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PREFACE

ICAR–NBAIR Annual Report 2022 furnishes information that reflects the contribution made towards 
documentation of  the diversity of  agriculturally important insects and methods involving molecular tools 
and non-chemical strategies for pest management. 

The three divisions of  ICAR–NBAIR, viz. Germplasm Collection and Characterization (GCC), Genomic 
Resources (GR) and Germplasm Conservation and Utilization (GCU) focused on the mandate of  the 
Bureau and churned out the following information to benefit the farmers, developmental agencies, 
policymakers and researchers involved in pest management.

Division of  Germplasm Collection and Characterization conducted exploratory surveys for the 
documentation of  arthropod biodiversity in India  from January to December 2022 which resulted in the 
addition of  6063 specimens collected from 15 different states. In addition, seven isolates of  
entomopathogenic nematodes were isolated and added to EPN repository. Fifteen new taxa were described 
and the documentation provided new insights into the arthropod biodiversity of  India. During the period 
under report, a total of  162 identification services were provided to researchers from agricultural 
universities, private companies and ICAR institutes.

Division of  Genomic Resources complemented the taxonomic identity by generating DNA barcodes to 
identify agricultural and veterinary pests, parasitoids, predators, invasive pests, and pollinators. Molecular 
techniques facilitated the identification of  the invasive chilli thrips, Thrips parvispinus. A novel technique, 
Multi-Locus Sequence Typing (MLST) was used to identify 40 EPN isolates, and draft whole genomes of  
five Indian EPN isolates were generated. Transcriptome analysis and RNAi machinery gene mining were 
carried out for identifying potential targets for RNA interference-based pest management strategies.

Division of  Germplasm Conservation and Utilization focuses on developing biological control and its 
compatible technologies. Housing the largest 'Live Insect and Insect-Derived Resources Repository' in Asia 
with 136 live insect germplasms and  microbial isolates, ICAR–NBAIR has facilitated in the supply of  
542.70 lakhs live insects in 562 shipments and 146 shipments of  microbials, to benefit the farmers and 
researchers. Non-chemical approaches involving semiochemicals were developed and the technologies were 
transferred to firms. Three entomofungal pathogens, viz. Beauveria bassiana, Metarhizium anisopliae and 
Lecanicillium fusisporum and two bacterial strains viz. Pseudomonas fluorescens and Bacillus albus were identified to 
be effective in scaling down the damage caused by the invasive thrips, T. parvispinus.

To address the threat caused by cassava mealybug, ICAR–NBAIR has imported the parasitoid, Anagyrus 
lopezi and the first field release programme of  the parasitoids and its distribution to the cassava farmers was 
conducted  in the presence of  300 tapioca farmers from six districts of  Tamil Nadu. As an awareness 
creation, a total of  28 training programmes were organised for 302 trainees, besides exposure visits for 
farmers, and students from various colleges and universities. Six NBAIR technologies were licensed to six 
firms and one Industry–Institute Interface  Meeting was organized. In an attempt to use the digital platform 
to reach a wider clientele, three pest management mobile apps were developed with a focus on biological 
control.
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The staff  members of  ICAR–NBAIR have contributed to the significant achievements of  this organization. 
Over 90 papers were published in high-rated journals. In an attempt to celebrate the success of  biocontrol,  
ICAR–NBAIR in association with the Society for Biocontrol Advancement organized Seventh National 
Conference on Biological Control - “75 years of  Biological control of  Pests and Diseases in Agriculture: 
Challenges and the Way Forward” brought in over 250 delegates and 25 industries to participate in the three-
day conference.The Annual Report is thus a compilation of  our efforts and contributions in the area of  basic 
research paving the way for applied research and commercialization.

I would like to express my gratitude to Dr Trilochan Mohapatra, Former Secretary (DARE) and Director 
General (ICAR) and  Dr Himanshu Pathak, Secretary (DARE) and Director General (ICAR) for their 
guidance and support. I am grateful to Dr Tilak Raj Sharma, DDG (Crop Sciences), ICAR for his innovative 
ideas in research and guidance. I acknowledge the inspiration and support provided by Dr Sunil Chandra 
Dubey, ADG (Plant Protection and Biosafety), ICAR. The services of  the editorial team in compiling and the 
scientists for providing inputs for the Annual Report are appreciated. 

I am hopeful that the scientists in NARES/NARS will find this publication informative. I look forward to any 
suggestions and comments for its improvement.

Bengaluru                                                                                                                  S.N.Sushil
27.02.2023                                                                                                                  Director
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1. EXECUTIVE SUMMARY

ICAR-National Bureau of  Agricultural Insect Resources

Germplasm Collection and Characterisation

Exploratory surveys for the documentation of  
a r th ropod  b iod ive r s i t y  in  Ind i a  dur ing 
January–December 2022 yielded 74 species of  
Scarabaeidae (23 genera); 47 species of  Tephritidae 
(28 genera); 45 species of  Pentatomidae (38 
genera); 22 species of  Thripidae (10 genera); 2 
species of  Tessaratomidae (2 genera); 2722 
specimens of  aphids and coccids; 1236 specimens 
of  weevils; 411 specimens of  trichogrammatids; 
284 specimens of  tachinids and 1220 specimens of  
spiders. Samples were collected from Andhra 
Pradesh, Arunachal Pradesh, Assam, Chhattisgarh, 
Himachal Pradesh, Manipur, Meghalaya, Mizoram, 
Rajasthan, Tamil Nadu, Telangana, Tripura, 
Karnataka, Kerala and West Bengal. In addition, 
scarab specimens were also received from Uttar 
Pradesh for faunal studies.   

Seven isolates of  Heterorhabditis indica and one 

species of  Steinernema were isolated from 

Chhattisgarh and added to NBAIR's repository of  

entomopathogenic nematodes EPN. A total of   

125 isolates/species of  Steinernema, Heterorhabditis 

and Oscheius nematodes were maintained on wax 

moth larvae.

Fifteen new taxa across the country were described. 
In Diptera: a new genus, Dacimita and four new 
species of  fruit flies, Dacimita curvifasciatus, Platensina 
rabbani, P. flavistigma and Rhabdochaeta nigroapicalis; in 
Hymenoptera, six species of  braconids, Leiophron 
crassivena, L. indefinita, Pambolus (Phaenodus) infuscatus, 
Paroligoneurus indicus, Paroplitis khajjiarensis and 
Streblocera (Eutanycerus) breviflagellata, a new 
pteromalid species, Doddifoenus burksi ;  in 
Thysanoptera, two species of  thrips, Hydatothrips 
initium and Pseudodendrothrips umbrolateralis and in 
Hemiptera, one soft scale species, Cyphococcus 
williamsi. 

Revisionary works include a review of  a braconid 
genus viz. Eurymeros and three species were 
transferred to the genus Euscelinus (comb. n.) and 
synonymized with the type species (Euscelinus 
sarawacus; syn. n.); phylogenetic analysis of  tephritid 
subfamily Tephritinae with Dacini as outgroup 
revealed the monophyly of  tribes Schistopterini, 
Tephrellini and Dithrycini and polyphyly of  tribe 
Tephritini; taxonomic studies on Indian species of  
g e n u s  P s e u d o d e n d r o t h r i p s  r e s o l v e d  t h e 
misidentification of  P. bhattii as P. darci and hence 
removed the former from thrips fauna of  India; 
redescriptions of  fourteen scarab beetle species 
(genus Adoretus)  of  the tribe Adoretini and seven 
species (genus Popillia) of  the tribe Anomalini; ten 
longhorn beetle species (genus Glenea) of  subfamily 
Lamiinae; type species of  the genus Eurymeros, E. 
tumespiraculum; one armoured scale species, Aulacaspis 
crawii and one spider species, Scytodes fusca; taxonomic 
studies on the salticid spider genus Rhene with 
detailed examination of  the type materials of  seven 
species; establishment of  eleven new synonymies 
and five new combinations. 

New distributional records for India include one 
pteromalid genus Doddifoenus; two braconid species, 
Aphaereta vondelparkensis and Centistes (Centistes) 
cuspidatus; two armoured scale species, Aulacaspis 
crawii and Kuwanaspis howardi and one mealybug 
species, Palmicultor lumpurensis. 
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Additionally, four species of  scarab beetles belonging 
to the tribe Sericini, one species of  Pentatomidae, 
three salticid spider species and one nematode 
spec ies  of  fami ly  Ste inernemat idae  were 
provisionally reported as new species. 
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New distributional records for the states in India 

include one aphid species, Conchaspis angraeci, two 

armoured scales, Rutherfordia major and Pinnaspis 

buxi, a soft scale species, Drepanococcus chiton from 

Kerala; D. chiton and P. buxi from Andhra Pradesh; 

one aphid species, Greenideoida ceyloniae, a felted scale 

species, Pedroniopsis beesoni from Jharkhand; one soft 

scale species, Ceroplastes cirripediformis from Madhya 

Pradesh; one soft scale species, Megapulvinaria 

maxima from Rajasthan; two scarab beetle species 

viz. Bunbunius hartmanni and Pseudopanotrogus lassallei 

from Himachal Pradesh. Four salticid spider 

species viz. Bianor angulosus from Punjab, Rhene 

flavicomans from Kerala, R. haldanei from Madhya 

Pradesh and R. rubrigera from West Bengal and 

Uttarakhand were reported as new distributional 

records.

New host/pest records documented were: 

Doddifoenus burksi as a parasitoid of  Cerambycid 

beetle; Tetrastichus epilachnae for Anisolemnia dilatata; 

primary parasitoids viz. Aenasius arizonensis and 

Pseudleptomastix mexicana and six species of  

hyperparasitoids viz. Aprostocetus sp., Chartocerus sp., 

Cheiloneurus sp., Homalotylus turkmenicus, Marietta 

leopardina and Prochiloneurus sp. from primary 

parasitoids of  Phenacoccus solenopsis and Paracoccus 

marginatus on Gymnema sylvestre; Pseudarthria viscida 

for D. chiton; Flacourtia inermis for R. major; Pisum 

sitivum for Dysmococcus brevicepes; Saccharum officinarum 

for Kiritshenkella lingnani; Areca catechu for Cerataphis 

brasiliensis; Brassica nigra for Smynthurodes betae; 

Excoecaria sp. for Conchaspis angraeci and Gossypium 

herbaceum and Psidium guajava for Thrips parvispinus. A 

melolonthine species, Apogoina sp. as a pest of  

Theobroma cacao and a buprestid species, Sphenoptera 

indica of  Cajanus cajan were reported.

Diagnostic keys were published for several insect 

taxa: Twenty-one genera of  subfamily Dacinae; 

world species of  Platensina; Indian species of  tribe 

Schistopterini; an updated key to the world species 

of  Paroplitis and Doddifoenus; Oriental species of  

Pambolus;  adult females of  mealybugs infesting

cassava (field and microscopic characters); Indian 

species of  Antonina, Formicococcus and Maacoccus; 

thrips species infesting cotton and Indian species of  

Hydatothrips and Pseudodendrothrips.

Annotated checklist for Indian Dryophthorinae and 

thirty factsheets for economically important weevil 

species were prepared. Two databases entitled 

“Pentatomidae fauna of  India” and “True fruit flies 

of  India” were prepared and published online. 

Occurrence and parasitism of  three trichogrammatid 

species viz. Trichogramma chilotrae, T. achaeae and T. 

chilonis were recorded from different pests infesting 

medicinal and aromatic plants. Two species of  

tachinids were identified with their associated hosts: 

Palexorista sp. reared from Spodoptera frugiperda and 

Carcelia sp. from black hairy caterpillar of  

sandalwood. 

A total of  162 identification services were provided 

to researchers from agricultural universities, private 

companies and ICAR institutes.

Annual Report - 2022 

Multi-Locus Sequence Typing (MLST) was carried 

out for the identification of  40 EPN isolates using 

four unique sequences. Draft whole genomes of  five 

Indian EPN isolates were generated. Profiles of  

genes and their expression involved in tritrophism 

among insect host, EPN and EPNB combinations in 

white grub (a coleopteran insect) in comparison to 

those in lepidopterans viz. Spodoptera frugiperda and 

Galleria mellonella larvae indicated that most genes 

related to insect metabolism and immunity were 

common to both. Genes and their expression related 

to nematode-bacterium combinations were found to 

be variable.  MALDI-TOFF analysis and profiling of  

proteins during pathogenesis in G. mellonella and S. 

frugiperda indicated the time-course relevance of  

certain proteins. Expressed protein details were 

archived at Protein Identification Data Base, EMBL-

EBI (PRIDE).

Genomic Resources
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 Time-course gene expression in G. mellonella and S. 

frugiperda using Nanostring Custom Multiplexed 

assay provided information on important 

pathways. Specific EPN isolates with LD values and 

fitness attr ibutes were identified for the 

management of  coleopteran, hemipteran, 

lepidopteran and stored grain insect pests. 

Technology related to patented WP formulations 

of  EPN was transferred to six firms and a revenue 

of  Rs.12 lakhs was generated. One prospective 

EPN isolate was identified for controlling thrips 

based on lab assays. 
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 bugs was achieved through both morphological and 

molecular means and accession numbers were 

generated, viz. Acanthocoris scabrator (OQ319472), 

Carbula biguttata (OQ324890), Cletus pugnator 

(OQ323459), Dysdercus cingulatus (OQ320754), 

Leptocorisa acuta (OQ320836) and Riptortus pedestris 

(Oq324691).

Molecular characterization was carried out and 

DNA barcodes were generated using different 

molecular markers, viz. CO1, ITS-2, CO1A, CO1B, 

CO1 (Btab-850 bp) and species-specific markers 

for several agricultural and veterinary pests, 

parasitoids,predators, invasive pests and pollinators 

collected from different parts of  the country. 

Different insect pests on apple, pear and many 

other temperate crops were identified and 

GenBank accession numbers were generated. An 

invasive pest, Thrips parvispinus was identified from 

farmers' fields in Andhra Pradesh, Chattisgarh 

(Raipur) ,  Gujarat  (Anand) ,  Maharashtra 

(Aurangabad) and Tamil Nadu (Trichy) using 

molecular techniques. A molecular diagnostic 

marker was developed for the invasive fall 

armyworm, S. frugiperda. 

Mealybug specimens which were collected from 62 

locations and 29 host plants were subjected to 

morphological and molecular identification. Most 

of  the specimens were Phenacoccus solenopsis, and few 

were Paracoccus marginatus, Phenacoccus manihoti, 

Phenacoccus parvus, Phenacoccus saccharifolii, Planococcus 

citri and Rastrococcus iceryoides. Identification of  plant

A moderate level of  genetic diversity was observed 

among 39 Indian populations of  Maruca vitrata using 

COI and microsatellite markers. 

Bacillus thuringiensis strains, NBAIR-Bt25 and NBAIR 

BtAN4 were characterized morphologically, and 

molecularly by 16S rDNA, Multi Locus Sequence 

Typing and whole genome sequencing. Insecticidal 

genes profiling using Bt Toxin Digger showed 28 

genes in both strains. A novel powder-based 

formulation of  B. thuringiensis which has a shelf  life 

of  2 years was designed using molasses.

Microflora from black soldier fly was identified using 

molecular tools and characterized using biochemical 

tests. Metagenomic and transcriptome analyses were 

accomplished using black soldier fly larvae.

Assembly and annotation of  transcriptome data of  

Maconellicoccus hirsutus was done. Transcriptome 

mining of  RNAi machinery genes was carried out. 

Annotation and identification yielded around 22 

genes belonging to Argonaute, Dicer, Drosha and 

Loquacious gene families. Liquid diet assays for 

dsRNA feeding were standardized for M. hirsutus and 

P. manihoti.

The multi-insecticidal tolerant strain of  Trichogramma 

chilonis was subjected to selection pressure using 

Emamectin benzoate, for which the last dose of  

exposure was 10 times the field dose which indicated 

the development of  resistance. The multi-

insect ic idal  tolerant stra in of  Chr ysoper la
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 zastrowi sillemi was subjected to repeated selection 

pressure using Diafenthiuron, out of  which the last 

dose was 1.2 times the field dose. Two predatory 

mites, Typhlodromus (Anthoseius) transvaalensis and 

Neoseiulus indicus were found to be highly 

susceptible to Fenazaquin.

.

Germplasm Conservation and Utilisation

Egg laying, the total number of  larvae, pupae 

developed and the number of  adults that emerged 

were significantly higher for Bracon brevicornis 

developed on fifth instar larvae of  fall armyworm 

when parasitism occurred 24 h after fungal 

inoculation (Metarhizium anisopliae Ma-35). Biology, 

feeding potential and prey preference was studied 

for anthocorid bug, Blaptostethus pallescens when 

Lecanicillium lecanii (ICAR-NBAIR Vl-8) infected 

thrips (Frankliniella schultzei) and uninfected thrips 

were offered as prey. The total nymphal duration of  

B. pallescens was significantly higher when fed on L. 

lecanii (ICAR-NBAIR Vl-8) treated thrips 

(F.schultzei) as compared to those fed on untreated 

thrips. All instars and adults of  B. pallescens preferred 

uninfected thrips over L. lecanii Vl-8 infected thrips. 

However, L. lecanii (ICAR-NBAIR Vl-8) does not 

affect the biological parameters of  the predatory 

mirid, Dortus  primarius.
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Three mobile apps, (i) BIPM on coconut, (ii) BIPM 

on rice and (iii) BIPM on sugarcane were developed 

for pest and disease management with a special 

focus on biological control. They are accessible in 

three languages, English, Hindi and Kannada.

A survey of  invasive whiteflies and their natural 

enemies revealed newer geographical distribution 

and extension of  host ranges. A potential 

parasitoid, Encarsia cubensis against palm-infesting 

whitefly, Aleurotrachelus atratus was reported for the 

first time in India. The prediction of  potential 

distribution and habitat suitability mapping for the 

occurrence of  invasive rugose spiraling whitefly 

(RSW) in India using the MaxENT modeling was 

developed.

Potential  isolates of  fungal and bacterial 

entomopathogens for the management of  invasive 

South East Asian Thrips, Thrips parvispinus under 

laboratory and field conditions were studied. A novel 

Pseudomonas entomophila NBAIR-PEOWN effective 

for the management of  brinjal shoot and fruit borer 

under field conditions was identified. The field 

efficacy of  NBAIR-TATP Trichoderma asperellum 

strain for the management of  mulberry root rot was 

evaluated.

