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Programme for 2015-16

1. Basic research

1. National Bureau of Agriculturally Important insects
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Biodiversity of natural enemies of insect pests

Biodiversity of oophagous paditoids with special reference to Scelionidae
(Hymenoptera)

Biosystematics of Trichogrammatidae (Hymenoptera)

Biodiversity of aphids, coccids and their natural enemies

Documentation, production and utilisation of predatory anthocorids and mites
Molecula characterization and DNA barcoding of agriculturally important parasitoids
and predators

Monitoring of invasive pests

Biosystematics and diversity of entomogenous nematodes in India

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

O Exploitation of Beauveria bassiandor management of stem borethilo partellusin

maize and sorghum through endophytic establishment

2. Indian Agricultural Research Institute, New Delhi

1.

2.1.3.

Evaluation ofTrichogrammastrains forsearching efficiency, tempetaie tolerance and
fecundity and breeding of better performing straiischogramma chilonisunder

laboratory conditions

Screening for temperature tolerance in Cotton mealybug paragiendsiusarizonensis

(Girault) (;AenasiuvambawaleHayat) (IARI andPAU)

Biodiversity of biocontrol agents from various agro ecological zones

Survey, collection and diversity analysis Bfichogramma, ChrysoperJaCoccinelids,
spiders, anthocorids and entomopathogens

Isolation of entomopathogens from soil saesplicollected from different districts of
Punjab

2.2. Biological control of plant diseases using antagonistic organisms



Field evaluation of the promisingrichoderma, Pseudomonasd Bacillus isolates for
the management of diseases and improved crop lgranvtrice, chickpea and pea
(GBPUAT)

Evaluation of potential isolates dfrichoderma, Pseudomonaand Bacillus for the
management of pre & poesimergence dampingff and improved growth in vegetable
nursery beds of tomato onion and chilli (GBPUAT)

Evaluaton of promising biological control agents against chilli anthracnose (AAU
GBPUAT and PAU)

Management of bacterial wilt an isolateRgeudomonas florescen@AU)

2.3. Biological suppression of Sugarcane pests

1. Monitoring the sugarcane woolly aph{®&WA) incidence and impact assessment of
natural enemies on its biosuppresgipiPKV, TNAU, PIJTSAU and UASR)

2. Management of White grubiolotrichia consanguineaBlanchin sugarcane using
BioagentYANGRAU, Anakapalle)

3. Bioefficacyof entomopathogeniftingi andentomopathogenicematodesn suppression
of termite incidencén sugarcane (ANGRAUAnakapalle)

4. IPM module for the sustainable management of early shoot b@hgio (nfuscatelluy
andinternodeborer Chilo infuscatellusand Chilo sacchariphagus indug in sugarcane
(ANGRAU- Anakapalle)

2.4. Cotton

1. Monitoring biodiversity and outbreaks for invasive mealybugs on cotton, survey for
incidence of mealybugs on cotton and collection of their natural enemies (MPKV, PAU,
PJTSAU, TNAU, and UASR)

2. Monitoring biodiversity and outbreaks of sap sucking pests including mirids and their
natural enemies iBt cotton MPKV, PJTSAU and UASR)

3. Diversity of sucking pests, bollworms and their natural enemies in trandgfeamd non
Bt cotton(PAU-Ludhiana)

4. Bioefficacy of microbial insecticides against sucking pestBtinotton (AAU-A)

5. Biological suppression of sap sucking pestBtafotton (MPKV, PJITSAU and UAR)

2.5. Tobacco

1. Bio-intensive integrated management of tobacco apfidzus nicotianadBlackman in

cental black soils of Andhra Pradesh (CF&untur)
2.6. Rice
1. Seasonal abundance of predatory spiders (PAU)
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3

. Diversity of insect pests and their natural enemies in organic and conventional rice
(PAL)
. Field evaluation of fungal pathogens on gundhi luggptacorisaoratorius (KAU)

2.7. Maize

1

2

. Bio suppression ofChilo partellus with Trichogramma chilonison rabi maize
(ANGRAU-Anakapalle)

. Evaluation of NBAIRentomopathogenistrains against maize stem borer (ANGRAU
Anakapalle)

2.8. Sorghum

1

. Field evaluatiorof NBAIl entomopathogenic strains against sorghum stem bGielo
partellus(Swinhoe) in kharif sorghum (IIMR and UAR)

2.9.Pulses

1.

2.

3.
4.

Demonstration of NBAIR liquid formulation (PDBC BT1 AND NBAII BTG4) against
pigeon pea pod boreHglicoverpa armiges) (AAU and UASR)

Evaluation of microbial agents for management of Lepidopteran pests on Moong bean
(Spodopterditura, Helicoverpaarmigerg (PAU)

Evaluation of IPM Modules of Green gram (MPUAT)

Evaluation of biocontrol agents against pod borers of cayidaU)

2.10. Oil seeds

o

. Biological suppression of mustard apHighaphis erysim(MPKV)

2.11. Coconut

2.12

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

Field evaluation oMetarhizium anisopliadormulations against mango hoppers (KAU
and TNAU)

Survey, collection, Identification and Mass culturing of Trichogrammatids and
Entomopathogenic nematodes from mango ecosystem in Uttar Pradesh and Uttarakhand
for evaluation against mango leaf webli@rthaga euadrusaligCISH)

Monitor and record of incidencaf papaya mealybugnd its natural enemies on papaya
and other alternate host (AAU, MPKV, KAU, TNAU and NBAIR)

Bio-efficacy of EPNs against Citrus trunk borer, Pseudonemophas (=Anoplophora)
versteegi (CA))

Field evaluation of Entomopathogens against banana pseudostem v@iporus
longicollis (KAU)
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9.

