1&sa=X&ei=rR4VVeuBNsmPuATp5oDQDg&ved=0CBkQvwUoAA
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b. Crysoperla spp. and Coccinelids 

 

 During the observation period, no chrysopids were found on rabi vegetables and 

sugarcane. A few Chrysopids were collected from sugarcane woolly aphid infested areas at 

Titabor, Jorhat. Coccinelids viz., Coccinella septempunctata, C. transversalis, Brumoides 

suturalis and Micraspis discolour were collected from cole crops, chilli, okra and potato etc. 

from horticultural farm, AAU, Jorhat.  

 

c. Spiders 

 

Different spiders were collected from different types of habitats such as grasses, moist 

places, under stones, pebbles, dead leaves, humus, bushes, on the bark and branches of trees and 

houses. The most dominant spider species collected from rice ecosystem were Oxyopes sp. 

Tetragnatha sp. Lycosa pseudoannulata and Argiope catenulate from ICR farm, AAU, Jorhat 

and Borhola, Jorhat.  

 

d. Anthocorids 

 

No anthocorid predators were detected from thrips and mite infested plants particularly 

chilli, okra, brinjal, tomato and french-bean.   

 

e. Insect derived EPN: 

  

Eight insect cadavers from rice ecosystem were collected, but all were found free from EPN.  

    

 iii. ANGRAU- Anakapalle 

 

Biodiversity of natural enemies of sugarcane, rice and maize pests: 

 

 Natural enemies of sugarcane, rice and maize pests were collected at RARS, Anakapalle 

during Rabi season, 2015 and the specimens were submitted to NBAIR.  

 

 iv. CISH-Lucknow 

 

Survey and collection of natural enemies of mango pests 

 

 Five species of Coccinellids viz., Coccinella septempunctata, Cheilomenes sexmaculata, 

Serangium parcesetosum, Chilocorus rubidus, Scymnus sp. have been observed feeding on 

mango hoppers and mealybugs. Most abundant predator was C. septempunctata followed by C. 

sexmaculata. Natural infestation of entomapathogenic fungus, Beauveria bassiana was observed 

on guava bark eating caterpillar, Inderbela quadrinotata and infested cadavers were collected 

from 8 locations and pure cultures of B. bassiana are maintained (Table 15). Entomopathogenic 

fungus, B. bassiana infesting mango mealybug was collected from the experimental farm of 

CISH, Rehmankhera. The strain named CISH-MMB-Bb1 was isolated and pure culture is 

maintained. Entomopathogenic fungi infesting mango hopper was collected from Ranchi and 
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Malda. The identities of the fungi isolated are yet to be ascertained. Four parasitoids belonging to 

families Ichneumonidae and Braconidae were collected from the mango and guava ecosystem.  

 

Table 15. Entomopathogenic fungus, Beauveria bassiana infesting guava bark eating 

caterpillar, Inderbela sp. from different locations of Uttar Pradesh 

 

Sl. No Location Strain Name 

1 Rehmankhera (Lucknow) CISH-BEC-1 

2 Sukhrakhera (Unnoa) 
CISH-BEC-2 
CISH-BEC-3 

3 Asaravekela (Allahabad) 
CISH-BEC-5 
CISH-BEC-6 

4 Hingopur (Kanpur) CISH-BEC-7 

5 Tikanpur (Kanpur) CISH-BEC-8 

6 Koulaha (Kausambhi) CISH-BEC-9 

7 Bheta (Kausambhi) CISH-BEC-10 

8 Bamrauli (Allahabad) CISH-BEC-11 

  

 v. IGKV -Raipur  

 

a. Trichogramma 

 

 Five districts namely, Raipur, Dhamtari, Rajnandgaon, Kawardha and Bilaspur were 

covered in the present study. Sentinel cards of Corcyra were placed in the agro-ecosystems of 

paddy, vegetables and legumes. The cards were sent for identification to NBAIR, Bangalore. 

 

b. Braconid sp  

 

 In order to study the type of Braconid sp existing in the Chhattisgarh agro-ecosystem, 

plastic containers with sandwiched Corcyra larvae were placed in various agro-ecosystems in 

different districts of Chhattisgarh. The parasitised larvae were kept for emergence of parasitoids 

and were sent for identification to NBAIR, Bangalore. The results are awaited. 

 

c. Entomopathogens 

 

 The infested larvae and cadavers were collected from fields of Raipur and sent for 

identification to NBAIR, Bangalore. The 14 infected samples did not yield any 

entomopathogenic fungi on isolation. 
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 vi. IIRR -Hyderabad 

 

Survey and collection of natural enemies of rice pests 

 

  Survey was made in different rice fields of Maruteru, West Godavari, Andhra Pradesh 

and at Indian Institute of Rice Research (IIRR), Hyderabad to record the pests and natural 

enemies. Samples were collected using sweep net and light trap. Three stem borer species were 

observed in the field, the yellow stem borer, Scirpophaga incertulas, the pink stem borer, 

Sesamia inferens and the dark headed borer. Three species of egg parasitoids were observed on 

eggs of S. incertulus viz., Tetrastichus schoenobii, Trichogramma japonicum and Telenomus spp. 

Spodoptera mauritia was observed in both Kharif and Rabi season. The coccinellid Micraspis 

vincta was observed in large numbers. The plant hoppers, Nilaparvata lugens, Sogatella 

furcifera and the leafhopper Nephotettix virescens were prevalent in large numbers. Egg baiting 

for egg parasitoids were carried out and presence of three species were observed viz., Anagrus 

sp, Gonatocerus sp (Mymaridae) and Oligosita sp (Trichogrammatidae). A parasitoid on grubs 

and pupae of the hispa beetle, Dicladispa armigera was collected from Himachal Pradesh and 

identified as Chrysonotomyia sp. (Eulophidae: Hymenoptera). Sixty eight per cent of grubs and 

80% of pupae were found parasitised by Chrysonotomyia sp. (Eulophidae: Hymenoptera).  

 

Data on stem borer species composition and its egg parasitoids were collected from 20 

centres of AICRP on Rice. The stem borer species composition and the egg parasitoids observed 

were reported from 15 centres (Fig 1 & Fig 2). Four species of stem borer were observed viz., 

yellow stemborer (YSB), Scirpophaga incertulas, pink stemborer (PSB), Sesamia inferens, dark 

headed borer (DHB), Chilo polychrysus and White stem borer (WSB), Scirpophaga fusciflua. 

YSB was the dominant species in twelve locations viz., Coimbatore, Chinsurah, Ghaghraghat, 

Karaikal, Karjat, Nellore, Navsari, Nawagam, Pantnagar, Ragolu, Rajendranagar and Raipur 

accounting for 67.69 -100% of the stem borer population. Of these centres, only YSB was 

reported from nine centres, excepting Rajendranagar and Raipur where PSB was observed as a 

second species accounting for 0.53 ï 3.19% and at Navsari where WSB was prevalent along with 

YSB. At Aduthurai, Ludhiana and Moncompu other species dominated over the crop season. At 

Ludhiana three species were observed, PSB being dominant accounting for 73.91%, followed by 

YSB (19.7%) and WSB (6.39%). The population of YSB (29.62%) was less than PSB (62.96%) 

even up to tillering phase and the degree of infestation by PSB has increased over the previous 

year by 20%. PSB dominated from flowering to dough stage (66.67 to 92.11%). WSB accounted 

for 7.0-11.77% in the early stages but was not prevalent during harvest stage. At Moncompu, 

three species of stem borers were recorded namely YSB, PSB and WSB. WSB dominated up to 

tillering phase with 55.00-70.00% of the population after which it declined. During reproductive 

stage YSB population increased from 30.00 to 59.3% while PSB increased from 10.00 to 20.80% 

during this period. At Aduthurai, three species (YSB PSB and DHB) were observed over three 

dates of observation 15, 30 and 45 DAT. While YSB was reported as the dominant species in 

previous years accounting for 85-100% over the crop season, data reported this year indicated 

that DHB was dominant during the observation period.  It accounted for 79.31 and 63.83% at 15 

and 30 DAT, respectively while it reduced to 33.33% at 45 DAT when YSB became dominant 

(46.67%). The observation period falls short for the tillering, flowering and dough stages and is 

not indicative of the species composition across the crop growth stages. At Navasari, two stem 

borer species were observed over three dates of observation. YSB was again dominant, 
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accounting for 67.69%, the rest being WSB 32.31%. YSB population ranged from 59.38-73.68% 

across the crop stages while WSB peaked at 90 DAT reaching 40.63% of population which is 

also higher than the population recorded in the previous year.  

 

 
 

Fig 1. Stem borer species composition at various centres 

 

Egg parasitoids of stem borer: Thirteen centres reported on the egg parasitoids of yellow stem 

borer. The egg mass parasitisation ranged from 16.11-86.74% while the egg parasitisation varied 

from 7.22 to 58.88% at various locations (Fig 2). The mean egg mass parasitisation was 43.39 

and mean egg parasitisation 35 per cent at Aduthurai over four dates of observation. The mean 

egg mass parasitisation was highest at Rajendranagar (86.74%) while the lowest was observed at 

Karjat (16.11%). The egg parasitisation was the lowest at Moncompu (7.22%) and highest at 

Chinsurah (58.88%) followed by Nawagam (37.25%). Three species of parasitoids were 

recorded and Tetrastichus schoenobii was the most prevalent parasitoid in five locations (Fig 3). 

At Aduthurai Trichogramma species was the only parasitoid observed at 15 DAT causing 10 per 

cent egg parasitisation. After this date Tetrastichus schoenobii was dominant causing up to 90 

percent egg parasitsation.  It also accounted for 100 per cent of the egg parasitoids observed at 

Nawagam, 92.75% at Chinsurah and 83.33% at Nellore. Telenomus sp. was the dominant 

parasitoid at Pantnagar, Navsari and Raipur accounting for 100, 92.86 and 41.60% respectively. 

At Moncompu, Karjat, Rajendranagar and Coimbatore, Trichogramma was the major parasitoid 

accounting for 43.41 -95.54% of the parasitoid population. The average composition of the three 

parasitoids across locations was Tetrastichus (37.68%), Telenomus (28.81%) and Trichogramma 

(33.49%). 
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Fig 2. Parasitisation of stem borer eggs at various centres, 2015 

 

Hopper species composition: This data was collected from twelve centres viz., Aduthurai, 

Coimbatore, Gangavathi, Karaikal, Maruteru, Navsari, Nawagam, New Delhi, Pantnagar and 

Pusa reported on the status of hoppers and their natural enemies. One centre viz., Aduthurai 

reported presence of population of only BPH while only WBPH populations were prevalent in 

Nawagam. All other locations had a mixed population of planthoppers. At Aduthurai BPH was 

reported among planthoppers along with GLH occurring at a very low mean population level of 

0.67 and 0.38 hoppers/hill respectively. The highest population of planthoppers was observed at 

Maruteru and Gangavathi. At Maruteru a mixed population of BPH (37.1/hill) and WBPH 

(9.06/hill) occurred while at Gangavathi the WBPH population (55.6/hill) was more than that of 

BPH (29.46/hill). The WBPH population was always higher than that of BPH population ranging 

from 13.94 ï 149.04/hill, during September to second week of November after which BPH 

population increased over WBPH. The highest population of brown planthopper occurred in 

Maruteru. Though both planthopper species were observed at Maruteru, BPH was dominant and 

built up in numbers as crop progressed from 2.60/hill to 59.60/hill whereas WBPH population 

ranged from 0-18.78/hill over the crop growth stages. At New Delhi, low incidence of BPH and 

WBPH was observed at 1.0 and 0.7 hoppers/hill respectively. 

 

Natural enemies: In general, observations on hopper natural enemies were reported from nine 

locations. The egg parasitoids of hoppers were recorded at four locations, Gangavathi, Maruteru, 

Navasari and Nawagam. At Gangavathi, the total egg parasitisation was 16.84%, with Anagrus, 

Oligosita and Gonatocerus accounting for 63.55, 33.92 and 2.53% respectively causing 13.06, 

7.96 and 2.53% parasitization in eggs. At Navasari the total egg parasitisation ranged from 

16.67-50% and a mean parasitisation of 11.6%. Anagrus accounted for 100% of the parasitoids 
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observed. 12.77% of hopper eggs were found parasitized at Nawagam and Anagrus was the only 

parasitoid observed accounting for 3.99% egg parasitisation.  

 

 

 
 

Fig 3 . Plant hopper population and their predators across locations, 2015 

 
 

  A mean egg parasitisation of 4.83% was observed at Maruteru. Oligosita was the only 

parasitoid observed. The predators of hoppers were recorded from 9 locations (Fig 3). The mean 

population of spiders and coccinellids were observed at 0.78 and 0.80/hill respectively at 

Aduthurai; At Karaikal, Spiders and coccinellid was reported at 0.10 and 0.56/hill respectively. 

The highest population of mirids was observed at Maruteru (4.64/ hill) followed by Gangavathi 

(4.29/hill). The spider population was also the highest at Gangavathi (2.10/hill).   

  

 Gall midge parasitisation was reported from two centres, Moncompu and Ragolu. At 

Moncompu the 138 galls were observed, of which 28.3% were parasitized by Platygaster sp. At 

Ragolu only 2% of galls were observed to be parasitized by the same species. 

 

vii. KAU -Thrissur  

 

Specimens of crop pests as well as their natural enemies were collected from different agro 

ecosystems of Kerala and were sent to NBAIR, Bangalore at regular intervals for identification. 

The details are given in Table 16. 
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Table 16. Details of collection of insects and their natural enemies from agro ecosystems of 

Kerala 

 

Sl. No Date No. of vials 

1 08/09/15 20 

2 07/12/15 28 

3 04/01/16 4 

4 08/02/16 32 

5 22/03/16 26 

 

viii. MPKV -Pune 

 

Survey and collection of natural enemies Trichogramma, Chrysoperla, Cryptolaemus, 

spiders and entomopathogens   

 

The insect pests of crops and biocontrol agents including parasitoids, predators and 

microorganisms associated with them were collected from fields of horticultural crops in MPKV 

jurisdiction from ten districts in western Maharashtra as per the protocol given in the technical 

programme of 2015-16. The specimens were brought to the laboratory, reared up to adult 

emergence, identified locally and maintained for record, whereas unidentified specimens of 

bioagents are sent to NBAIr, Bangalore for identification. 

 

a. Trichogramma- Sentinel cards with the eggs of Corcyra cephalonica (100 eggs/ card) were 

displayed at seven locations in a cropped area for 24 hrs in cotton, pigeon pea, sugarcane, 

maize, soybean, tomato and paddy and repeated at fortnightly intervals during pest activity. 

The parasitized cards were maintained for Trichogramma emergence. 

b. Chrysoperla- From custard apple, at least 20 live individuals (eggs/ larvae/ adults) were 

collected from five geographic locations. 

c. Cryptolaemus- Live individuals (larvae/ adults) were collected from five geographic 

locations. 

d. Spiders- Collected spiders and the specimens are preserved in 70% ethyl alcohol in screw 

cap tubes. 

e. Entomopathogens - The cadavers of insects infected by entomopathogens collected in dry 

sterile vials. 

 

 The natural enemies recorded were Coccinellids, Coccinella septempunctata L. 

Menochilus sexmaculata (F.), Scymnus sp, Encarsia flavoscuttellum, Dipha aphidivora Meyrick, 

Micromus igorotus Bank., syrphids on SWA in sugarcane, Coccinella transversalis F., M. 

sexmaculata, Brumoides suturalis (F.), Scymnus coccivora Ayyar, Triomata coccidivora and B. 

suturalis in mealy bug colonies on custard apple, Acerophagus papayae N& S, Pseudleptomastix 

mexicana and  Mallada boninensis Okam and Spalgis epius on papaya mealy bug.  

 

The parasitism of Trichogramma was attempted to record in crops like cotton, maize, 

soybean, sugarcane, paddy and tomato in Pune region through display of sentinel egg-cards of 

Corcyra but it was not observed. The chrysopid, Chrysoperla zastrowisillemi Esb was recorded 
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in cotton, maize, French bean, Rabi jowar and brinjal while M. boninensis on cotton, sunflower, 

French beans, mango and papaya. The Cryptolaemus adults were recovered from the pre-

released plots of custard apple and papaya. The entomopathogens particularly the cadavers of S. 

litura and H. armigera infected with Nomuraea rileyi, Metarhizium anisopliae, SlNPV, HaNPV 

were collected from farmerôs field on soybean, potato and pigeon pea (Table 17). 

 

Table 17. Natural enemies recorded from western Maharashtra 

 

Sl. 

No. 
Natural Enemies Crop Remarks /Natural enemies identified 

1 
Trichogramma 

 

Cotton, pigeon pea 

sugarcane, soybean, 

maize, paddy and 

tomato 

Sentinel cards of Corcyra eggs for 

Trichogramma were displayed in the 

fields from April 2015 to March, 2016 

at various crop stages and prevalence of 

caterpillar pests, but   parasitoids were 

not recovered. Most of the places eggs 

of Corcyra on sentinel cards were eaten 

by spiders. 

2 

Chrysopid 

Chrysoperla 

zastrowi sillemi 

Esben-Petersen 

Mallada boninensis 

Okam. 

Cotton, maize, 

brinjal, Okra and 

French bean 

Cotton, French bean, 

sunflower, papaya 

and  mango 

The eggs, grubs and adult stages were 

collected and identified locally 

The species were recorded from aphid 

colonies on cotton and identified locally. 

3 

Cryptolaemus 

montrouzieri 

Mulsant 

Custard apple and 

papaya 

The grubs and adult stages were 

collected and identified locally 

 

4 Spiders 

Cotton, sugarcane,  

maize, soybean, 

papaya, brinjal, 

ladyôs finger, French 

bean and mango 

The specimens were collected 

5 

(a) 

Entomopathogens 

Nomuraea rileyi 
Soybean and potato 

 

Nomuraea rileyi diseased cadavers of S. 

litura were collected and isolated the 

pathogen in laboratory. 

(b) 
SlNPV/HaNPV 

 

Potato and capsicum 

Tomato and pigeon 

pea 

Ha NPV and Sl NPV infected larvae of 

H. armigera were collected. 

 

(c) 

Metarhizium 

anisopliae 
Mango 

Mango hoppers infected with M. 

anisopliae were collected and isolated 

pathogen in laboratory. 
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ix. PAU-Ludhiana 

 

1. Natural enemy complex of rice yellow stem borer and leaf folder  

 

  The seasonal incidence of sucking as well as lepidopteran pests was recorded on rice 

variety PR 114 at Punjab Agricultural University (PAU), Ludhiana. The crop was sown in first 

week of May, 2015 and was transplanted in June 2015. The seedlings were transplanted with 

inter and intra row spacing of 20 x 15 cm. The crop was kept unsprayed throughout the cropping 

season. All agronomic practices recommended by Punjab Agricultural University, Ludhiana 

were followed to raise the crop except for crop protection measures. Observations were recorded 

from 20 randomly selected plants at weekly intervals for leaf folder damage, dead hearts (DH), 

plant hoppers population starting after 30 days of transplanting. The data on number of white 

ears (WE) was recorded once at crop maturity. The population of predators was recorded on 

whole plant basis. The population of spiders was also recorded using pit fall traps. Different life 

stages i.e., egg, larvae and pupae of rice stem borer and leaf folder were collected and brought to 

the laboratory to record parasitism.  

 

Among the lepidopteran insect pests, the population of leaf folders varied from 0.0 to 0.3 

larvae per plant. The incidence of damaged leaves due to leaf folder ranged from 0.0 to 6.2% 

throughout the cropping season (Table 18). The overall incidence of stem borers in terms of 

dead hearts remained low throughout the cropping season and it ranged from 0.00 to 2.2 per cent. 

The incidence of white ears was 2.1% which was recorded at maturity. Among the sucking pests, 

the population of plant hoppers i.e., brown plant hopper and white-backed plant hopper was 

recorded nil throughout the season.  

 

 Among predators, dragonflies, damselflies, coccinellids and spiders were recorded 

(Table 18). The population of dragonflies and damselflies varied from 0.0 to 0.2 and 0.0 to 1.3 

per plant, respectively. The population of spiders varied from 0.0 to 0.9 spiders per plant during 

the season with maximum population (0.9 spiders/plant) during 38
th
 SMW (3

rd
 week of 

September). The population of spiders in pitfall collection varied from 0.0 to 7.2 spiders/trap 

during the season with maximum population (7.2 spiders/trap) during 38
th
 SMW (3

rd
 week of 

September).  