Sub-lethal effect of  Spodpotera frugiperda NPV 

(SpfrNPV) on the growth and development of  fall 

armyworm was observed. It caused a reduction in 

egg hatchability in the subsequent generation. The 
5

highest yield of  SpfrNPV i.e 4.69 × 10  occlusion 

bodies (OBs) from a single third instar larva was 

obtained when the larva was inoculated with 
8SpfrNPV @ 1×10  OBs/ml. The third instar larva 

was found optimum for harvesting the maximum of  

SpfrNPV at 7 days after inoculation. Enveloped 

virions were observed from the NPV-infected 

midgut tissues of  S. frugiperda under light microscopy.

The Type III generalist predatory mite Typhlodromus 

(Anthoseius) transvaalensis suppressed the mulberry 

thrips, Pseudodendrothrips darci, by 76% at Mattur in 

Raichur district.The predator could be established on 

wild sugarcane, Saccharum spontaneum, infested with 

the invasive sugarcane web mite, Shizotetranychus 

krungthepens i s.  In chrysanthemum, T.  (A . ) 

transvaalensis held the spider mite population in check 

throughout the crop period.



5
ICAR-NBAIR

Annual Report - 2022 

The olfactory receptor neurons in Corcyra cephalonica 

adults caused the physiological response to 

essential oils. The ajowan oil, its constituent thymol 

and geranium oil caused a high level of  oviposition 

deterrence index. EO Sweet basil oil, its 

constituent's methyl chavicol, linalool and other 

EOs viz. betel oil, rosemary oil and their major 

constituents eugenol, eugenol acetate, geraniol and 

1,8 cineole caused high-level inhibition of  acetyl 

cholinesterase.

All India Coordinated Research Project on 
Biological Control of  Crop Pests 

Biological control of  rice pests

Biointensive pest management module (BIPM) of  

seed treatment with Pseudomonas fluorescens @ 10 

g/kg, two sprays of  P. fluorescens @ 5 g/L  from 30-

40 days after transplantation, three releases of  

Trichogramma chilonis @ 1,00,000/ha for leaf  folder 

and T. japonicum @ 1,00,000/ha/releases for stem 

borer from 25 days after transplantation, 

application of  carbofuran granules 3G @ 10 kg/ha, 

at 30 DAP, two sprays of  chlorpyriphos @2.5 

ml/L, acephate @ 1.5 g/L and two sprays with 

propiconazole @ 1ml/L recorded the lowest leaf  

folder damage by 77.04%; stem borer damage by 

84.13% and sheath blight incidence by 42.16%.

Biological control of  sugarcane pests

Eight releases of  temperature tolerant strain of  T. 

chilonis @ 50,000 parasitoids/ha at weekly intervals 

significantly reduced the infestation of  early shoot 

borer

 emergence followed by three foliar applications of  

Bacillus thuringiensis (NBAIRBT25) @ 2 ml/L or  

Metarhizium anisopliae (NBAIR Ma 35) @ 5 g/L 20 

days after seedling emergence at 10 days intervals was 

effective in controlling fall armyworm.

Laboratory and field assay revealed that 

Heterorhabditis indica and Steinernema abbasi were 

compatible with Metarhizium anisopliae Ma-4 and 

Beauveria bassiana Bb-45.

Biological control of  maize pests

Biological control of  pulse pests
8Foliar application of  Lecanicillium lecanii 1×10 cfu/ml 

@5gm/L recorded the lowest infestation of  cowpea 

aphid, Aphis craccivora in cowpea.

Biological control of  tropical fruit pests

Spraying Metarhizium anisopliae ICAR-NBAIR Ma-4 

@ 1% WP effectively reduced the population of  

mango hoppers.

Application of  Lecanicillium lecanii (NBAIR Vl8) @ 

5g/L was effective in the reduction of  thrips 

infestation in the citrus fruits (11.78%) followed by 

application of  acephate 75SP (12.64%).

8
Application of  Beauveria bassiana (AAU culture) 10  

spores @5 ml/L at 15 days interval in the leaf  axils 

recorded a maximum reduction of  damage by fruit 

and leaf  scaring beetles, Nodostoma subcostatum in 

banana. 

Biological control of  plantation crop pests

BIPM module with natural conservation of  Encarsia 

guadeloupae + release of  eggs of  Apertochyrsa astur 

@1000/ha + Yellow sticky traps @20/ha effectively 

reduced the population of  rugose spiraling whitefly 

(80%) in coconut.

Biological control of  vegetable pests

A low level of  damage by shoot and fruit borer was 

recorded in the plots sprayed with insecticides 

(17.82%) followed by BIPM plots (Azadirachtin 

1500 ppm @ 2ml/lit (one round of  spray) + L. lecanii 

(one round of  spray) + T. pretiosum (8 releases) + 

pheromone traps @20/ha + cowpea as bund crop).
Two releases of  T. pretiosum @50,000/ha or T. 

chilonis @ 1,00,000/ha from 7 days after seedling 
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ICAR–National Bureau of  Agricultural Insect 
Resources (ICAR-NBAIR) came into existence 
on 9 October 2014. Insects not only constitute the 
bulk of  living organisms in our world but also 
render a host of  ecosystem services like 
pollination, natural pest control, recycling of  
organic matter, dispersal of  seed, maintenance of  
soil fertility and so forth. Their notoriety as pests 
of  agricultural crops, however, has drawn the 
maximum attention of  entomologists. It is only 
with the knowledge of  the insect fauna in 
agricultural and adjacent ecosystems that we can 
formulate pest management strategies to ensure 
the productivity and sustainability of  our 
agricultural systems.

This shifting perspective on insects in agriculture 
has been mirrored in the evolution of  this Bureau. 
When the possibility of  using insects instead of  
harmful chemicals for the management of  insect 
pests in agricultural was realised, the Indian 
Council of  Agricultural Research (ICAR) initiated 
the All India Coordinated Research Project 
(AICRP) on Biological Control of  Crop Pests and 
Weeds in 1977.

Though initially funded by the Department of  
Science and Technology, Government of  India, 
ICAR began extending full financial support to 
the programme from 1979. To further strengthen 
research on biological control, the Project 
Directorate of  Biological Control was established 
on 19 October 1993. With the growing realisation 
the effective biological control was predicted on 
sound taxonomic and ecological knowledge, the 
National Bureau of  Agriculturally Important 
Insects (NBAII) was created on 29 June 2009, and 
the transition of  NBAII to NBAIR happened in 
2014. This bureau was recognised by the Ministry 
o f  Env i ronment  & Fores t s  (Present l y 
MoEF&CC) in 2012 as the designated National 
Repository for preservation of  insects, spiders 
and mites. The repository currently holds nearly 
2,25,948 specimens, and the 379 types.

 This is the only National Bureau under the National 
Agricultural Research System (NARS) that acts as the 
nodal agency for collection, characterization, 
documentation, conservation, exchange, research 
and utilisation of  agriculturally important insect 
resources (including mites, spiders and related 
arthropods) for sustainable agriculture. Most of  the 
specimens in the collection are Indian, but there is a 
unique representation of  exotic beetles, wasps, flies 
and moths from various countries, including 
Australia, Argentina, The West Indies, Japan and 
USA. The museum is also unique in having one of  
India's largest collections of  economically important 
taxa, including various biological control agents, viz. 
Parasitic Hymenoptera (parasitoids), Coleoptera 
(Coccinellidae), along with major collections of  
groups with members which are pests, viz. 
Coleoptera, Hemiptera, Diptera, Lepidoptera, 
Thysanoptera and Orthoptera. Besides holding the 
world's smallest insect, Kikiki huna, in its collection, 
the museum also holds many undescribed species, 
and some species not found in other collections in 
the world. Online web diagnostic portals/web pages 
are hosted in ICAR-NBAIR domain. Presently there 
are 24 databases in the ICAR-NBAIR website.

2. INTRODUCTION

Annual Report - 2022 

ICAR-NATIONAL BUREAU OF AGRICULTURAL 
INSECT RESOURCES

To act  as  a  nodal  agency for col lect ion, 
characterisation, documentation, conservation, 
exchange, research and utilisation of  agriculturally 
important insect resources (including mites, spiders 
and related arthropods) and insect derived resources 
for sustainable agriculture.

Capacity building, development of  technologies for 
non-chemical pest management, dissemination of  
technologies and forging linkages with stakeholders.

Promotion of  biological control as a component of  
integrated pest and disease management in 
agriculture and horticultural crops for sustainable 
crop production.
Demonstration of  usefulness of  biocontrol in IPM 
in farmer's fields.

AICRP ON BIOLOGICAL CONTROL OF 
CROP PESTS
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ORGANOGRAM

Research is undertaken in the Divisions of  Germplasm Collection and Characterisation; Genomic 
Resources; and Germplasm Conservation and Utilisation. Basic and applied research on biocontrol, is 
addressed under the AICRP on Biocontrol of  crop pests. The organogarm is given on page 7.

Organisational set up
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Research achievements

Basic research

A new genus, Dacimita and four new species of  
fruit flies, Dacimita curvifasciatus, Platensina rabbani, P. 
flavistigma and Rhabdochaeta nigroapicalis were 
described.

Seven new species of  parasitoids, Doddifoenus 
burksi, Leiophron crassivena, L. indefinite, Pambolus 
(Phaenodus) infuscatus, Paroligoneurus indicus, Paroplitis 
khajjiarensis and Streblocera (Eutanycerus) breviflagellata 
were described.

New host/pest records Doddifoenus burksi as a 
parasitoid of  Cerambycid beetle; Tetrastichus 
epilachnae for Anisolemnia dilatata were documented.

Two databases entitled “Pentatomidae fauna of  
India” and “True fruit flies of  India” were 
prepared and published online.

Two new species of  thrips, Hydatothrips initium and 
Pseudodendrothrips umbrolateralis and one soft scale 
species, Cyphococcus williamsi were described.

Molecular characterisation was carried out and 
DNA barcodes were generated using different 
molecular markers viz. CO1, ITS-2, CO1A, CO1B, 
CO1 (Btab-850 bp) and species-specific markers 
for several agricultural and veterinary pests, 
parasitoids, predators, invasive pests and 
pollinators collected from different parts of  the 
country.

A n n o t a t i o n  o f  t r a n s c r i p to me  da t a  o f  
Maconellicoccus hirsutus yielded around 22 transcripts 
belonging to Argonaute, Dicer, Drosha and 
Loquacious gene families.

Bacillus thuringiensis strains viz. NBAIR-Bt25 and 
N B A I R  B t A N 4  w e r e  c h a r a c t e r i s e d 
morphologically, and also molecularly by 16S 
rDNA, Multi Locus Sequence Typing and whole 
genome sequencing. 

A potential parasitoid, Encarsia cubensis against palm 
infesting whitefy, Aleurotrachelus atratus was reported 
for the first time in India.

Lecanicillium lecanii (ICAR-NBAIR Vl-8) has no effect 
on biological parameters of  predatory mirid, Dortus 
primarius.

A novel strain of   Pseudomonas entomophila NBAIR-
PEOWN effective for the management of  brinjal 
shoot and fruit borer under field conditions was 
identified.

The  Type  I I I  g enera l i s t  p reda tor y  mi te , 
Typhlodromus(Anthoseius) transvaalensis suppressed the 
mulberry thrips, Pseudodendrothrips darci, by 76% at 
Mattur in Raichur district.

Heterorhabditis indica and Steinernema abbasi were 
compatible with Metarhizium anisopliae Ma-4 and 
Beauveria bassiana Bb-45.

5
Highest yield of  SpfrNPV ie. 4.69 × 10  occlusion 
bodies (OBs) from single third instar larva was 
obtained when the larva was inoculated with a 

8
concentration of  SpfrNPV @ 1×10  OBs/ml.

The essential oil ajowan oil, its constituent thymol 
and geranium oil recorded high level of  oviposition 
deterrence index in rice moth, Corcyra cephalonica.

Three mobile apps, (i) BIPM on coconut, (ii) BIPM 
on rice and (iii) BIPM on sugarcane were developed 
for pest and disease management with special focus 
on biological control.

Applied research (Biological control)
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Surveys were undertaken to document the fauna of  
insects, spiders, mites and entomopathogenic 
nematodes across Andhra Pradesh, Arunachal 
Pradesh, Assam, Chhattisgarh, Himachal Pradesh, 
Manipur, Meghalaya, Mizoram, Rajasthan, Tamil 
Nadu, Telangana, Tripura, Karnataka, Kerala and 
West Bengal. Scarab specimens were received from 
Uttar Pradesh for faunal studies. Expeditions 
undertaken yielded, 74 species of  Scarabaeidae in 
23 genera; 47 species of  Tephritidae in 28 genera; 
45 species of  Pentatomidae in 38 genera; 22 species 
of  Thripidae in 10 genera; 2 species of  
Tessaratomidae in 2 genera; 2722 specimens of  
aphids and coccids; 1236 specimens of  weevils; 411 
specimens of  trichogrammatids; 284 specimens of  
tachinids and 1220 specimens of  spiders.     

Fourteen species of  insects were described across 
various insect orders namely Diptera, Hemiptera, 
Hymenoptera and Thysanoptera. Six species of  
Braconidae in six genera, four species of  Tephritidae 
in three genera, two species of  Thripidae in two 
genera, one each of  Coccidae and Pteromalidae were 
described from India (Table 1). Four species 
(Maladera sp.1, Maladera sp.2, Serica sp.1, Serica sp.2) 
of  Scarabaeidae belonging to the tribe Sericini, one 
species (Dunnius sp.) of  Pentatomidae, three spider 
species [Afraflacilla sp. (Fig. 15), Carrhotus sp. (Fig. 17), 
Stenaelurillus sp. (Fig. 16)] of  Salticidae and one 
nematode species (Steinernema sp.) of  family 
Steinernematidae were provisionally reported as new 
species. This nematode species will be the first ever 
described species from India.

ICAR-National Bureau of  Agricultural Insect 
Resources

Germplasm Collection and Characterisation
Surveys and explorations

Revisions/redescriptions of  taxa

Description of  a new genus

Description of  new species 

A new genus of  fruit fly, Dacimita David & Hancock 
was described from India with Dacimita curvifasciatus 
David & Hancock (Fig. 12) as its type species. Flies 
were collected from leaves of  tiger grass, 
Thysanolaena sp. adjacent to a bamboo thicket in 
Meghalaya. It is placed in the tribe Gastrozonini 
based on phylogenetic analysis using morphological 
and molecular methods though it resembled 
dacines.

The genus Eurymeros Bhat (Braconidae, Alysiinae) 
was reviewed from India and three species viz. E. 
gibbosa Sharma, E. mangifera Sharma, and E. 
namkumensis Sharma & Naqvi, were transferred to the 
genus Euscelinus Westwood (comb. n.; Braconidae, 
Doryctinae) and synonymized with the type species 
(Euscelinus sarawacus Westwood; syn. n.). The 
monotypic status of  the genus Eurymeros was 
retained. Phylogenetic analysis using 62 mt-COI 
sequences of  fruit flies of  subfamily Tephritinae 
(Diptera, Tephretidae) with Dacini as an outgroup 
revealed the monophyly of  tribe Schistopterini, 
Tephrellini and Dithrycini, whereas Tephritini was 
polyphyletic.  Indian species of  the genus 
Pseudodendr othr ips  Schmutz (Thysanoptera, 
Thripidae) were studied and re-examined the original 
specimens of P. bhattii Kudo and P. darci (Girault) 
studied by the earlier reportees. The presence of  
lateral brown patches on pronotum and chaetotaxy 
on tergite IX of  all the examined specimens matched 
the description and illustration of  P. darci by 
Masumoto and Okajima (2017). Both the earlier 
reports had mentioned the presence of  brown 
patches on pronotum, but with little information 
about chaetotaxy on tergite IX. Hence, the earlier 
report of P. bhattii from India is considered a 
misidentification of P. darci and thus P. bhattii is 
removed from the fauna of  India. Fourteen species 
of  genus Adoretus viz. A. bicaudatus Arrow (Fig. 18), 
A. bimarginatus Ohaus, A. decanus Ohaus (Fig. 24), A. 
duvauceli Blanchard (Fig. 20), A. flavus Arrow (Fig. 21), 
A. fusciceps Arrow (Fig. 27), A. lasiopygus Burmeister 
(Fig. 25), A. nephriticus Ohaus (Fig. 28), A. nitidus 
Arrow (Fig. 23), A. ovalis Blanchard (Fig. 29), A. 
pusillus Arrow (Fig. 19), A. simplex Sharp (Fig. 26), A. 
stoliczkae Ohaus (Fig. 22) and A. versutus Harold 
belonging to the tribe Adoretini and 7 species of  
genus Popillia viz. P. complanata (Newman), P. cupricollis 
(Hope), P. cyanea (Hope), P. macclellandi (Hope), P. 
nasuta (Newman), P. pilicollis (Kraatz) and P. schizonyca 
(Arrow), belonging to the tribe Anomalini of  
subfamily Rutelinae (Coleoptera, Scarabaeidae) were 
redescribed with important species delineating 
characters along with morphometric measurements 
and illustrative diagnostic keys. 
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Ten species of  longhorn beetles belonging to the 
genus Glenea Newman of  subfamily Lamiinae 
(Coleoptera, Cerambycidae) were redescribed with 
comprehensive documentation of  morphological 
characters. The type species of  the genus 
Eurymeros, E. tumespiraculum Bhat (Fig. 30) was 
redescribed. The armoured scale, Aulacaspis crawii 
(Cockerell) was redescribed. Indian species of  the 
genus Rhene Thorell (Aranei: Salticidae) were 
studied with a detailed examination of  the type 
materials of  seven species. Rhene mus (Simon) was 
redescribed with illustrations for the first time in 
132 years since its first description. The following 
eleven new synonyms and five new combinations 
were proposed: Zeuxippus Thorell syn. n. with Rhene 
Thorell; R. biembolusa Song & Chai syn.n. with 
R.flavicomans Simon; R.haldanei Gajbesyn.n.

with Bianor angulosus (Karsch); R. decorata Tikader 
syn. n. and R. pantharae Biswas & Biswas syn. n. with 
R. pallida (Thorell); R. citri (Sadana) syn. n., R. danieli 
Tikader syn. n., R. indica Tikader syn. n., R. 
khandalaensis Tikader syn. n. and R. sanghrakshiti 
Gajbe syn. n., with R. flavigera (C.L. Koch); 
Rhenefictus tropicus Logunov syn. n. with Rhenefictus 
wandae (Wang & Li) comb. n. (ex. Rhene), Rhene 
atellana (Thorell) comb. n., Rhene histrio (Thorell) 
comb. n., Rhene pallida (Thorell) comb. n., and Rhene 
yunnanensis (Peng & Xie) comb. n. (all ex. Zeuxippus). 
Detailed digital illustrations and distributional 
maps (Fig. 31) were also provided.
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Figures 1–7. New taxa of  Hymenoptera described from India. 1, Streblocera(Eutanycerus) breviflagellata Gupta & 
van Achterberg; 2, Paroplitis khajjiarensis Gupta & Fernández-Triana; 3, Paroligoneurus indicus Gupta & van 
Achterberg; 4, Pambolus(Phaenodus) infuscatus Gupta & van Achterberg; 5, Leiophron crassivena Gupta & van 
Achterberg; 6, Doddifoenus burksi Gupta, Sankararaman & Hemanth Kumar; 7,  Leiophron indefinita Gupta & van 
Achterberg
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Figures 15–17. Provisionally described new spider taxa. 15, Afraflacilla sp.; 16, Stenaelurillus sp.; 17, 
Carrhotus sp. 