Field evaluation oEntomopathogenagainst pineapple mealybugysmicoccus brevipes
(KAU)

Laboratory and field evaluation of entomopathogenic fungi agjaltanana root
mealybugGeococcus citrinugKAU)

Laboratory evaluation of entomopathogenic fungi against pepper root mealybug,
FormicoccugolysperegKAU)

Field evaluation oBeauveria bassianéiquid formulation against tea mosquito bug in
Guava (TNAU)

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

2.13.

9.

enemies.
Temperate Fruits

Evaluation of entomopathogenic fungi and EPNs for the suppression of Apple root borer,
Dorystheneshugeliinder field conditions (YSPUHBolan)

Survey for identification of suitable natural enemies of Codling m@ttilia pomonella
(SKUAST)

Field evaluation ofTrichogramma embryophagueind T. cacoeciaeagainst Codling
moth,Cydia pomonellan apple (SKUAST)

Evaluation of predatory bug,Blaptostethus pallescensagainst European red
mite, Panonychus ulmon apple (SKUAST)

Field evaluation of anthocorid buBlaptostethus pallesceagjainst Two spotted spider

mite, Tetranychus urticaen apple (SKUAST)

. Vegetables

Demonstation of BIPM package for management of key pests of tomato (4AU
MPUAT, TNAU and YSPUHF)

. Survey and surveillance of pinwormyta absoluteon tomato(AAU-A, AAU-J, KAU,

MPKV, PAU, PJTSAU, SKUAST, YSPUHF, UAR, IIVR, TNAU andIGKV)
Biological suppressio of American pinwormJTuta absoluteon tomataAAU-A, IIHR,
MPKV, PJTSAU, UASR andYSPUHFSolar)

Biological control of brinjal mealy bug;occidohystrix insolitu§TNAU)

Biological suppression of shoot and fruit botezucinodes orbonalig brinjal (MPKV)
Validation of different BIPM modules against shoot and fruit bdreucinodes orbonalis
in brinjal (PAU)

Development of Biocontrol based IPM module agaibstjcinodes orbanalisf Brinjal
(AAU-J)

Bioefficacy evaluation of EPN formulations of NBAIRgainst ash weevil in brinjal
(TNAU)

Bio-efficacy of microbial insecticides agairgpodoptera lituran cabbage (AAUA)

10. Role of habitat manipulation on natural enemies of cabbage pesisJ)
11. Efficacy of Bt strains against Diamond back moth in Cawiféw (TNAU)
12.Field evaluation of biocontrol based IPM module against pests of cabBagella

xylostellg Spodoptera lituraPieris brassicag(PAU)



13.Evaluation of fungal pathogens against sucking pest of hot cidipgicum sinensjs
(AAU-J and IIVR)

14.Devdopment of bieintensive IPM package for the suppression of insect pests of
capsicum under field conditions (YSPUHF)

15. Biological suppression of fruit bordgaris vitellain okra (MPKV)

16.BIPM in okra (OUAT)

17.Evaluation of Bieintensive IPM moduleagainst, Aleurodicus dispersun cassava
(TNAU)

18. Evaluation of predatory bu@laptostethus pallescemgjainst saffron thripdjlaplothrips
sp. on saffron (SKUAST)

19.Biological Suppression of Bud WorntHéndecats sp and Blossom MidgeQontarinia
sp) in Jasmine (TNAU)

20. Effect of host plants on natural parasitismDoéphania indicaby the larval parasitoid,
Dolichogenidea stantorfiiHR)

2.15. Mealybugs

1. Monitoring the diversity and outbreaks for invasive mealy bug and other sap sucking
pests on Cotton (TNAU, KAUIVR andOUAT)

2.16. Biological suppression of polyhouse crop pests

1. Monitoring the diversity of pests and natural enemies in chrysanthemum under polyhouse
conditions (TNAU)

2. Evaluation of anthocorid predators against spider miteanychus urticaender hsect
net cage conditio(PAU)

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

4. Evaluation of entomopathogenic fungi against spider mitranychus urticaeon
capsicum /bell pepper under protected cultivation (PAU)

5. Biological management of red spider mit€gtranychus urticaeinfesting rose in
polyhouse conditions (MPKYV)

6. Evaluation of biocontrol agents against sap sucking insect pests of ornamentals/
vegetables in polyhouses (YSPUHF)

7. Evaluation of predatory miteleoseiuluslongispinosusagainst phytophagus mite in
carnation under polyhouse conditions (YSPUHF)

8. Evaluation of Anthocorid predatdBlapposthetes pallesceagainst spider mites in
polyhouse (NCIPM)

2.17. Biological suppression of storage pests

1. Evaluation ofUscanasp. (Trichogrammatidae) agair@allosobruchusp. on storability
of pigeonpea seed (Dir.Seed.Res)

2.18. Erabling Large scale adoption of proven biocontrol technologies



CONTENTS

1. Rice (AAU-J. KAU, PAU, GBPUT and OUAT)

2. Sugarcane QUAT and PAU)

i.  Enablinglarge scale adoptation of proven biocontrol technologies against early shoot
borerStalk borer andop borer of sugarcane (PAU)

i.  Enabling large scale adoptation of proven biocontrol technologies against early shoot
borerandinternodeborer of sugarcan®©UAT)