 

Among the parasitoids, nine species of parasitoids were found associated with stem borer 

and leaf folder (Table 19). Three species of egg parasitoids, namely, T. chilonis, T. japonicum 

and Telenomus sp were recorded from stem borer only. The natural parasitism in the eggs of 

stem borer ranged from 4.89 to 22.15%. Stenobracon nicevillei was recorded from stem borer 

larvae and Cotesia sp was recorded from leaf folder larvae. Bracon sp was associated as larval 

parasitoid with both stem borer and leaf folder and the parasitism in the larvae of these pests 

varied from 3.84 to 5.46%. Among the pupal parasitoids, Brachymeria sp, Tetrastichus sp and 

Xanthopimpla sp were recorded from the pupae of stem borer whereas Brachymeria sp, 

Tetrastichus sp were also recorded from leaf folder. The parasitism varied from 1.66 to 4.34% in 

the pupae of stem borer and leaf folder. 
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Table 18. Seasonal abundance of sucking insect pests and their natural enemies in rice under unsprayed conditions at 

Ludhiana during 2015 

 

 

Standard 

Met. Weeks 

Leaf folder Damage 

Stem 

borer 

damage 

Plant hoppers 

population/ 

plant 

No. of 

Grass 

hoppers

/plant 

Predators population/plant 
Pitfall  

collection 

No. of 

larvae 

/plant 

Damaged 

leaves (%) 

DH 

(%) 

WE 

(%) 
BPH WBPH Dragonfly Damselfly Spiders Spiders/ trap 

32 0.3 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 

33 0.0 0.4 1.5 0.0 0.0 0.0 0.0 0.0 0.6 0.6 0.6 

34 0.1  0.4 1.4 0.0 0.0 0.0 0.0 0.1 0.0 0.5 0.8 

35 0.0 0.2 2.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.5 

36 0.0 0.4 1.9 0.0 0.0 0.0 0.0 0.0 0.8 0.4 1.0 

37 0.2 1.0 1.7 0.0 0.0 0.0 0.0 0.2 1.3 0.0 7.2 

38 0.0 0.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.9 6.6 

39 0.0 0.5 2.2 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 

40 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 0.0 1.6 
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Table 19. Parasitoids of rice stem borer and leaf folder at Ludhiana during 2015 

 

Parasitoids Host Parasitism (%) 

A. Egg Parasitoids  

-  Trichogramma 

chilonis 

-  T. japonicum  

-  Telenomus sp  

 

Scirpophaga incertulas 

S. incertulas  

S. incertulas 

 

6.75 

4.89 

22.15 

B. Larval Parasitoids 

-  Stenobracon 

nicevillei 

-  Bracon sp 

- Cotesia sp 

 

S. incertulas 

Cnaphalocrocis medinalis  

S. incertulas & C. medinalis 

 

5.46 

3.84 

5.02 

C. Pupal Parasitoids 

-  Tetrastichus  sp 

-  Brachymeria sp  

- Xathopimpla sp 

 

S. incertulas & C. medinalis  

S. incertulas & C. medinalis 

S. incertulas 

 

4.34 

2.19 

1.66 

 

2. Isolation of entomopathogens from soil samples collected from different districts of 

Punjab 

 

 Thirty one rhizosphere soil samples were collected from different areas of survey and 

placed in plastic containers with lid and processed for isolation of EPF and bacteria. For 

isolation of EPF, Galleria bait method was employed and for isolation of Bacillus bacteria 

standard protocol for isolation was employed. Entomopathogenic fungi were isolated from  

soil samples collected from brinjal, turmeric, cauliflower, maize, sorghum and rice fields of 

Fatehgarh Sahib, Sangrur, Pathankot and Barnala, respectively, while  Bacillus bacteria was 

isolated from soil samples collected from pigeonpea, barseem, chickpea, wheat and potato 

fields of  Barnala, Patiala, SAS Nagar, Amritsar and Ludhiana, respectively (Table 20). 

Slants of these microorganisms were sent to NBAIR, Bangalore for confirmation and 

identification. Ten samples were received on 18th April, 2016 at NBAIR, Bengaluru and are 

under process of identification.  

 

Table 20. Mapping of microbials from soil samples collected from different districts of 

Punjab (2015-2016) (PAU) 

 

Sl. 

No 
District  Location 

Distance 

from HQ  

(km) 

Date of 

survey 
Host crop GIS data 

Microbial 

isolate 

1 
Barnala 

 
Sanghera 69.7 km 

August 

2015 
Pigeonpea 

30
0
 39ǋ N 

75
0
 55ǋ E 

Bacteria 

2 
Fatehgarh 

Sahib 
Khamanon 59.5 km 

August 

2015 
Brinjal 

30Á82ôN 

76Á35ôE 
Fungus 

3 Sangrur Katron 73.4 km 
July 

2015 
Turmeric 

30
0
12ôN 

75
0
53ôE 

Fungus 

4 Patiala Rajpura 92 km 
January 

2016 
Barseem 

30
0
 20ǋ N 

76
0 
23ǋE 

Bacteria 

5 Sangrur Malerkotla 47.8 km 
February 

2016 
Cauliflower 

30
0
 31ǋN 

75
0
 51ǋ E 

 

Fungus 
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6 Pathankot Mangani 170.8 km 
July 

2015 
Maize 

32Ü17ôN 

75Ü42ôE 
Fungus 

7 Barnala Sanghera 69.7 km 
July 

2015 

Sorghum 

 

30
0 
38ǋ N 

75
0
 42ǋ E 

 

Fungus 

8 
SAS 

Nagar 
Gharuan 78 km 

December 

2015 
Chickpea 

30
0
 44ǋ N 

76
0 
38ǋ E 

Bacteria 

9 Amritsar 

Amritsar  

(Khalsa 

college ) 

140 km 
February 

2016 
Wheat 

31
0
 37ǋ N 

35
0
 18ǋ E 

Bacteria 

10 Ludhiana PAU 0 km 
January 

2016 
Potato 

30
0 
54ô N 

75
0 
51ô E 

Bacteria 

 

3. Mapping of EPN diversity in Punjab  

 

 For EPN diversity, 50 soil samples were collected from different locations of Punjab 

(Bathinda, Mansa, Fazilka, Ludhiana, Pathankot, Samrala, Malerkotla and Gurdaspur) during 

2015. Galleria bait method was used for the isolation of native EPN strains. Out of these 

samples, EPNs have been recovered from 10 samples (Table 21). The samples have been 

sent to Aligarh Muslim University, Aligarh for morphological identification. 

 

Table 21. EPNs isolated from soil samples collected from different locations of Punjab 

(2015) 

 

Sl. 

No. 
Code 

Date of 

collection 
Location District  GPS 

1 PAU- 28 21.8.15 Raikot Barnala 
30Á 48.586ǋ  N 

75Á 39.425ǋ E 

2 PAU - 36 24.8.15 Joga Mansa 
30Á 04.788ǋ  N 

75° 25.488ǋ E 

3 PAU - 39 24.8.15 Bhagi Wander Bathinda 
30Á 02.626ǋ  N 

75Á 03.078ǋ E 

4 PAU - 40 24.8.15 
Jeewan Singh 

wala 
Bathinda 

30Á 04.430ǋ  N 

75Á 01.540ǋ E 

5 PAU - 44 4.9.15 Samrala Ludhiana - 

6 PAU - 47 16.8.15 
PAU 

field area 
Ludhiana 

30Á 54.236ǋ  N 

75Á 46.929ǋ E 

7 PAU - 48 21.8.15 Issowaal Ludhiana 
30Á 54.141ǋ  N 

75Á 48.025ǋ E 

8 PAU - 49 16.8.15 
PAU 

field area 
Ludhiana 

30Á 54.054ǋ  N 

75Á 47.223ǋ E 

9 PAU - 52 21.8.15 Sudhar Ludhiana 
30Á 48.605ǋ  N 

75Á 39.417ǋ E 

10 PAU - 57 23.8.15 

Entomological 

Research Farm 

(PAU) 

Ludhiana 
30Á 53.954ǋ  N 

75Á 48.251ǋ E 

 

  A total of 10 insect samples were sent to NBAIR for repository maintenance. Seven 

samples will be submitted during the workshop. A new Eulophid parasitoid, Oomyzus 

scaposus (Hymenoptera: Chalcidoidea: Eulophidae: Tetrastichinal) (as identified by Forest 
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Entomology Division, FRI Dehradun) has been recorded from Coccinella septumpunctata and 

Cheilomenes sexmaculatus pupae on wheat and Brassica crops from Punjab. 

 

 x. PJTSAU-Hyderabad 

 

Survey, collection and diversity analysis of Trichogramma, Chrysoperla, Goniozus, 

Braconid species, Cryptolaemus, spiders and entomopathogens from Telengana state 

 

a. Trichogramma 

 

 Ten geographical populations were collected from different crop ecosystems by 

placing sentinel cards with eggs of Corcyra cephalonica. Eggs of insect pests were also 

collected from different crops and maintained for the emergence of Trichogramma. Adults of 

Trichogramma emerging from these eggs were supplied with freshly laid, UV treated 

Corcyra eggs for parasitisation. Freshly parasitized eggs and live Trichogramma with UV 

treated Corcyra eggs were sent in suitable aerated containers to NBAIR, Bangalore. The 

cultures were also maintained at the centre. Dead Trichogramma were preserved in 70% 

alcohol and sent to NBAIR, Bangalore for identification. Trichogramma were collected from 

different crop ecosystems viz., rice, sugarcane, cotton, castor, cashew, tea, ground nut, castor, 

maize and sunflower.   

 

b. Chrysoperla  

 

 Five geographic populations (at least 20 in each population) were collected and live 

individuals (eggs/larvae/adults) were sent by speed post to NBAIR, Bangalore in proper 

aerated containers. 

 

c. Goniozus and Braconid species  
 

 Five geographical populations were collected in coconut growing areas and live 

individuals were sent by speed post to NBAIR, Bangalore  

 

d. Cryptolaemus  

 

 Five geographical populations were collected and live individuals (eggs/larvae/adults) 

were sent by speed post to NBAIR, Bangalore.  

 

e. Entomopathogens  

 

 The cadavers of insects infected by entomopathogens were collected in dry sterile 

vials and were sent to NBAIR, Bangalore by speed post for identification. No samples of 

entomopathogens were received at NBAIR, Bengaluru. 
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Table 22. Details of the batches of the Bio Agent samples sent to NBAIR during Kharif 

&  Rabi 2015-16 

 

Sl. No. Consignment No. Period of  Collection 

1. PJTSAU/KH/RNR/15-16/1 July, 2015 

2. PJTSAU/KH/RNR/15-16/2 August, 2015 

3. PJTSAU/KH/RNR/15-16/3 October, 2015 

4. PJTSAU/KH/RNR/15-16/4 November, 2015 

 

 xi. SKUAST-Srinagar 

  

 Survey and collection of natural enemy complex of pests of apple (Stem borer, San Jose 

scale, mite and other pests), apricot (borer from Ladakh and other pests), plum, pear, 

peach, cherry, walnut and almonds  

 

A total of eighteen parasitoids and predators belonging to the orders Coleoptera, 

Diptera, Hymenoptera and Mesostigmata were collected during the surveys conducted in 

various fruit orchards from different districts of Kashmir and Laddakh during 2015-16. 

Among these (Plates 4-9), a majority of natural enemies were found on apple, associated with 

different insect pests. Nine natural enemies were recorded for the first time from Kashmir, in 

association with different insect pests which are as follows: i) an unidentified braconid on 

apple leaf miner (Lyonetia sp.)   ii) Cryptogonus schraiki (Coleoptera: Coccinellidae) with 

apple aphid (Aphis pomi) iii) Harmonia dimidiata on Walnut aphid (Panaphis juglandis) iv) 

Pachyneuron sp. on braconid parasitizing aphid on pomegranate v) unidentified tachinid from 

pomegranate fruit borer vi) Harmonia eucharis with aphids on Pomegranate, vii) Harmonia 

dimidiata viii) an unidentified syrphid and ix) Metaphycus sp. (Hymenoptera: Encyrtidae) on 

Lecanium scale on plum. Chilocorus infernalis was found actively associated with Lecanium 

scale on plum. Taxonomical identifications of Metaphycus sp. (Hymenoptera : Encyrtidae) 

and Harmonia eucharis (Coleoptera: Coccinellidae) were done by Dr. Sudhir Singh, Head, 

Division of Forest Entomology, F.R.I., Dehradun (India) and  Dr. Poorani, J. Principal 

Scientist, NBAIR respectively. 

  

 xii. TNAU-Coimbatore 

 

Survey and collection of natural enemies of different crop pests, Trichogramma, 

Chrysoperla, and Cryptolaemus  

 

Natural enemies viz., Trichogramma, Chrysoperla, Cryptolaemus, and parasitoids of 

papaya mealybug, scales and curry leaf psyllid were collected and sent for identification and 

documentation. Sixty one insect samples of insect pests and natural enemies preserved in 70 

% alcohol were despatched to NBAIR for identification. The activity of egg parasitoid, 

Trichogramma sp. parasitizing fruit borer of tomato, bhendi and shoot and fruit borer of 

brinjal and  the leaf roller of curry leaf and predators, Cryptolaemus montrouzieri , 

Chrysoperla zastrowi sillemi on mealybug, scales, psyllids infesting the crops namely 

tapioca, papaya, brinjal, guava and curry leaf were noted. 
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 xiii. YSPUHF-Solan 

       

 Survey and collection of natural enemies of coconut black headed caterpillar, 

Trichogramma, Chrysoperla, Cryptolaemus and spiders 

 

Diversity of biocontrol agents from various agroecological zones 

 

a. Name of Insect: Coccinellids  

 

Geographical & other details Coccinellids 

Scientific name of the insect 

Hippodamia varigieta, 
Coccinella septempunctata, 
Cheilomenes sexmaculata, 
Coccinella luteopicta, 
Propylea lutiopustulata, 
Chilocorus infernalis, Stethorus sp 

Common name of the insect Lady birds 

Location 
Rekongpeo (310 Km), Sangla (330 Km) 
and Rakchham (345 Km) of dist. 
Kinnaur 

Taluk, district & Agro- climatic zone Dry temperate high hills 

Distance from the HQ 310-345 Km 

Date of survey June to November 

Host crop/ sole crop/ intercrop/ etc. Apple and wild flora 

Stage of the crop Leaf fall stage  of apple 

Insect pest 
Aphids, mites and  San Jose scale of 
apple aphids on wild flora 

Weather parameters recorded (max, min temp; 
rainfall, no. of rainy days) 

- 

GIS data 2300, 2800 and 2900 m AMSL 

Pesticide usage pattern - 
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b. Name of Insect: Coccinellid and staphylinid beetles 
 

Geographical & other details Coccinellid and staphylinid beetles 

Scientific name of the insect 

Coccinella septempunctata, C. transversalis, 

Hippodomia variegata, Cheilomenes sexmaculata, 

Oenopia kirbyi, O. sauzeti, O. sexareata,  Illeis sp, 

Coelophora bisselata, Pharoscymnus flexibilis Scymnus 

posticalis, Stethorus sp, Oenopia conglobata, 

Chilocorus circumdatus, Calvia punctata, Phrynicaria 

unicolor, Illeis sp nr confusa, Ortalia sp, an unidentified 

scymnini and Oligota sp 

Common name of the insect Lady birds and rove beetles 

Location Solan and surrounding areas 

Taluk, district & Agro- climatic 
zone 

Sub temperate 

Distance from the HQ Upto 35 Km 

Date of survey Between March and November 

Host crop/ sole crop/ 
intercrop/ etc. 

Cabbage, cauliflower, mustard, cucurbits,  capsicum, 
tomato, okra, brinjal, rose carnation, Unimus, 
chrysanthemum, stone fruits, ashwagandha and weeds 

Stage of the crop Vegetative and flowering stage 

Stage of the insect pest 
Nymphs and adults of different aphids, whiteflies, 
scales and mites. 

Weather parameters 
recorded (max, min temp; 
rainfall, no. of rainy days) 

- 

GIS data 1200-1500 m AMSL 

Pesticide usage pattern - 
  

 c. Name of Insect: Coccinellid beetles 
 

Geographical & other details Coccinellid beetles 

Scientific name of the insect 
Coccinella septempunctata, Hippodomia 

variegata, Cheilomenes sexmaculata, O. sauzeti, 

O. sexareata and scymnus sp. 

Common name of the insect Lady birds 

Location Kullu valley 

Taluk, district & Agro- climatic zone Sub temperate and  temperate 

Distance from the HQ 220- 270 Km  

Date of survey September 

Host crop/ sole crop/ intercrop/ etc. Vegetables, ornamentals, fruits and weeds 

Stage of the crop Vegetative and flowering stage 

Stage of the insect pest Nymphs and adults of homopterans 

Weather parameters recorded (max, 
min temp; rainfall, no. of rainy days) 

- 

GIS data 1200-2450 m AMSL 
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Pesticide usage pattern - 

d. Name of Insect: Coccinellid beetles 

 

Geographical & other details Coccinellid beetles 

Scientific name of the insect 

Coccinella septempunctata, 

Hippodomia variegata, Cheilomenes 

sexmaculata, Propylea lutiopustulata,  

Common name of the insect Lady birds 

Location Nerwa and Chopal 

Taluk, district & Agro- climatic zone Sub temperate and  temperate 

Distance from the HQ 270 and 245 Km 

Date of survey September-October 

Host crop/ sole crop/ intercrop/ etc. Vegetables, ornamentals and apple 

Stage of the crop Vegetative and flowering stage 

Stage of the insect pest Nymphs and adults of homopterans 

Weather parameters recorded (max, min temp; 
rainfall, no. of rainy days) 

- 

GIS data 1600-2200 m AMSL 

Pesticide usage pattern - 
 

e. Name of Insect: Predatory mites 

 

Geographical & other details Predatory mites 

Scientific name of the insect 

Euseius eucalypti, Ambluseius herbicolus,  
Agistimus fleschneri, Amblyseius sp., 
Euseius alstoniae, 
Euseius prasadi, Typhlodromus mori,  
Neoseiulus paspalivorus 

Common name of the insect Predatory mites 

Location Solan, Nerwa and Chopal 

Taluk, district & Agro- climatic zone Sub temperate to temperate 

Distance from the HQ 20-270 Km 

Date of survey March - October 

Host crop/ sole crop/ intercrop/ etc. 
Tomato, cucumber brinjal, Rose, Plum, Apple, 
Apricot and Toona 

Stage of the crop Vegetative stage 

Stage of the insect pest All stages of spider mite 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

- 

GIS data 1200-2200 m AMSL 

Pesticide usage pattern - 
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f. Name of Insect: Chrysoperla 

 

Geographical & other details Chrysoperla 

Scientific name of the insect Chrysoperla zastrowi sillemi 

Common name of the insect Green lace wing 

Location  Solan, Nerwa, Kullu and Rekongpeo  

Taluk, district & Agro- climatic zone Sub temperate to dry temperate zone 

Distance from the HQ 30-300 Km 

Date of survey March-November 

Host crop/ sole crop/ intercrop/ etc. Rose, apple and cucumber 

Stage of the crop Vegetative growth and Fruit bearing 

insect pests Aphids and whiteflies  

Weather parameters recorded (max, min temp; 
rainfall, no. of rainy days) 

- 

GIS data 1200-2200 m AMSL. 

Pesticide usage pattern - 

 

g. Name of Insect/ microbial agent: Syrphid flies  

 

Geographical & other details Syrphid flies 

Scientific name of the insect 

Episyrphus balteatus, Metasyrphus confrator,  
Eupeodes frequens, Melanostoma univitatum, 
Betasyrphus serarius, Sphaerophoria indiana, 
Ischiodon scutellaris and Scaeva pyrastri 

Common name of the insect Syrphid flies, hover flies 

Location 
Ghumarwin, Solan,  Nerwa, Kullu and 
Rekongpeo 

Taluk, district & Agro- climatic zone Sub-tropical to temperate 

Distance from the HQ 10-300 Km 

Date of survey March - November 

Host crop/ sole crop/ intercrop/ etc. Different flowering plants 

Stage of the crop flowering stage 

Stage of the insect pest Adults 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

- 

GIS data 500-2200 m AMSL 

Pesticide usage pattern - 
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h. Name of Insect/ microbial agent: Apple root borer/ infected larvae 

 

Geographical & other details Apple root borer/ infected larvae 

Scientific name of the insect Dorysthenes hugelii 

Common name of the insect Apple root borer  

Location Solan,  Nerwa,  Kullu and Rekongpeo 

Taluk, district & Agro- climatic zone Sub temperate to dry temperate 

Distance from the HQ 10-370 Km 

Date of survey March - November 

Host crop/ sole crop/ intercrop/ etc. Bearing plants 

Stage of the crop  

Stage of the insect pest Adults and larvae 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

- 

GIS data 1200-2200 m AMSL 

Pesticide usage pattern - 

 

i. Name of Insect: Thrips  

 

Geographical & other details Thrips 

Scientific name of the insect 

Thrips tabaci, T. palmi, T. flavus, T. flavidulus, 
T. carthami, T. alatus, T simplex, T hawaiiensis, 
T. florum, Taeniothrips sp, Scirtothrips dorsalis, 
Haplothrips tenuipennis and H. clarisetis. 

Common name of the insect Thrips 

Location Solan, 

Taluk, district & Agro- climatic zone Sub temperate 

Distance from the HQ Up to 30 Km 

Date of survey March - November 

Host crop/ sole crop/ intercrop/ etc. Different horticultural crops 

Stage of the crop flowering stage 

Stage of the insect pest Adults 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

- 

GIS data 1200-1400 m AMSL 

Pesticide usage pattern - 
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j . Name of Insect/ microbial agent: Parasitoids of coccinellids 

 

Geographical & other details Parasitoids of coccinellids 

Scientific name of the insect 
Pediobius foveolatus, Nothosurphus mirabilis 

and Dinocalpus coccinellae 

Common name of the insect Parasitoids of coccinellids 

Location Solan and surroundings 

Taluk, district & Agro- climatic zone Sub-temperate 

Distance from the HQ Upto 30 Km 

Date of survey March to October 

Host crop/ sole crop/ intercrop/ etc. Different vegetable and fruit crops 

Stage of the crop Vegetative and flowering stage 

Host insects 
Megalocaria delatata, Hippodamia variegata 
and Coccinella septempunctata, respectively. 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

- 

GIS data 1200 ς 1400 m AMSL 

Pesticide usage pattern  
 

k. Name of Insect/ microbial agent: Parasitoids of DBM 

 

Geographical & other details Parasitoids of DBM 

Scientific name of the insect 
Diadegma sp, Cotesia vestalis and Diadromus 
collaris 

Common name of the insect DBM parasitoids 

Location Solan and surroundings 

Taluk, district & Agro- climatic zone Sub-tempeate 

Distance from the HQ  

Date of survey March- April 

Host crop/ sole crop/ intercrop/ etc. Cauliflower and cabbage 

Stage of the crop Vegetative 

Host insects Larvae and pupae of Plutella xylostella 

Weather parameters recorded (max, min 
temp; rainfall, no. of rainy days) 

 

GIS data 1200-1400 m AMSL 

Pesticide usage pattern  

 

 Besides above mentioned natural enemies, Orius sp.and Anthocoris sp. were collected 

from peach trees. Baryscapus galactopus and an unidentified pteromalid were collected as 

hyperpasitoids of Cotesia glomerata parasitizing Pieris brassicae in cauliflower. Campoletis 

chloridae was reared from field collected larvae of Helicoverpa armigera.  
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Trichogramma: Eggs of Helicoverpa armigera (from), Plutella xylostella and Pieris 

brassicae (from cauliflower and cabbage) were collected periodically and brought to the 

laboratory for Trichogramma emergence. Sentinel cards having UV eradiated Corcyra eggs 

were also placed in the fields of tomato, carnation, rose, peas and antirrhinum for 

trapping/collection of Trichogramma but no Trichogramma was trapped/ collected from any 

of the cropping system.  