Figures 18–29. Redescribed scarab species of  the genus Adoretus. 18, A. bicaudatus Arrow; 19, A. pusillus 
Arrow; 20, A. duvauceli Blanchard; 21, A. flavus Arrow; 22, A. stoliczkae Ohaus; 23, A. nitidus Arrow; 24, A. 
decanus Ohaus; 25, A. lasiopygus Burmeister; 26, A. simplex Sharp; 27, A. fusciceps Arrow; 28, A. nephriticus Ohaus; 
29, A. ovalis Blanchard
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New distributional records for India include two 
armoured scale species, Aulacaspis crawii (Cockerell) 
(Fig. 34) infesting Melia dubia Cav. (Meliaceae), 
Kuwanaspis howardi (Cooley) infesting Phyllostachys sp. 
(Poaceae) and a mealybug species, Palmicultor 
lumpurensis (Takahashi) infesting Dendrocalamus 
longispathus (Kurz) Kurz. In Hymenoptera, a 
pteromalid genus, Doddifoenus Bouček and two 
braconid species, Aphaereta vondelparkensis (van 
Achterberg et al.) (Fig. 32) and Centistes (Centistes) 
cuspidatus (Haliday) (Fig. 33) were recorded. 
Regarding new distribution records for the state; 
one aphid species, Conchaspis angraeci Cockerell, two 
armoured scales, Rutherfordia major (Cockerell) and 
Pinnaspis buxi (Bouché) and a soft scale species,  
Drepanococcus chiton (Green) were reported from 

Kerala; D. chiton and P. buxi from Andhra Pradesh; 
one aphid species, Greenideoida ceyloniae van der Goot 
and a felted scale species, Pedroniopsis beesoni Green 
from Jharkhand; one soft scale species, Ceroplastes 
cirripediformis Comstock from Madhya Pradesh and 
one soft scale species, Megapulvinaria maxima (Green) 
from Rajasthan. Scarab species viz. Bunbunius 
hartmanni and Pseudopanotrogus lassallei were recorded 
from Himachal Pradesh. Four salticid spider species 
viz. Bianor angulosus (Karsch) was reported from 
Punjab, R. flavicomans from Kerala, R. haldanei from 
Madhya Pradesh and Rhene rubrigera Prószyński from 
West Bengal and Uttarakhand.
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Doddifoenus burksi was reported to parasitize 
Cerambycidae (Coleoptera), which is the first 
biological information reported globally under the 
genus Doddifoenus. Tetrastichus epilachnae (Giard) was 
reported to parasitize Anisolemnia dilatata (Fab.) 
(Coccinellidae: Coleoptera) at West Bengal. 
Primary parasitoids viz. Aenasius arizonensis (Girault) 
and Pseudleptomastix mexicana Noyes & Schauff  and 
six species of  hyperparasitoids viz. Aprostocetus sp., 
Chartocerus sp., Cheiloneurus sp., Homalotylus 
turkmenicus Myartseva,  Marie t ta l eopardina 
Motschulsky and Prochiloneurus sp. were recorded 
from primary parasitoids of  Phenacoccus solenopsis 
Tinsley and Paracoccus marginatus Williams & 
Granara de Willink (Hemiptera: Pseudococcidae) 
on Gymnema sylvestre (R. Br) in the semi-arid region 

of  India. Pseudarthria viscida was reported as a new 
host plant for D. chiton. Flacourtia inermis was 
documented as a new host plant for R. major. 
Dysmococcus brevicepes was recorded on Pisum sitivum 
and Kiritshenkella lingnani on Saccharum officinarum. 
Areca catechu and Brassica nigra were the new host 
plants recorded for Cerataphis brasiliensis (Hempel) 
and Smynthurodes betae Westwood, respectively. 
Conchaspis angraeci was recorded on a host plant, 
Excoecaria sp. Gossypium herbaceum and Psidium guajava 
were reported as new host plants of  invasive thrips 
species, Thrips parvispinus (Karny). A melolonthine 
species, Apogoina sp. was reported to cause 
considerable damage to Theobroma cacao at Kahikuchi, 
Assam and a buprestid species, Sphenoptera indica was 
found infesting Cajanus cajan at Anand, Gujarat.
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Development of  diagnostic keys/ tools/

websites/checklists/distribution maps

Diagnostic keys to the following taxa have been 
published

Ÿ Twenty-one genera of  subfamily Dacinae, 

world species the genus Platensina Enderlein and 

Indian species of  tribe Schistopterini. 

Ÿ An updated key to the world species of  the 

genera Paroplitis Mason and Doddifoenus Bouček 

and Oriental species of  the genus Pambolus 

Haliday. 

Ÿ Adult females of  mealybugs infesting cassava 

(field and microscopic characters), Indian 

species of  Antonina Signoret, Formicococcus 

Takahashi and Maacoccus Tao, Wong & Chang.

Ÿ Thrips species infesting cotton, Indian species 

of  the genera Hydatothr ips Karny and 

Pseudodendrothrips Schmutz. 

    Annotated checklist has been prepared for 
Indian Dryophthorinae. Thirty factsheets were 
prepared for economically important weevil 
species.

Two databases entitled “Pentatomidae fauna of  

India” and “True fruit flies of  India” were prepared 

and published online. Catalogued 3228 specimens of  

Cicindellidae, 1209 specimens of  Cerambycidae and 

557 specimens of  Elateridae preserved in the Insect 

Museum of  ICAR-NBAIR. 

Diversity studies

The diversity of  Apis and non-Apis bees from 

thirteen districts of  Chhattisgarh was documented. A 

total of  723 bee specimens were collected which 

represented three families, six subfamilies, 11 tribes, 

25 genera and 52 species. Among all three families, 

the highest abundant family was Halictidae with two 

subfamil ies viz .  Hal ict inae and Nomiinae 

representing 14 genera and 23 species followed by 

the family Apidae with two subfamilies: Xylocopinae 

and Apinae, seven tribes: Xylocopini, Apini, 

Ceratinini, Eucerini, Anthophorini, Melectini and 

Meliponini; seven genera and 19 species. A total of  

390 bees belonging to three families, 27 genera and 

40 species were analysed from the natural 

(undisturbed) ecosystems of  Chhattisgarh. 

The diversity index values of  the total captured 

population were as follows: Shannon Wiener 

Diversity Index (3.16)showed a high level of  diversity 

while Menhinick's diversity index (2.12) and Margalf  

richness index (6.87) showed high diversity in the 

natural ecosystem. The species evenness value (0.84) 

showed an uneven population with multiple species. 

A total of  333 bees were captured from different 

agro-ecosystems belonging to three families and 34 

species. The Shannon Wiener Diversity Index value 

(2.89) showed a highly diverse population. The value 

of  Species evenness (0.82), Menhinick's diversity 

index (1.86), and Margalf  richness index (5.68) 

showed high species richness within the population. 
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The diversity of  thrips species on cotton at 

Coimbatore, Tamil Nadu was studied. The survey 

revealed the presence of  three species, viz. 

Scirtothrips dorsalis Hood, Thrips palmi Karny and 

Thrips tabaci Lindeman on leaves and four species, 

viz. Thrips florum Schmutz, Thrips hawaiiensis 

(Morgan), Frankliniella schultzei (Trybom) and Thrips 

parvispinus (Karny) in flowers.

The diversity of  native Trichogramma species under 

released and non-released conditions in medicinal 

and aromatic crop ecosystem was examined. Five 

species of  trichogrammatids viz. Trichogramma 

achaeae Nagaraja & Nagarkatti, T. chilonis Ishii, T. 

danausicida (Nagaraja), Trichogrammatoidea bactrae 

Nagaraja and Trichogrammatoidea armigera Nagaraja 

were recovered from the area released with 

Trichogramma spp. whereas six trichogrammatid 

species viz. T. achaeae, T. chilonis, T. chilotrae Nagaraja 

& Nagarkatti, T. danausicida, Tr. bactrae and Tr. 

armigera were recovered from the non-released area. 

Trichogramma chilotrae was collected from the eggs of  

Catopsilia pyranthe (Linnaeus) infesting Senna 

occidentalis (L.) Link from the non-released area. 

Occurrence of  T. achaeae and T. chilotrae were 

recorded on the eggs of  C. pyranthe infesting S. 

occidentalis with a parasitism per cent of  3.7 and 5.71, 

respectively. Similarly, the occurrence of  T. chilonis 

and T. achaeae were recorded on the eggs of  

Helicoverpa armigera (Hubner) and Thysanoplusia 

orichalcea (Fabricius) infesting methanol mint with 

34.78 and 27.78 per cent egg parasitism, 

respectively.

Two species of  tachinids were identified with their 

associated hosts. The identified tachinids were 

Palexorista sp. which was reared from Spodoptera 

frugiperda (J. E. Smith) and Carcelia sp. 

from a black hairy caterpillar of  sandalwood. 

Tachinid parasitoids were also reared from Celosterna 

scabrator (Fabricius), a pest of  grapes and cabbage 

caterpillar, Crocidolomia pavonana (Fabricius). The 

diagnostic characters of  Senometopia quarta (Baranov) 

which was reared from Perixera sp., an inflorescence 

pest of  cashew were digitized. The diversity, density, 

guild composition and functional significance of  

spiders at different trophic levels of  cassava 

mealybug (CMB) colonies in the cassava ecosystem 

were elucidated (Table 2). The dominance of  eleven 

spider species was recorded during the studies 

undertaken at Tamil Nadu and Namakkal. 

Predominately, salticid spiders shared the niche of  

CMB colonies along with other insects. Spiders 

feeding on the CMB (as pest) and grubs of  Hyperaspis 

maindroni Sicard, adults of  Spalgis epius (Westwood) 

affirmed its role as a general predator. Intra-guild 

predation of  Thyene imperialis (Rossi) feeding on the 

juveniles of  Carrhotus viduus (K.L. Koch) was 

observed. The presence of orb-weaver spiders in the 

CMB colonies was very limited except for Neoscona 

sp. Euryphagous spiders in great numbers against 

low-density CMB population at the initial stage of  the 

crop resulted in the complete exclusion of  CMB 

without warrant of  other bioagents.  Hence, spider 

conservation strategy in the cassava ecosystem 

becomes very imperative in checking the CMB 

population along with other potential bio agents.
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Table 2. Spider assemblages at the third trophic level in the cassava mealybug niche
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Division of  Genomic Resources

Mitochondrial genomes of  entomopathogenic 
nematodes (EPN)

Whole genome sequencing of  bacterial 
symbionts of  entomopathogenic nematodes

Fitness attributes of  entomopathogenic nematodes

The assembled contigs were annotated by BLAST 
homology search against NCBI NT database. The 
contigs which mapped with Steinernema were further 
annotated using GeSeq using Steinernema abbasi and 
Steinernema carpocapsae as references. The circular 
genome was drawn using the OGDRAW program 
(Fig. 35).

Figure 35. Circular Steinernema abbasi and 
Steinernema carpocapsae genes are represented with 
boxes inside or outside the circle to indicate 
clockwise or counter-clockwise transcription 
direction respectively. The inner circle indicates the 
GC content and inverted repeat boundaries.

Ten bacterial samples isolated from ten EPN 
isolates correspondingly, were subjected to WGS 
using Illumina platform with 2 ×150 bp chemistry. 
An average of  ~2.20 Gb high-quality data was 
generated for 10 samples.  

De-novo sequencing: The high-quality paired-
end data of  8 samples were assembled de novo 
using SPAdes genome assembler and refined using 
GFinisher resulting in draft genomes of  ~4.14 Mb 
in average.  An average of  3,620 genes were 
predicted across all 8 samples. BlastX analysis 
resulted in the functional annotation of  96.5% of  
the total genes predicted whereas 3.5% of  the genes 

had no significant BLAST hits for all 8 samples. Most 
of  the genes were found to be homologous with 
Xenorhabdus indica in 6 samples (11A, 11B, 20A, 20B, 
SFG and SFNG) and most of  the genes in 2 samples 
(Ag, Akg) were found to be homologous with the 
genes of  Xenorhabdus cabanillasii. On average, 1,712 
genes from all 8 samples were annotated based on 
KEGG pathway database via KAAS. 

Reference sequencing: High-quality data of  the 
other 2 samples, viz. Menase and Kashmir were 
mapped on the respective reference genomes using 
BWA (mem). Genome coverage was observed to the 
tune of  90.20% and 90.09%, respectively (Table 4).  
A total of  81,561 and 78,728 SNPs were identified in 
the samples, Menase and Kashmir, respectively. A 
total of  388 and 302 InDels were identified, 
respectively.

Profiles of  genes and their expression involved in 
tritrophism among insect host, EPN and EPNB 
combinations in white grub (a coleopteran insect) in 
comparison to those in lepidopteran insects, viz. 
Spodoptera frugiperda and Galleria mellonella larvae 
indicated that most genes related to insect 
metabolism and immunity were common to both 
orders. Genes and their expression related to 
nematode-bacterium combinations were found to be 
variable (Fig. 36).

The bio control potential of  40 EPN strains 
belonging to Heterorhabditis bacteriophora, H. indica, 
Heterorhabditis sp., Steinernema abbasi, S. carpocapsae, S. 
feltiae, S. riobrave and Steinernema sp. in terms of  
virulence, environmental tolerance (to heat, 
desiccation, and cold), host-seeking ability etc. was 
estimated. Virulence assays were carried out against 
12 species of  pests belonging to Coleoptera and 
Lepidoptera. Most isolates infected G. mellonella 
between 16 and 37 degree celsius with higher 
fecundity at 25-30oC. Bio control potential was 
variable among nematode species and among the 
host species. MALDI-TOFF analysis and profiling 
of  proteins during pathogenesis indicated the time-
course relevance of  certain proteins. Expressed 
protein details were archived at Protein Identification 
Data Base, EMBL-EBI (PRIDE). 

Molecular analysis of  tri-trophic relationships 
among insect host, EPN and bacterium
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Figure 36. Summary of  genes up and down-regulated in the insect host, Galleria mellonella
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NanoStr ing technolog y gene express ion 

quantification platform was used to study the 

expression of  toxin genes causing infections from 

bacteria (Photorhabdus and Xenorhabdus), nematode 

(H. indica, S. riobrave and S. carpocapsae) specific 

genes for detection and immune-related genes 

from the infected insects (S. frugiperda and G. 

mellonella). 

The study revealed the expression of  different 

immune-related genes from the infected insects (S. 

frugiperda  and G. mel lonel la) and helped in 

understanding the trend of  expression of  the gene in 

the samples from the healthy condition to the death 

stage (Table 5). Variations in gene expression were 

seen as per the expectat ion. GSE197737. 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?

acc=GSE197737.

Simultaneous detection of  gene expression of  insects, nematode and bacterial specific 
genes to monitor the infection

Annual Report - 2022 

Table 5. Some of  the down-regulated host genes during infection common to the two insect 
hosts infected with EPN
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Molecular characterization and DNA barcoding 
of  agriculturally important insects

Molecular characterization and DNA barcoding 
using different molecular markers like CO1, ITS-
2, CO1A, CO1B, CO1 (Btab-850 bp) and species-
specific markers were done for agricultural and 
veterinary pests, parasitoids, predators and 
invasive pests collected from different parts of  the 
country, viz.  Andhra Pradesh, Chhattisgarh, 
Gujarat, Jammu and Kashmir, Karnataka, 
Maharashtra, Tamil Nadu and Telangana. Due to 
large-scale infestation of  thrips on chilli, thrips 
samples were received from farmers' fields in 
Andhra Pradesh, Chattisgarh (Raipur), Gujarat 
(Anand), Maharashtra (Aurangabad) and Tamil 
Nadu (Trichy), and were identified as Thrips 
parvispinus for which accession numbers were 
obtained (ON799413, ON799419, ON800215 
and ON800702). Specimens of  egg parasitoids 
that were received from different parts of  Tamil 
Nadu, viz. Amrithapuram, Arungunam, Chitteri, 
Padur and Rajapalayam were identified as 
Trichogramma chilonis using mitochondrial COX1 
g ene  (Access ion  numbers :  OL913800 , 
OL913900, OL913974, OL958541, OL958558) 
and ITS2 gene (Accession numbers: OM283598, 
O M 3 2 7 5 5 6 ,  O M 2 8 3 6 1 0 ,  O M 2 8 3 6 1 1 , 
OM283618). Various specimens of  insects that 
were found to occur on apples, pears and many 
other temperate crops in Jammu and Kashmir 
were subjected to molecular characterization and 
were identified as Agriotes ogurae (OP380046), 
Hypomecis atomaria (OP379715), 

Liorhyssus hyalinus (OP002311), Mythimna separata 
(OP379774), Stictopleurus sp., (OP018544) and Zicrona 
caerulea (OP002144). Honey bee specimens collected 
from different parts of  Karnataka, viz. Bengaluru, 
Chettalli, Ponnampet and Shivamogga were 
identified as Apis cerana and Apis mellifera. Specimens 
of  insects of  veterinary importance were received 
from Veterinary College, Hebbal for molecular 
identification and the insects were identified as Musca 
asiatica (OM281303) and Stomoxys calcitrans 
(OM281304).

Specimens of  green stink bug found in a 
consignment from Germany were received from a 
pharmaceutical company in Mumbai for molecular 
identification. The specimens were identified as 
Nezara viridula using both morphological and 
molecular means and an accession number 
(OM108162) was obtained for the same.