3. Maize
i. Demonstration of biological control of maize stem borehildC partellus using
Trichogramma chilonigPAU)

4. Brinjal
i.  BIPM in brinjal (OUAT)

2.19. Tribal sub plan programme (TSP)

1. AAU-Anand: Biocontrol technologies for the managementw$arium wilt and pod
bore H. armigerg in pigeon pea

ANGRAU-Anakapalle: Organic Paddy cultivation

MPKYV, Pune: Management of insect pests in fruit crops in tribal area

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

TNAU-Coimbtore

YSPUHF: Use of ecdriendly methods of pest management for apple, apricot and
vegetable crop pests.
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2. Experimental Results

2.1 Basic Research Page
No.
2.1.1 National Bureau of Agricultural Insect Resources
1. Biodiversity of natural enemies of insect pests 01
5 Biodiversity of oophagousparaditoids with special reference to Scelioni 01
' (Hymenoptera)
3. Biosystematics of Trichogrammatidae (Hymenoptera) 02
4, Biodiversity of aphids, coccids drheir natural enemies 02
5. Documentation, production and utilisation of predatory anthocorids and m 02
6 Molecular characterization and DNA barcoding of agriculturally impor 04
' parasitoids and predators
7. Monitoring of invasive pests 04
8. Biosystematics and diversity of entomogenous nematodes in India 10
0. Mapping of the cry gene diversity in hot and humid regions of India 11
10 Exploitation of Beauveria bassiana for management of stem bGteiop 12

partellusin maize and sorghum thugh endophytic establishment

2.1.2 Indian Agricultural Research Institute, New Delhi

Evaluation of Trichogrammastrains for searching efficiency, temperatu
1. tolerance and fecundity and breeding of better performing st 13
Trichogramma cthonis under laboratory conditions

Screening for temperature tolerance in Cotton mealybug parasiemdsius

2. arizonensigGirault) (;AenasiudvrambawaleHayat) (IARI and PAU) 19
2.1.3 Biodiversity of Biocontrol Agents from Various Agro Ecologcal Zones
Survey, collection and diversity analysis @fichogramma, Chrysoper)e
1. O . ) 21
Coccinelids, spiders, anthocorids and entomopathogens
Isolation of entomopathogens from soil samples collected from diff 33

districts of Punjab

Mappng of EPN diversity in Punjab 34
Surveillance for alien invasive pests in vulnerable areas AAWKMAU-J, 43
KAU, MPKYV and YSPUHF)

2.2  Biological control of plant diseases using antagonistic organisms
Field evaluation of the promisingrichoderma, Pseudomonasd Bacillus

1. isolates for the management of diseases and improved crop growth ii 45
chickpea and pea (GBPUAT)

10



2.3

2.4

2.5

2.6

Evaluation of potential isolates of Trichoderma, Pseudomonas and Bacill
the management of pre & pestiergace dampingdff and improved growtt
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5 Acronyms

2. EXPERIMENTAL RESULTS

2.1 Basic Research
2.1.1. National Bureau of Agricultural Insect Resources
Biosystematic studies on agricultural insects

i. Biodiversity of natural enemies ofinsect pests

Insect collections added from Rajasthan, Gujarat, Andamans & Nicobar islands, Mizoram
and Karnataka: collected ~6000 specimens, >200 species during ~200 survey days. Described 3

234

234
237
255
259
265
269

270

new species Tetrastichus thetisae Sympiesisthyrsisae and Halticoptera indica. First

phylogenetic study to resolve a diverse and geographically realistic subset of species within the
genusGlyptapantelegHymenoptera: Braconidae) to correlate the host specialization in India
was conducted. The genGéyptapantelsis taxonomically challenging due to its highly
speciose nature, morphological similarity amongst species and negligible host records. The

present study was based on 60 populations reared from 35 host species,iri@idual

caterpillarrearings androm 12 different geographical locations of the country that represent 26
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provisionalGlyptapantelespecies within 8 speciggoups. Maximum likelihood and Bayesian
inference methods displayed three and four major disGlgfgapanteleslades, respectivel In

clade A very few Indian species were grouped along with Neotropical and Thailand species. The
other clades B and C grouped the majority of the Indian species and showed considerable host
specificity in both the trees. Three different sets of datahuwogy, host records, and COI)

were integrated in order to generate accurate boundaries between speciegjspgogeslhe
present study, perhaps the most comprehensive done to date in India, suggests the presence of
several additionablyptapantelespecies, which were previously unrecognized (Gugtaal,
2016).Images of life stages and damage of recent outbreak Hdisora
chromug(Cramer)(Lepidoptera: Hesperiida@) March 2016, Bangalore was uploaded in
NBAIR website.

ii. Biodiversity of oophagous paraditoids with special reference to Scelionidae
(Hymenoptera)

Surveys were conducted for Platygastroidea in eight st@esTripura, Andaman and
Nicobar Islands, Tamil Nadu, Kerala and Karnataka. A total of 1150 parasitoids weréedollec
curated and preserved for future studies. So far 52 genera under four families of Platygastroidea
were recorded from India under this project and an additional four genera are added raising the
total to 66 genera. The four generaRegdoteleia, Plestopleura, Ptiostenius, Tit@ndNyleta.