 

Insect derived EPNs: Soil samples were collected from apple orchards infested with root 

borer grubs. The experiment was conducted in the laboratory for trapping EPNs as per the 

protocol supplied by NBAII, Bangalore, but no EPNs were collected/ trapped from any 

location. 

 

Entomopathogens: Cadavers of apple root borer, Dorysthenes hugelii from the basins of 

apple plant were collected from experimental plants in Nerwa area of district Shimla. 

 

 viv. UAS-Raichur 

 

Survey and collection of Trichogramma, Chrysoperla and Cryptolaemus  
 

 Trichogramma spp were collected by keeping sentinel cards in different crop 

ecosystem at every fortnight interval, after 24 hours sentinel cards collected back to the 

laborotary and kept for emergence. Chrysoperla grubs are collected from different crop 

ecosystem and kept in laborotary for to become adult by providing sufficient food. 

Cryptolaemus montrouzieri and parasitoids of tomato pinworm, Tuta absuluta (Meyrick) 

were collected and the same was sent to NBAIR, Bengalure for identification. 

 

 2. Surveillance for alien invasive pests in vulnerable areas (AAU-A, AAU-J, KAU, 

MPKV and YSPUHF) 

 

AAU-Anand 

 

 Periodic surveys were carried out. New invasive pest of tomato South American 

pinworm, Tuta absoluta and papaya mealybug, Paracoccus marginatus were recorded. 

 

AAU-Jorhat 

 

 Periodic surveys were carried out from August, 2015 in the district of Jorhat, Assam 

for alien invasive pests. Except Paracoccus marginatus infesting papaya and ornamental 

plants (marigold, croton, hibiscus, ornamental tapioca etc.), none of the invasive pests listed 

above were found. Regular surveys was also done in the vegetable market yard of  Jorhat at 

weekly intervals to detect the presence alien invasive pests of fruits and vegetables, but no 

infestation was observed during the survey period. 

 

KAU -Thrissur  

 

 No invasive pests have been collected from any of the locations surveyed. 

 

MPKV -Pune 
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The field as well as horticultural cropped area and ornamental plantations were surveyed 

in western Maharashtra covering five agro-ecological zones and the fields and orchards in 

Pune region were frequently visited for the record of pests species viz., coconut leaf beetle 

Brontispa longissima, spiralling white fly Aleurodicus dugessi, mealy bugs Phenacoccus 

manihoti, Paracoccus marginatus, Phenacoccus madeirensis, Pseudococcus jackbeardsleyi 

and other alien invasive pests. These alien insects are already causing considerable losses to 

several crops in the neighboring countries.  The stages of Pseudococcus jackbeardsleyi and 

Paracoccus marginatus W. and G. were collected for record of natural enemies. The pests 

infested fruits and vegetables were collected from city market yards and investigated in the 

laboratory for alien invasion of pest species and natural enemies. 

 

 Amongst the target pests, Tuta absoluta was recorded on Tomato in Junnar Tahsil of 

Pune district. Papaya mealybug, Paracoccus marginatus W & G was observed in the papaya 

orchards on main host papayain western Maharashtra along with the encyrtid parasitoid, 

Acerophagus papayae N & S, Pseudleptomastix mexicana and Spalgis epius and nine 

coccinellids, anthocorids, chrysopids, syrphids and spiders in Dhule and Pune region.  

  

 YSPUHF-Solan 

 

 Different vegetable and fruit ecosystems at Solan, Ghumarwinn Sundernagar, Mandi, 

Kullu, Manali, Nerwa, Rekongpeo, Sarahan, were surveyed for the collection of pests like, 

Aleyrodicus digessi, Phenacoccus manihoti, Paracoccus marginatus, Phenacoccus 

madeirensis and Tuta absoluta but only Tuta absoluta was recorded from tomato at Nauni, 

Solan (HP).      
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2.2. Biological control of plant diseases using antagonistic organisms 
 

1. Field evaluation of the promising Trichoderma, Pseudomonas and Bacillus isolates for 

the management of diseases and improved crop growth in rice, chickpea and pea 

(GBPUAT) 

 

i. Rice 

 

A field experiment was conducted at Crop Research Centre, Pantnagar to evaluate 

eight potential bioagents on the rice var. Pant Dhan-14 during June-Nov. 2015 for 

improvement of plant vigour and management of rice diseases. The bioagents were applied as 

soil application in nursery beds and in field before planting (FYM colonized with bio-agents 

@ 10 q/ha mixed in quantity of FYM to be applied by the farmers), seed bio-priming (10 g or 

10 ml/kg seed), seedling root dip treatment (10 g or 10 ml/lit water) and as three foliar sprays 

(10 g or 10 ml/lit water): 1
st
 at 45 DAS, 2

nd
 at 70 DAS and 3

rd
 at 95 DAS. The experiment 

was laid in a randomized block design in three replications with a plot size of 2 x 3 m
2. 

 

Plant vigour at seedling stage: In nursery beds, significantly maximum fresh weight was 

observed with Bacillus sp. (4.87 g/ seedling). Significantly maximum dry weight was 

observed with PBAT-3 (1.48 g/seedling) followed by Psf-173 (1.44 g/seedling) and TCMS-9 

(1.41 g/seedling) which were at par with each other but significantly different from control 

(0.78 g/seedling). Significant maximum seedling length was observed with PBAT-3 (53.0 

cm) followed by TCMS 36 (51.64 cm), Psf-2 (51.62 cm) TCMS-9 (51.31 cm) and Bacillus 

sp. (51.23 cm) which were at par with each other but was significantly different from the 

control (41.48 cm) (Table 23). 

 

Table 23. Efficacy of promising bio-agents on the growth of rice seedlings (var. Pant 

Dhan-4) in the nursery  

 

Treatment 
Fresh Weight* 

(g/seedling) 

Dry weight*  

(g/seedling) 

Length*  

(cm) 

TCMS 43  4.43 1.23 45.76 

TCMS 36  4.17 1.12 51.64 

TCMS 9 4.50 1.41 51.31 

Th 14 4.25 0.94 49.82 

PBAT 3 4.50 1.48 53.00 

Psf 173 4.43 1.44 50.10 

Psf 2 4.21 1.07 51.62 

Bacillus sp. 4.87 1.27 51.23 

Carbendazim 4.31 1.08 44.03 

Control  3.90 0.78 41.48 

CD (0.05) 0.27 0.23 2.70 

CV (%)  3.72 11.4 3.21 

*average of 10 seedlings  

 

Occurrence of diseases: During the cropping season sheath blight (Rhizoctonia solani) was 

the major problem followed by brown spot (Drechslera oryzae). However, occurrence of 

bacterial leaf blight (Xanthomonas oryzae pv. oryzae) and false smut (Ustilaginoides virens) 

was very low. Sheath rot (Sclerotium rolfsii) disease was not observed. Minimum brown spot 

disease severity was recorded in carbendazim (5.0%) which was on par with TCMS 43 



17 

 

(6.0%), Psf 2 (6.0%), Psf 173 (9.3%) and Bacillus sp (9.7%) but significantly different from 

the control (16.0%). Minimum sheath blight disease incidence was observed with 

carbendazim (8.7%) that was at par with TCMS 9 (10.0%) and TCMS 36 (11.2%) but 

significantly different from the control (40.7%). Significantly low sheath blight disease 

severity was recorded with carbendazim (5.9%) which was on par with TCMS-9 (7.4%) and 

TCMS-36 (9.7%), Bacillus sp (12.6%), Psf2 (16.2%) and TCMS 43 (16.3 but significantly 

different from the control ( (33.3%). Significantly minimum false smut disease was observed 

with Bacillus sp. (0.6%) followed by Psf 2 (0.7%), Psf 173 (1.0%) TCMS 43 (1.0%) and Th 

14 (1.0%) as compared to the control (1.5%) (Table 24). 

 

Table 24. Efficacy of promising bio-agents against brown spot, sheath blight and false 

smut diseases of rice (variety Pant Dhan-4) 

 

 

Plant growth: Statistically significant differences were not observed with regard number of 

tillers/plant among the different bioagents and untreated control, although TCMS 43 showed 

maximum tillers (11.43 tillers/plant). Significantly maximum plant height was observed in 

PBAT 3 (114.07 cm) and Bacillus sp. (113.73 cm) as compared to control (108.07 cm) 

(Table 25). 

 

Treatment 

Brown spot Sheath blight False smut 

Disease  

severity 

Disease 

reduction 

Disease 

incidence 

Disease 

severity 

Disease 

reduction 

Disease 

severity 

Disease 

reduction 

(%) (%) (%) (%) (%) (%) (%) 

TCMS 43 
6.0 

(14.0) 
62.5 

24.3 

(29.5) 
16.3 

(23.7) 
51.0 

1.0 

(5.9) 
28.4 

TCMS 36 
10.0 

(18.3) 
37.5 

11.2 

(19.5) 
9.7 

(17.0) 
70.8 

1.1 

(6.1) 
23.8 

TCMS 9 
12.3 

(20.5) 
22.9 

10.0 

(18.3) 
7.4 

(15.6) 
77.7 

1.4 

(6.9) 
3.9 

Th 14 
10.0 

(18.3) 
37.5 

17.8 

(24.7) 

22.2 

(28.0) 
33.3 

1.0 

(5.8) 
31.1 

PBAT 3 
10.0 

(18.0) 
37.5 

24.8 

(29.8) 

28.1 

(35.2) 
15.4 

1.4 

(6.9) 
2.6 

Psf 173 
9.3 

(17.3) 
41.6 

30.1 

(33.2) 

25.9 

(30.5) 
22.2 

1.0 

(5.7) 
32.4 

Psf 2 
6.0 

(14.1) 
62.5 

13.5 

(23.7) 
16.2 

(23.7) 
51.1 

0.7 

(4.6) 
54.3 

Bacillus sp. 
9.7 

(18.1) 
39.5 

16.2 

(17.1) 
12.6 

(16.2) 
62.1 

0.6 

(4.3) 
62.2 

Carbendazim 
5.0 

(12.9) 
68.7 

8.7 

(21.5) 

5.9 

(13.9) 
82.2 

1.1 

(6.0) 
25.1 

Control 
16.0 

(23.6) 
- 

40.7 

(39.6) 

33.3 

(32.0) 
- 

1.5 

(6.9) 
- 

CD (0.05) 
4.9 

(4.9) 
- 

3.3 

(2.6) 

11.2 

(10.7) 
- 

0.4 

(1.2) 
- 

CV (%)  
30.7  

(16.3) 
- 

9.8 

(5.9) 

36.8 

(26.5) 
- 

24.3 

(11.9) 
- 
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Yield: Significantly maximum yield was obtained with Th 14 (56.33 q/ha) followed by 

PBAT 3 (54.66 q/ha), TCMS 9 (53.49 q/ha), Psf2 (52.92 q/ha) and (52.92 q/ha) as compared 

to the control (46.33 q/ha). Significantly maximum 1000 grain weight was observed with Th 

14 (30.23 g) as compared to control (26.90 g) (Table 25). Of all the isolates TCMS 9 and 

PBAT 3 were found comparatively better in reducing sheath blight and brown spot diseases 

and improving plant health, and increasing yield. 

 

Table 25. Efficacy of promising bio-agents on plant growth and yield of rice 

 

 

CFU of bio-agents in rhizosphere and rhizoplane:  After 45 DAT, significantly 

maximum population of bioagents in rhizosphere was observed in Bacillus sp (50.0x10
4 

CFU/g) followed by Psf-173 (29.0x10
4
 CFU/g), Psf-2 (25.670x10

4
 CFU/g) and TCMS 9 

(7.67x10
4 

CFU/g) as compared to control (1.67x10
4
 CFU/g). After 90 DAT significantly 

maximum population of bio-agents in rhizosphere was observed in Bacillus sp. 

(37.6x10
4
CFU/g) followed by Psf-2 (32.0x10

4
 CFU/g), Psf-173 (9.67x10

4
 CFU/g) and 

TCMS 36 (6.67x10
4 

CFU/g) as compared to control (1.0x10
4
 CFU/g) respectively (Table 

26). 
 

Significant maximum population of bioagents on rhizoplane at 45 DAT was found in 

Bacillus sp (45.0x10
4 

CFU/g) followed by Psf-173 (21.67x10
4
 CFU/g), Psf-2 (20.670x10

4
 

CFU/g) and TCMS 9 (20.0x10
4 

CFU/g) as compared to control (3.0x10
4
 CFU/g). 

Significantly maximum population of bio-agents in rhizoplane at 90 DAT was found in 

Bacillus sp (30.67x10
4 
CFU/g) followed by TCMS 43 (14.0x10

4
 CFU/g), TCMS 9 (11.3x10

4
 

CFU/g) and Psf-2 (10.3x10
4 

CFU/g) as compared to control (2.0x10
4
 CFU/g). The results 

revealed that maximum CFU of bio-agents was observed at 45 DAT (Table 26). 

 

 

 

Treatment 

Plant growth Yield 

Plant 

height 

 

Tiller/hill  

(90DAT) 

Yield 

/plot 

(6 m
2
) 

Yield/ha 

Yield 

increase 

over control 

1000  

grain 

wt 

(cm) (no.) (kg) (q) (%) (g) 

TCMS 43 112.20 11.43 3.01 50.16 8.2 28.50 

TCMS 36 110.47 11.10 3.11 51.83 11.8 28.16 

TCMS 9 111.53 11.10 3.21 53.49 15.4 29.25 

Th 14 111.60 10.87 3.38 56.33 21.5 30.23 

PBAT 3 114.07 11.13 3.28 54.66 17.9 29.34 

Psf 173 110.67 10.63 3.16 52.66 13.6 27.85 

Psf 2 113.33 11.09 3.20 52.92 7.7 28.30 

Bacillus 113.73 10.63 2.99 49.83 7.5 28.19 

Carbendazim 109.20 11.17 3.21 53.49 15.4 29.59 

Control 108.07 10.33 2.78 46.33 - 26.90 

CD(0.05) 0.56 1.10 0.23 - - 0.37 

CV (%)  2.17 11.22 4.33 - - 7.20 
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Table 26. Population dynamics of potential bio-agents in rhizosphere and rhizoplane of 

rice (x10
4
 CFU/g) 

 

 

ii. Pea  

 

A field experiment was conducted at Crop Research Centre, Pantnagar during Rabi 

2015-16 to evaluate eight potential isolates of bioagents on pea (variety Azad) for 

improvement of plant vigour and management of diseases. These bioagents were applied as 

soil application in field before sowing (1 kg bioagent colonized vermicompost /plot), seed 

bio-priming (10 g or 10 ml/kg seed) and as two foliar sprays (10 g or 10 ml/lit water), 1
st
 at 

45 DAS and 2
nd

 at 70 DAS. Carbendazim applied as seed treatment (1 g/kg seed) and two 

foliar sprays @ 0.1% as above served as standard check. The experiment was laid in a 

randomized block design in three replications with a plot size of 2x3 m
2.   

 

Occurrence of Diseases: Minimum seed mortality was observed with TCMS 9 (41.4%) as 

compared to carbendazim (43.0%) and control (56.6%). Germination was very poor due to 

heavy rain just after sowing. Significantly minimum plant mortality (30-70 DAS) was 

observed with Bacillus sp (0.8%) followed by TCMS 43 (2.5%), Psf-173 (2.6%) and PBAT-3 

(3.2%) as compared to carbendazim (11.9%) and control (21.08%) (Table 27). The bioagents 

were found effective in reducing post emergence mortality but ineffective in reducing downy 

mildew and rust diseases. TCMS 9, PBAT-3 and Psf-173 was found comparatively better in 

reducing seed and plant mortality in the field. The optimum yield data was not recorded due 

to heavy rains and storm just after harvesting. 

 

 

 

 

 

Treatment 

 

Population dynamics 

Rhizosphere 

(1x10
4
 CFU/g) 

Rhizoplane 

(1x10
4
 CFU/g) 

 0 DAS 45 DAS 90 DAS 0 DAS 45 DAS 90 DAS 

TCMS 43 0.67 6.00 5.33 4.33 17.33 14.00 

TCMS 36 7.67 6.67 6.67 4.00 9.33 9.33 

TCMS 9 1.67 7.67 2.33 3.33 20.00 11.33 

Th 14 7.33 6.67 1.00 10.00 11.33 2.33 

PBAT 3 1.00 3.33 8.00 3.00 4.33 2.00 

Psf 173 12.33 29.00 9.67 18.00 21.67 9.33 

Psf 2 13.00 25.67 32.00 18.00 20.67 10.33 

Bacillus sp. 11.00 50.00 37.67 12.33 45.00 30.67 

Carbendazim 1.00 3.33 2.67 1.67 4.67 7.33 

Control 0.67 1.67 1.00 1.00 3.00 2.00 

CD (0.05) 3.3 4.8 4.7 2.3 6.6 4.3 

CV (%)  34.6 20.1 26.4 18.3 24.8 26.1 

 Rhizoplane 
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Table 27. Efficacy of promising bio-agents against seed and plant mortality in pea  
 

  *No of seed sown 240/ plot 

 

CFU count of bio-agents in rhizosphere and rhizoplane: Maximum population of 

bioagents in rhizosphere at 45 DAS was recorded in Bacillus sp. (37.3x10
4 

CFU/g) followed 

by Psf-2 (30.0 x 10
4
 CFU/g), Psf-173 (25.0x10

4
 CFU/g) and TCMS 9 (10.3x10

4
 CFU/g) as 

compared to control (1.6x10
3
 CFU/g). Maximum population of bioagents on rhizoplane at 45 

DAS was observed in Psf-2 (37.6 x10
3 

CFU/g) followed by Bacillus sp. (34.6 x10
4 

CFU/g), 

Psf-173 (28.0 x10
4 

CFU/g) and TCMS-9 (19.3x10
4 

CFU/g) as compared to control (1.3x10
4
 

CFU/g) (Table 28). 

 

Table 28. Population dynamics of promising bio-agents in rhizosphere & rhizoplane of 

Pea (var. Azad) 

 

Treatment 

Plant Stand 

(30 DAS) 

Germinatio

n 

(30 DAS) 

Seed 

mortality  

Plant stand 

(70 DAS) 

Plant mortality  

(30-70DAS) 

No. (%) (%) No. (%) 

TCMS 43 116.33 48.4 51.6 113.33 2.5 

TCMS 36 125.00 52.0 48.0 109.67 12.2 

TCMS 9 140.67 58.6 41.4 119.33 15.1 

Th 14 106.33 44.3 55.7 100.67 5.3 

PBAT 3 134.33 55.9 44.1 130.00 3.2 

Psf 173 127.00 52.9 47.1 123.67 2.6 

Psf 2 124.00 51.6 48.4 106.33 14.2 

Bacillus 112.00 46.6 53.4 111.00 0.8 

Carbendazim 137.00 57.0 43.0 120.67 11.9 

Control 104.33 43.4 56.6 82.33 21.08 

CD(0.05) 15.0 - - 12.4 - 

CV (%)  7.1 - - 6.4 - 

Treatment 

Population dynamics (45DAS) 

Rhizosphere 

(x10
4
 CFU/g) 

Rhizoplane 

(x10
4
 CFU 45/g) 

TCMS 43 7.00 12.00 

TCMS 36 10.00 18.00 

TCMS 9 10.33 19.33 

Th 14 8.67 13.33 

PBAT 3 3.00 5.33 

Psf 173 25.00 28.00 

Psf 2 30.00 37.67 

Bacillus 37.33 34.67 

Carbendazim 5.33 5.00 

Control 1.67 1.33 

CD (0.05) 2.6 3.2 

CV (%)  11.3 10.8 
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iii. Chickpea  
 

A field experiment was conducted at Crop Research Centre, Pantnagar during Rabi 

2015-16 to evaluate eight potential isolates of bioagents on chickpea (variety PG-186) for the 

management of diseases and improvement of plant vigour. These bioagents were applied as 

soil application in field before sowing (1kg bio-agent colonized vermin-compost /plot), seed 

bio-priming (10 g or 10 ml/kg seed), and as two foliar sprays (10 g or 10 ml/lit water), 1
st
 at 

45 DAS and 2
nd

 at 70 DAS. Carbendazim applied as seed treatment (1 g/kg seed) and two 

foliar sprays @ 0.1% served as standard check. The experiment was laid in a randomized 

block design in three replications with a plot size of 2x3 m
2
.
   

 

Occurrence of Diseases: Minimum seed mortality was observed with Psf-173 (12.5%) 

followed by Psf-2 (13.4%), PBAT-3 (13.8%) and TCMS 36 (14.0%) as compared to 

carbendazim (16.7%) and control (23.3%) Minimum plant mortality (30-70 DAS) was 

observed with TCMS-9 (2.1%), followed by PBAT-3 (3.1%), Psf-2 (3.8%) and Th-14 (4.8%) 

as compared to carbendazim (11.5%) and control (13.8%) (Table 29). 

 

 Final mortality of the plants would be recorded one week before harvesting and yield 

data will be recorded after harvesting the crop i.e. during 1
st
 week of May. Of all the isolates 

PBAT-3 and Psf-2 were found comparatively better than other isolates in reducing seed and 

plant mortality in field. 

 

Table 29. Efficacy of promising bioagents against seed and plant mortality of chickpea 

in field 

*260 counted seeds were sown in each plot 

 

Treatment 

Plant 

Stand 

(30 DAS) 

Germinatio

n 

(30 DAS) 

 

Seed 

mortality  

Plant stand 

(70 DAS) 

Plant mortality  

(30-70DAS) 

No. (%) (%) No. (%) 

TCMS 43 203.67 78.3 21.7 174.33 14.4 

TCMS 36 223.67 86.0 14.0 189.67 15.2 

TCMS 9 219.67 84.4 15.6 215.00 2.1 

Th 14 206.33 79.3 20.7 196.33 4.8 

PBAT 3 224.33 86.2 13.8 217.33 3.1 

Psf 173 227.67 87.5 12.5 202.00 11.2 

Psf 2 225.33 86.6 13.4 216.67 3.8 

Bacillus 219.67 84.4 15.6 205.00 6.6 

Carbendazim 216.00 83.3 16.7 191.00 11.5 

Control  199.67 76.7 23.3 172.00 13.8 

CD(0.05) 12.3 - - 17.6 - 

CV (%)  3.3 - - 5.1 - 

   

Field view 

Wilted Plant 
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CFU of Trichoderma in rhizosphere and rhizoplane: Significantly maximum population of 

potential bioagents in rhizosphere and rhizoplane at 45 DAS was recorded in Psf-2 (37.6 & 

34.0 x10
4 
CFU/g) followed by Bacillus sp. (34.6& 33.67 x10

4
 CFU/g), Psf-173 (28.0 & 29.0 

x10
4 
CFU/g) and TCMS 9 (19.3 & 17.3 x10

4
 CFU/g) as compared to control (1.3 & 2.0 x 10

4
 

CFU/g), respectively (Table 30). 