Mealybug specimens collected from 62 locations and 
29 host plants were subjected to morphological and 
molecular identification. The mealybug-specific 
primers used were, PCO F1 5' to 3';  Lep – R3 3' to 5'. 
Protocol for mealybug molecular characterization was 
standardized with the following PCR conditions: 

oinitial denaturation (95 C for 5 minutes), denaturation 
o o(95 C for 30 seconds), annealing (51 C for 40 

oseconds), 35 thermal cycles, extension (72 C for 45 
oseconds), final extension (72 C for 10 minutes) and

o
4 C for infinite hold of  PCR amplified products. 
Most of  the identified specimens were Phenacoccus 
solenopsis and few were Paracoccus marginatus, Planococcus 
c i t r i  a n d  R a s t r o c o c c u s  i c e r y o i d e s .  
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Identification of  plant bugs was achieved through 
both morphological and molecular means and 
accession numbers were obtained as follows, 
Acanthocoris scabrator (OQ319472), Carbula biguttata 
(OQ324890), Cletus pugnator (OQ323459), Dysdercus 
c i n gu l a tu s  (OQ320754) ,  Lep t o c o r i s a  a cu ta 
(OQ320836) and Riptortus pedestris (OQ324691). 

The mitochondrial cytochrome oxidase subunit 1 
(CO1) is a robust marker (688 bp) for species 
identity as well as for analysis of  genetic diversity 
among populations. The variations of  CO1 gene 
sequences obtained from Maruca vitrata samples 
collected from 39 locations (latitude: 10.5276° to 
17.9104° N and longitude: 76.2144° to 81.2560° E) 
across south India were examined. The resultant 
sequences were compared with the retrieved 
sequences of  Indian populations of M. vitrata from 
NCBI database. The sequence alignment and 
editing resulted in a consensus sequence of  642 bp 
length across all M. vitrata populations. To 
maximize the number of  reference sequences from 
India, 630 bp consensus sequences were used for 
the diversity analysis. A total of  17 haplotypes were 
identified among the samples analysed with a 
haplotype diversity of  0.533 and nucleotide 
diversity of  0.00150.  There were 17 polymorphic 
sites and a relatively less average number of  
nucleotide differences of  0.94743 (Table 7).

Analysis of  genetic diversity in Maruca vitrata 
based on CO1 gene sequence polymorphism 

Using Illumina HiSeq sequencing tool, 140,888,511 
bp reads were assembled into 93,504 contigs, (GC 
content - 42.91%; N50 - 1998; N90 - 687 bp length) 
(Table 8).  To develop novel molecular markers, all of  
the 93,504 contigs were used to mine microsatellite 
loci with minimum repeats for microsatellite types set 
to ten for mono-nucleotide, six for di-nucleotide, five 
for tri-nucleotide, four each for tetra-nucleotide, 
penta-nucleotide and hexa-nucleotide. A total of  
46,505 microsatellites were identified from 93,504 
contigs covering a length of  6,60,323 bp with an 
average length of  14.20 bp. The microsatellites 
covered 0.34 per cent of  sequences from the total 
length of  the sequence with a relative abundance of  
239.3 loci/Mb and a relative density of  3397.80.

The results revealed that an average of  10.44 alleles 
per locus were detected from the 39 samples of  M. 
vitrata, with a range of  4 (MVSSR6) to 21 (7_02K06) 
having 51.85 per cent polymorphism. The observed 
heterozygosity (Ho) ranged from 0 to 0.333, with a 
mean value of  0.126. The overall mean expected 
heterozygosity (He) was 0.393 in the 39 samples, with 
a range of  0.172 (MVSSR2) to 0.834 (C32008). The 
FST, FIS and FIT ranged from 0.099 to 0.818 (mean 
of  0.583), from -0.455 to 1.000 (mean of  0.557) and 
0.655 to 1.000 (mean of  0.868), respectively. The 
gene flow (Nm) ranged from 0.078 to 2.277, with an 
average of  0.432. The Shannon's information index 
(I) revealed that an average of  1.938 was observed, 
with a range of  1.041 to 2.948.
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Bacillus thuringiensis strain NBAIR-Bt25

Bacillus thuringiensis strain NBAIR-Bt25 was 
character ised morphological ly  by s imple 
microscopy (shape of  spores) (Fig.37) and also 
molecularly by 16S rDNA, Multi Locus Sequence 
Typing and whole genome sequencing. 

Figure 37. Visualisation of  crystal proteins in 
scanning electron microscope

16S rDNA characterisation of  Bt25 was done by 
partial amplification of  the gene. Sanger 
sequencing of  PCR product fetched 1,516 bp 
(partial) which was submitted in NCBI database 
and an accession number (MN327970) was 
obtained. Multi Locus Sequence Typing of  Bacillus 
thuringiensis strain NBAIR BtAN4 was 

done using Glp, Gmk, ilvD, Pta, Pur, Pyc A and Tpi 
genes. Whole genome sequencing was done using 
NextSeq500 Illumina platform. A total of  
8,407,039 reads were obtained with 577 scaffolds 
and genome size of  ~6.62 Mb was obtained. 
KEGG pathway analysis showed 6,980 genes in the 
KEGG annotated genes. Gene ontology study 
showed 2,325 genes for biological function, 1,971 
genes for cellular components and 2,967 genes for 
molecular function. Insecticidal genes profiling of  
Bacillus thuringiensis strain NBAIR Bt25 using Bt 
toxin Digger showed 28 genes which are depicted 
in Table 9.
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Table 9. Insecticidal genes profiling of  NBAIR Bt25
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Bacillus thuringiensis strain NBAIR-BtAN4

Bacillus thuringiensis strain NBAIR BtAN4 was 
characterised morphological ly by s imple 
microscopy (shape of  spores) (Figs. 38-39), and 
molecularly by 16S rDNA, Multi Locus Sequence 
Typing and whole genome sequencing. Bio-efficacy 
studies of  Bacillus thuringiensis strain NBAIR BtAN4 
showed up to 76 % mortality in Holotrichia serrata.

Figure 38.  Visualisation of  crystal proteins in a 
simple microscope

Figure 39. Visualisation of  crystal proteins in 
scanning electron microscope

16S rDNA characterisation of  BtAN4 was done by 
partial amplification of  gene. Sanger sequencing of  
PCR product fetched 679 bp (partial) which was 
submitted in NCBI database and accession number 
(KY451835) was obtained. Multi Locus Sequence 
Typing of  Bt strain NBAIR BtAN4 was done using 
Glp, Gmk, ilvD, Pta, Pur, Pyc A and Tpi genes. 
Whole genome sequencing was done using 

NextSeq500 Illumina platform. A total of  5,873,521 
reads were obtained with 808 scaffolds and a genome 
size of  ~5.69 Mb was obtained. KEGG pathway 
analysis showed 1,887 genes in the KEGG annotated 
genes. Gene ontology study showed 2,119 genes for 
biological function, 1,813 genes for cellular 
components and 2,733 genes for molecular function. 
Insecticidal genes profiling of  Bt strain NBAIR 
BtAN4 using BtToxin Digger showed 28 genes as 
depicted in Table 10.
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A novel powder-based formulation was made with 

use of  molasses which acts as humectant/ spreader, 

binder, multipurpose UV screen with dispersant 

and diatomaceous earth which acts as both carrier 

and flowing agent. Out of  24 treatments tested, the 

highest cfu count of  log 9.48 was observed at 18 

months  in  T10 (SSG 3%,  K aol in  75%, 

Diatomaceous Earth 10% and 15% a.i.). It also 

showed good shelf  life. Bioassay against Spodoptera 

frugiperda showed LC  of  0.12 to 0.16 mg/ml.50

A total of  14 microflora from all five instars of  black 

soldier fly larvae were identified using 16S rRNA 

gene sequences as Bacillus altitudinis, Citrobacter 

amalonaticus, Citrobacter farmeri, Escherichia marmotae, 

Klebsiella pnuemoniae (4), Morganella morgani (3), 

Paenibacillus lautus, Providencia rettgeri and Providencia 

stuartii. Biochemical characterization of  microflora 

from black soldier fly for hydrolytic enzymes like 

amylase, lipase and protease using qualitative and 

quantitative assays revealed that 8 isolates are positive 

for starch hydrolysis, 4 isolates for casein hydrolysis 

and 8 for cellulose hydrolysis (Fig. 40).

Novel formulation of Bacillus thuringiensis Microflora associated with insects and their role 
in farm waste management

Annual Report - 2022 

Metagenomic analysis of  black soldier fly larvae 
yielded a total of  257 operational taxonomic units 
(OTUs). In the metagenomic analysis, Acetobacter 
genus was found to be dominant, followed by 
Morganella, Campylobacter and Enterococcus (Fig. 41). 
Comparative transcriptome analysis was performed 
using the publicly available transcript sequences of  
Drosophila melanogaster (dmel-all-transcript-r6.44) 
from FlyBase and Anopheles gambiae from NCBI 
(GCF_000005575.2_AgamP). Gustatory receptors 
and o l factor y  receptors  ident ified were 
homogenous with those earlier reported in Hermetia 
illucens. Ionotropic receptors and olfactory binding 
proteins identified were homogenous with those 
already reported in H. illucens and D. melanogaster.

Figure 41. Metagenomic Krona Pie Chart 
distribution of  black soldier fly larvae
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Whole transcriptome sequencing of  pink 
mealybug, Maconellicoccus hirsutus

Development of  improved strains of  selected 
natural enemies for insecticide resistance

Development of  mobile apps on non-chemical 
methods for management of  important crop pests

Whole transcriptome sequencing of  Maconellicoccus 
hirsutus was carried out using Illumina MiSeq, 
denovo based assembly. High-quality RNA was 
isolated using Trizol reagent. Raw data was 
processed to obtain high-quality reads. The open-
source software package, Trimmomatic was used to 
identify and trim nucleotides falling below the 
established quality threshold (minimum 20 phred 
score) as well as to trim adapter sequences. The 
transcriptome de novo assembly was carried out 
using the short-read assembly program called 
Trinity. Trinity uses the de Bruijn graph to represent 
the overlap among the reads. 
The assembly was further refined using the tr2aacds 
p i p e l i n e  i n  E v i d e n t i a l  G e n e  p a c k a g e 
(http://arthropods.eugenes.org/EvidentialGene/
) which reduced the redundancy by selecting the 
'optimal set' of  assembled transcripts based on their 
coding potential, leading to the final non-redundant 
transcriptome assembly containing a unique set of  
transcripts. To check the quality of  the assembled 
transcriptome, Nx matrics were analyzed and the 
coding capacity of  the assembly was assessed using 
BUSCO v 3.0.2.   
The annotated gene data was used for gene mining 
of  RNAi machinery genes which yielded around 22 
transcripts belonged to Argonaute, Dicer, Drosha 
and Loquacious gene families. These genes were 
validated using copy number and also nr database- 
blastx search for CDD and blastn search. The 
validated genes were taken for further analysis. 
Primers around 800bp for PCR and 200bp for qRT 
PCR were designed using Primer-3 software. 
Standardization of  liquid diet feeding assays for M. 
hirsutus was carried out. Various doses of  sucrose + 
yeast extract were evaluated using the parafilm 
sandwich method, and the results showed that 15% 
sucrose + 2.5% YE is optimal for mealybug survival 
and no mortality was observed up to 9 days.

The mult i- insect icidal  tolerant strain of  
Trichogramma chilonis being maintained in NBAIR 
was subjected to selection pressure using 
Emamectin benzoate which is a common 
insecticide recommended against borer pests. 

Three mobile apps, (i) BIPM on coconut, (ii) BIPM 
on rice and (iii) BIPM on sugarcane (Fig. 42) were 
developed for pest and disease management with a 
special focus on biological control. These mobile 
apps contain two main options, “Pests” and 
“Diseases”. The user can click either of  these 
options to view further information on pests and 
diseases. The key elements present in these mobile 
apps are “Identification”, “Damage symptoms”, 
“Biology” and “Management” with different 
methods including biological control along with 
relevant pictures and videos. These mobile apps are 
available at Google Play Store and ICAR-NBAIR 
w e b s i t e  a n d  t h e  w e b  l i n k s  a r e 
https ://play.google.com/store/apps and 
https://nbair.res.in/mobile-app. They are 
accessible in three languages, English, Hindi and 
Kannada. Farmers/users can download and install 
these mobile apps from the Google Play Store by 

Starting from half  the field dose, the MITS was 
exposed continuously to a total of  25 insecticidal 
sprays. The last dose to which the population was 
exposed was 10 times the field dose of  Emamectin 
benzoate which indicated the development of  
resistance.
The multi-insecticidal tolerant strain of Chrysoperla 
zastrowi sillemi was also subjected to selection pressure 
using Diafenthiuron which is recommended against 
sucking pests. The population was exposed to 6 
sprays with increasing doses of  Diafenthiuron, out 
of  which the last dose was 1.2 times the field dose.

Safety of  Fenazaquin, which is a common acaricide 
was tested against the predatory mite, Typhlodromus 
(Anthoseius) transvaalensis. The field dose, half  the field 
dose and 1/10th of  the field dose caused 100% 
mortality in T. transvaalensis. Another acaricide, 
Propargite was also evaluated to assess its safety 
against T. transvaalensis. Field dose and half  the field 
dose caused 90% and 80% mortality respectively in T. 
transvaalensis. The safety of  Fenazaquin was evaluated 
against another predatory mite, Neoseiulus indicus. 
Field dose and half  the field dose caused 96.29% and 
93.10% mortality respectively in N. indicus. 
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using the keywords, BIPM on coconut, BIPM on 
rice and BIPM on sugarcane and can utilize the 
information for effective biointensive pest and 
disease management on these crops.

ICAR–NBAIR has standardised the mass 
production protocol of  A. lopezi on cassava 
mealybug infested cassava setts (Fig. 43). The 
duration from oviposition to adult emergence of  A. 
lopezi ranged between 18-20 days. Protray method 
of  raising cassava setts for infestation of  cassava 
mealybug and parasitoid multiplication is under 
investigation.The male and female wasps 
immediately after emerging from the cocoons under 
netted enclosure should be were collected with the 
help of  an aspirator and released (1:1 ratio) in test 
tubes or any rearing box/jar for mating (Fig. 44).

Figure 42. Screenshots of  the mobile apps, 
BIPM ON Coconut, BIPM on Rice and BIPM on 

Sugarcane

The total duration of  development from 
oviposition to adult emergence was 18–23 days 
under laboratory conditions. The longevity of  a 
male wasp supplied with honey as a food source was 
33 days. Mated ovipositing females survived for a 
period of  13 days. The oviposition period of  the 
wasp lasted for 11 days. Mated females produced 
both male and female progenies. However, 
unmated females were observed to produce male 
progeny alone. The female: male ratio was 1:2.

Division of  Germplasm Conservation and 
Utilisation

Biology of  the parasitoid, Anagyrus lopezi 

Mass production of  A. lopezi

Figure 44. Mass production of  A. lopezi parasitoid

Figure 43. Raising of  cassava plants and mealybug 
infestation

Mating was observed on the same day after 
emergence. Honey strips or honey streaked on glass 
surface act as a food source for the mating pairs. The 
unmated female laid unfertilized eggs that developed 
into male parasitoids.
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Interaction between Metarhizium anisopliae 
(Ma-35) and Bracon brevicornis under 
laboratory condition

Laboratory study on the effect of  Lecanicillium 
lecanii (ICAR-NBAIR Vl-8) on biology, 
feeding potential and prey preference of  
Blaptostethus pallescens fed on infected thrips 
Frankliniella schultzei

Ten per cent mortality was observed when adults of  
B. brevicornis were exposed to M. anisopliae (ICAR-

8NBAIR Ma-35) @ 1×10  spores/ml. When 3rd, 4th 
and 5th of  fall armyworm (FAW) were exposed to 

8Ma-35 (1×10  spores/ml) at different duration (0, 
24 and 48 hrs) and offered to  B. brevicornis; the egg 
laying, total number of  larvae and pupae developed 
and the adults emerged were higher in B. brevicornis 
exposed to fifth instar fall armyworm at 24 h after 
fungal inoculation.

biological parameters l ike pre-oviposition, 
incubation period and percent hatching. However, a 
reduction in fecundity was observed when infected 
thrips were provided as prey. There was no difference 
in the consumption of  total thrips during nymphal 
period in both treatments. The results showed that L. 
lecanii (ICAR-NBAIR Vl-8) did not affect biological 
parameters of  D. primarius.

Biology, feeding potential and prey preference were 
studied for B. pallescens when L.  lecanii (ICAR-
NBAIR Vl-8) infected thrips (F. schultzei) and 
uninfected thrips were offered as prey. The total 
nymphal duration was significantly higher on 
treated thrips (25.3±0.16) compared to untreated 
thrips (19.5±0.29). There was no difference in pre-
oviposition, incubation period and percent 
hatching. However, a reduction in fecundity and 
longevity was observed when infected thrips were 
provided as prey. Total thrips consumption during 
nymphal period was significantly higher when 
uninfected thrips (163±0.23) were provided 
compared to treatment where Vl-8 infected thrips 
(163±0.36) were provided. In the prey preference 
study, all instars and adults of  B. pallescens preferred 
uninfected thrips over Vl-8 infected thrips.

Laboratory study on the effect of  Lecanicillium 
lecanii (ICAR-NBAIR Vl-8) on biology and 
feeding potential of  Dortus primarius fed on 
infected thrips Frankliniella schultzei

Biology and feeding potential were studied for D. 
primarius when L. lecanii (ICAR-NBAIR Vl-8) 
infected thrips (F. schultzei) and uninfected thrips 
were offered as prey. There was no significant 
difference in total nymphal duration when fed on 
infected (20.11±0.25). and uninfected thrips 
(19.27±0.18). There was no difference in other 

Biological control of  the broad mite in mulberry

Typhlodromus (Anthoseius) transvaalensis was evaluated 

against the broad mite, Polyphagotarsonemus latus, in 

mulberry (cv. Victory-1) at Chakkalurdoddi, 

Channapatna taluk, Ramanagara district, Karnataka. 

The predatory mite (60 mites/plant) was compared 

with two concentrations (0.8% and 1%) of  a 

l aborator y-made myce l ia l–conid ia l  l iqu id 

f o r m u l a t i o n  o f  H i r s u t e l l a  t h o m p s o n i i 

[ICAR–NBAIR–MF(Ag)66]. Both agents on all 

sampling dates significantly reduced the number of  

broad mites on both the bottom and top leaves. They 

even outperformed the chemical (treated check: 

sulphur 80% at 2.5 g/litre), with the predatory mite 

alone reducing the pest population by 96.2% and 

86.1% on the bottom and top leaves, respectively.

Shatpada Treat

A simple and cost-effective mass production and 

application technology for Typhlodromus (Anthoseius) 

transvaalensis has been developed for the first time in 

the world. T. (A.) transvaalensis is an effective 

b i o c o n t r o l  a g e n t  f o r  t h e  b r o a d  m i t e 

(Polyphagotarsonemus latus), spider mites (e.g., two-

spotted spider mite, Tetranychus urticae) and thrips (e.g., 

Scirtothrips dorsalis). 