A new species group and fifteen new spebi@s beemlescribed. The new species group
Idris adikeshavusgroup has been proposed with five new spedéieklris adikeshavus, I.
brevicornis, |. deergakombus, I. té@sandl. lopamudra.Two new specietilostenius griffithi
and P. nicevillej are described from both female and male specimens. A new species of
Trimorus- T. leptoclava- with an unusual female antenna (the distal segments of the clava are
not incrassate) is describedlnew species of an unusual, sexually dimorphic speci€syaini
Gryon ingenshas been described. This was reared from the eggsyaflus heros Fab
(Hemiptera: Reduviidae) laid on leaves of man§ox new species of platygastridae from India:
Amblyaspis khasianagMeghalaya) A. kurinji (Tamil Nadu, Shenbaganur)Gastrotrypes
longicaudatus(Bengaluru) G. manii(Andaman Islands)isolia kalingi (Orissa) andSynopeas
(Sactogasterribhoiense(Meghalaya)yre described and illustrated.

iii. Biosystematics of Trichogrammatidae (Hymenoptera)

Eight states were surveyed for Trichogrammatidae. These included island ecosystems
like the Andamans and the Nicobars; lowland rainforests and cultivated areas in Tripura in NE
India; cultivated and natural ecosystems in eastern WdiaOdisha; and Kata, Tamil Nadu
and Karnataka in S.India which included parts of the W.Ghats and other cultivated and non
cultivated areas.

The relatively recently describdd rabindrai, a species so far known only from S. India
was discovered in S. Andaman. It isrigebar coded to determine whether it is a cryptic species.
A species oMirufenswas for the first time collected from the Nicobar islands. It was collected
from leaf galls ofDipterocarpussp. Additional species of trichogrammatids collected from the
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Nicobars are being sorted for further studies. These are the first species of trichogrammatids to
be collected from these islands.

A species offrichogrammatoideaimilar T. tenuigonadiunin habitus but with genitalia
in males resembling othefrichogrammatidea has been discovered from Karnataka. The
barcode generated for this species is distinct unlike any other species in the genus thus validating
its status as a new species.

iv. Biodiversity of aphids, coccids and their natural enemies

Aphid speciesviz,, Aphis (Bursaphi$ solitaria McVicar Baker andBrachycaudus
(Brachycaudina napelli (Schrank); mealybugiz., Formicococcus formicari{(Green) and scale,
Anomalococcus crematogasféreen)were recorded for the first time from India. Similarly,
Trionymus townedBeardsley andysmicoccus carend/illiams were recorded for the first time
from KarnatakaElevenspecies of aphids, a species of mealybug and a species of soft scale were
added as new to the existing collection of aphids and coccid3/lR\

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

Anthocorid predators such adontandoniola bellatulayamada 2007 and&ylocoris
cerealisYamada and Yasunaga 2006 (from Karnataka) were new records for India. Two new
species ofOrius were recorded, one from coconut and rose and another @ensdendrum
infortunatum all from Karnataka. Four anthocorid predatafig,, Cardiastethus exiguusilia
castanea, Orius maxidenteand Buchananiella pseudococci pseudocoe@re recorded on
thrips infested mulberry in Salem (Tamil Nadu) add maxidenteXrom Karnataka. A new
species oDrius was recorded oflerodendrum infortunatunThough the poputen of aphids
and broad mites was low, there seemed to be a close correlation between the populations of the
pests and the anthocorid. It was interesting to observe that this anthocorid could survive the harsh
summer monthsThe fertility parameters of tw litter inhabiting anthocoridsAmphiareus
constrictus and Buchananiella indicawere studied, of whichA. constrictushad a higher
reproductive rate thaB. indica, while the finite rate of increase was comparable for the two
species.

Four to six releases of Blaptostethus pallescensagainst broad mites
(Polyphagotarsonemulsitus) infesting capsicum could significantly reduce the pest incidence
and curling symptoms and improve the plant height in comparison to control where no releases
were made.

EM and LM images of eggs d@laptostethus pallescermnd Blaptostethoides pacificus
were examined to identify characters, which can be utilised to separate them. The follicular pits
on the surface of the operculum form different patterns, wid as identification characters.

Xylocoris flavipesand Blaptostethus pallescengere evaluated againSitophilus oryzae
infested maize seeds. The treatments where 20 antl 88vipesnymphs and 4X. flavipes
adults were released and where 20, 30 an&.4pallescensiymphs were released after seven
days of egg laying by. oryzagwere significantly superior to control. In another experiment
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where anthocorid predators were released along with the pestsmeegerce was significantly
reduced in the treatments with BO pallescensymphs, and 10 and 3. pallescensdults and

10 to 30X. flavipesadults. This experiment indicates that anthocorid predators are potential bio
agents ofSitophilus oryzaand wold be very effective if introduced as soon as seeds are stored
as they would deter adult oviposition.

At NBAIR, the production offorcyra cephalonicdnas been scaled up by optimising the
dosage of charging and installing temperature humidity maintersgstem in the rearing room
in 2013. The production increased from 1€Bmonth in 2010 to 48c in 2016.

T. chiloniswas exposed in large 3 ft cages @ of 8 tricho cards / per one nucleus card and
maximum of 104 cards could be exposed at a time and parasitism reached up to 99.0%. By
adopting a similar method,. japonicumwas exposed @ of 4 tricho cards / per one nudarts
and maximum of 97 cards could be exposed at a time and up to 85.0% parasitism could be
recorded.