 

Table 30. Population of promising bio-agents in rhizosphere and rhizoplane of chickpea 

(PG-186) 

 

Treatment Rhizosphere (x10
4 
CFU/g) 

45 DAS 

  Rhizoplane (x10
4
 CFU/g) 

45 DAS 

TCMS 43 12.00 14.67 

TCMS 36 18.00 17.33 

TCMS 9 19.33 15.00 

Th 14 13.33 14.00 

PBAT 3 5.33 10.00 

Psf 173 28.00 29.00 

Psf 2 37.67 34.00 

Bacillus 34.67 33.67 

Carbendazim 5.00 7.33 

Control 1.33 2.00 

CD (0.05) 

CV (%)  

 

2.1  

7.2 

2.9 

9.6 

 

 2. Evaluation of potential isolates of Trichoderma, Pseudomonas and Bacillus for the 

management of pre & post-emergence damping-off and improved growth in vegetable 

Nursery beds of tomato onion and chilli (GBPUAT) 

 

i. Tomato: The trial was conducted at Vegetable Research Centre, Pantnagar in nursery beds 

to evaluate eight potential isolates of bioagents (Trichoderma, Pseudomonas, Bacillus) to 

manage pre and post emergence damping-off and to improve plant vigour on tomato variety 

Pant-T3 during 2015. The experiment was laid out in a randomized block design in three 

replications with nursery plot size of 0.5 X 1.0 m
2
. 

 

 Seed treatment: Seed bio-priming with bio-agent @ 10 g or ml/ kg seed  

  

 Soil application 

 

  Trichoderma: 1g formulation/100g vermi-compost per m
2
 

  Pseudomonas/Bacillus: 1 ml formulation/100 g vermi-compost per m
2 

 

Foliar spray:  Three foliar sprays at 15, 30 and 45 DAS with bio-agent @ 10 g or ml/litre of 

water. Seed treatment with metalaxyl (6 g/kg seed) and three foliar sprays with metalaxyl @ 

0.1% as above served as standard check. 

 

 Plant vigour: Maximum plant vigour index was observed with Psf-173 (320.9) followed by 

Psf-2 (307.8) and PBAT 3 (255.8) as compared to metalaxyl (72.6) and control (148.7) 

(Table 31). 

 

Nursery bed 
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Occurrence of diseases:  Significantly minimum pre-emergence seed mortality (30 DAS) 

was observed with Psf-173 (13.1%) followed by Psf-2 (14.8%) as compared to metalaxyl 

(66.2%) and control (29.2%) (Table 32). Significantly minimum post- emergence mortality 

(30-60 DAS) was observed with TCMS 43 (14.0% and TCMS 36 (14.2%), as compared to 

metalaxyl (17.3%) and control (16.7%). 

 

Table 31. Efficacy of promising bio-agents on plant vigour of tomato seedlings in 

nursery bed 

 

 *Mean of 10 seedlings 

 

Table 32. Efficacy of promising bioagents against seed and seedling mortality of tomato 

in nursery beds 

 

Treatment 

Seedling 

Length*  

Shoot 

length* 

Root 

length* 

Fresh 

weight* 

Fresh 

shoot 

weight* 

Fresh root 

weight* 
Vigour 

index 

(cm) (cm) (cm) (g/seedling) (g/seedling) (g/seedling) 

TCMS 43 28.17 21.67 6.50 5.35 4.89 0.47 199.9 

TCMS 36 28.00 20.87 7.13 4.76 4.25 0.49 232.1 

TCMS 9 24.40 19.50 4.90 4.84 4.45 0.36 174.9 

Th14 28.34 22.27 6.07 4.86 4.28 0.48 228.1 

PBAT 3 30.13 23.20 6.93 8.95 8.41 0.56 255.8 

Psf 173 37.67 29.37 8.30 9.70 8.81 0.74 320.9 

Psf 2 36.14 28.07 8.07 10.39 9.85 0.64 307.8 

Bacillus 26.13 20.83 5.30 3.89 3.44 0.46 209.3 

Metalaxyl 21.47 17.70 3.77 3.68 3.22 0.45 72.6 

Control 21.07 17.50 3.57 3.08 2.75 0.30 148.7 

CD(0.05) 2.5 2.0 1.3 0.6 0.6 0.1 - 

CV (%)  5.2 5.4 12.5 6.8 7.1 18.2 - 

Treatment 

Plant 

Stand 

(30 DAS) 

Germinatio

n 

(30 DAS) 

 

Pre ï

emergence 

mortality  

Plant 

stand 

(45 

DAS) 

Plant 

stand 

(60 DAS) 

Post- 

emergence 

mortality  

(30-60DAS) 

no. (%) (%) no. no. (%) 

TCMS 43 177.33 70.9 29.1 174.67 152.33 14.0 

TCMS 36 205.33 82.1 17.9 202.00 176.00 14.2 

TCMS 9 184.33 73.7 27.3 172.33 154.67 16.0 

Th 14 201.33 80.5 19.5 189.33 151.67 24.6 

PBAT 3 211.33 84.5 15.5 207.33 171.00 19.0 

Psf 173 217.33 86.9 13.1 215.00 159.33 26.6 

Psf 2 213.00 85.2 14.8 210.67 165.00 22.5 

Bacillus 200.33 80.1 19.9 198.67 168.00 16.0 

Metalaxyl 

Control Metalaxyl Psf 2 
Metalaxyl 

Control 
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*250 counted seeds were sown in each treatment 

 

 ii. Onion: The trial was conducted at Vegetable Research Centre, Pantnagar in nursery beds 

to evaluate eight potential isolates of bio-agents (Trichoderma, Pseudomonas, Bacillus) to 

manage pre and post emergence damping off and to improve seedling vigour in onion. The 

experiment was laid out in a randomized block design in three replications with nursery plot 

size of 0.5 X 1.0 m
2
. 

 

Plant vigour: Significant maximum plant vigour index was observed with PBAT 3 (268.4) 

followed by Bacillus sp. (211.5) as compared to metalaxyl (64.2) and control (132.3) (Table 

33). 

 

Occurrence of diseases: Significantly minimum pre-emergence mortality (30 DAS) was 

observed with PBAT 3 (12.5%) followed by Bacillus sp. (14.9%) as compared to metalaxyl 

(65.3%) and control (27.6%). Significantly minimum post-emergence mortality (30-75 DAS) 

was observed with PBAT 3 (2.8%) followed by Psf 173 (7.8%), as compared to metalaxyl 

(30.2%) and control (16.3%) (Table 34). 

 

Table 33. Efficacy of promising bio-agents against plant vigour of onion (N-53) in 

nursery 

 

*250 counted seeds were sown in each treatment 

 

 

 

 

Metalaxyl 84.67 33.8 66.2 76.33 70.00 17.3 

Control 177.00 70.8 29.2 176.00 147.33 16.7 

CD(0.05) 23.4 - - 20.7 27.1 - 

CV (%)  7.2 - - 6.6 10.4 - 

Treatment 

Length of 

seedling 

 

Shoot 

length 

 

Root 

length 

Fresh 

seedling 

weight 

Fresh 

Shoot 

weight 

Fresh 

Root 

weight 

Vigour 

index 

(cm) (cm) (cm) (g) (g) (g)  

TCMS 43 23.13 19.53 3.60 1.44 1.13 0.28 177.0 

TCMS 36 20.37 17.60 2.77 1.03 0.81 0.22 139.9 

TCMS 9 20.33 16.93 3.40 1.14 0.87 0.27 157.5 

Th14 21.03 17.33 3.70 1.18 0.95 0.23 157.6 

PBAT 3 30.40 26.60 3.80 2.95 2.43 0.49 268.4 

Psf 173 21.07 18.67 2.40 1.16 0.97 0.23 146.6 

Psf 2 20.33 17.30 3.03 1.29 1.11 0.18 142.2 

Bacillus 24.56 21.13 3.43 2.01 1.61 0.40 211.5 

Metalaxyl 17.96 15.73 2.23 0.91 0.68 0.16 64.2 

Control 20.86 18.63 2.23 1.41 1.18 0.23 132.3 

CD(0.05) 0.19 2.2 0.5 0.1 0.1 0.08 - 

CV (%)  5.1 6.9 9.5 6.7 6.8 18.0 - 
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Table 34. Efficacy of promising bio-agents against seed and seedling mortality of onion 

 

 

*250 counted seeds were sown in each treatment 

 

3. Evaluation of promising biological control agents against chilli anthracnose (AAU-A, 

GBPUAT and PAU) 

 

AAU-Anand 

 

Location: Agronomy farm, BACA, Anand Agricultural University, Anand. 

 

Season and year: Kharif 2015 

 

Experimental details 

 

Treatments     :  6 

Replication     :  4 

Design            : Randomized Block Design (RBD)   

Crop / variety  : Chilli (GCV-131) 

Spacing          : 60 x 60 cm 

Plot size  : Gross : 5.4 x 4.2 m 

      Net   : 2.7 x 3.4 m 

 

Details of treatments 

 

T1: Pichia guilliermondii (Y12) Seed treatment, Seedling dip & Foliar spray (2x10
8
 cfu ml

-1
)  

T2: Hanseniaspora uvarum (Y73) Seed treatment, Seedling dip & Foliar spray (2x10
8
 cfu ml

-1
)  

T3: Trichoderma harzianum (Th-3) Seed treatment, Seedling dip & Foliar spray (2x10
8
 cfu g

-1
)  

T4: Pseudomonas fluorescence Seed treatment, Seedling dip & Foliar spray (2x10
8
 cfu g

-1
)  

Treatment 

Plant 

Stand 

(30 

DAS) 

Germina

tion 

(30 DAS) 

 

Pre- 

emergenc

e 

mortality  

Plant 

stand 

(45 

DAS) 

Plant 

stand 

(60 

DAS) 

Plant 

stand 

(75 

DAS) 

Post- 

emergence 

mortality  

(30-75 DAS) 

no. (%) (%) no. no. no. (%) 

TCMS 43 188.67 75.4 29.6 187.00 180.00 170.00 9.8 

TCMS 36 172.00 68.8 31.2 166.33 162.67 152.00 11.6 

TCMS 9 193.33 77.3 23.7 189.67 174.33 166.33 13.9 

Th 14 186.67 74.6 26.4 185.33 167.33 160.00 14.2 

PBAT 3 221.33 88.5 12.5 218.33 216.33 215.00 2.8 

Psf 173 174.00 69.6 31.4 166.67 165.00 160.33 7.8 

Psf 2 174.33 69.7 31.3 173.33 158.00 155.67 10.7 

Bacillus 215.33 86.1 14.9 210.00 200.00 190.00 11.7 

Metalaxyl 89.33 35.7 65.3 83.00 65.00 62.33 30.2 

Control 158.67 63.4 27.6 153.33 137.67 132.67 16.3 

CD(0.05) 17.5 - - 9.9 9.8 13.6 - 

CV (%)  5.7 - - 3.3 3.5 5.1 - 

Metalaxyl PBAT 3 Control 
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T-5: Recommended fungicide control (Carbendazim 0.05%) Seed treatment, Seedling dip & 

  Foliar spray  

T-6: Untreated control 

 

Method of application  

 

a) Seed treatment: The seeds were treated with formulations before sowing into nursery. 

Ten ml or grams of concentrated formulation was mixed with 100 ml of water and used to 

treat 1 kg of seeds. The seeds were soaked in formulation for 5 minutes with constant shaking 

and then the treated seeds were shade dried for 1 hour and used for sowing.  

 

b) Seedling dip: Chilli seedlings were raised in plastic trays or nursery beds were treated 

with antagonist formulation just before transplantation. Twenty ml or 20gm of formulation 

was mixed in 1litre water to obtain antagonist suspension for seedling treatment. Seedlings 

were uprooted carefully from plastic trays or nursery beds and roots were dipped in 

antagonist suspension for 5-10 minutes and transplanted to main field.  

 

c) Foliar/fruit spray : Foliar spray of antagonist formulation was given at the rate of 10 g or 

10 ml per litre of water using a high volume sprayer with a spray fluid volume of 500 L ha
-1

. 

First spray was given at initiation of fruit ripening and later 3 sprays were given at monthly 

intervals or until the last harvest.  

 

Among the different biocontrol treatments under study, seed treatment, seedling dip 

and foliar spray (2x10
8 

cfu ml
-1

) of P. guilliermondii (Y12) found best with low disease 

intensity (13.56%) and higher yield (38.16 q/ha) followed by seed treatment, seedling dip and 

foliar spray (2x10
8 

cfu ml
-1

) of P. fluorescens with disease intensity (14.22%) and yield 

(33.68 q/ha), H. uvarum (Y73) with disease intensity (15.11%) and yield (29.21 q/ha) and T. 

harzianum (Th-3) with disease intensity (16.43) and yield (21.79 q/ha). Further it was 

observed that chemical treatment (carbendazim 0.05%) showed the lowest disease intensity 

(10.09 %) and highest yield (49.17 q/ha) was recorded (Table 35). 
 

Table 35. Biological control of chilli anthracnose disease 
 

Sl. 

No. 
Treatment 

Disease intensity (%) Disease 

control 

over 

untreated 

(%)  

Yield 

(q/ha) 
At 1

st
 

spray 

At 2
nd

 

spray 

At 3
rd

  

spray 

At 4
th
   

spray 
Pooled 

T1 

P. guilliermondii (Y12) Seed 

treatment, Seedling dip & 

Foliar spray (2x10
8
cfu ml

-1
) 

15.48 

(7.12) 

14.24 

(6.05) 

13.20 

(5.21) 

11.33 

(3.86) 

13.56 

(5.50) 
64.72 38.16 

T2 

H. uvarum (Y73) Seed 

treatment, Seedling dip & 

Foliar spray (2x10
8
cfu ml

-1
) 

16.98 

(8.53) 

15.20 

(6.87) 

14.79 

(6.52) 

13.49 

(5.44) 

15.11 

(6.80) 
56.38 29.21 

T3 

T. harzianum (Th-3) Seed 

treatment, Seedling dip & 

Foliar spray (2x10
8
cfu g

-1
) 

17.73 

(9.27) 

16.88 

(8.43) 

16.19 

(7.77) 

14.91 

(6.62) 

16.43 

(8.00) 
48.69 21.79 

T4 

P. fluorescens Seed 

treatment, Seedling dip & 

Foliar spray (2x10
8
cfu g

-1
) 

16.52 

(8.02) 

14.02 

(6.42) 

14.28 

(5.98) 

12.08 

(4.79) 

14.22 

 

(6.30) 

59.58 33.68 

T5 
Recommended fungicide 

(Carbendazim 0.05%) 

11.49 

(3.97) 

10.65 

(3.42) 

9.43 

(2.68) 

8.79 

(2.34) 

10.09 

(3.07) 
80.31 49.17 
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control Seed treatment, 

Seedling dip & Foliar spray 

T6 Untreated control 
20.09 

(11.80) 

21.50 

(13.43) 

24.86 

(17.67) 

26.61 

(20.06) 

23.26 

(15.59) 
- 16.10 

S.Em. ± 0.98 0.83 0.86 0.90 0.45 - 1.53 

C. D. (5 %) 3.02 2.55 2.65 2.78 1.27 - 4.71 

C.V. % 11.99 10.54 10.97 12.01 11.40 - 9.90 

 Figures outside the parentheses are arcsine transformed values, those inside are retransformed values 

 

GBPUAT Pantnagar 

 

A field experiment was conducted at Vegetable Research Centre, GBPUAT, 

Pantnagar during Rabi 2015 to evaluate the efficacy of different biological control agents viz.  

Trichoderma harzianum (Th-3), Pichiaguillier mondii (Y-12) and Hanseniaspora uvarum 

(Y-73) received from NBAIR, Bangalore and Th-14, SBIT-2 (Trichoderma harzianum from 

Pantnagar) and carbendazim (standard check) were used against chilli anthracnose. The 

experiment was laid in a randomized block design in three replications with a plot size of 3 x 

2 m. 1
st 

foliar spray of all bioagents (10 g/lit. of water) was given after fruit setting and before 

appearance of anthracnose symptoms on 20
th
 May 2015 then at an interval of 15 days. A total 

of four foliar sprays were given. 

 

Method of application 

 

i. Seed treatment: Soaked the seeds in suspension for 5 min. then dried under shade before 

sowing in nursery beds.  

 

a. Bio-agents @ 10 g or 10 ml formulation in 100 ml water/kg seed 

b. carbendazim @ 1 g/kg seed 

 

ii. Seedling dip treatment: dipped the seedlings in bio-agent suspension as above for 5 min. 

iii. Foliar sprays: 10 g or 10 ml formulation in 1lit.water. 1
st
 spray at initiation of fruiting, 

then 3-4 sprays at 15 days intervals or until the last harvest. 

 

Significantly minimum fruit rot incidence was found with carbendazim (10.8%) 

followed by Th-3 (13.1%), Y-12 (13.6%) and SBIT-72 (14.7%) as compared to control 

(18.8%). Significantly maximum fruit yield was observed with SBIT-72 (14.6 q/ha) followed 

by carbendazim (13.6 q/ha), Th-3 (13.4 q/ha) and Y-12 (13.3 q/ha) as compared to control 

(8.7 q/ha) (Table 36). 

  

Field view 
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Table 36. Efficacy of bioagents against chilli anthracnose and yield 

 

 

Treatment 

No. of fruits/plot*   

 

Yield 

(q/ha) 

 

Increase 

in yield 

over 

control 

% 

Healthy 

fruits 

(No.) 

Diseased 

Fruits  

(No.) 

Fruit rot 

incidence 

% 

Reduction 

in 

incidence 

% 

Th-3 1828.3 276.6 13.14 30.3 13.43 53.4 

Y-12 1833.3 290.0 13.65 27.6 13.32 52.2 

Y-73 1760.0 441.6 20.05 -6.3 9.41 7.5 

 PBAT-3 1718.3 365.0 17.52 7.1 12.92 47.6 

Th-14 1608.3 325.0 16.81 10.8 10.69 22.1 

SBIT-72 2056.6 356.6 14.77 21.6 14.67 67.6 

Carbendazim 1564.3 190.1 10.80 4.2 13.68 56.3 

Control 1340.0 311.6 18.86 - 8.75 - 

CD(0.05) 

CV (%)  

2.1 

3.0 

1.1 

3.5 

- -   

* Mean of three plots (each plot with 20 plants) 

 

PAU-Ludhiana 

 

The experiment was conducted on Chilly variety CH 1 at Entomological Research 

Farm, Punjab Agricultural University, Ludhiana in Randomized Block Design. There were 

five treatments, viz Pichia guilliermondii, Hanseniaspora uvarum, Trichoderma harzianum, 

recommended fungicide (Indofil M-45) and untreated control with four replications each. The 

chilly seedlings were transplanted as per agronomic norms with spacing of 2x3 feet (plant to 

plant and row to row). The chilly seedlings were treated with antagonists formulation just 

before transplantation. The formulations @ 20 ml were mixed with one litre water to obtain 

antagonist suspension for seedling treatment. Seedlings were uprooted carefully from the 

beds and the roots were dipped in these antagonist suspensions for 5-10 minutes and 

transplanted to main field. Secondly, foliar sprays of antagonists were given at the rate of 10 

g per liter of water. The first spray was given at initiation of fruit ripening and the subsequent 

sprays were given at monthly intervals until last picking. The data on per cent fruit rot 

incidence and yield were recorded.  

 

Disease incidence during the month of May was low and varied from 4.37 to 9.17%, 

During June the percent disease incidence varied from 13.71 to 21.38% and was non 

significant. During month of July, lowest per cent fruit rot (19.26%) was recorded in chilly 

plot treated with chemical control (Indofil M-45 @ 750 g in 250 litre water/acre) which was 

significantly better than all other treatments. This was followed by plots treated with P. 

guilliermondii and T. harzianum which recorded 22.15 and 24.25% fruit rot incidence 

respectively and were at par with each other (Table 37). During August also, lowest fruit rot 

incidence (19.24%) was in chemical treated plot. This was followed by P. guilliermondii and 

T harzianum which recorded 27.67 and 32.02% fruit rot incidence and were at par with each 

other. However, both were significantly better than H. uvarum (38.72%). All the treatments 

were significantly better than untreated control (39.80%). Yield was maximum (67.66 q/ac) 

in chemical treated plot and was significantly better than other treatments. Among bioagents, 

P. guilliermondii and T. harzianum treated plots recorded yield of 58.5 and 56.72 q/acre, 
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respectively (Table 37). Yield in untreated plot was 49.0 q/acre and was at par with H. 

uvarum (50.1 q/acre). 