Geographical distribution of  whiteflies 

About 15 exploratory surveys were conducted in 

eight states viz. Andhra Pradesh, Assam, Karnataka, 

Kerala Rajasthan, Tamil Nadu, Telangana and West 

Bengal to collect the whiteflies and their natural 

enemies. The survey revealed the newer geographical 

distribution and extension of  host ranges for invasive 
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whiteflies. Palm-infesting whitefly was recorded in 

Kerala and Andhra Pradesh; Woolly whitefly, 

Aleurothrixus floccosus was recorded in Andhra 

Pradesh; Bondar's nesting whitefly, Paraleyrodes 

bondari and Pealius nagarcoilensis were recorded in 

Assam and Solanum whitefly, Aleurothrixus trachoides 

was recorded in West Bengal. 

Encarsia cubensis, a potential parasitoid of 
palm infesting whitefly, Aleurotrachelus 
atratus 

During the surveys, the immature stages of  the 

Neotropical palm infesting whitefly, Aleurotrachelus 

atratus were found parasitized by an aphelinid 

parasitoid, Encarsia cubensis (Hymenoptera: 

Aphelinidae). The parasitoids were collected and 

identified by their morphological characteristics 

and also characterized by DNA barcoding of  adult 

parasitoids using partial (658 bp) mitochondrial 

cytochrome oxidase 1 (CO1) gene (GenBank 

accession number ON881119). The first report of  

the occurrence of  E. cubensis as primary parasitoids 

on A. atratus in India and its natural parasitism o 

46–68% on coconut across the different locations 

in Karnataka was reported. The parasitoid, E. 

cubensis was hypothesized to have entered India 

along with A. atratus and evolved as a potential 

biological natural enemy against A. atratus.

Development of  prediction models and habitat 
mapping of  rugose spiralling whitefly

The prediction model for potential distribution and 

habitat suitability mapping for the occurrence of  

invasive rugose spiraling whitefly (RSW) in India in 

the present (2020) and future climate change 

emission scenarios in 2050 and 2070 using the 

MaxENT modell ing was developed. The 

prediction models could be used to formulate 

control measures for monitoring, surveillance and 

early pest warning of  rugose spiralling whitefly and 

combating outbreaks well in advance in newer 

locations.

Electrophysiological response of  adults of  
Corcyra cephalonica to essential oils (EOs)

The summated neuronal response for the essential 
oils tested were above 0.5 mV (Fig. 45). This 
established the response of  olfactory response of  the 
receptors in the antennae of  C. cephalonica adult.

Figure 45. Electrophysiological response of  adults 
o f  Cor c y r a  c e p ha l o n i c a  to  e s sen t i a l  o i l s
Bars showing the same alphabet do not differ 
significantly (P>0.05).
Behavioral response of  C.cephalonica adults - 
Oviposition deterrent activity

The essential oil ajowan oil, its constituent thymol 
and geranium oil recorded a high level of  oviposition 
deterrence index (Fig. 46). 

Figure 46. Oviposition deterrence of  essential oils 
on Corcyra cephalonica; Mean values were subjected to 
One way ANOVA and   Post hoc Tukey's  test, means 
within a column followed by the same letter are not 
significantly  different (p < 0.05) 
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EO Sweet basil oil, its constituents methyl chavicol, 
linalool and other EOs viz. betel oil, rosemary oil 
and their major constituents eugenol, eugenol 
acetate, geraniol and 1,8 cineole caused high-level 

inhibition of  acetylcholinesterase and it was on par 
with organophosphate insecticide malathion. All 
the EO and the constituents evaluated inhibited the 
AChE (Fig. 47).

Figure 47.  Percent inhibition of  acetylcholinesterase activity in the larvae of  C. cephalonica 

Slow release pheromone formulations for 
insect pests

The volatile compounds of  Solanum tuberosum L., 
were isolated by steam distillation and extraction. 
The attractants for potato tuber moth; Phthorimaea 
operculella were identified with gas chromatography 
coupled to mass spectrometry (GC-MS). The 
identified attractants were converted to slow-
release formulations. Again, subjected to gas 
chromatography coupled to mass spectrometry 
(GC-MS) found that there is no change in 
attractant's chemical structure before and after 
immobilization in formulations. The volatile 
compounds of  male and female attractants were 
isolated and identified by GCMS for Litchi fruit 
and shoot borers; Conopomorpha sinensis and 
converted to slow-release formulations. The field 
trials were conducted successfully on Delta trap 
loaded with slow-release formulations of  female 
attractants and male attractants of  Litchi fruit borer 
at Government Garden and Fruit nursery, village 
khiala Bulanda, District Hoshiapur, Punjab. The 

volatile compounds of  Pomegranate were isolated, 
identified by GCMS and converted to slow-release 
pheromone formulations for the management of  
Pomegranate fruit borer; Virachola isocrates. The 
volatile compounds as attractants for mango stem 
borer were isolated, identified by GCMS and 
converted to slow-release pheromone formulations 
for the management of  Mango stem borer; Batocera 
rufomaculata. The volatile compounds were isolated 
from cashew, and identified by GCMS and attractants 
were converted to slow-release pheromone 
formulations for the management of  Cashew stem 
borer; Plocaederus   obesus. The attractants terpenoids 
were isolated, identified and converted to slow -
release formulations for the management of  Red 
hairy caterpillar; Amsacta albistriga, Pigeonpea pod fly; 
Melanagromyza obtusa.
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Laboratory and field evaluation of  fungal and 
bac te r i a l  en tomopathogens  f o r  the 
management of  invasive South East Asian 
Thrips, Thrips parvispinus

A novel Pseudomonas entomophila NBAIR-
PEOWN strain with excellent insecticidal 
activity for management of  shoot and fruit 
borer of  brinjal

Three promising entomofungal pathogens viz. 

Beauveria bassiana, Metarhizium anisopliae and 

Lecanicillium fusisporum and two bacterial strains viz. 

Pseudomonas fluorescens and Bacillus albus were 

effective in the management of  invasive T. 

parvispinus under laboratory  and field (Fig. 48)

conditions. The extent of  the reduction of  thrips 

population under field conditions ranged between 

60–70 percent in Chinthamani and Raichur areas in 

Karnataka (Fig. 49).

A novel bacterial strain, Pseudomonas entomophila 

NBAIR-PEOWN produced a high quantity of  

siderophores, chitinase, proteases, cellulases, 

lipases, indole acetic acid (IAA)enzymes, that 

played an important role in pest management and 

growth promotion in brinjal .  Talc-based 

formulation of  Pseudomonas entomophila NBAIR-

PEOWN was developed and the dose was 

standardized for the effective management of  the 

brinjal shoot and fruit borer, Leucinodes orbonalis 

(Fig.50). There was 75-80 percent reduction in the 

damage of  shoot and fruit borer compared to 

untreated control. 
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Figure 48. Untreated control (left), mortality and 
mycosis of  T. parvispinus treated with bacterial 

and fungal biopesticides 

Figure 49. Biopesticides sprayed Chilli field at 
Chinthamani, Karnataka

Figure 50. Pseudomonas entomophila NBAIR-
PEOWN sprayed brinjal field (left), untreated control 
showing borer damage (middle) and biopesticide 
sprayed brinjal (last image)
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Mulberry root rot disease caused by Rhizoctonia 

bataticola (=Macrophomina phaseolina) and other 

pathogens like Fusarium solani, F. oxysporum, 

Botryodiplodia theobromae etc is an economically 

important disease in Karnataka, and management 

of  this disease is very challenging to the mulberry 

farmers. Root zone drenching of  Trichoderma 

asperellum strain NBAIR-TATP @ 2% solution at 

the rate of  50 ml per plant effectively suppressed 

the root rot disease and control the further spread 

of  root rot disease in mulberry. It also further 

boosted the growth of  the mulberry plants with 

healthy leaves under field conditions at the farmer's 

field (Fig. 51).

Figure 51. Root rot infected mulberry plants show 

typical wilting symptoms (left), after application of  

T. asperellum showed recovery of  mulberry plants 

from root rot disease (right).

Characterisation of  viruses with special 

reference to Lepidoptera and Coleoptera

Management of  mulber r y root rot  by 
Trichoderma asperellum strain NBAIR-TATP at 
Pavagada taluk, Tumkur district, Karnataka
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Sub-lethal effect of  Spodoptera frugiperda NPV 

(SpfrNPV) has been observed on the growth and 

development of  fall armyworm. As a result of  

larval infection, the larval developmental time was 
significantly prolonged as compared to the untreated 
insects. The percentage of  pupal mortality ranged 
from 72.73 to 40.74 at varying doses of  SpfrNPV and 
recorded low pupal weight in all the treatments than 
control. The fertility and fecundity of  infected adult 
moths were significantly reduced when compared to 
the untreated insects in a concentration dependant 
fashion. Sub-lethal effects of  baculoviral infection on 
different biological parameters were studied. The 
mean developmental period of  infected third and 
fourth larval instars was significantly higher (F = 
2.945; F = 18.414 df  = 5, 20 P < 0.05) in SpfrNPV 
infected larvae than the control at all tested viral 
concentrations. The percentage of  pupal mortality 
ranged from 40.74 to 72.73 in the lowest and highest 
concentrations of  SpfrNPV, respectively. The 
developmental period of  male pupae was found to be 
significantly longer in infected groups than the 
uninfected ones. (Table 11). 

The infected adults had significantly reduced 
longevity in both males ranged from 3.5 to 5.75 days 
(F = 6.273; P = 0.002) and females ranged from 3.5 to 
7.00 days (F = 13.652; P = 0.001). Further, the mates 
of  virus-treated adults showed a highly reduced egg 
production (F = 31.255; P < 0.05) ranged from 
150.03 to 338.33 eggs/female and the larval emerging 
ranged from 71.11 to 227.89 (F = 74.52; P < 0.05), 
which was again significantly lower than the control. 
Viral infection symptoms were observed on larva, 
pupa and adult due to SpfrNPV infection (Fig. 52). 
The percentage of  egg hatching ranged from 47.40 to 

586.41%. The highest yield of  SpfrNPV (4.69 × 10  
occlusion bodies (OBs) from a single third instar 
larva was obtained when the larva was inoculated 

8
with the concentration of  SpfrNPV @ 1 × 10  
OBs/ml. The third instar larva was found optimum 
for harvesting the maximum of  SpfrNPV at 7 days 
after inoculation. Enveloped virions were observed 
from the NPV infected midgut tissues of  S. frugiperda 
under light microscopy.
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Figure 52. a.  Liquification from fifth instar larva of  S. frugiperda; b. Moulting defects in SpfrNPV infected S. 

frugiperda larva; c. Mortality observed in fourth and fifth instar S. frugiperda larvae, pre-pupae, pupa due to 

SpfrNPV infection; d. Deformation in wings, antennae and abdomen of  adult moths of  S. frugiperda due to 

SpfrNPV infection

Table 11. Debilitating effect of  different concentrations of  SpfrNPV on pupal period, pupal 
weight and adult longevity (mean ± SE) of  Spodoptera frugiperda

Within columns, means followed by the same letter do not differ significantly [ANOVA, Tukey's 
HSD; P<0.01]
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C o m p a t i b i l i t y  a n d  e f fi c a c y  o f  
e n t o m o p a t h og e n i c  n e m a t o d e s  w i t h 
e n t o m o p a t h o g e n i c 
fungi combinations against invasive pest 
S p o d o p t e ra   u g i p e r d a  ( L e p i d o p t e r a : 

The survival of  infective juveniles (IJs) of  two 

species of  EPNs, Heterorhabditis indica and 

Steinernema abbasi after exposure to Metarhizium 

anisopliae Ma-4 and Beauveria bassiana Bb-45 and a 

combination of  these nematodes and these 

entomofungal pathogens at different rates for the 

control of  Spodoptera frugiperda, were evaluated both 

in the laboratory and maize fields (Fig.53). In the 

laboratory assays, the two entomofungal pathogens 

at different concentrations had no or negligible 

effect on survival of  both the nematode species, 

with mortality rates below 2-4%. 
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The combinations had a synergistic or additive effect 

on the third-instar larvae of  fall armyworm and 

caused faster mortality than one EPN species or 

entomofungal pathogens alone. Mortality and speed 

of  kill were significantly increased in the combination 

of  Heterorhabditis indica–M. anisopliae, H. indica–B. 

bassiana and S. carpocapsae-M. anisopliae but nematode 

establishment is not affected by these insecticides. 

Both in the laboratory and in maize fields, the degree 

of  interaction, however, varies with nematode 

species, being synergistic for H. indica–M. anisopliae, 

H. indica–B. bassiana and S. carpocapsae-M. anisopliae 

a g a i n s t  l a r v a e  o f  S .  f r u g i p e r d a .  T h e s e 

nematodes–entomofungal pathogens combinations 

performed equally well compared to that of  

emamectin benzoate treatment. Cost–benefit 
8analysis showed that H. indica 2.5 × 10  IJ ha-1 

combined with M. anisopliae is a practical strategy for 

the management of  fall armyworm larvae in maize 

production.

Figure 53. Corrected mortalities of  third-instar larvae of  FAW larvae treated with different combinations 

of  EPNs and EPFs or single agent in a laboratory experiment at five DAT. Sc: Steinernema carpocapsae; Hi: 
6 4 

Heterorhabditis indica; MA35, Metarhizium anisopliae; 1: 1×10  spores/ml and 2: 1×10  spores/ml of  EPFs; 1= 

10 IJs per larva, 2=5 IJs per larva. 

* Indicated significant synergistic interactions between the EPNs and EPFs.
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Documentation of  non-bee pollinators on 
different crops

Sustainable reduction of  feral colonies of  
stingless bees

Requeening techniques in orphaned stingless 
bee colony

Foraging behaviour of  stingless bees in the hives 
installed in protected cultivation

Effect of  yeast addition in diets over the 
development of  Zophobas morio

On fennel and coriander, ant species Myrmicaria 
brunnea was associated with the flowers in large 
numbers. Three to four species of  dipterans and 
vespids were recorded. Studies to identify the 
species of  insects associated with these crops and 
to ascertain their role as pollinators are under 
progress. 

A technique to sustainably multiply the colonies of  

stingless bees from the perennial feral colonies 

without complete destruction was attempted. The 

settlement of  foragers inside the rectangular hive 

connected to feral colony and construction of  

storage pots was recorded 18.20±2.49 days and 

11.0±1.91 days after hive acceptance and 

settlement of  foragers in the hive. A decline in the 

construction number of  storage pots was observed 

over a period of  time. Seeding the laying queen in 

the hived colonies resulted in the construction of  

advancing fronts (indicative of  brood cells 

construction) in a time period of  26.67±2.58 days. 

The viability of  the perennial feral colony was 

preserved for a time period of  nine months without 

loss in the activity of  foragers.

Three techniques viz. the addition of  laying queen, 

the addition of  advancing fronts with brood, the 

addition of  mature queen cells and introduction of  

gynes. The initiation of  oviposition was observed 

in a shorter time period by the addition of  laying 

queen (6.20±1.58 days) followed by 10.13±1.47 

days where gynes are introduced. In the colonies 

where advancing front were added, the oviposition 

was observed after 41.20±7.64 days.

The hive establishment and foraging behavior of  

stingless bees were studied in cucumber grown under 

two protected cultivation structures viz. polyhouse 

and greenhouse. The mean number of  hive-entering 

foragers was significantly higher in the hives installed 

in ventilated screen house (10.20 bees/5 minutes) 

compared to the polyhouse (1.32 bees/5 minutes). 

The hive departing bees were significantly higher in 

the ventilated screen house (4.50 bees/5 minutes) 

compared to the polyhouse (15.60 bees/5 minutes).

The larval development period of  Zophobas morio was 

significantly reduced 84.81 days (sole rice bran) to 

50.40 days in the media containing rice bran added 

with yeast (10%). A significant reduction in the 

number of  moults of  the larvae of  Z. morio was 

observed in rice bran + vegetable supplement + yeast 

(11.47 moults) compared to rice bran + vegetable 

supplement without yeast (13.60 moults). 
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Black soldier fly as poultry feed

Black soldier fly prepupal powder was prepared for 

poultry layer trials and nutrition analysis after feeding 

as a protein source in the diet of  layer chicken. White 

leghorn layers were used and response criteria were 

measured after replacing the routine diet with 5% 

and 10% protein sources for egg production, feed 

intake, feed conversion ratio, egg weight and egg 

quality for 3 months in collaboration with ICAR-

National Institute of  Animal Nutrition & 

Physiolog y,  Adugodi ,  Bengaluru (Fig.54) . 

Technology 'Waste to wealth: Technology on Black 

Soldier Fly mediated bioconversion of  farm and 

kitchen wastes' was popularized among farmers, 
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Figure 54. Layer feeding trial using black soldier 
fly meal
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students, researchers, entrepreneurs through talks 

and demonstrations during different programmes 

organized like PM Kisan Samman Sammelan, 

Swachhta Pakhwada – Kisan Diwas Celebration at 

ICAR–National Bureau of  Agricultural Insect 

Resources, Bengaluru. 

All India Coordinated Research Project on 
Biological Control of  Crop Pests 

Biological suppression of  plant diseases

Seed treatment + root application+ foliar spray of  

bacterial antagonists viz., Trichoderma harzianum 

(Th) and Pseudomonas fluorescens (Pf) recorded the 

lowest disease intensity (16.50%) of  early blight as 

compared to control (39.83%) in tomato.

Biological suppression of  cotton pests

Biointensive pest management module (BIPM) 

with six releases of  Trichgrammatoidea bactrae @ 

100,000/ha/release, starting from 55 days after 

germination with the installation of  funnel-type 

pheromone traps @ 10/plot recorded the lowest 

damage of  pink bollworm (22%) compared to 

control (32%) along with 20% increase in yield. 

Biological suppression of  rice pests

Biointensive pest management module (BIPM) 

module of  seed treatment with Pseudomonas 

fluorescens @ 10 g/kg, two sprays of  P. fluorescens @ 5 

g/L  from 30-40 days after transplantation, three 

releases of  T. chilonis @ 1,00,000/ha for leaf  folder 

and T. japonicum@ 1,00,000/ha/releases for stem 

borer from 25 days after transplantation, application 

of  Carbofuran granules 3G @ 10 kg/ha at 30 DAP, 

two sprays of  chlorpyriphos @2.5 ml/L, acephate @ 

1.5 g/L and two sprays with propiconazole @ 1ml/L 

recorded the lowest leaf  folder damage by 77.04%; 

stem borer damage by 84.13% and sheath blight 

incidence by 42.16% resulted in 12.81% yield 

increase in BIPM (5.74 t/ha) compared to farmers 

practice (5.09 t/ha) with net returns of  ₹17,928 /- per 

ha and high incremental benefit-cost ratio in BIPM 

(2.36) compared to chemical control (1.57).
2

The mean number of  dead hearts/m  in the plots 

sprayed with Bacillus thuringiensis, Beauveria bassiana and 

Heterorhabditis indica were 1.5, 1.83 and 3.17 dead 
2

hearts/m  were on par with flubendiamide (2.67 dead 
2hearts/m ) 14 days after third spray and could be 

viable alternative to flubendiamide for the 

management of  stem borer in rice. The mean 

number of  leaf  rolls per leaf  in the plots sprayed with 

entomopathogenic nematode, Steinernema carpocapsae 

and entomopathogenic fungus, Metarhizium anisopliae 
2

were 1.33 and 1.63 rolled leaves/m  at 28 days after 

third spray that was on par with the insecticidal 
2

control (0.83 rolled leaves/m ).