The interaction between two parasitoids of litchi stink Bumastatus acherontiaand
Anastatus bangalorensisvas studied. In sequential and simultameoexposures, overall
parasitism (26.7 to 90.0%) was significantly higher than or on par with the parasitism by
individual species indicating that the parasitoids are complementary to each other.

vi. Molecular characterization and DNA barcoding of agriculturally important parasitoids
and predators

Different parasitoids, predators and other insects were collected Amadaman &
Nicobar Islands, Srinagar, Pune, Anand, Varanasi, Dharmapuri and Bangalore and were used for
DNA barcoding studies. Parasitoids belong to Braconidai., Glyptapantelesp. (Barcode:
ACZ3549) (Genbank Acc. No. KR260984%lyptapantelessp (AAI5405) (KT284335),
Glyptapantelessp (ACZ3433) KT25318), Microplitis maculipennis(ACV9232) (KP759295),
Glyptapanteles creatai (AAH1199) (KR021154)Glyptapantelesp (ACZ3493)(KT254316),
Glyptapantelesobliquae (Wilkinson) (ACS3730) (KR021152), Glyptapantelesaristolochiae
(Wilkinson) (ACZ3726) (KR021156), Glyptapanteles cf. Spodopterae AhamakiC$3730)
(KR260983), Glyptapaiteles spodopterae (ACS3730) (KR260976), Glyptapanteles sp
(AAH1199) (KT284334),Glyptapantelesp (ACZ3303) (KT254319), Glyptapantelesliquae
(Wilkinson) (AAH1199) (KR021152)Glyptapanteles cf. amprosemaghmad (ACZ3016)
(KT284342) were characterized and barcodes genefkgdbgenetic analyses were performed
on 38 based on mitochondrial cytochrome oxidase subunit | (COI) nucleotide sequences.
Maximum likelihood and Bayesian inference methods displayed three and foar maj
discreteGlyptapantelesclades, respectivelyzurthermore, molecular characterization and DNA
barcodes were generated for 103 agriculturally important parasitoids, predators and other insects
based on COI gene & IF3 and deposited in GenBank and BOLBdaobtained accession
numbers.
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A study was conducted to identify and differentiiteehogrammaspecies and infer their
evolutionary relationship based on internal transcribed s{2a@@iS-2) and cytochrome oxidase
| (COI). With available related spesisequences of COI and FSoci, Bayesian phylogenetic
trees for total 84 and 76 Trichogrammatids sequences were considered to understand
evolutionary relationship among the different species and their identification. Performed
comparative assessmentrokan intra and inter specific evolutionary distances of using COI
and ITS2. In case of ITE locus, the low intraand high inteispecific distances was estimated
for the different groups inrithogrammatidsOverall ITS-2 is appropriate molecular mak
identification inTrichogrammatidsat both species and genera level.

vii. Monitoring of invasive pests
a. New invasive Tomato pinworm Tuta absoluta Monitoring and management

Tuta absolutgMeyrick 1917), a lepidopteran tomato leaf miner also called as pin borer
belongs to the family Gelichiidae. It is considered as one of the most devastating tomato pests in
the countries it has invaded so far. It has originated from Peru (South Ameddaearinvaded
many other countries in South America, Europe, Africa and ABiaabsolutdarvae can
completely destroy the tomato leav®s mining leaves, stems and buds and burrowing
tunnels in the fruits, causing the unmarketability of fresh tomataak yaeld losses
up to 100%.The pest was detected and identified in October 2014 from Pune, Maharashtra in
India by the Scientists of ICAR and now poses most serious threat to tomato cultivation in the
country. The damage of this pest on tomato crops éas keported from Gujarat, Maharashtra,
Telangana, Andhra Pradesh, Karnataka and Tamil Nadu.

1. Diagnostic features off. absolutadamage on tomato

Feeding damages causedy all the larvalinstars. Larva attacks all the parts of tomato
except roots throughout the crop stage from seedling to harvest and can cause up to 100%
crop damage mainly the leaves and green friliitebsolutacan be easily recognized on tomato
plants by the presee of large blotch or mine on the leaves with dark frass inside and pinhead
size holes on the developing fruits. On the leaves, the larvae feed on the mesophyll tissue,
forming large mines or extensive galleries. In case of serious infestation, leavesngietely.
The larval entry and exit holes on the fruits are small anéhgad sized. Sometimes the entry
and exit holes are used by secondary pathogens, leading to fruit rot. Multiple holes and presence
of many larvae in a fruit can be noticéthble 1). The other potential host plants fbrabsoluta
in India are brinjal and potato apart from other solanaceous weed hosts.