 

Table 37. Evaluation of fungal antagonists against chilly anthracnose disease 

 

Treatments 
Per cent Fruit rot incidence Yield 

(q/acre) May June July August 

Pichia 

guilliermondii 
5.50 15.01 22.15

b
 27.67

b
 58.52 

Hanseniaspora 

uvarum 
6.55 15.56 27.88

c
 38.72

c
 50.16 

Trichoderma 

harzianum 
4.92 14.32 24.25

bc
 32.02

bc
 56.72 

Indofil M 45@ 750g 

in 250 litre 

water/acre 

4.37 13.71 19.26
a 

19.24
a
 67.66 

Untreated control 9.17 21.38 38.58
d
 39.80

c
 49.0 

C.V. 18.21 14.42 5.92 9.13 4.53 

 

4. Management of bacterial wilt an isolate of Pseudomonas florescence (CAU) 
 

The susceptible variety Anamika (Brinjal) was used in the experiment. The seedlings 

were raised in the month of September and 30 days old seedlings were transplanted in 

October. The experimental field was laid out in randomized block design with a plot size of 

(12.6 X 6.6 m) and crop was transplanted at (60 X 60 cm) spacing.  A total eight treatments 

including an untreated control viz., intercropping with marigold (one row after every nine 

rows of brinjal and border), mustard oil cakes @ 5 q/ha as soil amendments, seedlings root 

dip with CHFPf-1 (a formulation prepared with a local strain of Pseudomonas fluorescens  2 

x 10
8
 cfu/gm) @ 25 g/litre of water dipping for 30 minutes before transplanting, soil 

drenching with CHFPf-1 @ 2.5 g/litre of water at 20 days after transplanting (DAT), 

seedlings root dip + soil drenching with CHFPf-1, soil drenching with streptocycline 

(streptomicin sulphate 90 % + tetracycline hydrochloride 10%) of Hindustan Antibiotics Ltd, 

Pune, India @ 400 ppm at 20 DAT, soil drenching of bleaching powder of J. Industries, 

Guwahati, India @ 5 gm/litre of water at 20 DAT and untreated control were evaluated. 

Three replications were maintained for each treatment. The observations on bacterial wilt 

incidence were recorded for every 10 days after transplantation. The wilted plants were first 

confirmed with oozed test and the confirmed plants were recorded and converted into per 

cent wilted plants. The plant characters i.e., plant height was recorded at 60 and 80 days after 

transplanting. The number of fruits and weight of the fruits in each plucking were recorded 

from 10 marked plants in each plot and average number and weight of fruit/plant was worked 

out. The yield per ha for each treatment were calculated based on the survive plants, average 

number and weight of fruit/plant.  

 

All the treatments showed a significantly lower wilt incidence of bacterial wilt disease 

than the untreated control. The lowest incidence of bacterial wilt with 14.16% wilted plant 

was recorded in the plot treated with seedling root dip + soil drenching with CHFPf-1 and it 

was significantly different from other treatments. Untreated control showed 57.43% of wilted 
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plants. The highest yield per ha was recorded in treatment with seedling root dip + soil 

drenching with CHFPf-1 (235.65 q/ha) and it was significantly different form all other 

treatments. Untreated control gave a yield of 78.65 q/ha (Table 38). 

 

Table 38. Bio-efficacy of Pseudomonas fluorescens against bacterial wilt of brinjal  

 

Treatments 

Per cent 

wilt 

incidence 

Plant 

height 

(cm) 

No. of 

fruit/ 

plant 

Fruit 

weight (g) 

Yield 

(q /ha) 

Marigold (after every 9 rows of 

brinjal and borders) 

39.65 

(39.03) 

62.87 

 

6.75 

 
106.98 89.30 

Mustard oil cakes @5q/ha as soil 

amendment 

19.03 

(25.89) 

66.93 

 

7.87 

 
108.42 184.00 

Soil drenching with P. fluorescens 

@2.5g/litre of water 

18.62 

(25.56) 

67.52 

 

8.35 

 
112.04 115.30 

Seedlings root dip with P. fluorescens 

@25g/ litre of water 

20.65 

(27.03) 

66.20 

 

7.91 

 
109.11 178.60 

Seedlings root dip with P. 

fluorescens @25g/ litre of water + 

soil drenching with P. fluorescens 

@2.5g/litre of water at 20 DAT 

14.86 

(22.76) 
68.06 

 

8.42 

 
113.16 235.65 

Streptomycin (streptomycin sulphate 

90 % + tetracycline hydrochloride 

10%)  @200ppm soil drenching at 20 

DAT 

17.53 

(24.75) 
65.30 

7.06 

 
107.36 172.24 

Bleaching powder @ 5g/litre of water 

soil drenching at 20 DAT 

19.67 

(25.66) 

65.93 

 

7.32 

 
107.16 175.90 

Untreated control 
57.43 

(49.27) 
63.98 

6.80 

 
108.86 78.65 

SE(m)± 0.49 0.57 0.43 1.10 11.06 

CD at (P=0.05%) 1.49 1.72 1.31 3.32 33.10 

CV (%) 2.84 1.52 10.07 1.70 12.47 

*Figures in parentheses are angular transformed values. 
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2.3. Biological suppression of Sugarcane pests 
 

1. Monitoring the sugarcane woolly aphid (SWA) incidence and impact assessment of 

natural enemies on its biosuppression (MPKV, TNAU, PJTSAU and UAS-R) 

  

MPKV -Pune 

 

The incidence of sugarcane woolly aphid (SWA) and occurrence of its natural 

enemies (Encarsia flavoscutellum, Dipha aphidivora, Micromus igorotus, syrphid, spider) 

were recorded from five agro-ecological zones of western Maharashtra covering Pune, 

Satara, Sangli, Kolhapur, Solapur, Ahmednagar, Nashik, Nandurbar, Jalgaon and Dhule 

districts. The SWA incidence, pest intensity rating (1-6 scale) and natural enemies population 

on leaf at five spots and 5 clumps per spot from each plot were recorded during crop growth 

period.  

 

 The sugarcane fields were surveyed during June, 2015 to March, 2016. The pest 

incidence was recorded shade along riverside and canal areas. The SWA incidence was 

recorded along with natural enemies of SWA in fields. The villages viz., Kasarsai, Ravet, 

Jambh, Dattawadi and Marunji in Mulshi Tahsil; Babulgao and Padasthal in Inadapur Tahsil; 

Nirawagaj and Malad in Baramati Tahsil of Pune district; Umbraj, Bhavaninagar and 

Koparde in Karad Tahsil, Nele, Kidgaon, Dhavadashi and Kalambe in Satara Tahsil of Satara 

district, Akluj, Malinagar, Malsirus, Teburni and Pandharpur in Solapur district, Bhilwadi, 

Ankalkhop ad Dudhodi in Palus Tahsil, Kasegaon, Walwa , Bavchi and Borgaon in Walwa 

Tahsil of Sangli district. Jakhuri in Sangamner Tahsil of Ahmedangar district, Kuditre and 

Kupire in Karveer Tahsil of Kolhapur district. Incidence of Sugarcane woolly aphid was very 

low in few pockets of Western Maharashtra due to the establishment of the natural enemies. 

The predators were recorded from the month of July onwards, Micromus igorotus recorded 

from July to November, 2015 and Dipha aphidivora recorded from October to March, 2016. 

The predators, Micromus igorotus and Dipha aphidivora were well established in sugarcane 

areas. Encarsia flavoscutellum was observed in Solapur, Pune and Satara district of western 

Maharashtra. 

 

 In general, this year the incidence of SWA has slightly increased in Sangli and 

Kolhapur districts as compared to last year. The natural enemies occurred immediately after 

the incidence of SWA. The average pest incidence and intensity were 1.54 per cent and 1.57, 

respectively. The natural enemies recorded in the SWA infested fields were mainly predators 

like Dipha aphidivora ( 0.6-3.0 larvae/leaf), Micromus igorotus (1.2ï5.2 grubs/leaf), syrphid, 

Eupoderes confractor (0.2- 1.0 larvae/leaf) and spider (0.1-0.3 /leaf) from July to February, 

2016 (Table 39). The parasitoid, Encarsia flavoscutellum distributed and established well in 

sugarcane fields and suppressed the SWA incidence in Pune, Solapur and Satara districts of 

Maharastra. 

 

 

 

 

 

 



32 

 

Table 39. Effect of natural enemies on incidence of sugarcane woolly aphids in 

Maharashtra 

 

Districts 

SWA 

inciden

ce (%) 

Pest 

intensity 

rating 

(1-6) 

Natural enemies/leaf 

Spiders D. 

aphidivora 

M. 

igorotu

s 

E. 

flavosc-

utellum 

E. 

confra-

ctor 

Pune 1.0 1.0 0.8 3.8 2.3 0.6 0.1 

Satara 1.6 2.0 1.6 3.8 8.0 0.6 0.1 

Sangli 2.3 2.0 1.8 4.8 7.0 0.6 0.3 

Kolhapur 2.4 2.0 3.0 5.2 5.8 0.3 0.3 

Ahmednagar 0.8 1.0 0.6 1.2 1.6 0.4 0.1 

Solapur 2.1 2.0 1.2 2.6 10.2 1.0 0.3 

Nashik 0.6 1.0 0.6 1.2 0.6 0.2 0.1 

Average 

 

Range 

 

1.54 

 

0.6ï2.4 

1.57 

 

1 -2 

1.37 

 

0.6-3.0 

3.22 

 

1.2ï5.2 

5.07 

 

0.6 -10.2 

0.52 

 

0.4- 1.0 

1.8 

 

0.1-0.3 

Pest Intensity Rating 1=0, 2= 1-20, 3= 21ï40, 4=41ï60, 5=61ï80, 6=81-100 % leaf covered by SWA. 

 

TNAU-Coimbatore 

 

The sugarcane crop grown in various regions of Tamil Nadu were observed for the 

incidence of sugarcane woolly aphid. In addition, the presence of natural enemies along with 

sugarcane woolly aphid was also noticed.   

 

The incidence of SWA, pest intensity rating and natural enemy populations on leaf at 

five spots and five clumps/ spot were recorded at monthly intervals during crop growth 

period. Monitoring of sugarcane woolly aphid incidence was  carried out from April 2015 to 

March 2016 at 7 major sugarcane growing districts of Tamil Nadu viz., Coimbatore, Erode, 

Tiruppur, Karur, Cuddalore, Villupuram and Vellore. The prevalence of sugarcane woolly 

aphid was noted from July 2015 in Coimbatore followed by Tiruppur in August 2015. But the 

incidence of sugarcane woolly aphid was absent in all the districts surveyed during 

September, October, November, December 2015 and January 2016. Subsequently the 

presence of sugarcane woolly aphid was noticed again during February 2016 in Erode, 

Namakkal, Karur and Coimbatore.  

 

 Among the seven districts surveyed, the incidence of sugarcane woolly aphid was 

noted in Coimbatore from July 2015 at low intensity which recorded a grade of 0-1 (Table 40 

and 41). The SWA was noticed in patches and the occurrence of Micromus igorotus and 

Encarsia flavoscutellum were also observed (Table 40) along with the population of SWA.  

The occurrence of SWA in Tiruppur during August 2015 is 8.6 SWA/2.5 sq.cm. The 

prevalence of SWA incidence during February 2016 in Erode, Karur, Coimbatore and 

Namakkal with the maximum population upto 9.4 SWA /2.5 sq.cm leaf in Erode district. The 

population was high during March 2016 in Erode and Namakkal district. The level of SWA 

incidence during March 2016 increased in Erode district (18.4 SWA/2.5 sq. cm) followed by 

Namakkal district (12.6 SWA /2.5 sq. cm leaf area). 
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Table 40. Mean population of Sugarcane Woolly Aphid and its natural enemies in different zones of Tamil Nadu 

Districts 

surveyed 

July 2015 August 2015 February 2016 March 2016 
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Erode 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.4 0.5 2.8 1.5 18.4 1.2 4.6 2.3 

Tiruppur 0.0 0.0 0.0 0.0 8.6 0.0 1.4 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Coimbatore 4.2 0.0 3.2 1.2 0.0 0.0 0.0 0.0 3.6 0.0 1.5 1.0 0.0 0.0 0.0 0.0 

Karur 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 0.0 2.0 0.7 5.8 1.0 2.3 1.5 

Cudalore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Namakkal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 0.0 0.0 0.6 12.6 1.0 2.8 2.0 

Vellore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 

Table 41. Mean incidence of Sugarcane Woolly Aphid (Intensity rating) in different zones of Tamil Nadu 

 

Districts 

surveyed 

July 2015 
August 

2015 

September 

2015 

October 

2015 
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2015 

December 

2015 

January 

2016 
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2016 
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2016 
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Erode 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.8 2.0 14.2 2.0 

Tiruppur 0.0 0.0 5.8 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Coimbatore 3.4 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.0 0.0 0.0 

Karur 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 1.0 6.3 1.0 

Cuddalore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Nammakkal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4 1.0 10.4 2.0 

Vellore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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PJTSAU-Hyderabad 

 

 The sugarcane growing areas of Telangana viz., Nizamabad and Medak were surveyed 

for infestation and intensity of Sugarcane woolly aphid incidence. Except for patchy appearance 

of SWA in some fields, the overall scenario showed negligible incidence levels of SWA in 

Telangana areas. 

 

UAS-Raichur 

 

No report received 

 

2. Management of White grub, Holotrichia consanguinea Blanch in sugarcane using 

Bioagents (ANGRAU, Anakapalle) 

 

Endemic areas of Naikampalli ï Yellamilli (Dandepalli mandal) in Navabharat ventures 

(Sugar division) operational area, Samarlkota, East Godavari dist, Andhra Pradesh were selected 

as the test site for the conduct of experiment in farmers field. 

 

Variety                 : 2003V46 Seedlings 

Age of the crop     : 6 months  

Date of ratooning  :  11.01.2015   

Date of harvest     : 18.12.2015 

Treatments            : 9   

 

T1 :  Beauveria bassiana @ 5 kg ha
-1

 1 x10
8 
spores/ gm in 250 kg FYM    

T2 :  Metarrhizium anisopliae @ 5 kg ha
-1

 1 x10
8 
spores/ gm in 250 kg FYM    

T3 :  Heterorhabditis sp. WP @ 20 kg ha
-1

 in 150 kg moist sand ha
-1

  

T4 :  Steinernema sp. WP @ 20 kg ha
-1

  in 150 kg moist sand ha
-1

  

T5 :  Heterorhabditis sp. WP @ 20 kg ha
-1

 in 150 kg moist sand ha
-1

 two times at two intervals 

T6 :  Steinernema sp. WP @ 20 kg ha
-1

  
 
in 150 kg moist sand ha

-1
 two times at two month 

 interval 

T7 :  Neem cake @ 500 kg ha
-1

    

T8 :  Phorate 10G @ 15 kg ha
-1

  

T9 :  Untreated control  

 

Time of Application:  Treatments applied after the onset of monsoon (27.07.2015) 

 

 White grub damage was below 5% with the application of entomopathogenic fungi and 

entomopathogenic nematode treatments after onset of rains. White grub damage was low in 

Metarrhizium anisopliae (1.47%) followed by Heterorhabditis indica twice application (2.17%), 

Steinernema sp. twice application (2.79%), Beauveria bassiana (3.0%), Steinernema sp. (3.16%) 

and Heterorhabditis sp. (4.61%). Plant damage due to white grub was high in untreated control 

(48.04%) followed by neem cake (25%) and phorate (12.65%) (Table 42). 

 

 White grub population was low in Metarrhizium anisopliae (0.67 grub/ 10 m row) 

followed by Heterorhabditis sp. twice application (1.33 grub/ 10 m row) and Beauveria bassiana 
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and Steinernema sp. (1.67 grubs/ 10 m row) and high in untreated control (13.67 grubs/10 m 

row), Neem cake (9.0 grubs/10 m row) and phorate (6.33 grubs/10 m row).  

 

 Cane yield was high in Metarrhizium anisopliae (87.4 t/ha) followed by Heterorhabditis 

sp. twice application (77.08 t/ha), Beauveria bassiana (74.99 t/ha) and Steinernema sp. twice 

application (73.42 t/ha) and was low in control (24.93t/ha), phorate (61.59 t/ha) & neem cake 

(61.91 t/ha) (Table 43).  

 

 Soil application of entomopathogenic fungi, entomopathogenic nematodes after the onset 

of mansoon were found effective in reducing the white grub damage, white grub population and 

recorded higher cane yields.  
 

Table 42. Efficacy of Entomopathogenic fungi and EPN against white grub in sugarcane 

ratoon crop  
 

Treatment 

White 

grub 

damage    

(%) 

White 

grubs / 10 

m row 

Per cent reduction 

in White grub 

damage over 

control 

T1 :  Beauveria bassiana @ 5 kg ha
-1  

 1 x10
8
spores/ gm in 250 kg FYM 

3.0 1.67 93.76 

T2 :  Metarrhizium anisopliae @ 5 kg ha
-1

 1 

x10
8
spores/ gm in 250 kg FYM 

1.47 0.67 96.94 

T3 :  Heterorhabditis sp. WP @ 20 kg ha
-1

 in 

150 kg moist sand ha
-1

 
4.61 2.67 90.40 

T4 :  Steinernema sp. WP @ 20 kg ha
-1

 in 150 

kg moist sand ha
-1

 
3.16 1.67 93.42 

T5 :  Heterorhabditis sp. WP @ 20 kg ha
-1

 in 

150 kg moist sand ha
-1

  two times at two month 

interval 

2.17 1.33 95.48 

T6 :  Steinernema sp. WP @ 20 kg ha
-1

 
 
in 150 

kg moist sand ha
-1

 two times at two month 

interval 

2.79 1.67 94.19 

T7 :  Neem cake @ 500 kg ha
-1

 25.0 9.0 47.96 

T8 :  Phorate  10G @ 15kg ha
-1

 12.65 6.33 73.67 

T9 :  Untreated  control 48.04 13.67  

CD( P=0.05) 8.35 0.51 
 

CV% 21.23 14.13 
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Table 43. Effect of entomopathogenic fungi and EPN on the yield of sugarcane ratoon crop 

  

Treatment 
NMC  

ó000/ha 

Cane yield 

t /ha 

Yield increase 

over control 

t/ha 

T1 :  Beauveria bassiana @ 5 kg ha
-1
 

(1 x10
8
spores/ gm) in 250 kg FYM 

83.00 74.99 50.06 

T2 :  Metarrhizium anisopliae @ 5 kg ha
-1
  

(1 x10
8
spores/ gm) in 250 kg FYM 

90.00 87.41 62.48 

T3 :  Heterorhabditis sp. WP @ 20 kg ha
-1
  in 150 kg 

moist sand ha
-1
 

80.33 70.77 45.84 

T4 :  Steinernema sp. WP @ 20 kg ha
-1
  in 150 kg moist 

sand ha
-1
 

79.33 70.09 45.16 

T5 :  Heterorhabditis sp. WP @ 20 kg ha
-1
 in 150 kg 

moist sand ha
-1
  two times at two month interval 

86.33 77.08 52.15 

T6 :  Steinernema sp. WP @ 20 kg ha
-1
  

 
in 150 kg moist 

sand ha
-1
 two times at two month interval 

84.17 73.42 48.49 

T7 :  Neem cake @ 500 kg ha
-1
 78.67 61.91 36.98 

T8 :  Phorate  10G @ 15kg ha
-1
 78.67 61.59 36.66 

T9 :  Untreated control 44.33 24.93  

CD( P=0.05) 3.05 3.7 
 

CV% 13.59 2.42 

 

3.  Bioefficacy of entomopathogenic fungi and entomopathogenic nematodes in suppression 

of termite incidence in sugarcane (ANGRAU- Anakapalle) 

 

Date of planting   :  07.08.2015 

Crop                     :  Sugarcane  

Variety                 :   2009 A 107   

 Date of harvest   : yet to be harvested during June, 2016 

 

Treatments imposed  
 

T1 :  Beauveria bassiana @ 5 kg/ha (1x10
8
 spores/ gm) in 250 kg FYM   

T2 :  Metarhizium anisopliae @ 5kg/ha (1x10
8
 spores/ gm) in 250 kg FYM   

T3 :  Heterorhabditis indica WP @ 20 kg/ha  in 150 kg moist sand ha
-1

  

T4 :  Steinernema sp. WP @ 20 kg/ha  in 150 kg moist sand ha
-1

  

T5 :  Neem cake @ 500 kg/ha at planting 

T6 : Chlorpyriphos 50 TC @ 5 ml/L Soil drenching at planting  

T7 :  Untreated  control  

T8 : Heterorhabditis sp. WP @ 20 kg/ha  in 150 kg moist sand ha
-1

 two times at two months 

interval  

T9 : Steinernema sp. WP @ 20 kg/ha  in 150 kg moist sand ha
-1

 two times at  two months 

interval  
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  Entomopathogenic fungal cultures, Beauveria bassiana and Metarhizium anisopliae were 

mixed with FYM @ 1 kg / 100 kg FYM for 15 days enrichement before soil application.  

 

 Sugarcane germination was high in Metarhizium anisopliae (59.62%), Beauveria 

bassiana (58.15%) and Heterorhabditis indica twice application (58.07%) and was low in 

control (44.1%). Bud damage recorded was low in Metarhizium anisopliae (40.38 %), Beauveria 

bassiana (41.85%) and Heterorhabditis indica two times application (41.93%) and high in 

Chlorpyriphos (58.14%). Seedling mortality was low in Steinernema sp (6.02%), 

Heterorhabditis indica twice application (6.24%) and Beauveria bassiana (8.54%) and was high 

in control (19.62%) (Table 44). Data on termite Damage (%), cane yield t/ha, sucrose (%) and 

shoot population ô000/ha will be recorded at harvest during the month of June, 2016. 

Entomopathogenic fungi, Metarhizium anisopliae and Beauveria bassiana, 

entomopathogenic nematode, Heterorhabditis indica twice application were effective in reducing 

bud damage due to termites resulted in higher germination compared to untreated control. 

 

Table 44. Bioefficacy of entomopathogenic fungi and EPN in the management of termites in 

sugarcane during kharif.  