Biological control of  sugarcane pests

Eight releases of  temperature tolerant strain of  T. 

chilonis @ 50,000 parasitoids/ha at weekly intervals 

starting from 40 days after shoot emergence was 

significantly superior in reducing the early shoot 

borer infestation (6.41% dead hearts) with maximum 

cane yield (139.64 Mt/ha) and B:C ratio 2.31.

Biological control of  maize pests
Two releases of  T. pretiosum @50,000/ha or T. chilonis 

@ 1,00,000/ha from 7 days after seedling emergence
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 followed by three foliar applications of  Bacillus 

thuringiensis  (NBAIRBT25) @ 2 ml/L or 

Metarhizium anisopliae (NBAIR Ma 35) @ 5 g/L 20 

days after seedling emergence at 10 day intervals 

was effective in controlling fall armyworm in 

compar ison wi th  the  insect ic ida l  check 

(Azadirachtin + chlorantraniliprole + emamectin 

benzoate). The cob yield recorded in biocontrol 

treatments egg parasitoid + Bt was 39.97q/ha 

followed by egg parasitoid + M. anisopliae (39.38 

q/ha) that was on par with chemical control (40.18 

q/ha). 

Foliar application of  oil formulation of  Metarhizium 

anisopliae (ICAR-NBAIR Ma35) @ 10 ml/lit at 20 

and 40 days after emergence of  crop and 

application of  oil formulation of  Beauveria bassiana 

(ICAR-NBAIR Bb-45) @ 10 ml/lit at 20 & 40 days 

after emergence of  crop were significantly superior 

in the management of  pink borer, Sesamia inferens 

and was statistically on par with soil application of  

Carbofuran 3G @ 20kg /ha twice at 20 and 40 days 

after crop emergence.

Biological control of  ragi pests

Biological control of  pest of  pulses
8

Application of  Lecanicillium lecanii 1×10 cfu/ml 

@5gm/L recorded the lowest infestation of  

cowpea aphid, Aphis craccivora which was on par with 

spinosad 45 SC @0.3 ml/L with maximum yield. 

Biological control of  pest of  oilseed crops

Seed treatment with Pseudomonas fluorescens @ 10 

g/kg + soil drenching with Trichoderma asperillum @ 

5 g/L  at 30, 60 days after sowing was effective in 

managing stem rot in sesame (4.29%) with high 

grain yield (376 kg/ha), and on par with chemical, 

carbendazim seed treatment @ 1 g/kg + soil 

drenching @ 5 g/L (stem rot 11.13% and yield 258 

kg/ha).

Biological control of  pests of  tropical fruit crops

Biointensive pest management module (BIPM) with 

the spraying of  entomopathogenic fungus 

Metarhizium anisopliae ICAR-NBAIR Ma-4 @ 1% WP 

as a sole component was highly effective in reducing 

the population of  mango hoppers. 

Application of  Lecanicillium lecanii (NBAIR Vl8) @ 

5g/L was effective in the reduction of  thrips 

infestation in the citrus fruits (11.78%) followed by 

the application of  acephate 75SP (12.64%). The 

percent fruit infestation of  thrips in Beauveria bassiana 

@5g/L (16.09%) and Metarhizium anisopliae @ 5g/L 

(16.72%) were statistically on par with each other. 

Control recorded the highest fruit infestation 

(24.83%).

Leaf  axil application of  Beauveria bassiana (AAU 
8culture) 10  spores @5 ml/L at 15 days interval 

recorded a maximum reduction of  damage by fruit 

and leaf  scaring beetles, Nodostoma subcostatum in 

banana. 

Biological control of  pests in plantation crops

BIPM module with natural conservation of  Encarsia 

guadeloupae + release of  eggs of  Apertochyrsa astur 

@1000/ha + Yellow sticky traps @20/ha was 

demonstrated in Chinnappampalayam, Anaimalai 

block, Coimbatore district. In BIPM field, there was 

80% reduction in the population of  rugose spiraling 

whitefly (RSW), compared to untreated control 

(60%).

Large-scale demonstrations conducted in 50 acres of  

farmer fields in Malnad region of  Karnataka showed 

that the consortia application of  T. harzianum, B. 

subtilis and P. fluorescens @ 4 kg/ha each recorded 

lower incidence of  soft rot in ginger.

Biological control of  pests in vegetables

Brinjal:  The damage by shoot and fruit borer was 

significantly low (17.82%) in plots sprayed with
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insecticides followed by 21.80 per cent fruit damage 

in BIPM plots (Azadirachtin 1500 ppm @ 2ml/lit 

(one round of  spray) + L. lecanii (one round of  

spray) + T. pretiosum (8 releases) + Pheromone traps 

@20/ha + Cowpea as bund crop). The cost-benefit 

ratio realized in BIPM was 1:3.90 as against 1:4.83 in 

insecticides treated plots.

Onion: Application of  Metarhizium anisopliae (AAU 

strain Ma1) significantly reduced the thrips 

population (3.70 thrips/plant) compared to 

untreated control  (15.02 thr ips/ plant) . 

Significantly highest bulb yield was recorded in the 

M. anisopliae sprayed plots (113.67 q/ha) compared 

to the untreated control (45.33 q/ha). 
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Cucurbits: Release of  Blaptostethus pallescens @ 20 

m/row plots and spraying Spiromesifen were 

effective in causing a consistent reduction in the 

cucumber mite population indicating the potential 

of  the predator to be a safer alternative to synthetic 

acaricides in managing spider mites in cucumber 

under polyhouse conditions. The highest mean yield 

of  cucumber 2.73 kg per plant was obtained in plots 

released with B. pallescens, which was on par with 

acaricide treated plot at (2.70 kg/plant).

Cole crops: Spraying Lecanicillium lecanii (V1-8) @ 5 

ml/L effectively reduced the population of  aphids 

(3.17/plant) and diamondback moth (4.74/plant), 

with the highest yield of  205.25q/ha.  
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6. EXTENSION ACTIVITIES

ICAR–NBAIR participated in the survey of  
Southeast Asian Thrips

ICAR–NBAIR organised the first field release 
programme of  the parasitoid, Anagyrus lopezi 
to tackle the invasive Cassava mealybug menace 
in IndiaI C A R – N B A I R  i n  c o l l a b o r a t i o n  w i t h 

ICAR–National Centre for Integrated Pest 

Management, New Delhi and Directorate of  Plant 

Protection, Quarantine, and Storage, Faridabad 

visited thrips-infested chilli fields in the states of  

Andhra Pradesh and Telangana to investigate the 

emerging thrips menace on the crop during 2–7 

January 2022. Scientists interacted with the farmers 

of  Madipadu, Achampeta and Sattenapalli areas of  

Te l a n g a n a  a n d  V i s a d a l a ,  M e r u g u p u d i , 

Phirangipuram, Ponugupadu, Narasaraopeta, 

Chandavaram, Solasa and Veluru areas of  Andhra 

Pradesh to understand their problems related to the 

thrips menace. Scientists'-farmers' interactive 

meetings were organised to disseminate the eco-

friendly management practices to manage the 

thrips damage on chilli. Collected thrips samples 

from the affected fields were identified as Thrips 

parvispinus and management practices were 

suggested to the farmers. 

ICAR–NBAIR Bengaluru have imported the 

beneficial parasitoid, Anagyrus lopezi (Hymenoptera: 

Encyrtidae) from the International Institute of  

Tropical Agriculture (IITA) with its subcentre at the 

Republ ic  of  Benin through Internat ional 

cooperation ably facilitated by Dr T. Trilochan 

Mohapatra, Secretary, Department of  Agricultural 

Research and Education & Director General; Dr Ravi 

Prakash, Plant Protection Adviser, Directorate of  

Plant Protection Quarantine & Storage; Dr T.R. 

Sharma, Deputy Director General (Crop Science) 

and Dr S.C. Dubey, Assistant Director General (Plant 

Protection & Biosafety). The country representatives 

Dr Manuele Tamo, and Dr Georg Goergen, 

Entomologists from IITA, Benin supplied this 

parasitoid (Govt. of  India import permit No. 

17/2020- 21 dated 29.10.2020) which was received at 

Bengaluru on 13 August 2021. The mandatory 

quarantine studies on biology, safety and host 

specificity of  A. lopezi at were carried out at NBAIR 

QC-2 quarantine facility to ensure its non-target 

impacts. ICAR–NBAIR has optimised the mass 

production and field release protocol of  this 

parasitoid wasp in small as well as large-scale setup on 

cassava mealybug colonies. Further, ICAR–NBAIR 

has conducted the trainer's training programmes in 

four batches and trained the staff  of  State 

Agricultural Universities, State Horticulture 

Departments and Krishi Vigyan Kendras on mass 

production and field release techniques of  A. lopezi. 

The first field release programme of  the parasitoids 

and its distribution to the cassava farmers was 

organized by ICAR–NBAIR in collaboration with 

Tapioca and Castor Research Station, Yethapur, 

Salem district of  Tamil Nadu on 7 March 2022. 

About 300 tapioca farmers from six districts of  Tamil 

Nadu attended the event.
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Field visit and training to farmers on thrips 
identification



64
ICAR-NBAIR

ICAR–NBAIR organized the campaign 
“Annadata Devo Bhava” at Krishi Vigyan 
Kendra, Namakkal 
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ICAR–NBAIR in collaboration with ICAR–Krishi 

Vigyan Kendra, Namakkal organized the campaign 

“Annadata Devo Bhava” as a part of  Azadi Ka Amrit 

Mahotsav celebrations at Krishi Vigyan Kendra, 

Namakkal on 23 April 2022. Scientists from 

ICAR–NBAIR, officials from the State Department 

of  Agriculture and Horticulture, Government of  

Tamil Nādu and Krishi Vigyan Kendra, Namakkal 

a t tended the prog ramme.  The successfu l 

introduction of  the host-specific parasitoid, Anagyrus 

lopezi from Benin to India towards the management 

of  the cassava mealybug was explained to the 

farmers. The field release technique of  Anagyrus lopezi 

parasitoid for the management of  cassava mealybug 

was demonstrated. On this occasion, the Anagyrus 

lopezi parasitoids mass-produced at ICAR–NBAIR 

were supplied to 50 farmers attended this 

programme as gratis to release in their cassava 

mealybug infested fields. Around 75 progressive 

farmers from Namakkal district participated in the 

Campaign.

 Shri A.K.P. Chinraj, Member of  Parliament, 

Namakkal constituency; Dr J.P Singh, Additional 

Plant Protection Advisor, Government of  India; Dr 

S.C. Dubey, ADG (Plant Protection & Biosafety); 

Dr M.N. Sheela, Director, ICAR–Central Tuber 

Crops Research Institute, Thiruvananthapuram; Dr 

M. Nagesh, Director (Acting), ICAR–National 

Bureau of  Agricultural Insect Resources, 

Bengaluru; Dr. Subhash Chander, Director, 

ICAR–National Centre for Integrated Pest 

Management, New Delhi; Dr Harsh Vardhan Singh, 

Director, ICAR–National Bureau of  Agriculturally 

Important Microoraganisms, Mau; Dr A.S. 

Krishnamoorthy, Vice Chancellor, TamilNadu 

Agricultural University, Coimbatore and Mr C. 

Kathiravan IAS, Managing Director, Sago Serve, 

Salem graced the occasion. Other senior officials 

and scientists from ICAR-NBAIR and TNAU 

participated in the event and provided technical 

inputs to the farmers.

Distribution and field release of  A.lopezi
Training on mass production of  A.lopezi
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ICAR–NBAIR participated in the Farmers' 
Fair on “Natural cum Organic farming”

ICAR–NBAIR participated in the Farmers' Fair on 
“Natural cum Organic farming” organised at 
Krishi Vigyan Kendra, Namakkal as part of  the 
'Kisan Bhagidari Prathmikta Hamari Campaign' 
during Azadi Ka Amrut Mahotsav for the benefit 
of  the farming community on 26 April 2022. A 
technical lecture on 'Invasive Cassava mealybug 
and mass production of  parasitoid, Anagyrus lopezi' 
was delivered.  A total of  500 farmers from various 
blocks of  Namakkal district of  Tamil Nadu 
attended this mega event.

Annual Report - 2022 

ICAR–NBAIR organised farmers training cum 
a wa r e n e s s  p r o g r a m m e  o n  c l a s s i c a l 
biological control of  cassava mealybug

ICAR–NBAIR organised the third “Farmers 

Training cum Awareness Programme on Classical 

Biological Control of  Cassava Mealybug” on 23 

September 2022 at the premises of  SPAC-Starch 

Products India Pvt. Ltd., Poonachi village, Erode 

District, Tamil Nadu. More than 200 tapioca 

growing farmers attended the programme. Dr 

S.N.Sushil, Director, ICAR–NBAIR, Bengaluru, 

presided over the meeting and distributed the 

parasitoids mass-produced by NBAIR to the 

farmers. Officials /experts from Tamil Nadu 

Agricultural University, Coimbatore, Agricultural 

Research Station, Bhavanisagar, SPAC-Starch 

Products India Pvt. Ltd., Central Integrated Pest 

Management Centre (CIPMC), Trichy and State 

Departments of  Horticulture and Agriculture 

graced the event. A technical session on mass 

production of  the parasitoids and their and field 

release techniques was conducted.

Open Day at ICAR-NBAIR 

A n  “ O p e n  D ay ”  wa s  o r g a n i s e d  a t  t h e 

ICAR–NBAIR Hebbal campus on 4 August 2022. 

Around 200 Grade VI students from Presidency 

School, R.T. Nagar, Bengaluru visited the campus. 

The activities of  the Bureau and the role of  insects in 

the environment. The children visited the National 

Insect Museum where preserved insect specimens 

were exhibited to the students. Live insect predators, 

parasitoids, phytophagous insects and microbes like 

entomopathogenic fungi and nematodes were 

displayed to the students. The Indian National Flag 

was distributed to the children under 'Har Ghar 

Tiranga' Campaign. 

Open day for school students

Field release of  A.lopezi

Farmers meeting 
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An “Open  Day”  was  o rg an i s ed  a t  t he 

ICAR–NBAIR Yelahanka campus on 8 September 

2022. Fifty-nine students who belong to Grade IX 

and X of  Vishwa Vidyapeeth School, Yelahanka 

visited the campus. The children were introduced 

to the world of  insects to the students by 

highlighting the role played by insects of  economic 

importance. A video clipping on 'Bee Pollinators' 

and preserved insect specimens were displayed for 

the benefit of  the students. The students were also 

explained about the black soldier fly mass rearing 

facility in the Yelahanka campus and the role of  

detritivores insects in the degradation of  organic 

wastes into nutrient-rich compost was explained. 

The whitefly rearing facility was exhibited to the 

students and further on the pestiferous nature of  

whiteflies and the use of  parasitoids for their 

management was elaborated. The students visited 

the 'Bee Home' in the campus and observed the bee 

colonies. The methods adopted to exploit the 

pheromone loaded in nano-materials for insect pest 

m a n a g e m e n t  w a s  e x p l a i n e d  a n d  t h e 

electroantennogram setup was demonstrated to the 

students. A wrap-up session-cum-interaction 

session was held at the auditorium. 

ICAR–NBAIR organised farmers training cum 
demonstration on biocontrol strategies 
for the management of  invasive whiteflies in 
coconut

ICAR–NBAIR in  co l l abora t ion  wi th  the 

Department of  Horticulture, Mandya district and 

Hor t icu l ture  Far mer  Producer  Company, 

Nagathihalli organised farmers training cum 

demonstration on biocontrol strategies for the 

management of  invasive whiteflies in coconut on 7 

October 2022 at Nagathihalli, Mandya district, 

Karnataka. The importance of  biocontrol in tackling 

these invasive whiteflies in coconut was highlighted 

t o  t h e  f a r m e r s .  T h e  p a r a s i t o i d s  a n d 

entomopathogenic fungus formulations were 

distributed to the farmers. About 100 farmers 

participated in the programme. The origin, invasion, 

distribution, other different host plants, life cycle, 

nature of  damage of  whiteflies and their 

management strategies were explained to the 

farmers. Release of  parasitoid, Encarsia guadeloupae 

and preparation and foliar application of  

entomopathogenic fungus, Isaria fumosorosea was 

demonstrated to the farmers.  

Annual Report - 2022 

Open day for school students Farmers training on RSW management
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ICAR–NBAIR participated in the 'World Soil Day' celebration

ICAR–NBAIR in collaboration with ICAR–Krishi 

Vigyan Kendra, Krishnagiri, Regional Research 

Station, Paiyur and State Department of  

Agriculture, Krishnagiri and Tirupattur organized 

a field programme on World Soil Day-2022 at 

Regional Research Station, Paiyur, Krishnagiri, 

Tamil Nadu on 5 December 2022. The timely use 

of  biocontrol agents and its compatible 

approaches for the control of  insect pests and its 

beneficial effect on soil health was elaborated. 

Annual Report - 2022 

Different biocontrol technologies involving 

parasitoids, predators, and insect pathogens 

developed by the Bureau were exhibited and was well 

received by the farming community. A total of  200 

farmers from various blocks of  Krishnagiri and 

Tirupattur districts of  Tamil Nadu attended the mega 

event. The programme was vividly covered in the 

local newspapers

World Soil Day celebration
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7. AWARDS AND RECOGNITIONS

Dr T. Venkatesan

Dr P. Sreerama Kumar

Dr K. Subaharan

Served as Panelist, Entomological Society of  India 
Annual Workshop, Indian Agricultural Research 
Institute, New Delhi, 14 October 2022. 

Served as Co-Chairman for the Session “Basic 
research on biodiversity and natural enemies of  
insect pests” in XXXI Annual Review Meeting of  
All India Coordinated Research Project on 
Biological Control of  Crop Pests, University of  
Agricultural Sciences, Bengaluru, 20−21 October 
2022. 