Table 1. Extent of damage on tomato crop byTl. absolutain different states during March
2015to February 2016

- . %.Ieaf % Fruit
State / District Place / village miner damaae
(Blotch) 9
Tamil Nadu: Palakodu 5.7-55.5% | 3.543.4 %
Dharmapuri
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Rayakottai, Kelamangalam,
Krishnagiri Ulimaranapalli, Binnamangalam 11.846.2% 7.552.4%
Hosur, Soolagiri, Bagalur
. Iruttupallam,Alandurai, . .
Coimbatore Thondamuthur Nil Nil
. Moolanur, Kaveriammapatti, : .
Dindugal Oddanchathiram Nil Nil
Karnataka: Doddaulluru, Nandagudi
Chintamanai Kadagaskanahalli, Kuruhatti 1.541.7% 5.0-32.5%
Kolar Malur 3.564.3% 0.041.8%
DevanahalliDoddaballapur
Bengaluru Rural | Hessarghatta, Rajanukunte, 5.5-33.5% 11-28.5%
Hoskote
Bengaluru Urban | Anekal, Jigini, Halehalli 4.545.5% 2-32.7.0%
Raichur (North Kadagammadoddi, Kapur, 10.27 2 67 35.8%
Karnataka) Katlekur, Singandoddi and Hosur 60.3% ' ©70
Andhra Pradesh | Madanapalli, Kuppam 13.036.7% 0.0-21.8%
Telangana Warangal, Adilabad 0.0-2.8% >1.0%
Guijarat: . :
Surendranagar Sayala, Limbudi 1-4.5% Nil
Rajkot Dhoraji, Gondal, Jetpur 2-3% Nil
Junagadh Vadal, Choki 5.517.0% 5-12.5%
Jamnagar Jalansar 1-4% Nil
Anand Anand >2% Nil

2. Natural enemies ofTuta absoluta

Cage studies were conducted to evaluktiehogrammaspecies against eggs ofita
absolutainfesting tomato plant. Three speciesToichogrammacould successfully parasitiZe
absoluta Parasitism byTrichogramma achaeaevas 28.8% followed byT. pretiosum
(thelytokous) (22.7%) an@irichogrammatoidea bactrad2.5%). No parasitism was recorded in
the cages wher€. chiloniswas released.
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Anthocorid predators,Amphiareus constrictusand Blaptostethus pallescensvere

observed to be efficient predatorsTafta absolutaggs, feeding on 90 to 100% of the eggs when
released in a ratio of 1 predator: 10 eggs.

3. Bioassay againsfuta absolutawith NBAIR Bt and fungal isolates ofBeauveria lassiana
and M. anisopliaeisolates

Four NBAIR Bt isolates along with standard MT&@Q97 expressing the coleopteran

specific proteins were tested against early second instar larviagaobbsoluteéby tomato leaf

dip methodology. The most toxic was NBAKRIisolatewith LCso of 301.3 ppm, followed by
NBAIR-1, which showed L& as 373.7 ppm. The formulations are being tested for field efficacy
(Table 2).

Table 2 Bioassay of NBAIRBt isolates againsiTuta absoluta

Bt Isolate LCs0(48h) in ppm | Slope + SE - F-Limits ¥ ¢*(DF)
NBAIR-1 373.7 3.74+£0.72 286.2 486.8 1.1 (3)
NBAIR-3 413.7 2.8 +0.93 301.9 569.3 1.9 (3)
NBAIR-4 301.3 4.5 +0.92 234.3 382.5 1.7 (3)
NBAIR-6 860.3 2.3+0.51 603.3 1492.4 1.2 (3)
MTCC-8997 999.0 2.83+0.51 408.6 767.9 1.9 (3)

Laboratory bioassay with three isolates eaclB.obassiandBb-5a, Bb19 and Bb23)

andM. anisopliag(Ma-4, Ma-6 and Ma35) againsiTutaabsolutawas carried out and the results
indicatedvery low mycosis (6.7 to 26.7%) with these isolates.

4. Rapid action management plan advocated to farmers

i
ii.
iii.
iv.
V.
Vi.

Vil.

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

Crop rotation with non solanaceous crops.

Nurserywith pest proof net covering and use of pest free seedlings for transplantation
Preservation / augmentation naturalenemies likeNesidiocoris tenuidNecremnusp.,

Orius sp., andl'richogrammaspp.

Installation of T. absolutapheromone baits fomonitoring and mass trapping male
moths both in nigery and main field (40 trapsalh

Initiate the use of insecticide both in nursery and main field, if the moth catches in the
pheromone trap is exceeding-20 moths/trap / week.

Recommended the followirigsecticides (as per the decision taken a3’ meeting

of CIB registration committee held on 29.04.20fds)managing the pest on tomato

S

' Name Dosel/lit
No
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1 Chlorantriniliprole (Rynaxypyr) 10.26% OD 0.3 ml/lit
2 Cynatriniliprole (Cynaxypyr)8.5% SC 0.3ml/lit
3 Flubendiamide 20% WG 0.3ml/lit
4 Indoxacarb 14.5% SC 0.5ml/lit
5 Imidacloprid 17.8% SL 0.3ml/lit
6 Neem formulation (Azadirachtin content of eitl@r 2.3 miflit

1% or 5%)

a. Studies on papaya mealybug

Incidence of papaya mealybug was recorded below pest level in all the areas surveyed.
However, in the summer of 2016, it was recorded in Andaman Islands caus¥@§@8amage
on papaya and other vegetable crops. Three consignments of parasag@dsenfor managing
the saméTable 3).