 

 

Treatment Germination % 
Bud 

damage % 

Seedling 

mortality (%)  

T1 Beauveria bassiana @ 5kg ha
-1
 ( 1x10

8
 

spores/ gm) in 250 kg FYM 
58.15 41.85 8.543 

T2 Metarhizium anisopliae @ 5kg ha
-1 

(1x10
8
 

spores/ gm) in 250 kg FYM 
59.62 40.38 12.04 

T3 Heterorhabditis indica WP @ 20 kg/ha  in 

150 kg moist sand ha
-1
 

54.75 45.63 11.72 

T4 Steinernema sp. WP @ 20 kg/ha  in 150 

kg moist sand ha
-1
 

56.84 43.16 13.71 

T5 Neem cake @ 500 kg/ha 52.13 47.87 14.6 

T6 Chlorpyriphos 50 TC @ 5 ml/lt. 41.86 58.14 14.38 

T7 Untreated control 44.1 55.90 19.62 

T8 Heterorhabditis sp. WP @ 20 kg/ha  in 

150 kg moist sand ha
-1
 two times at two 

months interval 

58.07 41.93 6.24 

T9 Steinernema sp. WP @ 20 kg/ha  in 150 

kg moist sand ha
-1
 two times at  two months 

interval 

54.37 45.25 6.02 

CD( P=0.05) 4.62 4.66 5.77 

CV% 10.73 12.26 15.39 
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4. IPM module for the sustainable management of early shoot borer (Chilo infuscatellus)   

and internode borer (Chilo infuscatellus and Chilo sacchariphagus indicus) in sugarcane 

(ANGRAU- Anakapalle) 

 

 Date of planting   :  14.04.2015  

Crop                     :  Sugarcane  

Variety                 :   2000 A 56  

Date of harvest    :   11.01.2016 

Treatments  :  9 ( IPM  Modules ) 

 

Treatment details  

 

Module 1 : Trash mulching + Trichogramma  chilonis release @ 50,000/ha  from 30 DAP  for  

  4 times at 7 -10 days interval; 

 Module 2:  Trash mulching + T. chilonis release @ 50,000/ha from 30 DAP for 4 times and 2  

  releases after node formation;  

Module 3:  Trash mulching + T. chilonis release @ 50,000/ha from 30 DAP for 6 times and 2  

  releases after node formation;  

Module 4:  Trash mulching + T. chilonis release @ 75,000/ha from 30 DAP for 4 times and 2  

  releases after node formation;  

Module 5 : Trash mulching + T. chilonis release @ 75,000/ha from 30 DAP for 6 times  

Module 6 : Trash mulching + T. chilonis release @ 75,000/ha from 30 DAP for 6 times and 2  

  releases after node formation;  

Module 7 : Trash mulching + Soil application of  Carbofuran 3G @ 33 kg/ha at  planting  

Module 8 : Trash mulching + Soil application of  Carbofuran 3G @ 33 kg/ha at planting  and at  

  90 days after planting  

Module 9 : Untreated Control (Trash mulching) 

 

 Cumulative incidence of early shoot borer was recorded low in Module 2- Trash 

mulching+ Trichogramma chilonis release @ 50,000/ha from 30 DAP - 4 releases at 7-10 day 

interval and 2 releases after node formation (3.3 %) followed by Module 3 - Trash mulching+ T. 

chilonis release @ 75,000/ha from 30 DAP - 6 releases at 7-10 day interval and 2 releases after 

node formation (4.94% (Table 45). Cumulative incidence of early shoot borer was high in 

Module 9-Trash mulching (11.38%). Module 6 - Trash mulching + Soil application of 

Carbofuran 3G @ 33 kg/ha at planting  and at 90 days after planting (7.13%) and Module 1- 

Trash mulching + T. chilonis release @ 50,000/ha from 30 DAP - 4 releases at 7-10 days interval 

(6.68 %). Internode borer incidence and intensity was recorded low in Module 2- Trash 

mulching+ T. chilonis release @ 50,000/ha from 30 DAP - 4 releases at 7-10 day interval and 2 

releases after node formation (43.3% and 2.73 %) followed by Module 3 - Trash mulching+ T. 

chilonis release @ 75,000/ha from 30 DAP - 6 releases at 7-10 day interval and 2 releases after 

node formation (50% and 2.7%). Internode borer incidence  and intensity was high in Module 9- 

Trash mulching (76.67% and 6.07%), Module 1- Trash mulching + T. chilonis release @ 

50,000/ha from 30 DAP - 4 releases at 7-10 days interval (70% and 4.56%) and Module 8- Trash 

mulching + Soil application of Carbofuran 3G @ 33 kg/ha at planting and at 90 days after 

planting (66.67 % and 4.19%). Cane yield was recorded high in Module 6 - Trash mulching + T. 

chilonis release @ 75,000/ha from 30 DAP for 6 times and 2 releases after node formation 
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(124.59 t/ha), Module 1- Trash mulching + T. chilonis release @ 50,000/ha from 30 DAP - 4 

releases at 7-10 days interval (123.19 t/ha) followed by Module 3-Trash mulching + T. chilonis 

release @ 50,000/ha from 30 DAP for 6 times and 2 releases after node formation (121.6 t/ha) 

and cane yield was recorded low in Module 9- Trash mulching (93.55 t/ha) (Table 46). Module 

3- Trash mulching + T. chilonis release @ 50,000/ha from 30 DAP for 6 times and 2 releases 

after node formation and Module 6- Trash mulching + T. chilonis release @ 75,000/ha from 30 

DAP for 6 times and 2 releases after node formation are effective in managing shoot borers in 

sugarcane with high incremental benefit cost ratio. IPM module with trash mulching + 

Trichogramma chilonis release @ 50,000/ ha or 75,000/ha from 30 DAP for 6 times and 2 

releases after node formation was effective in management of early shoot borer and internode 

borer in sugarcane with high incremental benefit cost ratio. 

 

Tabel 45. Impact of IPM module for the sustainable management of sugarcane shoot 

borers 

 

Module 

ESB Incidence (%DH) 
 

Cumulative 
incidence 

of ESB 
(%DH) 

INB 
inciden
ce (%) 

INB 
Intensit

y (%) 

INB 
Infestati

on 
index 
(%) 

45 
DAP 

90 
DAP 

120 
DAP 

Module 1 : 
Trash mulching + 
Trichogramma chilonis @ 
50,000/ha  -  4 releases 

3.33 3.35 0.0 6.68 70 4.56 3.8 

Module 2 : 
Trash mulching + T. chilonis  @ 
50,000/ha  -  4 +2 releases 

2.85 0.45 0.0 3.31 43.33 2.73 1.28 

Module 3 : 
Trash mulching + T. chilonis  @ 
50,000/ha  -  6+2  releases 

3.02 1.92 0.0 4.94 50.0 2.70 1.84 

Module  4 : 
Trash mulching + T. chilonis  @ 
75,000/ha  -  4+2  releases 

4.8 0.77 0.0 5.56 50.0 4.037 2.53 

Module 5 : 
Trash mulching + T. chilonis  @ 
75,000/ha from  30 DAP for 6 
releases  

3.38 1.8 0.0 5.21 60.0 5.45 3.27 

Module 6 : 
Trash mulching + T. chilonis  @ 
75,000/ha from 30 DAP for 6 + 
2 releases after node 
formation 

6.33 0.8 0.0 7.13 60.0 3.33 2.34 
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Module 7 : 
Trash mulching + Soil 
application of Carbofuran 3G 
@ 33 kg/ha at  planting 

2.58 2.47 0.0 5.06 66.67 3.33 2.56 

Module 8 : 
Trash mulching + Soil 
application of Carbofuran 3G 
@ 33 kg/ha at planting and at 
90 days after planting 

4.93 0.57 0.0 5.49 66.67 4.19 3.22 

Module 9: 
Untreated Control (Trash 
mulching ) 

7.93 0.89 2.56 11.38 76.67 6.07 4.70 

CD (P=0.05) 2.3 1.95 
 

1.8 2. 37 3.36 
 

CV % 2.95 8.13 18.57 31.54 38.15 
 

Tabel 46. Impact of IPM module for the sustainable management of sugarcane shoot borers 

 

Module 
Cane 
yield 
t /ha 

Sucros
e (%) 

NMC 
Ωллл 
/ha 

Yield 
increase 

(%) 

Cost of 
input 
for PP 
Rs./ha 

Addition
al 

income 
Rs./ha 

Increme
ntal 

benefit 
cost 
ratio 

Module 1 : 
Trash mulching + T. chilonis  
@ 50,000/ha  -  4 releases  

123.1
9 

19.48 95.78 31.68 550 71,136 1: 129.3 

Module 2 : 
Trash mulching + T. chilonis  
@ 50,000/ha  -  4 + 2 releases  

120.0
1 

18.68 101.77 28.28 725 63,504 1:873.80 

Module 3 : 
Trash mulching + T. chilonis  
@ 50,000/ha  -  6+2  releases  

121.6
0 

19.12 102.04 51.36 900 1,15,320 1: 128.1 

Module  4 : 
Trash mulching + T. chilonis  
@ 75,000/ha  -  4 + 2  
releases  

117.9
5 

17.74 91.21 26.08 1075 58,560 1: 54.47 

Module 5 : 
Trash mulching + T. chilonis @ 
75,000/ha from  30 DAP for 6 
releases  

106.4
2 

17.93 90.00 13.86 1040 31,128 1: 29.93 

Module 6 : 
Trash mulching + T. chilonis  
@ 75,000/ha from 30 DAP for 
6 + 2 releases after node 

124.5
9 

18.27 98.95 54.56 1320 1,22,496 1: 92.8 
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formation  

Module 7 : 
Trash mulching + Soil 
application of Carbofuran 3G 
@ 33 kg/ha at  planting  

108.0
4 

18.22 101.01 15.49 3280 34,776 1: 10.6 

Module 8 : 
Trash mulching + Soil 
application of Carbofuran 3G 
@ 33 kg/ha at planting and at 
90 days after planting  

111.4
6 

18.53 91.65 19.14 4580 42,984 1: 9.39 

Module 9: 
Untreated Control 
 (Trash mulching )  

93.56 17.28 92.96 - - - - 

CD ( P=0.05) 14.9 17.61 6.68 
 

CV % 8.68 19.98 7.16 
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2.4. Cotton  

 

1. Monitoring biodiversity and outbreaks for invasive mealybugs on cotton, survey for 

incidence of mealybugs on cotton and collection of their natural enemies (MPKV, PAU, 

PJTSAU, TNAU, and UAS-R) 

 

MPKV -Pune 

 

 Cotton seeds (var. Jai, Bollgard II) were sown on 24
th
 July 2015 at 90 x 60 cm spacing in 

40 x 40 m
2
 plot on the research farm of Agril. Entomology Section, College of Agriculture, 

Pune. All the recommended agronomic practices were followed except pesticide application to 

maintain healthy crop growth. The incidence of cotton mealybug, Phenacoccus solenopsis 

Tinsley and occurrence of natural enemies was monitored at fortnightly interval from the day of 

germination. 

 

 The incidence of mealybug was started recording on cotton from 1
st
 fortnight of August 

2015 till December, 2015 in the experimental plot. However, the mealybug was not observed on 

cotton up to harvesting of the crop. The natural enemies like  predatory coccinellids, Coccinella, 

Menochilus and Scymnus, Chrysopids, Brumoides and spiders was observed in cotton ecosystem.  

 

 During the survey, less pest infestation was noticed in the months of November and 

December, 2015.The parasitism of Anaesis arizonensis was found common on cotton, 

parthenium and marigold and hibiscus. The cotton mealybug on Hibiscus was effectively 

controlled by A. arizonensis.  

 

PAU-Ludhiana 

 

 Regular surveys were conducted to collect mealybugs and its natural enemies from 

different hosts from Ludhiana and other major cotton growing areas (Bathinda and Abohar) of 

Punjab. During the survey, only one mealybug species, Phenacoccus solenopsis Tinsley was 

recorded on cotton crop. The incidence of mealybug was observed at isolated places on cotton 

and weed hosts (Abutilon sp. and Sida sp.) and there was no major outbreak of the pest. 

Predatory fauna included coccinellid predators such as Cheilomenus sexmaculata, Coccinella 

septempunctata and B. suturalis, and green lace wing, Chrysoperla zastrowi sillemi feeding on 

mealybug and their population varied from 0.1 to 2.2 predators per plant. The overall 

parasitization by parasitoids under field conditions varied from 40 to 68.2%. The infested plant 

parts were collected and brought back to the laboratory and were kept under caged conditions for 

the emergence of parasitoids. The solitary nymphal endoparasitoid Aenasius arizonensis and 

hyperparasitoid Promuscidea unfasciativentris were emerged from the infested samples. Out of 

these, A. arizonensis was predominant species (73.2%) and P. unfasciativentris parasitized 

(26.8%) of the primary paratoids.  

 

  During survey, five mealybug species, i.e., pink sugarcane mealybug, Saccharicoccus 

sacchari (Cockerell), papaya mealybug, Paracoccus marginatus Williams and Granara de 

Willink , mango mealybug, Drosicha mangiferae Stebbins, spherical mealybug, Nipaecoccus 

viridis (Newstead) and striped mealybug, Ferrisia virgata (Cockerell) were noticed in different 
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agro-ecosytems of Punjab on Saccharum officinarum L., Plumeria alba L., Mangifera indica L. 

Hibiscus rosa-sinenis L. and Psidium guajava L., respectively. The extent of parasitization by A. 

arizonensis was recorded on these five mealybug species under field conditions. Fifty mealybugs 

were observed at 15 days interval on each host to find the number of parasitized mealybugs. 

These mummies were brought to the laboratory and kept in glass vials to see the emergence of A. 

arizonensis adults. Under natural field conditions, the parasitization by A. arizonensis was 

observed only on P. solenopsis. However, no parasitization by A. arizonensis was recorded on S. 

sacchari, P. marginatus, D. mangiferae, N. viridis and F. virgata (Table 47). 

 

Table 47. Mean parasitization of different mealybug species by Aenasius arizonensis under 

field conditions 

 

Mealybug species Hosts 
Mean parasitization by  

Aenasius arizonensis (%) 

Phenacoccus solenopsis 
Gossypium hirsutum 42.3 

Abutilon sp. 64.9 

Drosicha mangiferae Mangifera indica 0.0 

Paracoccus marginatus Plumeria alba 0.0 

Saccharococcus sacchari Saccharum officinarum 0.0 

Nipaecoccus viridis Hibiscus rosa-sinensis 0.0 

Ferrisia virgata Psidium guajava 0.0 

 

PJTSAU-Hyderabad 

 

 Fortnightly surveys were conducted in the cotton growing areas of Telangana, viz., 

Mahabubnagar and Rangareddy for infestation and intensity of mealybug incidence. Infested 

plant parts were brought back to the laboratory and held under caged conditions for emergence 

of natural enemies. Alternate host plants were also recorded. Specimens of mealybugs and 

natural enemies collected were sent to NBAIR. Crop wise records were maintained for extent of 

damage by the mealybug, level of natural enemies present, etc. The overall scenario showed 

marginal incidence levels of three different Mealybugs, viz., Meconellicoccus hirsutus, 

Phenococcus solenopsis and Paracoccus marginatus in cotton growing districts of Telangana 

state. 

 

TNAU-Coimbatore 

 

Survey conducted in Coimbatore, Erode and Tiruppur districts of Tamil Nadu on cotton and 

other host plants indicated the incidence of five species of Mealybugs, viz., Paracoccus 

marginatus, Maconellicoccus hirsutus, Phenacoccus solenapsis, Nipaecoccus viridis and 

Ferrisia virgata (Table 48). Phenacoccus solenapsis and Nipaecoccus viridis were the 

predominant species recorded on cotton. Paracoccus marginatus was observed on papaya, 

cotton, tapioca, mulberry, jatropa and other host plants. The natural enemies, viz., Acerophagus 

papayae, Cryptolaemus montrouzieri, Scymnus coccivora, Spalgis epius, Coccinella 

septumpunctata, Mallada sp, Chrysoperla zastrowi sillemi and Menochilus sexmaculatus were 

recorded on different species of mealybugs from the surveyed cotton fields. 
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Table 48. Sucking pests and their natural enemies recorded in cotton 

 

Sl. 

No. 

Species of 

sucking pests 
Host Plants Natural enemies recorded 

1 
Phenacoccus 

solenopsis 

cotton, 

sunflower, 

bhendi,  

parthenium, 

Black night 

shade and 

Hibiscus 

Cryptolaemus montrouzieri, Coccinella 

septumpunctata Chrysoperla zastrowi sillemi, 

Spalgis epius, Scymnus coccivora 

2 Ferrisia virgata 

Cotton, tapioca, 

custard apple, 

guava, Papaya 

and tuberose 

Scymnus coccivora, Cryptolaemus montrouzieri, 

Menochilus sexmaculatus, Mallada sp. 

3 
Paracoccus 

marginatus 

Cotton, Papaya, 

tapioca, Jatropha 

curcas,  

mulberry, 

bhendi, 

sunflower, 

hibiscus, 

marigold and  

parthenium 

Acerophagus papaya, Chrysoperla zastrowi 

sillemi, Spalgis epius,Cryptolaemus 

montrouzieri, Scymnus coccivora, Menochilus 

sexmaculatus 

4 
Nipaecoccus 

viridis 

Cotton, mango, 

gooseberry, 

tamarind and 

jack 

Scymnus coccivora, Cryptolaemus montrouzieri, 

Menochilus sexmaculatus 

5 
Maconellicoccus 

hirsutus 

Cotton, bhendi, 

grapevine, 

guava, hibiscus 

and mulberry 

Scymnus coccivora,Cryptolaemus montrouzieri, 

Mallada sp. 

6 

Amrasca 

devastans, 

Oxycarenus 

laetus 

Cotton and 

bhendi 
Anthocorid bugs 

7 Thrips tabaci 
Cotton and 

bhendi 
Chrysoperla zastrowi sillemi 

8 Aphis gossypii 
Cotton and 

bhendi 
Syrphids, Chrysoperla zastrowi sillemi 

9 
Aleurodicus 

disperses 

Cotton, bhendi, 

guava, papaya 

and ornamentals 

Cryptolaemus montrouzieri, Mallada sp. 

syrphids 

10 Mirid bug 
Cotton and 

bhendi 
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UAS-Raichur  

 

Variety : KCH-14K59 (Jadoo) BG II 

DOS  : 21-08-2015  

Area  : 50 sqm,  

Situation : Unprotected 

 

 Twenty plants were randomly selected to record the incidence of cotton mealybug at an 

interval of fifteen days. During heavy infestation, five twigs were considered and later the 

number of crawlers was expressed as number per 10 cm apical shoot length. 

 

 The incidence of mealybug was noticed during second fortnight of October and the peak 

activity was noticed during second week of February (85.42 mealybugs/ plant) which was also 

coincided with the peak activity of its primary parasitoid, Anesius arizonesis (18.05/ plant) and 

the peak activity of Anagyrus dactylopii was noticed during second fortnight of January. The 

decline in mealybug was noticed during second fortnight of February (Table 49). 

 

Table 49. Monitoring biodiversity and outbreaks for invasive mealybugs on cotton 

 

Year 

2015 

Std 

Week 

Mealy bugs/ 

shoot length 

(10 cm) 

Natural Enemies 

Coccinellids 
Anseis 

arizonensis 

Anagyrus 

dactylopii 

Oct 22-Oct 28 43 0.00 0.00 0.00 0.00 

Oct 29-Nov 04 44 0.22 0.08 0.04 0.00 

Nov 05-Nov 11 45 0.30 0.10 4.50 1.73 

Nov 12-Nov 18 46 1.50 0.11 5.22 2.77 

Nov 19-Nov 25 47 3.82 0.56 6.33 3.12 

Nov 26-Dec 02 48 4.50 1.00 5.33 3.50 

Dec 03-Dec 09 49 8.90 0.33 6.37 3.75 

 Dec 10- Dec 16 50 10.22 0.30 4.05 3.20 

 Dec 17- Dec 23 51 13.81 0.30 5.11 4.50 

 Dec 24- Dec 31 52 30.38 1.30 8.65 4.85 

Jan 01-07 1 39.52 1.50 9.05 5.54 

Jan 8-14 2 44.24 1.80 6.05 5.20 

Jan 15-21 3 47.62 1.50 5.05 5.10 

Jan 22-28 4 56.81 0.33 8.33 6.58 

Jan 29-Feb 4 5 68.46 0.30 10.18 5.44 

Feb 5 - 11 6 78.32 0.20 12.50 3.24 

Feb12 - 18 7 85.42 0.10 18.05 1.22 

Feb 19- 25 8 65.32 0.35 15.35 1.07 

Feb 26- Mar 4 9 44.24 0.42 21.46 1.22 

Mar 5-11 10 15.18 0.16 18.35 1.16 
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2. Monitoring  biodiversity and outbreaks of sap sucking pests including mirids and their 

natural enemies in Bt cotton (MPKV, PJTSAU and UAS-R) 

 

MPKV -Pune 

 

 Bt cotton var. Jai, Bollgard II was raised separately on the research farm of Agril. 

Entomology section, College of Agriculture, Pune. Seeds were sown on 24
th
 July 2015 on ridges 

and furrows at 90 x 60 cm spacing in 40 x 40 m2 size plots. All the recommended agronomic 

practices were followed except pesticide application. The sucking pests and natural enemies 

were recorded from randomly selected and tagged 25 plants from the plot at fortnightly interval. 

The pest population was recorded from three leaves (top, middle and lower portion) per plant. 

Similarly, the natural enemies were also recorded on the plant. It is seen from the Table 50 that 

the incidence of aphids, jassids, thrips and whitefly was recorded from1
st
 week of August 2015 

(32
nd 

MW ) except mealybug.The peak incidence of jassids, white fly and thrips was recorded 

during 1
st
 week of September 2015 (36

th 
MW). The aphid population was noticed maximum 

during 3
rd

 week of August 2015 (35
th
MW). The infestation of mealybug was not observed during 

the period under observation, i.e., August to December 2015.  

 

Table 50. Incidence of sucking pests and their natural enemies in Bt cotton 

 

Date of 

record 

Average population / 3 leaves / plant 

Aphids Jassids Thrips 
Whit

e flies 
Mealybug Chrysopid Coccinellids Spiders 

7/8/2015 5.33 1.00 1.50 0.00 0.00 0.33 0.10 0.44 

21/8/2015 20.33 2.00 8.67 1.33 0.00 0.44 2.22 0.33 

4/9/2015 15.66 8.50 12.33 5.67 0.00 2.33 8.33 1.00 

19/9/2015 7.67 1.67 3.67 1.33 0.00 1.33 5.66 0.33 

3/10/2015 7.00 1.33 2.67 3.33 0.00 0.67 0.70 0.89 

17/10/2015 10.33 2.00 5.33 5.40 0.00 0.89 1.11 0.67 

31/11/2015 8.67 2.33 6.33 3.33 0.00 0.33 0.55 1.00 

14/11/2015 9.33 2.00 7.33 2.80 0.00 0.33 0.44 1.00 

28/11/2015 7.33 2.00 4.67 2.67 0.00 0.22 0.22 0.67 

12/12/2015 4.67 1.33 1.66 1.33 0.00 0.22 0.33 0.33 

26/12/2015 03.0 1.00 1.33 0.33 0.00 0.33 0.10 0.44 

 

 The natural enemies, coccinellids, Menochilus sexmaculata Fab., Coccinella 

septempunctata Linn. and spiders were recorded from 1
st 

week of August to 4
th
 week of 

December 2015. The chrysopid, Chrysoperla zastrowi sillemi Esb. and spider observed from the 

1
st 

week of August 2015 (32
nd

 MW) and maximum population was recorded in 1
st
 week of 

September 2015 (36
th 

MW). The severe incidence of pink boll worm, Pectinophora gossipiella 

(70 to 80%) was observed in Bt cotton during later stage of the crop in Dhule and Nadurbar 

district  
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PJTSAU-Hyderabad 

 

 The Bt cotton growing areas of Telangana were surveyed for infestation and intensity of 

sucking pest incidence. The overall scenario showed incidence of Jassids to a greater extent 

followed by whiteflies and thrips.  