Received Best Oral presentation award for the 
paper entitled “Molecular changes accompanying 
the loss in the fertility of  fall armyworm, Spodoptera 
frugiperda female moths following infection with 
sub-lethal dose of  baculovirus” in the Seventh 
National Conference on Biological Control: 75 
years of  Biological Control of  Pests and Diseases in 
Agriculture: Challenges and the Way Forward 
organized by Society for Biocontrol Advancement 
at Hotel Ramada by Wyndham, Yelahanka, 
Bengaluru, 15−17 December 2022.

Served as Vice President for Association for the 
Advancement in Pest Management in Horticulture 
Ecosystems. 

Editor, SIP Newsletter, Society for Invertebrate 
Pathology, USA, for 2022.Ambassador, The 
Association of  Applied Biologists, Warwick, UK, 
for 2022.

Received Best Poster Presentation award for the 

paper entitled “Essential oils for management of  

Corcyra cephalonia” in Seventh National Conference 

on Biological Control: 75 years of  Biological Control 

of  Pests and Diseases in Agriculture: Challenges and 

the Way Forward organized by Society for 

Biocontrol Advancement at Hotel Ramada by 

Wyndham, Yelahanka, Bengaluru, 15−17 December 

2022.

Received First prize in Swachhta competition- 2022 

for maintaining high standards of  neatness in the 

National Insect Museum "Azadi @ 75 Swachh 

Survekshan 2022" of  Swachh Bharat Mission.
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Invited to serve as Member Policy Committee on 

Nanotechnology Initiatives for Karnataka, 

Karnataka State Higher Education Academy.

Member Board of  Studies of  Entomology at 

Annamalai University.

Dr G. Sivakumar

Received Best Poster Presentation award for the 

paper entitled “Optimisation of  larval stage and time 

f o r  h a r v e s t i n g  S p o d o p t e r a  f r u g i p e r d a 

nucleopolyhedrovirus” in Seventh National 

Conference on Biological Control: 75 years of  

Biological Control of  Pests and Diseases in 

Agriculture: Challenges and the Way Forward 

organized by Society for Biocontrol Advancement at 

Hotel Ramada by Wyndham, Yelahanka, Bengaluru, 

15−17 December 2022.

Dr K. Sreedevi

Nominated as Principal Member, Biodiversity 

Sectional Committee - SSD 20 of  BIS, India since 

April 2022.

Awarded “Dr B. Vasantharaj David Award” from 

Applied Zoologists Research Association during the 

International Conference on XVIII AZRA 

International Conference on “Advances in Applied 

Zoological Researches towards Feed, Food and 

Nutritional Security and Safer Environment”, 

Bhubaneshwar, Odisha, 10–12 November 2022.
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Dr R. Gandhi Gracy

Dr B.S. Gotyal

Dr Ankita Gupta

Received Department of  Science & Technology, 

International Travel Grant to participate and 

deliver a talk at the Joint Annual Meet of  

Entomological Societies of  America, Canada and 

British Columbia, at Vancouver, Canada, 13–16 

November 2022.

Received “Young Scientist Award” from the 

Society of  Applied Zoological Research 

Association (AZRA) during XVIII AZRA 

International Conference on “Advances in Applied 

Zoological Researches towards Feed, Food and 

Nutritional Security and Safer Environment”, 

Bhubaneshwar, Odisha, 10–12 November 2022.

Received Best Paper award for the research paper 

'Vani tha  K. ,  Anki ta  Gupta ,  Venkatesan 

Thiruvengadam, Arati Pannure & Ashika 

Thotambailu Raghavendra (2022): Biological notes 

on nesting biology, development and natural 

enemies of  Braunsapis mixta, a pollinator of  cashew, 

Jour na l  of  Apicu l tura l  Research ,  DOI: 

10.1080/00218839.2022.2028965 (NAAS 8.58)' by 

Directorate of  Cashew Research, Puttur, 

Karnataka. 

Received First prize in Swachhta competition- 2022 

for maintaining high standards of  neatness in the 

National Insect Museum "Azadi @ 75 Swachh 

Survekshan 2022" of  Swachh Bharat Mission.

Dr K.J. David

Received 'Prof  T.N. Ananthakrishnan Foundation 

Award' under Senior Scientist category for the 

biennium 2020-21 at Chennai, Tamil Nadu, 06 

August 2022.

Received Best Oral Presentation Award for the paper 

entitled 'Larval taxonomy of  weed infesting fruit flies 

of  India' in Seventh National Conference on 

Biological Control: 75 years of  Biological Control of  

Pests and Diseases in Agriculture: Challenges and the 

Way Forward organized by Society for Biocontrol 

Advancement at Hotel Ramada by Wyndham, 

Yelahanka, Bengaluru, 15−17 December 2022.

Received Department of  Science & Technology, 

International Travel Grant (ITS/2022/000830) to 

participate in the 'Seventh Quadrennial Meeting of  

International Heteropterists' Society' held at 

Barcelona, Spain, 4–8 July 2022.

Received Society for Biocontrol Advancement - Dr 

H. Nagaraja Memorial award for Outstanding 

contributions to Insect Systematics including mites 

and spiders, 15 December 2022.

Dr S. Salini

Dr Jagadeesh Patil

Received Best Oral Presentation award for the paper 

en t i t l ed  “Compa t i b i l i t y  and  e fficacy  o f  

entomopathogenic nematodes-entomopathogenic 

fungi combinations against invasive pest Spodoptera 

frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) in 

maize” in Seventh National Conference on 

Biological Control: 75 years of  Biological Control of  

Pests and Diseases in Agriculture: Challenges and the 

Way Forward organized by Society for Biocontrol 

Advancement at Hotel Ramada by Wyndham, 

Yelahanka, Bengaluru, 15−17 December 2022.

Dr M. Sampath Kumar

Received Best Oral Presentation award for the paper 

entitled “Classical biological control of  cassava 

mealybug in India: Introduction to the release of  the 

host-specific parasitoid, Anagyrus lopezi in cassava 

plantations and way forward” in the International 
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Conference on emerging trends in insect science -

2022 (ICETIS-2022) held at Loyala college, 

Chennai, 7– 8 April, 2022. 

Received Best Oral Presentation award for the 

paper entitled “Classical biological control of  

cassava mealybug in India: prospects and way 

forward” in Seventh National Conference on 

Biological Control: 75 years of  Biological Control 

of  Pests and Diseases in Agriculture: Challenges 

and the Way Forward organized by Society for 

Biocontrol Advancement at Hotel Ramada by 

Wyndham, Yelahanka, Bengaluru, 15−17 

December 2022.

Dr K. Selvaraj
Received ‘Young Entomologist Award’ for the year 

2020 by Entomological Society of  India during 

Entomological Society of  India Annual Lecture 

Meeting, 14 October 2022.

Received ‘Dr R.J. Rabindra Team Award’ for the 

year 2020-2022 during ICAR–National Bureau of  

Agricultural Insect Resources Foundation Day, 19 

October 2022. 

Dr U. Amala

Received 'Best Service Worker Award under 

Scientific category' during the Institute Foundation 

day celebration, ICAR−National Bureau of  

Agricultural Insect Resources, Bengaluru, 19 

October 2022.

Received Best Oral Presentation award for the 

paper entitled, “Potter wasps keep the lepidopteran 

insects at bay” in the 'Seventh National Conference 

on Biological Control: Seventh National 

Conference on Biological Control on 75 Years of  

Biological Control of  Pests and Diseases in 

Agriculture: Challenges and the Way Forward' 

organized by Society for Biocontrol Advancement, 

Bengaluru, 15–17 December 2022.

Dr Richa Varshney

Received ‘Young Woman Scientist Award 2022' for 

c o n t r i b u t i o n  i n  E n t o m o l o g y  b y  A g r o 

Environmental Development Society (AEDS) 

Rampur, Uttar Pradesh.

Dr R.R. Rachana
Received Society for Biocontrol Advancement - Dr 

Abraham Verghese Award for Best Ph. D. thesis in 

Entomology (Bioecology, Biosystematics, 

Biocontrol and Biotechnology), 15 December 2022.

Served as a member in the committee formed by the 

Ministry of  Agriculture and Farmer's Welfare to 

develop Standard Operating Procedures (SOP) for 

the invasive chilli thrips, Thrips parvispinus.

Received Best Oral Presentation Award for the 

paper entitled “Does India have the pest thrips, 

Pseudodendrothrips bhattii (Kudo)?” in Seventh 

National Conference on Biological Control – 75 

Years of  Biological Control of  Pests and Diseases in 

Agriculture: Challenges and Way Forward, 

organized by Society for Biocontrol Advancement 

at Hotel Ramada by Wyndham, Yelahanka, 

Bengaluru, 15−17 December 2022.

Dr Navik Omprakash Samodhi

Received Best Oral Presentation award for the paper 

entitled “Performance and field efficacy of  

Trichogramma chilonis Ishii against invasive fall 

armyworm Spodoptera frugiperda (J.E. Smith) infesting 

sweet corn” in Seventh National Conference on 

Biological Control – 75 Years of  Biological Control 

of  Pests and Diseases in Agriculture: Challenges and 

Way Forward, organized by Society for Biocontrol 

Advancement at Hotel Ramada by Wyndham, 

Yelahanka, Bengaluru, 15−17 December 2022.
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Dr C. Manjunatha Mr K.T. Shivakumara

Received Best Oral Presentation award for the 

paper entitled “Decoding molecular mechanism 

involved in biocontrol potential of  Bacillus 

thuringiensis var. kurstaki strain NBAIR BtG4 by 

whole genome sequencing” in Seventh National 

Conference on Biological Control – 75 Years of  

Biological Control of  Pests and Diseases in 

Agriculture: Challenges and Way Forward, 

organized by Society for Biocontrol Advancement 

at Hotel Ramada by Wyndham, Yelahanka, 

Bengaluru, 15−17 December 2022.

Received the Best Poster Presentation award for 

the paper entitled “Biocontrol potential and 

molecular characterization of  lipopeptides 

producing Bacillus subtilis strain BSWG1 against 

Sclerotinia sclerotiorum” in Seventh National 

Conference on Biological Control – 75 Years of  

Biological Control of  Pests and Diseases in 

Agriculture: Challenges and Way Forward, 

organized by Society for Biocontrol Advancement 

at Hotel Ramada by Wyndham, Yelahanka, 

Bengaluru, 15−17 December 2022.

Received “Young Agricultural Scientist Award – 

2022'' from Dr B. Vasantharaj David Foundation 

Excellence Awards conferred during the Fourth 

National Conference on “Recent Advances in 

Applied Entomology and Environmental Sciences”, 

Chennai, 1 October, 2022.

Received Best Poster Presentation award for the 

paper entitled “Diversity and abundance of  natural 

enemy populations on two invasive mealybug species 

Paracoccus marginatus and Phenacoccus solenopsis in 

Gymnema sylvestre”  in Seventh National Conference 

on Biological Control – 75 Years of  Biological 

Control of  Pests and Diseases in Agriculture: 

Challenges and Way Forward, organised by Society 

for Biocontrol Advancement at Hotel Ramada by 

Wyndham, Yelahanka, Bengaluru, 15−17 December 

2022.
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Gupta A, van Achterberg C, Pattar R, Navik O, 
Mahendiran G. 2022. Two new species of  the 
genera Leiophron Nees and Paroligoneurus Muesebeck 
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Sampathkumar M, Shylesha AN, Mohan M, Gupta A, 
Joshi S. 2022. Anagyrus lopezi parasitizing cassava 
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11.	TECHNOLOGIES,	PRODUCTS	AND	PATENTS

Technology	Developed

Technologies	commercialized

A novel Bacillus albus strain NBAIR-BATP 
with excellent insecticidal, antagonistic 
and growth promotion properties for the 
management of  pests and diseases

A novel Bacillus albus NBAIR-BATP strain was 
developed into a talc-based formulation and 
standardised dose for the management of  fall 
armyworm (Spodoptera frugiperda), tomato pinworm 
(Tuta absoluta), Thrips species and Fusarium wilt of  
cucumber under field conditions. Results of  field 
trials indicated more than 80-85 per cent reduction 
in damage caused by fall armyworm on maize 
during 2018-19 and 2019-2020. 

Ÿ A volatile attractant for trapping uzi fly, Exorista 
bombycis, parasitiod pest on mulberry silkworm 
Bombyx mori based on pheromonal compounds.

Ÿ Waste to wealth: Technology on black soldier fly 
mediated bioconversion of  farm and kitchen 
wastes.

Ÿ Novel insecticidal  WP formulations of  
Heterorhabditis indica for the biological control of  
white grubs and other soil insect pests.

 

Annual Report - 2022 

B. albus strain
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ICAR-NBAIR Industry Interface Meet

ICAR-NBAIR organised Industry Interface 

meet at Yelahanka campus on 25 March 2022. 

Dr K. Srinivas, Assistant Director General 

(ADG) (IP&TM) and Dr Sudha Mysore, 

CEO, Agrinnovate attended the meeting as 

Chief  guests. Dr K. Srinivas, ADG (IP&TM) 

released the ICAR-NBAIR Technology 

catalogue and briefed on the benefits of  

biological control technologies in the present 

era of  organic farming. He also suggested 

wide circulation of  technologies in social 

media for wide publicity. Dr Sudha Mysore, 

CEO, Agrinnovate briefed about the 

activities of  Agrinnovate and its benefits to 

scientific organizations and stakeholders. Dr 

A. Kandan, Principal Scientist & ITMU In 

Charge made a brief  presentation on the 

technologies developed by the Bureau that 

are ready for commercialization.
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 Dr K.L. Gurjar, Joint Director (Plant Protection), 

Central Insecticide Board and Registration 

Committee (CIB & RC), Faridabad gave a lecture on 

guidelines for CIB&RC registration of  biopesticides 

through online mode to the participants. An 

exhibition of  the technologies/ products developed 

by the Bureau was also organized. After the inaugural 

session, one-to-one interaction between the 

technology innovators and private entrepreneurs was 

held. Around 89 participants, including 20 private 

companies participated in the programme.

Revenue generated during 2022
 The total revenue generated was    26,78,212/- 
through following activities.

NBAIR Industry Interface meeting
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Abstracts, Seventh National Conference on Biological 
Control–75 years of  Biological Control of  Pests and Diseases 
in Agriculture: Challenges and Way Forward, Society for 
Biocontrol Advancement, Bengaluru, India, 15–17 
December 2022.
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RS, Varshney R, Sampath Kumar M, Selvaraj K, 
Sivakumar G, Sreedevi K, Sreerama Kumar P, 
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XXVI Research Advisory Committee Meeting

The XXVI meeting of  the Research Advisory 
Committee (RAC) of  the National Bureau of  
Agricultural Insect Resources was held on 19–20 
April 2022 at the Conference Hall located at 
ICAR–National Bureau of  Agricultural Insect 
Resources, Bengaluru. 
The following members of  the RAC attended the 
meeting.

Dr Hari C. Sharma
Dr A.R. Prasad
Dr S. Mohankumar
Dr Pradyumn Kumar
Dr S. C. Dubey
Dr Sudhir Singh
Mr R. Shivakumar  
Dr M. Nagesh
Dr M. Mohan 

Chairman
Member
Member
Member
Member
Member 
Member
Member
Member-Secretary

General comments

Dr M. Nagesh, Director (Acting) of  ICAR-NBAIR 
welcomed the Chairman and members of  the RAC 
and highlighted the achievements made by the 
inst itute including the research outputs, 
publications, commercialization and revenue 
generated.

Dr M. Nagesh, Director (Acting) of  ICAR-NBAIR 
welcomed the Chairman and members of  the RAC 
and highlighted the achievements made by the 
inst itute including the research outputs, 
publications, commercialization and revenue 
generated.

1 .  S p e e d - u p  a c t i o n  o n  t h e  f o l l o w i n g 
recommendations made by the 25th RAC. All the 
recommendations were accepted by the Council 
and marked to the Director for implementation. 
The following recommendations were, however, 
not fully addressed owing to the nature of  the 
activities involved and, hence, the RAC reiterates its 
earlier recommendations and further recommends 
for speeding up action on those that were only 
partially implemented and to submit an action 
taken report for discussion in its next meeting.

2. Appropriate funding should be assured for all 
these long-term taxonomic activities for rapid 
progress in museum related activities.

3. Around 2,500 specimens including types being 
maintained at ICRISAT, that are identified with the 
help of  the British Museum, should be brought back 
to ICAR-NBAIR or to be maintained at ICRISAT 
itself, with a formal collaboration. The modalities 
should be worked out as per ICAR guidelines.

4. An integrated taxonomic approach should be 
followed for pest diagnostics of  different taxa, 
immature taxa and invasive pests.

5. Molecular markers should be linked with specific 
traits. If  not, the insect strain differentiation should 
be purely based on strong bio-ecological studies. 

6. A Brainstorming session on invasive pests to be 
conducted in the near future.

7. The techniques for testing virulence/revival of  
virulence of  microbial insect pathogens should be 
worked out case by case basis (experiments), and the 
same should be conveyed to the industries which are 
buying these technologies.

8. Reporting of  new hosts should be substantiated 
with further studies, whether the insect is completing 
its lifecycle or its just a host association, damage 
potential of  the pests should be correlated with a 
reduction in crop yield due to pests. Analyzed data 
only should be presented instead of  general 
statements / visual observations.

9. Reporting on entry pathways of  invasive pests and 
spatio-temporal distribution of  pest species should 
be evidence-based after conducting relevant 
experiments rather than hypothetical. In this regard, 
ICAR-NBPGR and ICAR-NBAIR should 
collaborate to develop the phytosanitary standard 
guidelines.

10. Co-existence of  different whitefly species should 
be quantified in terms of  proportion/percentage in a 
spatiotemporal manner by correlating with natural 
enemies presence, and prevailing weather conditions.
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11. Proper experiments on stingless bees and other 
bees are required to verify the data generated under 
AICRP on honeybees and pollinators.
12. Scaling up of  technologies should be done 
before commercialization, in this regard collaborate 
with incubators.

12. Greater emphasis should be placed on 
biological control of  insect pests of  orchard and 
plantation crops, and under protected cultivation.

13. A large number of  pheromone formulations are 
already commercially available for several pests, and 
hence, there is a need to reconsider the worthiness 
of  in-house synthesis of  these compounds and 
competing with private firms. Further, there are a 
number of  combinations of  known pheromone 
formulations with latest technologies available in 
the market. How to out-compete them need to be 
considered by the group working on pheromones at 
ICAR-NBAIR. A separate interactive session to 
review the research on pheromone technologies to 
be conducted with Dr A.R. Prasad and other 
experts on insect chemo-ecological aspects.