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

L . Area of plantation No of plants with
ocation Damage
(ha) Papaya mealybug
Mandya 8.0 12 Trace
Raichur 1.5 2 Trace
Shimoga 0.5 Nil -
Hassan 1.5 Nil -
Gulbarga 0.5 Nil -
Bangalore 0.5 2 Trace
Maddur 2.8 Nil -
Ramnagar 0.5 7 Severe in one
Chamrajnagar 5.5 2 Trace
Chitradurga 0.5 Nil -
Tumkur 1.0 Nil -
Nelamangala 2.0 2 Trace
Coimbatore 0.5 2 Trace
Nashik 1.2 Nil -
Nagpur 0.5 Nil -
Hosur 2.5 7 Severe in 2 trees
Andaman Islands 0.5 15 Severe

Parasitism: A high level of parasitism was recorded from all the samples collected.
Acerophagus papayaevas the predominant parasitoid exercising control in addition
Pseudleptomastix mexicamas recorded in all the samples with parasitism ranging from 5.0 to
20.0%. None of the samples recorded from any area was free from parasitoids showing their
wide spread presence and their adaptability to Indian conditions.
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Hyper parasitism: Parasitism of Acerophagus papayae by hyper parasitoids are showing
increasing trend in Karnataka. The samples collected from Nelamangala, Chamarajnagar and
Maddur had 6.0 to 7% hyperparasitism byChartocerussp and 2.0 to 3.0% byarietta
leopardina

Supply of natural enemies: Acerophagus papayaand Pseudleptomastix mexicar@iltures

were sent to OUAT Bhubaneswar, Andaman Islands, Hosur, Madurai, New Delhi, Gujarat,
Pondicherry, Ananthpur, in addition to local supplies in Karnat&kaltures of Aenasius
arizonensisZygogrammabicolorata, Neochetinaspp. were sent to the requested researchers and
organizations.

b. Invasive whitefly, Aleurothrixus trachoides

The a&sociation between the invasive pest solanum whikurothrixustrachoides
(Back) and the predatohxinoscymnuguttarudriahi Kapur and Munshi on capsicum under
natural conditions was studieSpatial distribution pattern was studied and the variance to mean
ratio being greater than unity indicated an aggregatedhiison of the pest and the predator
The positive association between the pest and the predator was confirmed through correlation
analysis and X 2 Chisquare tesiReleases oBlaptostethus pallescemymphs indicated that it
is a potential predator @&. trachoidesand confirmatory small scale field trials would be taken

up.

c. Host range of invasive Jack Beardsley mealybud®seudococcugackbeardsleyiGimpel
and Miller in Karnataka

Survey ofP. jackbeardsleywas continued immamil Nadu and Karnataka, sometime it
was found ceassociated with papaya mealybug on papaya and with Madeira mealybug in
hibiscus,Cordylineterminalis(Agavaceae)Defembekiap. Incidence was very low compared to
previous yearsSome of the local natur&nemies likeCryptolaemus montrouziefulsant
SpalgisepiusWestwoodand many species of gnats are keeping the spread under Neptkis
regulariswas found to be a major predator on eggP ojackbeardsleyand was found to be a
major limitingfactor for spread of this mealybug.

d. Establishment ofCecidocharesonnexa gall fly of Chromolaena

Chromolaenaweed biocontrol ager€. connexawhich wasreleased at different places
has established causing up to 15 galls per 5 minutes search in 2 km in and around released spots
in Kanakapur Road. In Puttur, it has spread arow®dkéns from the released spot and in
Tataguni estate it has sprad to the negddrest area, whereas in GKVK campus, it has been
localised because of the availability of host plants year round. Burning of the dried plants either
manually or by forest fire has become the major factor for low level of spread in forest area. The
gall fly has also established in Kerala and as well as in Tamil Nadu in the places of release.
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e. Survey for invasive thrips, Frankliniella occidentalis

Frequent collections of tomato, chilli and flowers were made to know the damage and
spread of westerflower thrips, Frankliniella occidentalisn India. The samples collected from
different locations in Karnatakd&éangalore, Raichur, Shimoga, Hassan, Gulbarga, Chitradurga,
Tumkur, Nelamangala), Tamil Nadu (Hosur, Dharmapuri and Coimbatore) and Maharastra
(Nashik and Nagpudid not yield any specimen &f occidentalisshowing its non occurrence in
these locations.

f. Mass production of Aenasius(=bambawaleiHayat) arizonensigGirault) (Hymenoptera:
Encyrtidae)

Aenasius arizonensigirault) (Hymenoptera: Encyrtidae), a solitary endoparasitoid on
P. solenopsisvas active in all the cotton growing areas and also on other alternate hosts. Adult
females showed preference to parasitize third instar nymphs. Reddish brown cocoonsd stattere
the mealybug colony indicates the parasitismAbyarizonensisand can easily be distinguished
from the healthy colony.Studies on mass production of parasitoids uskarthenium
hysterophorusas host revealed that the total developmental period: 16 to 20 days and pupal
period of 6 to 8 days. Adult longevity: females: 13 to 30 days and males 8 to 10 days with
fecundity of 130150 eggs. Females are more in number compared to males (Around 8Q@anale
100 females ifPartheniumhost plant). Parasitoids were supplied to farmers on request.

g. Erythrina g all wasp managment

Erythrina @ll wasp,Quadrastichus erythrinagvas found in low populations in Kolar,
Mandya, and Ramnagar districBprostocetus galavas found to be the major parasitoid(@f
erythrinae 10.0 to 15.0% parasitism observed in the fifltie nativespecies collected and
identified asAprostocetussp. was found to be a potential parasitoid of erythrina gall wasp
(Quadrastchus erythrinag in India. Its molecular characterization and sequences matched
>80.0% with theA. galasubmissions.

h. Incidence of leaf miner,Chromatomyiasyngenisiae

Severe outbreak a€Chromatomyia syngenisideaf miner was recorded from Coonor,
Ooty and nearby areas including in poly houses across Nilgiri hills and Coimbatore. The
incidence occurred in > 80®of the plants in the sampled area and the yellow traps were full by
the end of the day of installati with adult flies. No parasitoids were recorded from the area.
Release oDiglyphussp. also did not bring down the damagéterbertia sp. (Hymenoptera:
Pteromalidae) was collected from the mummified puparium of the leaf miners.

i. New invasives andost extensions

U Banana skippeErionota thrax(Lepidoptera: Hespiridae) severity has come down.