 

UAS-Raichur 

 

Variety : KCH-14K59 (Jadoo) BG II:  

DOS  : 21-08-2015  

Area  : 50 sqm,  

Situation : Unprotected 

 

 Twenty plants were randomly selected to record the incidence of cotton mirid bug at an 

interval of fifteen days. Number of mirid bugs was counted on squares and flowers. In each plant 

five squares and five flowers were observed for the incidence of mirid bugs and later converted 

to plant basis.  

 

 The incidence of mirid bug was noticed at second fortnight of October with a peak 

population during first week of December (1.33 mirid bugs/ plant). Over all incidence of mirid 

bug was negligible during current season (Table 51). 

 

Table 51. Incidence of mirid bug and its predators on Bt cotton ecosystem 

 

Year 

2015 

Std 

Week 

Number of 

mirid 

bugs/plant 

Predators per plant 

Coccinellids Chrysoperla Spiders 

Sep 24-Sep30 39 0.00 0.03 0.07 0.20 

Oct 01-Oct 07 40 0.00 0.03 0.15 0.30 

Oct 08-Oct 14 41 0.00 0.01 0.10 0.20 

Oct 15-Oct 21 42 0.00 0.10 0.05 0.20 

Oct 22-Oct 28 43 0.33 0.11 0.30 0.10 

Oct 29-Nov 04 44 0.33 0.06 0.31 0.16 

Nov 05-Nov 11 45 0.33 0.13 0.31 0.20 

Nov 12-Nov 18 46 0.33 0.16 0.10 0.23 

Nov 19-Nov 25 47 0.33 0.30 0.12 0.10 

Nov 26-Dec 02 48 0.66 0.30 0.05 0.01 

Dec 03-Dec 09 49 1.33 0.15 0.10 0.10 

Dec 10- Dec 16 50 0.33 0.30 0.11 0.34 

Dec 17- Dec 23 51 0.33 0.40 0.01 0.33 

Dec 24- Dec 31 52 0.33 0.10 0.11 0.25 

Jan 01-07 1 3.33 0.15 0.01 0.20 

Jan 8-14 2 0.00 0.30 0.00 0.20 

Jan 15-21 3 2.00 0.20 0.00 0.02 

Jan 22-28 4 0.66 0.10 0.00 0.00 

Jan 29-Feb 4 5 0.00 0.01 0.00 0.00 
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3. Diversity of sucking pests, bollworms and their natural enemies in transgenic Bt and 

non- Bt cotton (PAU-Ludhiana) 

 

Treatments 

 

1. Bt unsprayed  (transgenic cotton without insecticide application) 

2. Bt sprayed  (transgenic cotton with need based insecticide application)  

3. Non-Bt unsprayed (non-transgenic cotton without insecticide application) 

4. Non-Bt sprayed  (non- transgenic cotton with need based insecticide application)  

 

 Bt cotton (NCS 855 BGII) and non-Bt cotton (F 2228) was sown at the Entomological 

Research Farm, Punjab Agricultural University (PAU), Ludhiana on 9
th
 May, 2015, under 

sprayed and unsprayed conditions. The row-to-row spacing and plant-to-plant spacing  was 67.5 

and 75 cm for NCS 855 BGII and 67.5 and 60 cm for F 2228, respectively. Each plot was 

divided into three blocks as replicates. All agronomic practices recommended by PAU, 

Ludhiana, were followed to raise the crop. Under sprayed conditions, imidacloprid 200 SL @ 

100 ml/ha was sprayed twice on the basis of the economic threshold level, i.e., downward curling 

and yellowing of leaves at margins for the control of leafhopper. Against whitefly, one spray of 

diafenthiuron 50 WP @ 500 g/ha was applied when the population exceeded six adults/ leaf. The 

crop was sprayed three times for the control of bollworms on the basis of ETL (5% damage in 

freshly shed fruiting bodies) on non-Bt cotton. All sprays were done with the help of manually 

operated knapsack sprayer using 250 litres of water per hectare.  

 

  The population of sucking insect pests was recorded from 10 plants selected randomly 

from 3 fully formed leaves of the upper canopy from each block at weekly interval, i.e., Standard 

Meteorological Weeks (SMW) throughout the cropping season. Damage by bollworms was 

recorded from 10 randomly selected plants in each block at weekly intervals. In situ green bolls 

were counted from each plant and those showing damage were expressed as percent boll 

damage. Damage in freshly shed fruiting bodies comprising squares, flowers and green bolls was 

recorded on whole block basis throughout the cropping season at weekly intervals. The old shed 

fruiting bodies were removed from each plot 24 hours prior to each observation to ensure the 

collection of freshly shed fruiting bodies. All the freshly shed fruiting bodies lying on the ground 

were collected and those showing bollworm damage were counted and per cent damage was 

worked out. The larval population of American bollworm, spotted bollworm and spiny bollworm 

was also recorded from 10 plants at weekly interval. Pink bollworm population was recorded 

from 20 green bolls at 120, 135 and 150 days after sowing (DAS). The incidence in harvestable 

bolls was recorded on open boll and loculi basis at harvest from randomly selected 10 plants in 

each block. The population of predators was recorded on whole plant basis. The immature stages 

of whitefly were collected and brought to the laboratory to observe the emergence of parasitoids. 

Seed cotton yield was recorded on whole plot basis. 

 

  Among sucking insect pests, leafhopper, Amrasca biguttula biguttula and whitefly, 

Bemisia tabaci were key pests and remained active through out the cropping season on both Bt 

and non-Bt cotton. Thrips tabaci population was only observed in early stages of the crop 

growth, whereas, aphid, Aphis gossypii population remained nil throughout the cropping season. 

Under unsprayed conditions, the population of leafhopper, whitefly and thrips on Bt cotton 
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varied from 0.0 to 5.9, 0.2 to 33.0, 0.0 to 16.1 per three leaves, respectively (Table 52). The peak 

population of leafhopper nymphs (5.9/ 3 leaves) was recorded in 30
th
 SMW (fourth week of 

July). The population of whitefly adults remained above ETL (6 adults/ leaf) from 27
th
, 28

th
 and 

30
th
 SMW and was maximum (33.0/ 3 leaves) during 27

th
 SMW (first week of July). Thrips 

population showed its peak (16.1/ 3 leaves) during 26
th
 SMW (end-June). No bollworm 

incidence was recorded on Bt cotton hybrid throughout the cropping season (Table 52 & 54). 

 

  On non-Bt cotton, the population of leafhopper, whitefly and thrips varied from 0.2 to 

6.5, 0.4 to 20.0 and 0.0 to 24.0 per three leaves, respectively, under unsprayed conditions (Table 

56). The peak population of leafhopper nymphs (6.5/ 3 leaves) was recorded in 33
th
 SMW (2nd 

week of August). The population of whitefly adults was above ETL (6 adults/ leaf) in 27
th
 SMW 

(first week of July). Thrips population showed its peak (24.0/ 3 leaves) during 25
th
 SMW (third 

week of June). Among bollworms, Helicoverpa armigera, Earias vittella and E. insulana were 

observed on cotton crop. Among these, E. vittella was the predominant species. Therefore, the 

damage in green bolls, freshly shed fruiting bodies and open bolls can be attributed primarily to 

E. vittella on non-Bt cotton (Tables 56 & 58). Under unsprayed conditions, the peak larval 

population (6.0/10 plants) were recorded in 36
th
 SMW (1

st
 week of September). The damage in 

freshly shed fruiting bodies and green bolls varied from 0.0 to 36.36% and 0.0 to 3.68%, 

respectively under unsprayed conditions (Table 56). The corresponding figures under sprayed 

conditions varied from 0.0 to 20.59% and 0.0 to 1.72%, respectively (Table 58).  

 

 Among predators, coccinellids (Coccinella septempuntata, Cheilomenes sexmaculata and 

Brumus suturalis), green lacewing (Chrysoperla spp.), Gecocoris sp., Zanchius sp. and spiders 

were recorded (Tables 53, 55, 57 and 59) on both Bt and non-Bt cotton. Under unsprayed 

conditions, the population of coccinellids and Chrysoperla on both Bt and non-Bt cotton was 

maximum during 30
th 

SMW (end-July) (Tables 53 & 57).  The spider population showed its 

peak during 34
th
 and 35

th
 SMW. The population of Geocoris sp. and Zanchius sp. was maximum 

during 29
th
 and 36

th
 SMW, respectively on both Bt and non-Bt cotton under unsprayed 

conditions. No parasitoid emerged from immature stages (nymphs and pupae) of whitefly 

collected from field.  

 

  The incidence of sucking insect pests was less in sprayed conditions as compared to 

unsprayed conditions (Table 60). No bollworm incidence was observed on Bt cotton. However, 

on non-Bt cotton the mean larval population, damage in freshly shed fruiting bodies, green boll 

damage, damage in open bolls both on boll and loculi basis was comparatively more under 

unsprayed condition as against sprayed conditions. The seed cotton yield was more in Bt cotton 

in comparison to non-Bt cotton both under sprayed and unsprayed conditions. The predator 

population (spiders, coccinellids, Chrysoperla, Geocoris sp., and Zanchius sp) was more in 

unsprayed conditions as against sprayed conditions on both Bt and non-Bt cotton. 
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Table 52. Seasonal abundance of sucking insect pests and bollworms in Bt cotton under unsprayed conditions at Ludhiana 

during 2015 

 

Standard 

weeks 

Sucking insect pests / 3 leaves / 

plant 

Bollworm incidence 

Larval population/10 plants PBW 

larvae / 20 

green bolls 

FSFB 

(%) 

Earias 

larvae/10 

FSFB 

Green boll 

damage (%) 
Leaf-

hopper 

White- 

fly  
Thrips Aphid 

Helicoverpa 

armigera 

Earias 

vittella 

Earias 

insulana 

23 0.4 1.8 0.0 0.0 - - - - - - - 

24 0.6 2.2 3.0 0.0 - - - - - - - 

25 0.9 7.3 12.6 0.0 - - - - - - - 

26 3.1 7.9 16.1 0.0 - - - - - - - 

27 3.8 33.0 11.5 0.0 - - - - - - - 

28 5.2 28.3 8.1 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

29 5.3 13.1 6.5 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

30 5.9 21.8 6.6 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

31 3.0 10.0 3.5 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

32 2.2 5.5 0.8 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

33 4.4 3.1 0.8 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

34 1.5 1.1 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

35 1.4 0.7 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

36 0.9 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

37 0.8 2.8 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

38 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

39 0.2 0.5 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

40 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PBW ï pink bollworm (Pectinophora gossypiella); FSFB ï Freshly shed fruiting bodies 
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Table 53.  Seasonal abundance of predators in Bt cotton under unsprayed conditions at Ludhiana during 2015 

 

Standard 

weeks 

Predators / 10 plants 

Coccinellids Chrysoperla zastrowi sillemi 
Geocoris 

sp. 

Zanchius 

sp. 
Spiders Coccinella 

septempunctata 

Cheilomenes 

sexmaculata 

Brumus 

suturalis 
Eggs Larvae Adults 

23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

24 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

27 0.0 0.0 0.0 3.0 0.0 0.0 1.0 0.0 1.0 

28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

29 1.0 0.0 0.0 2.0 0.0 7.0 12.0 0.0 0.0 

30 4.0 4.0 0.0 13.0 3.0 0.0 5.0 1.0 1.0 

31 1.0 1.0 0.0 0.0 0.0 0.0 2.0 1.0 2.0 

32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.0 

33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0 

34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 2.0 

35 0.0 0.0 0.0 0.0 3.0 0.0 0.0 15.0 8.0 

36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.0 7.0 

37 0.0 0.0 1.0 2.0 0.0 0.0 0.0 4.0 4.0 

38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 1.0 

39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 

40 0.0 0.0 0.0 1.0 0.0 0.0 0.0 4.0 0.0 
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Table 54. Seasonal abundance of sucking insect pests and bollworms in Bt cotton under sprayed conditions at Ludhiana 

during 2015 

 

Standard 

weeks 

Sucking insect pests / 3 leaves / 

plant 

Bollworm incidence 

Larval population/10 plants PBW 

larvae / 20 

green bolls 

FSFB 

(%) 

Earias 

larvae/10 

FSFB 

Green boll 

damage (%) 
Leaf-

hopper 

White- 

fly  
Thrips Aphid 

Helicoverpa 

armigera 

Earias 

vittella 

Earias 

insulana 

23 0.2 2.0 0.0 0.0 - - - - - - - 

24 0.7 2.9 2.8 0.0 - - - - - - - 

25 0.9 5.3 12.3 0.0 - - - - - - - 

26 3.0 6.1 15.6 0.0 - - - - - - - 

27 4.2 30.2 10.6 0.0 - - - - - - - 

28 1.2 8.0 6.5 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

29 2.8 6.6 7.0 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

30 3.2 10.6 8.0 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

31 3.0 6.9 3.6 0.0 0.0 0.0 0.0 - 0.0 0.0 - 

32 2.7 4.3 0.4 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

33 4.5 3.2 0.3 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

34 0.2 0.9 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

35 1.2 0.4 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

36 0.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

37 0.7 2.3 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

38 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

39 0.2 0.9 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 

40 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PBW ï pink bollworm (Pectinophora gossypiella); FSFB ï Freshly shed fruiting bodies 
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Table 55.  Seasonal abundance of predators in Bt cotton under sprayed conditions at Ludhiana during 2015 

 

Standard 

weeks 

Predators / 10 plants 

Coccinellids Chrysoperla zastrowi sillemi 
Geocoris 

sp. 

Zanchius 

sp. 
Spiders Coccinella 

septempunctata 

Cheilomenes 

sexmaculata 

Brumus 

suturalis 
Eggs Larvae Adults 

23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

27 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 1.0 

28 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 

29 0.0 2.0 0.0 0.0 0.0 0.0 3.0 0.0 1.0 

30 3.0 0.0 0.0 12.0 4.0 2.0 1.0 0.0 0.0 

31 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 

32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 4.0 

33 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 2.0 

34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 

35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 5.0 

36 0.0 0.0 0.0 2.0 0.0 0.0 0.0 23.0 2.0 

37 0.0 0.0 0.0 2.0 0.0 0.0 0.0 4.0 2.0 

38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 

39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0 

40 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 
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Table 56. Seasonal abundance of sucking insect pests and bollworms in non-Bt cotton under unsprayed conditions at 

Ludhiana during 2015 

 

Standard 

weeks 

Sucking insect pests / 3 leaves / 

plant 

Bollworm incidence 

Larval population/10 plants PBW 

larvae / 20 

green bolls 

FSFB 

(%) 

Earias 

larvae/10 

FSFB 

Green boll 

damage (%) 
Leaf-

hopper  

White- 

fly  

Thrips Aphid Helicoverpa 

armigera 

Earias 

vittella 

Earias 

insulana 

23 0.2 0.9 0.6 0.0 - - - - - - - 

24 0.4 4.5 16.6 0.0 - - - - - - - 

25 0.9 6.8 24.0 0.0 - - - - - - - 

26 2.0 9.2 17.7 0.0 - - - - - - - 

27 3.9 20.0 13.6 0.0 - - - - - - - 

28 4.4 15.3 10.9 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

29 4.5 8.8 7.7 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

30 3.1 14.1 4.2 0.0 0.0 0.0 0.0 - 11.76 0.29 - 

31 2.9 9.3 2.3 0.0 0.0 0.0 0.0 - 12.50 0.31 - 

32 2.3 8.2 1.1 0.0 0.0 0.0 2.0 - 13.51 0.27 0.00 

33 6.5 9.0 0.0 0.0 0.0 1.0 0.0 - - - 0.41 

34 4.5 4.1 0.0 0.0 2.0 4.0 0.0 - 36.36 0.68 1.64 

35 3.7 2.4 0.0 0.0 0.0 5.0 0.0 - 24.14 0.34 2.26 

36 0.8 2.8 0.0 0.0 0.0 6.0 0.0 0.0 30.77 0.38 3.33 

37 2.5 12.1 0.0 0.0 0.0 1.0 0.0 - 7.46 0.15 1.47 

38 0.4 0.9 0.0 0.0 0.0 4.0 0.0 0.0 6.09 0.09 1.84 

39 0.4 0.6 0.0 0.0 0.0 3.0 0.0 - 7.55 0.19 3.68 

40 0.2 0.4 0.0 0.0 0.0 2.0 0.0 0.0 - - 3.39 
PBW ï pink bollworm (Pectinophora gossypiella); FSFB ï Freshly shed fruiting bodies 
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Table 57. Seasonal abundance of predators in non-Bt cotton under unsprayed conditions at Ludhiana during 2015 

 

Standard 

weeks 

Predators / 10 plants 

Coccinellids  Chrysoperla zastrowi sillemi 
Geocoris 

sp. 

Zanchius 

sp. 
Spiders Coccinella 

septempunctata  

Cheilomenes 

sexmaculata 

Brumus 

suturalis 
Eggs Larvae Adults 

23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

24 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 

25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

26 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0 

27 0.0 0.0 0.0 1.0 0.0 0.0 2.0 0.0 0.0 

28 1.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 2.0 

29 1.0 2.0 0.0 5.0 0.0 3.0 7.0 0.0 1.0 

30 3.0 4.0 0.0 4.0 2.0 9.0 5.0 1.0 1.0 

31 1.0 1.0 0.0 0.0 0.0 1.0 2.0 1.0 2.0 

32 0.0 0.0 0.0 0.0 2.0 0.0 0.0 2.0 3.0 

33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 4.0 

34 0.0 0.0 0.0 1.0 0.0 0.0 0.0 17.0 8.0 

35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.0 2.0 

36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44.0 6.0 

37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 

38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 2.0 

39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 
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Table 58. Seasonal abundance of sucking insect pests and bollworms in non-Bt cotton under sprayed conditions at Ludhiana 

during 2015 

 

Standard 

weeks 

Sucking insect pests / 3 leaves / 

plant 

Bollworm incidence 

Larval population/10 plants PBW 

larvae / 20 

green bolls 

FSFB 

(%) 

Earias 

larvae/10 

FSFB 

Green boll 

damage (%) 
Leaf-

hopper  

White- 

fly  

Thrips Aphid Helicoverpa 

armigera 

Earias 

vittella 

Earias 

insulana 

23 0.0 0.6 0.4 0.0 - - - - - - - 

24 0.6 4.2 17.2 0.0 - - - - - - - 

25 0.8 5.7 23.3 0.0 - - - - - - - 

26 2.2 9.7 17.0 0.0 - - - - - - - 

27 3.5 19.6 12.5 0.0 - - - - - - - 

28 1.0 5.4 5.7 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

29 2.2 6.8 6.0 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

30 4.5 10.4 4.4 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

31 3.2 8.3 2.8 0.0 0.0 0.0 0.0 - 0.00 0.00 - 

32 3.0 8.1 1.4 0.0 0.0 0.0 1.0 - 3.23 0.00 0.00 

33 4.9 8.6 0.0 0.0 0.0 0.0 0.0 - - - 0.51 

34 0.6 1.7 0.0 0.0 1.0 3.0 0.0 - 6.02 0.48 1.46 

35 1.6 1.6 0.0 0.0 0.0 2.0 0.0 - 20.59 0.00 0.88 

36 0.9 2.1 0.0 0.0 0.0 1.0 0.0 0.0 5.26 0.00 1.38 

37 3.0 8.9 0.0 0.0 0.0 1.0 0.0 - 6.67 0.13 1.25 

38 0.2 1.0 0.0 0.0 0.0 3.0 0.0 0.0 3.45 0.14 1.08 

39 0.4 0.3 0.0 0.0 0.0 2.0 0.0 - 6.45 0.32 1.45 

40 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 - - 1.72 
PBW ï pink bollworm (Pectinophora gossypiella); FSFB ï Freshly shed fruiting bodies 
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Table 59.  Seasonal abundance of predators in non-Bt cotton under sprayed conditions at Ludhiana during 2015 

 

Standard 

weeks 

Predators / 10 plants 

Coccinellids  Chrysoperla zastrowi sillemi 
Geocoris 

sp. 