14. Essential oils are not the exact sources for 
controlling stored grain pests due to their poor 
stability in the atmosphere.  Hence, blending 
opt ions need to be examined by taking 
guidance/collaboration from Dr A.R. Prasad, RAC 
member. Compounds alternative to methyl 
bromide to be explored for protection of  food 
grains from stored grain pests.  

15. Drone technology for applying biopesticides 
needs to be developed in collaboration with private 
firms, and an IT person needs to be associated.

16. One slide each on externally funded projects 
that are relevant to the mandate should be 
presented.

17. Attractive and proper packages of  microbial 
biopesticides including Bt to be developed for 
display.

18. Month-wise scientific lectures by each scientist 
should be initiated.

The following comments/suggestions were given 
by the RAC:

Dr Sunil Joshi presented the research achievements 
of  the division.

Dr T. Venkatesan presented the research achievements 
of  the division.

Dr A.N. Shylesha presented the research achievements 
of  the division. 

1.  Creation of  barcode labels for the specimens should 
    be developed for e-sharing of  the specimens across
    the museums / taxonomists.

I. Division of  Germplasm Collection and 
Characterisation

Recommendations

Recommendations

Recommendations

II. Division of  Genomic Resources

III. Division of  Germplasm Conservation and 
Utilisation

1. National Insect Museum collection at ICAR-
NBAIR should be further strengthened by:
i)Exploring the biodiversity rich areas of  the country.

ii) Developing strong network for exchange and 
sharing of  digitised collections with various 
Institutions/museums across the country.

iii) Services of  other taxonomists should be taken for 
identifying the collections, old or new, available with 
the Bureau, as it is not possible for any organisation 
to appoint taxonomists for all the groups of  insects.

1. Pheromone formulations should be developed for 
new pests such as tea mosquito bug and borers of  
avocado and other borers on trial-and-error basis, 
where the pheromone system is not known. 

2. Collaboration with organizations having strength 
in organic chemistry, where the insect behavioural 
studies are combined with synthesis of  new 
molecules / new pests, would be helpful.

3. Improvising and modernising the insect-rearing 
facilities 
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4. Quarantine facility is exclusive for insects. The 
exotic insect facility should meet QA II standards 
as claimed.

5. Provide quality pictures for databases from all 
scientists, and display on the webpage on a regular 
basis.

XLVI Institute Research Council Meeting

General comments
XXVI RAC Meeting in progress

The XLVI Institute Research Council Meeting of  
the ICAR–NBAIR, Bengaluru, was held on 27, 28, 
30 July 2022 and 02 August 2022 under the 
chairmanship of  Dr M. Nagesh, Director (A), 
ICAR-NBAIR along with Subject matter experts 
Dr N.K. Krishna Kumar, Regional Representative 
South Central Asia, Bioversity, Dr Abraham 
Verghese, Former Director, ICAR-NBAIR and Dr 
Prashanth Mohanraj, Former Director, ICAR-
NBAIR.

1. Supportive molecular data along with 
morphological descriptions of  taxa wherever 
possible.

2. Tailor made training programme on the 
identification of  each taxa, especially Mealybugs, 
Scales and natural enemies to be undertaken.

3. Short video clips on insect activities need to be 
hosted in NBAIR website.

4. Taxonomic work on additional groups may be 
initiated.

5. Work to be initiated in collaboration with ICAR-
NBPGR, on invasive pest entry pathway.

6. Division can organize a brainstorming session 
along with an identified expert panel from ICAR-
NBPGR, ICAR-NBFGR and DPPQ staff.

7. Quarantine facility to be maintained exclusively 
for Insects as per RAC representations. The work 
on microbials to be shifted out of  quarantine 
facility, and the proper place for the microbials 
work shall be decided by the respective HODs.

8. A meaningful end to be given to the importation 
permit issued for whitefly parasitoid from Hawaii by 
HoD and Dr K. Selvaraj.

9.  Brainstorming session to be conducted on 
Insect Genomics. 
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First Dr V.G. Prasad Memorial Association for Advancement of  Pest 
Management in Horticultural Ecosystems Lecture on the Foundation 
Day of  the Association, ICAR–Indian Institute of  Horticultural 
Research, Bengaluru, 29 July 2022.
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Dr Trilochan Mohapatra, Secretary (Department 
of  Agriculture Research & Education) & Director 
General, Indian Council of  Agricultural Research, 
16 May 2022.  

Dr A. Vishnuvardhan Reddy, Vice Chancellor, 
Acharya N. G. Ranga Agricultural University, 
Guntur, 2 July 2022.

Dr Sanjay Kumar,  Director, ICAR–Indian 
Institute of  Seed Science, Mau, 4 July 2022.

Ms Seema Chopra, Director (Official Language), 
Indian Council of  Agricultural Research, New 
Delhi, 27 September 2022.

Shri C. Lalrinsanga, Honourable Minister for 
Agriculture, Irrigation and Water Resources, 
Cooperation, Mizoram, 3 October 2022. 

Shri  D.V. Sadananda Gowda, Member of  
Parliament, Bengaluru North and Former Chief  
Minister, Government of  Karnataka and Former 
Union Minister of  Chemicals and Fertilizers, 17 
October 2022. 

Dr A.N. Mukhopadhyay, Former Vice Chancellor, 
Assam Agricultural University, Jorhat, 17 December 
2022.

Dr J. P. Singh, Plant Protection Advisor, Directorate 
of  Plant Protection, Quarantine & Storage, New 
Delhi, 17 December 2022. 

Dr Tilak Raj Sharma, Deputy Director General 
(Crop Sciences), Indian Council of  Agricultural 
Research, 19 October 2022. 

 

Distinguished visitors at NBAIR 
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17.	MERA	GAON	MERA	GAURAV

ICAR–NBAIR organised Campaign on 
'Promotion of  Organic/Natural farming' 

ICAR–NBAIR organised a campaign on 

'Annadata Devo Bhava' under 'Azadi Ka Amrit 

M a h o t s a v '  a t  T h o w d a n a h a l l i  v i l l a g e , 

Chikkaballapura district, Karnataka on 24 April 

2022. The importance of  organic and natural 

farming and information on the different plant 

protection inputs, viz. pheromone traps, sticky 

traps, macrobials like parasitoids and predators to 

tackle insect pest damage in different crops were 

explained to the farmers. The farmers were also 

sensit ised about the impor tance of  the 

conservation of  macrobials. Farmers shared their 

problems and also experiences in managing 

different insect pests. Later, inputs like different 

traps, Trichocards, chrysopids and Blaptostethus 

pallescens were distributed to the farmers. The 

method of  release of  the predators and parasitoids 

was demonstrated to the participants. The method 

of  placement of  pheromone traps for the trapping 

of  adult moths of  fall armyworm infesting maize 

was demonstrated. Around 30 farmers growing 

different crops like brinjal, cabbage, grapes, maize, 

pomeg rana te  and  tomato  a t t ended  the 

programme.  

ICAR–NBAIR in  co l l abora t ion  wi th  the 
Department of  Sericulture, Karnataka organised 
'Kisan Bhagidari Prathmikta Hamari' program as a 
part of  'Azadi Ka Amrit Mahotsav' at Devahanahalli, 
Karnataka on 26 April 2022. The 'use of  microbials 
for the management of  mites and thrips infesting 
mulberry and the efficacy of  NBAIR-TATP strain 
Trichoderma asperellum for the management of  root rot 
of  mulberry was explained to the farmers. The root-
zone application of  NBAIR-TATP strain T. 
asperellum enriched with farm yard manure for the 
control of  root rot was demonstrated. After the 
programme, microbial formulations were distributed 
to the participants. Around 50 mulberry growers 
participated in the programme. The queries raised by 
the farmers related to insect pests and disease 
management in mulberry were clarified. 

Annual Report - 2022 

ICAR–NBAIR organised 'Kisan Bhagidari 
Prathmikta Hamari' program

MGMG farmers meeting

Farmers meeting

MGMG farmers meeting
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ICAR–NBAIR  organised  awareness
programme on Protection of  Plant Varieties and 
Farmers' Rights Act'

ICAR–NBAIR organised 'Awareness programme 
on Protection of  Plant Varieties and Farmers' 
Rights Act (PPV&FR Act)' for the conservation of  
varieties among the farmers in Devanahalli, 
Karnataka on 26 April 2022. The guidelines of  
National Biodiversity Act for the protection of  
environment and conservation of  plant varieties 
were also explained to farmers and Krishi Vigyan 
Kendra (KVK) personnels. Around 50 people 
which include farmers and KVK personnels 
participated in the programme. 

Annual Report - 2022 

ICAR–NBAIR organised farmers' demonstration 
meeting on insect pest and disease management in 
mulberry

ICAR–NBAIR in collaboration with Department 
of  Sericulture, Karnataka organised a training 
programme for vil lage farmer producers' 
organisations for mass production of  various 
microbial bio-agents and microbial production .

units in Pavagada, Tumkur district, Karnataka on 24 
May 2022. More than 25 sericulture farmers 
participated in the programme. The meeting was 
organised to create awareness to manage the 
economically important mulberry root rot and wilt 
disease caused by fungus complex like Rhizoctonia 
bataticola (=Macrophomina phaseolina), Fusarium solani, F. 
oxysporum and Botryodiplodia theobromae using NBAIR-
TATP strain Trichoderma asperellum. Scientists from the 
Bureau demonstrated the enrichment of  farm yard 
manure with T. asperellum and root zone application 
for the control of  root rot and wilt in mulberry

A team of  scientists from the Bureau visited guava 
gardens in Jalige village in Devanahalli Talk, 
Bengaluru district. The extent of  fruit damage 
caused by guava fruit flies was assessed and plant 
protection advisory services for the sustainable 
management of  guava fruit flies was rendered to the 
farmers. The farmers were also sensitised about the 
importance of  destruction of  damaged fruits so as 
to reduce the fruit fly infestation.

NBAIR Scientists distributing inputs to farmers

Demonstration on compost making

Interaction with farmers
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Tribal Sub Plan

Under the Tribal Sub Plan ICAR – NBAIR, 
Bengaluru and ICAR-KVK, Idukki jointly 
organized Tribal sub plan on ensuring sustainable 
livelihood security of  tribals in the Plamala village 
in Adimaly Block of  Idukki, Kerala. The 
programme was presided over by Ms. Reena 
Chacko, Chairperson Bapooji Sevak Samaj, the 
host organization of  KVK Idukki. The Director 
ICAR – NBAIR, Bengaluru Dr. S N Sushil, 
inaugurated the project launch of  the scheme on 
ensuring sustainable livelihood security of  tribals in 
the remote tribal village of  Adimali block, Idukki 
district in Kerala in Plamalakudy the products 
developed at ICAR-NBAIR to 100 tribal farmers.

Dr. S.N. Sushil, Director, ICAR-NBAIR addressing 
the farmers at TSP programme

The achievements made under the Tribal Sub Plan 
of  ICAR-NBAIR have been showcased at 
International Agriculture and Horti Expo at 
Pragati Maidan, New Delhi on 17–19 June 2022.

As a part of  DAPSC and DAPST activities on 
“Inventorization of  the diversity of  selected insect 
pests, pollinators and natural enemies in natural 
farming systems (NFS) and integrated farming 
systems (IFS) in selected aspirational villages of  
tribal areas and NEH villages as a part of  National 
Programme on IFS & NFS” was taken up in tribal 
aspirational villages of  Araku valley in identified 
natural farming and IFS villages. A group of  
scientists comprising Dr G. Mahendiran, Dr Ankita 
Gupta, Dr K. J. David, Dr U. Amala, Dr Richa 
Varshney and Dr R. Ramya and led by Dr M. 
Nagesh have visited the villages viz., Santhabayalu, 
Kul luba and Sirsapal l i  of  Araku Val ley, 
Visakhapatnam, Andhra Pradesh; from 12–14 July 
2022.

Practising Natural farming methods was observed in 
Arakku Valley. Two types of  mulches for ginger (dry 
straw and mango twigs with leaves) fields and one 
field without mulch were observed. The plot with 
mulch had higher crop growth and suppressed 
weeds. To control insect pests, a mixture of  cow 
dung+cow urine+ water (mixed and fermented for 
two days) locally called 'Neemashtra' is sprayed on 
crops post-sieving.  The farmers were encouraged to 
sow cross-pollinated crops like cucurbits, sunflower 
etc., in crop borders as they would provide forage 
resources to the honeybees.

NEH programs

A three days training programme on “Skill 
Development Programme on Biomass Production 
of  Bio-inputs for Officers, FPO members and 
progressive farmers” at CPGSAS, CAU (I), Umiam, 
Meghalaya from 17–19 August, 2022 under DBT 
funded project on “Establishment of  organic hub 
for supporting organic and alike farming through 
promotion of  bio-inputs technologies in farmer's 
fields of  northeast India”. In collaboration with CAU 
Umiam Meghalaya and, TRA Nagarkata.  Total 25 
trainees from Department of  Agriculture, Govt. of  
Meghalaya, Meghalaya Basin Management Agency, 
Bioresource Development Centre, FPO Nongpoh, 
Fellow farmer of  Langdongdai, West Khasi Hills 
attended the training programme.
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Hindi Pakhwada at ICAR-NBAIR Observance on Vigilance Awareness Week -2022 
at ICAR-NBAIR, Bangalore

Guest of  Honor Shri. R. Valavan, Deputy 
Superintendent of  Police, Anti- Corruption Branch, 
CBI, Bengaluru

Swachhata Pakhwada 2022 

ICAR-National Bureau of  Agricultural Insect 
resources organised Hindi Pakhwada from 14 
September to 29 September 2022. As a prelude, In 
the inaugural ceremony of  Hindi Pakhwada   
Dr.Deepa bhagat read the message of  the 
Honourable Home Minister, Shri Amit Shah, 
Mr.Mathew, the Administrative officer shared the 
message of  Honourable Agriculture and Farmer 
welfare minister Shri Narendra Tomar, similarly, Ms 
Srujana relayed the message of  Shri Kalyan 
Chaudhary, Honorable Minister of  State for 
Agriculture and Ms Shashi Shree relayed the 
message of  Dr Himanshu Pathak, Honourable  
DG, ICAR, New Delhi. Dr S. N. Sushil in his 
remarks suggested the use of  common words and 
sentences in Hindi which are easy to understand to 
promote and improve the reach and usage of  Hindi 
as the official language in the Bureau and by 
respecting all the languages and using the prevalent 
words of  those of  regional or local language in the 
official language Hindi, there will be a gradual and 
inclusive growth of  the official language Hindi. 
Under the incentive scheme for doing official work 
of  the Bureau in the official language Shri Satender 
Kumar, Shri Naziya Anjum and Smt P. Anitha were 
awarded first, second and third prizes respectively. 

Observance on Vigilance Awareness Week – 2022 
(31 October – 6 November) commenced with an 
Integrity Pledge by all the staff  of  ICAR-NBAIR. Dr 
T. Venkatesan, Principal Scientist, Head In-charge, 
Division of  Genomic Resources & Vigilance 
Officer, ICAR-NBAIR facilitated the staff  to take e-
pledge as prescribed by the Under Secretary, 
Vigilance ICAR, New Delhi. Shri R. Valavan, Deputy 
Superintendent of  Police, Anti-Corruption Branch, 
Central Bureau of  Investigation, Bengaluru was 
invited as the Guest of  Honour on 4 November 2022 
and he delivered a talk on 'Corruption-Free India for 
a Developed Nation”. 

As per directions received ICAR-National Bureau of  
Agricultural Insect Resources, Bengaluru campus 
observed “Swachhta Pakhwada” from 16.12.2022 to 
31 December 2022. The activities were shared on 
social media (Facebook, Twitter, Instagram, 
YouTube etc.)  tagging to Swachhta Bharat handles 
Twitter: @Swachhbharat, Facebook: SBM Gramin, 
Instagram: Swachhbharatgrameen  to generate 
awareness.

ICAR-NBAIR staff  taking Swachhta pledge in 
presence of  Director Dr S.N. Sushil
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Swachhata pledge was undertaken at ICAR-
NBAIR Main Hebbal campus and also at NBAIR 
research farm campus at Yelahanka. The planting 
of  trees was done by dignitaries. The weeding out 
of  old records, disposing of  old and obsolete 
f u r n i t u r e ,  j u n k  m a t e r i a l s  a n d 
whitewashing/painting was done on 17 December 
2022. To promote cleanliness in laboratories and 
office premises surprise visit was conducted to 
check the cleanliness and those laboratories that 
were kept clean were rewarded.

Cleaning drive at ICAR-NBAIR

A cleanliness and sanitation drive was taken up on 
18 December 22 in the villages adopted under the 
MeraGaonMeraGaurav by ICAR-NBAIR. A 
campaign on utilization of  farm waste for growing 
biocontrol agents like Trichoderma species supplied 
by NBAIR 

Farmers being trained in the preparation of  
enriched compost

Special Swachhata Campaign on 'Waste to Wealth' 
observed in ICAR-NBAIR on 20 December 2022, 
Bengaluru at both Hebbal and Yelahanka 
campuses. ICAR-NBAIR has taken initiatives in 
waste-to-wealth conversion.

 Demonstration of  waste to wealth by use of  
larvae of  black soldier fly, Hermetia illucens

Celebration of  Kisan Diwas
The celebration of  Kisan Diwas (Farmer's Day) was 
organized at ICAR-NBAIR, Yelahanka campus on 
23 December 2022. Dr S.V. Suresh, Vice Chancellor 
of  University of  Agricultural Sciences Bengaluru; 
Guest of  Honour for the programme. Farmers from 
Doddaballapura, Chikkaballapura, and Hosakote 
districts of  Bengaluru rural participated and shared 
their views. The technologies developed at ICAR-
NBAIR on black soldier fly, stingless bees and the 
pheromones  fo r  pes t  manag ement  were 
demonstrated to the farmers. 

A view of  Kisan Diwas programme

Demonstration of  pheromone technology 
developed at ICAR-NBAIR to farmers
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Number of  Shipments of  live insects to various organisations 
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NBAIR participated in the following exhibitions to 
showcase various technologies developed at the 
institute: 

1. 'Pusa Krishi Vigyan Mela' organized at 
ICAR–Indian Agricultural Research Institute, New 
Delhi during 9–11 March 2022. 

2. 'International Agriculture and Horti Expo' held 
at New Delhi during 17–19 June 2022.

3. “Krishi Mela 2022” organized at the University of  
Agricultural Sciences, Bengaluru during 03–06 
November 2022.

Visitors at NBAIR Stalls

Visitors at NBAIR Stalls

NBAIR Stall receiving award 
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Technician (T1)

49.
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