Zanchius 

sp. 
Spiders Coccinella 

septempunctata  

Cheilomenes 

sexmaculata 

Brumus 

suturalis 
Eggs Larvae Adults 

23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

25 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 

26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 

27 0.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0 

28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

29 1.0 2.0 0.0 2.0 0.0 3.0 5.0 0.0 0.0 

30 1.0 1.0 0.0 2.0 2.0 4.0 3.0 1.0 0.0 

31 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 

32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 

33 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 2.0 

34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 5.0 

35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 4.0 

36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 29.0 6.0 

37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 3.0 

38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 1.0 

39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table 60. 
#
Overall incidence of insect pests and natural enemies population in Bt and 

non-Bt cotton under sprayed and unsprayed conditions during 2015 

 

Parameters 
Bt cotton Non-Bt cotton 

Unsprayed Sprayed Unsprayed Sprayed 

Sucking pests 

Leafhopper (no./3 leaves) 2.22 1.66 2.42 1.81 

Whitefly (no./3 leaves) 7.83 5.14 7.19 5.74 

Thrips (no./3 leaves) 3.86 3.73 5.48 5.04 

Aphid (no./3 leaves) 0.0 0.0 0.0 0.0 

Bollworms 

H. armigera / 10 plants 0.0 0.0 0.15 0.08 

E. vittella / 10 plants 0.0 0.0 2.00 0.92 

E. insulana / 10 plants 0.0 0.0 0.15 0.08 

P. gossypiella / 20 green bolls 0.0 0.0 0.0 0.0 

FSFB (%) 0.0 0.0 13.65 4.70 

E. vittella larvae/ 10 FSFB 0.0 0.0 0.25 0.10 

Green boll damage (%) 0.0 0.0 2.00 1.08 

Open boll damage (%) 0.0 0.0 25.24 12.95 

Loculi damage (%) 0.0 0.0 12.14 6.03 

Seed cotton yield (q/ha) 6.58 7.39 4.47 5.94 

Predators / 10 plants 

Coccinella septempunctata 0.39 0.22 0.33 0.11 

Cheilomenes sexmaculata 0.28 0.11 0.39 0.17 

Brumus suturalis 0.06 0.00 0.06 0.00 

Chrysoperla zastrowi sillemi 

 Eggs 

 Larvae 

 Adult 

 

 

1.17 

0.33 

0.39 

 

 

1.11 

0.22 

0.11 

 

 

0.89 

0.22 

0.72 

 

 

0.61 

0.11 

0.39 

Geocoris sp. 1.11 0.33 0.89 0.56 

Zanchius sp. 4.28 2.61 5.39 3.50 

Spiders 2.00 1.17 2.06 1.39 
#
Average of weekly observations; FSFB ï Freshly shed fruiting bodies 

 

Outbreak of whitefly in cotton belt of Punjab 

 

During 2015, whitefly, B. tabaci appeared in epidemic form in cotton belt (south 

western districs) of Punjab. Higher incidence of whitefly was observed in the Abohar and 

Khuian Sarwar block of Fazilka district, followed by Bathinda, Muktsar and Mansa districts. 

The possible reasons for its outbreak may be due to following factors: 

 

 High humidity and moderate temperature due to frequent rains during June appeared 

to be the possible reason for high incidence of whitefly in July. Normally, heavy 

showers in July-September wash out the adults of whitefly but during 2015, no heavy 

rains were recorded during this period.   

 Due to delayed harvesting of wheat, the cotton sowing was delayed. The incidence of 

whitefly was higher in relatively late sown crop, i.e., after 15 May. The cotton area 

sown after 15
th
 May was 75% in Punjab. 
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 Stress due to various factors such as lack of moisture, water logging, saline soil, poor 

quality water, nutrients deficiency, poor weed management, etc. led to poor growth 

and higher damage as compared to well managed crops. Some of the farmers applied 

higher dose of nitrogen and sprayed acephate and monocrotophos (both are not 

recommended) that favoured higher incidence of whitefly.  

 Use of unrecommended mixture of insecticides (readymade as well as tank made 

mixture), and sub standard and spurious insecticides aggravated the pest scenario, 

further.  

 Adoption of agro-advisory by the farmers from unauthorized sources such as input 

dealers and commission agents. 

 Survival and multiplication of whitefly on alternate weed host plants like peeli booti, 

kangi booti, puth kanda, etc.  

 Survival and multiplication of whitefly on alternate cultivated crops namely moong, 

mash, okra, potato, brinjal, tomato, etc.  

 Survival of whitefly under mild winter conditions (higher minimum temperature, 

increased humidity, no frost) during December 2014 and January 2015 led to its early 

build up  

 Tractor mounted gun sprayers are widely used by the farmers, which do not ensure 

proper spray coverage. 

 Due to high incidence of whitefly on cotton, some farmers neglected the crop and did 

not apply any insecticides. Consequently, whitefly population increased and later 

migrated to adjoining cotton fields. 

 

4. Bioefficacy of microbial insecticides against sucking pests in Bt cotton (AAU-A) 

 

Location  : Agronomy farm, BACA, Anand Agricultural University, Anand. 

Season and year       : Kharif 2015 

 

Experimental details 

 

Treatments     : 10 

Replication     : 3 

Design           : Randomized Block Design (RBD)   

Crop / variety : Bt cotton - BG-6 

Spacing          : 120 x 60 cm 

 

Details of treatments  

 

T1 : Beauveria bassiana (2 x 10
8
 cfu g

-1
) @ 30 g /10 litres water 

T2 : Beauveria bassiana (2 x 10
8
 cfu g

-1
) @ 40 g /10 litres water 

T3 : Verticillium lecanii  (2 x 10
8
 cfu g

-1
) @ 30 g /10 litres water 

T4 : Verticillium lecanii (2 x 10
8
 cfu g

-1
) @ 40 g /10 litres water 

T5 : Metarhizium anisopliae (2 x 10
8
 cfu g

-1
) @ 30 g /10 litres water 

T6 : Metarhizium anisopliae (2 x 10
8
 cfu g

-1
) @ 40 g /10 litres water 

T7 : Nomurea rileyi (2 x 10
8
 cfu g

-1
) @ 30 g /10 litres water 

T8 : Nomurea rileyi (2 x 10
8
 cfu g

-1
) @ 40 g /10 litres water 

T9 : Recommended insecticide (Thiamethoxam 25 WG @ 20 g/ 10 litres water) 

T10 : Control (water spray) 
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 The bioefficacy of microbial insecticides was evaluated against aphid, Aphis gossypii; 

jassid, Amrasca biguttula biguttula; whitefly, Bemisia tabaci; and thrips, Thrips tabaci. 

Considering the pest population in experimental area, two sprays were applied on need basis. 

 

 The observations on population of sucking pests [Aphid, A. gosypii; Jassid, A. 

bigutulla bigutulla; Whitefly, B. tabaci and Thrips, T. tabaci] were made on five plants 

selected randomly in each plot. On each plant, three leaves were selected randomly from top, 

middle and bottom canopy and population counts were made one day before the first spray as 

well as 3 and 7 days after each spray. The periodical data on pest population were subjected 

to ANOVA after transforming them to square root. The data were also pooled over periods, 

sprays and years. Moreover, seed cotton yield in kilograms was recorded plot-wise and 

picking-wise. The yield data was summed-up plot wise, converted to quintal/ha and subjected 

to ANOVA.  

 

 Among the different microbial insecticides used at different concentrations, 

significantly lower number of jassids (1.04/leaf), whiteflies (1.72/leaf), aphids (2.38/leaf) and 

thrips (1.31/leaf) were recorded in the treatment L. lecanii (40 g/10 L of water), followed by 

B. bassiana and M. anisopliae (40 g/10 L of water). None of the microbial insecticides found 

superior than chemical insecticide used. Further, it was found that lowest number of jassids 

(0.94/leaf), whiteflies (1.39/leaf), aphids (1.92/leaf) and thrips (1.01/leaf) were recorded in 

insecticide (thiamethoxam) treated plot (Tables 61-64). Similarly, among the microbial 

insecticides, higher seed cotton yield was obtained in the treatment of L. lecanii @ 40 g/10 L 

of water (28.96 q/ha), followed by B. bassiana @ 40 g/10 L of water (25.98 q/ha) and M. 

anisopliae @ 40 g/10 L of water (25.29 q/ha). However, the highest seed cotton yield was 

recorded in chemical insecticide treated plot (31.26 q/ha) (Table 65).  
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Table 61. Bio-efficacy of microbial insecticides against jassid infesting Bt cotton 

Treatments 

No. of jassid/leaf 

Before 

spray 

3 days after spray 7 days after spray 

Pooled 1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

T1: 
B. bassiana @ 30 g 

/10 litres water 

2.34 

(4.98) 

1.58 

(2.00) 

1.34 

(1.30) 

1.23 

(1.01) 

1.38 

(1.41) 

1.23 

(1.01) 

1.23 

(1.01) 

1.05 

(0.60) 

1.17 

(0.86) 

1.28de 

(1.14) 

T2: 
B. bassiana @ 40 g 

/10 litres water 

2.25 

(4.56) 

1.29 

(1.16) 

1.25 

(1.06) 

1.05 

(0.60) 

1.20 

(0.94) 

1.05 

(0.60) 

1.05 

(0.60) 

1.00 

(0.50) 

1.03 

(0.57) 

1.12bc 

(0.75) 

T3: 
V. lecanii @ 30 g /10 

litres water 

2.41 

(5.31) 

1.70 

(2.39) 

1.46 

(1.63) 

1.23 

(1.01) 

1.46 

(1.63) 

1.34 

(1.30) 

1.34 

(1.30) 

1.23 

(1.01) 

1.30 

(1.20) 

1.38e 

(1.40) 

T4: 
V. lecanii @ 40 g /10 

litres water 

2.31 

(4.84) 

1.46 

(1.63) 

1.05 

(0.60) 

0.88 

(0.27) 

1.13 

(0.78) 

1.05 

(0.60) 

0.91 

(0.33) 

0.88 

(0.27) 

0.95 

(0.39) 

1.04ab 

(0.58) 

T5: 
M. anisopliae @ 30 g 

/10 litres water 

2.47 

(5.60) 

1.68 

(2.32) 

1.58 

(2.00) 

1.23 

(1.01) 

1.50 

(1.74) 

1.34 

(1.30) 

1.34 

(1.30) 

1.34 

(1.30) 

1.34 

(1.31) 

1.42ef 

(1.52) 

T6: 
M. anisopliae @ 40 g 

/10 litres water 

2.54 

(5.95) 

1.46 

(1.63) 

1.34 

(1.30) 

1.05 

(0.60) 

1.29 

(1.15) 

1.23 

(1.01) 

1.05 

(0.60) 

1.05 

(0.60) 

1.11 

(0.73) 

1.20cd 

(0.94) 

T7: 
N. rileyi @ 30 g /10 

litres water 

2.46 

(5.55) 

1.86 

(2.96) 

1.85 

(2.92) 

1.68 

(2.32) 

1.80 

(2.73) 

1.77 

(2.63) 

1.70 

(2.39) 

1.58 

(2.00) 

1.69 

(2.34) 

1.74g 

(2.53) 

T8: 
N. rileyi @ 40 g /10 

litres water 

2.54 

(5.95) 

1.77 

(2.63) 

1.68 

(2.32) 

1.46 

(1.63) 

1.64 

(2.18) 

1.68 

(2.32) 

1.46 

(1.63) 

1.34 

(1.30) 

1.50 

(1.74) 

1.57f 

(1.96) 

T9: 

Recommended 

insecticide 

(Thiamethoxam 25 

WG @ 20 g/ 10 litres 

water) 

2.60 

(6.26) 

1.23 

(1.01) 

0.91 

(0.32) 

0.88 

(0.27) 

1.00 

(0.51) 

0.88 

(0.27) 

0.88 

(0.27) 

0.88 

(0.27) 

0.88 

(0.27) 

0.94a 

(0.38) 

T10: Control (water spray) 
2.66 

(6.58) 

2.74 

(7.01) 

2.85 

(7.62) 

2.85 

(7.62) 

2.81 

(7.39) 

2.79 

(7.28) 

2.86 

(7.68) 

3.03 

(8.68) 

2.89 

(7.85) 

2.85h 

(7.62) 

 
S. 

Em. ± 

Treatment 

(T) 
0.15 0.12 0.12 0.11 0.07 0.12 0.14 0.15 0.08 0.05 

  Spray (S) - - - - 0.05 - - - 0.05 0.03 

  Period (P) - - - - - - - - - 0.02 

  T x S - - - - 0.04 - - - 0.04 0.04 

  T x P - - - - - - - - - 0.09 

  S x P - - - - - - - - - 0.07 

  T x S x P - - - - - - - - - 0.13 

C. D @ 5 % T NS 0.35 0.34 0.34 0.19 0.35 0.42 0.44 0.22 0.15 

  S - - - - 0.21 - - - - 0.11 

  P - - - - - - - - - 0.07 

  T x S - - - - NS - - - NS NS 

  T x P - - - - - - - - - NS 

  S x P - - - - - - - - - 0.21 

  T x S x P - - - - - - - - - NS 

 C. V. (%) 10.42 12.25 13.04 14.56 13.20 14.32 17.54 19.06 16.98 15.37 

Note: 

 

Figures in parentheses are retransformed values; those outside are               transformed values; Figures in Letter(s) in 

common are statistically at par as per DNMRT 

 

  

5.0X
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Table 62. Bio-efficacy of microbial insecticides against whitefly infesting Bt cotton 

 

Treatments 

No. of whitefly/ leaf 

Before 

spray 

3 days after spray 7 days after spray 

Pooled 1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

T1: 
B. bassiana @ 30 

g /10 litres water 

2.70 

(6.79) 

2.18 

(4.25) 

1.86 

(2.96) 

1.58 

(2.00) 

1.87 

(3.00) 

1.94 

(3.26) 

1.67 

(2.29) 

1.46 

(1.63) 

1.69 

(2.36) 

1.78bcd 

(2.67) 

T2: 
B. bassiana @ 40 

g /10 litres water 

2.97 

(8.32) 

2.11 

(3.95) 

1.68 

(2.32) 

1.49 

(1.72) 

1.76 

(2.60) 

1.80 

(2.74) 

1.59 

(2.03) 

1.31 

(1.22) 

1.56 

(1.93) 

1.66b 

(2.26) 

T3: 
V. lecanii @ 30 g 

/10 litres water 

2.70 

(6.79) 

2.31 

(4.84) 

1.95 

(3.30) 

1.77 

(2.63) 

2.01 

(3.54) 

2.00 

(3.50) 

1.77 

(2.63) 

1.56 

(1.93) 

1.78 

(2.67) 

1.89cd 

(3.07) 

T4: 
V. lecanii @ 40 g 

/10 litres water 

3.02 

(8.62) 

2.04 

(3.66) 

1.77 

(2.63) 

1.58 

(2.00) 

1.80 

(2.74) 

1.86 

(2.96) 

1.58 

(2.00) 

1.46 

(1.63) 

1.63 

(2.16) 

1.72bc 

(2.46) 

T5: 

M. anisopliae @ 

30 g /10 litres 

water 

2.58 

(6.16) 

2.27 

(4.65) 

2.03 

(3.62) 

2.04 

(3.66) 

2.11 

(3.95) 

1.87 

(3.00) 

1.86 

(2.96) 

1.68 

(2.32) 

1.80 

(2.74) 

1.96d 

(3.34) 

T6: 

M. anisopliae @ 

40 g /10 litres 

water 

2.76 

(7.12) 

2.16 

(4.17) 

1.76 

(2.60) 

1.68 

(2.32) 

1.87 

(3.00) 

1.87 

(3.00) 

1.68 

(2.32) 

1.58 

(2.00) 

1.71 

(2.42) 

1.79bcd 

(2.70) 

T7: 
N. rileyi @ 30 g 

/10 litres water 

3.03 

(8.68) 

2.74 

(7.01) 

2.41 

(5.31) 

2.35 

(5.02) 

2.50 

(5.75) 

2.27 

(4.65) 

2.27 

(4.65) 

2.12 

(3.99) 

2.22 

(4.43) 

2.36e 

(5.07) 

T8: 
N. rileyi @ 40 g 

/10 litres water 

2.91 

(7.97) 

2.61 

(6.31) 

2.25 

(4.56) 

2.17 

(4.21) 

2.34 

(4.98) 

2.17 

(4.21) 

2.11 

(3.95) 

1.95 

(3.30) 

2.08 

(3.83) 

2.21e 

(4.38) 

T9: 

Recommended 

insecticide 

(Thiamethoxam 25 

WG @ 20 g/ 10 

litres water) 

2.85 

(7.62) 

1.77 

(2.63) 

1.34 

(1.30) 

1.46 

(1.63) 

1.53 

(1.84) 

1.46 

(1.63) 

1.05 

(0.60) 

1.23 

(1.01) 

1.25 

(1.06) 

1.39a 

(1.43) 

T10: 
Control (water 

spray) 

2.88 

(7.79) 

2.91 

(7.97) 

3.44 

(11.33) 

3.44 

(11.33) 

3.26 

(10.13) 

2.98 

(8.38) 

3.19 

(9.68) 

3.48 

(11.61) 

3.21 

(9.80) 

3.24f 

(10.00) 

 

S. 

Em. 

± 

Treatment 

(T) 
0.22 0.18 0.13 0.10 0.08 0.14 0.13 0.12 0.08 0.05 

  Spray (S) - - - - 0.03 - - - 0.03 0.03 

  Period (P) - - - -  - - -  0.02 

  T x S - - - - 0.05 - - - 0.04 0.04 

  T x P - - - -  - - -  0.09 

  S x P - - - -  - - -  0.08 

  T x S x P - - - -  - - -  0.13 

C. D @ 5 % T NS 0.54 0.39 0.31 0.23 0.43 0.37 0.36 0.21 0.15 

  S - - - - 0.13 - - - 0.13 0.10 

  P - - - -  - - -  0.07 

  T x S - - - - NS - - - NS 0.12 

  T x P - - - -  - - -  NS 

  S x P - - - -  - - -  NS 

  T x S x P - - - -  - - -  NS 

 C. V. (%) 13.56 13.74 10.97 9.22 11.75 12.38 11.60 11.66 11.93 11.63 

Note: 

 

Figures in parentheses are retransformed values; those outside are               transformed values; Figures in Letter(s) in 

common are statistically at par as per DNMRT 

 

 

 

5.0X
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Table 63. Bio-efficacy of microbial insecticides against aphid infesting Bt cotton 

 

Treatments 

No. of aphid/ leaf 

Before 

spray 

3 days after spray 7 days after spray 

Pooled 1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

1st 

spray 

2nd 

spray 

3rd 

spray 
Pooled 

T1: 
B. bassiana @ 30 

g /10 litres water 

3.97 

(15.26) 

3.21 

(9.80) 

2.83 

(7.51) 

2.54 

(5.95) 

2.86 

(7.68) 

3.11 

(9.17) 

2.47 

(5.60) 

2.07 

(3.78) 

2.55 

(6.00) 

2.70d 

(6.79) 

T2: 
B. bassiana @ 40 

g /10 litres water 

4.09 

(16.23) 

2.93 

(8.08) 

2.59 

(6.21) 

2.32 

(4.88) 

2.62 

(6.36) 

2.41 

(5.31) 

2.26 

(4.61) 

1.93 

(3.22) 

2.20 

(4.34) 

2.41bc 

(5.31) 

T3: 
V. lecanii @ 30 g 

/10 litres water 

4.35 

(18.32) 

3.21 

(9.80) 

2.97 

(8.32) 

2.56 

(6.05) 

2.91 

(7.97) 

3.15 

(9.42) 

2.50 

(5.75) 

2.20 

(4.34) 

2.61 

(6.31) 

2.76d 

(7.12) 

T4: 
V. lecanii @ 40 g 

/10 litres water 

4.27 

(17.73) 

3.03 

(8.68) 

2.50 

(5.75) 

2.28 

(4.70) 

2.61 

(6.31) 

2.22 

(4.43) 

2.20 

(4.34) 

2.06 

(3.74) 

2.16 

(4.17) 

2.38b 

(5.16) 

T5: 

M. anisopliae @ 

30 g /10 litres 

water 

4.10 

(16.31) 

3.25 

(10.06) 

3.02 

(8.62) 

2.61 

(6.31) 

2.96 

(8.26) 

3.28 

(10.26) 

2.61 

(6.31) 

2.34 

(4.98) 

2.74 

(7.01) 

2.85de 

(7.62) 

T6: 

M. anisopliae @ 

40 g /10 litres 

water 

3.93 

(14.94) 

3.17 

(9.55) 

2.74 

(7.01) 

2.34 

(4.98) 

2.75 

(7.06) 

3.08 

(8.99) 

2.41 

(5.31) 

2.13 

(4.04) 

2.54 

(5.95) 

2.64cd 

(6.47) 

T7: 
N. rileyi @ 30 g 

/10 litres water 

4.12 

(16.47) 

3.46 

(11.47) 

3.29 

(10.32) 

3.08 

(8.99) 

3.27 

(10.19) 

3.48 

(11.61) 

3.02 

(8.62) 

2.89 

(7.85) 

3.13 

(9.30) 

3.20f 

(9.74) 

T8: 
N. rileyi @ 40 g 

/10 litres water 

4.02 

(15.66) 

3.34 

(10.66) 

3.25 

(10.06) 

2.95 

(8.20) 

3.18 

(9.61) 

3.43 

(11.26) 

2.72 

(6.90) 

2.75 

(7.06) 

2.96 

(8.26) 

3.07ef 

(8.92) 

T9: 

Recommended 

insecticide 

(Thiamethoxam 

25 WG @ 20 g/ 

10 litres water) 

4.33 

(18.25) 

2.61 

(6.31) 

2.04 

(3.66) 

1.68 

(2.32) 

2.11 

(3.95) 

1.95 

(3.30) 

1.77 

(2.63) 

1.46 

(1.63) 

1.73 

(2.49) 

1.92a 

(3.19) 

T10: 
Control (water 

spray) 

4.27 

(17.73) 

4.36 

(18.51) 

4.42 

(19.04) 

4.74 

(21.97) 

4.51 

(19.84) 

4.70 

(21.59) 

4.70 

(21.59) 

4.71 

(21.68) 

4.70 

(21.59) 

4.61g 

(20.75) 

 

S. 

Em. 

± 

Treatment 

(T) 
0.29 0.17 0.16 0.14 0.10 0.21 0.14 0.14 0.09 0.07 

  Spray (S) - - - - 0.05 - - - 0.05 0.04 

  Period (P) - - - -  - - - - 0.03 

  T x S - - - - 0.10 - - - 0.09 0.05 

  T x P - - - -  - - - - 0.12 

  S x P - - - -  - - - - 0.10 

  T x S x P - - - -  - - - - 0.17 

C. D. at 5 % T NS 0.52 0.48 0.42 0.28 0.61 0.43 0.42 0.27 0.19 

  S - - - - - - - - 0.15 0.17 

  P - - - - - - - - - 0.09 

  T x S - - - - NS - - - NS 0.15 

  T x P - - - - - - - - - NS 

  S x P - - - - - - - - - NS 

  T x S x P - - - - - - - - - NS 

 C. V. (%) 12.14 9.30 9.34 9.09 9.92 11.63 9.32 10.06 10.37 10.31 

Note: 

 

Figures in parentheses are retransformed values; those outside are               transformed values; Figures in Letter(s) in 

common are statistically at par as per DNMRT 
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