U Root mealybugs on peppdformicococcus polysperédilliams and other species have
become severe in Coorg and Chickmagalur area.

U The skipper, common bandedlaWasora chromugCramer)(Lepidoptera: Hesperiidae),
upsurge was recorded &ongamia pinnatan and around Bangalore. In some localities
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the caterpillars entered houses creating panic among people (in HSR Layout). High
incidence was also noticed in ICARBAIR research farm. The trees were entirely
defoliated. Many insectivorous birds were sesgding on the caterpillars.

U A looper Cleorasp.) (Lepidoptera: Geometridae) was found to feed extensively on neem
trees in a few villages of Samsthan Narayanpur Mandal of Nalgonda district in Telangana
during October/November 2015. Similar damage wasdauarthe nearby villages also.
Previouslythis was recorded as a pest @fgon pea from Hyderabad.

U Pepper root mealybugs: Mealybugs are major insect pests of black pepper plantations in
southern parts of India. Five mealybugs species naRl@lyococcussp, Planococcus
citri (Risso) P. lilacinus Cockerell Dysmicoccus brevipeéCockerell) and Ferrisia
virgata (Cockerell)are known tanfest the roots and basal region of stem of black pepper
vines. HoweverFormicococcus polyspered/illiams and other species have become
severe in Coorg and Chickmagalur area.

viii. Biosystematics and diversity of entomogenous nematodes in India

One hundred and thirty thresoil samples were collected randomly from vegetables,
banana, rubber, sugarcane, forest land of Marampally, Mudical, Vanjnadu, Kalady, Pala,
Nedumudy, Changanassery, Kozhench@&iyengannur in Keral&oppa, Jayapura, Balehonnur,
Rambhapuri, Ganganamakiki Karnataka, Kadam Ananthagiri, Kthavalasa, Araku valley and
Aanakaplle in Andhra PradeshPunein Maharashtra anreat Nicobar sland. Total three
insect associated nematodes wedi®teinernemasp, Heterorhabidtis sp and Oscheius
chromogenes)ssolated from these places.

a. Efficacy of entomgathogenic nematodes on phorids

The pathogenicity oHeterorhabditis indicaSteinernema capocapsaad Oscheiussp
were tested against maggots and pupae. These results showed that nveggsistance to
these nematodeand nomortality was observedHowever, Oscheiussp showed mortalityin
pupae only.

b. Efficacy of entomopathogenic nematodes (Rhabditida: Steinernematidae and
Heterorhabditidae) on developmental stages of house flylJusca danestica

The efficacy of five species of entomopathogenic nematodes (Bf¥¢rorhabditis
indica, S. carpocapsaes. glaseri S. abbasandS. feltiaeagainst developmental stages of house
fly was studied under laboratory condition. In this presentystuahe of theEPN speciesested
infection onegg and pupal stages, while the second and third instar larvae were susceptible to all
EPN species but second instar was more susceptible than third instar. Among the EPN species
tested,S. carpocapsaeaused significantly greater mortality (81-280%) than theH. indica
(62.5100%),S. glaseri(25-100%),S. abbasandsS. feltiag(6.25100%)of the second instars of
M. domectica WhereasH. indica caused significantly greater mortality (18.760%) tlan the
S. carpocapsaes. glaseri S. abbasandsS. feltiae(6.25100%)of third instars ofM. domestica
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at 5010000 IJs/maggotEPN species@ 10000 lJs/larva caused up to 81.25% mortaility
artificial dietand25% mortalityin thepoultry manure@ 256000lJs/maggat

c. Pathogenicity ofOscheiussp. onBactrocera cucurbitagoupae

A dose of 200 IJs/pupae @scheius spcaused80% pupal mortalityof Bactrocera
cucurbitaeafter48 hrs ofinoculation.

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

Twenty five isolates oBacillus thuringiensisith bipyrmadal crystalsvere isolated from
86 soil and insect samples collected from Western GRalit samplesrom Greater Nicobar
Islandsyielded4 isolatesof Bt expressindpipyramal and spherical crystals.

The trypsin activated vip3A proteid firs IPTGinductiong caused100% mortalityof
Plutella xylostellaafter 72hours in all the protein concentratetested The highest mortality of
100 was recorded at 500y concentration after 4Bours. The LG @alue was calculated as
53.676 pg/ mlTrypsin activated vip3A proteirlf hrs IPTGinductiond was also tested and the
LC4 @as calculated as 52.8ig/ ml.

Cry8A expressing. thuringiensis(NBAIR-BTAN4) caused100% mortalityof potato
grubafter48hrs.

Liquid formulationof NBAIR-BTG4 and standard HID were tested again€ryptolemus
montrouzieriand Chrysoperla carnea® 1 and 26 concentrations. No mortality was recorded
indicating theirsafay against the natural enemies.

x. Exploitation of Beauveria bassiandor management of stem borer Chilo partellus in
maize and sorghum through endophytic establishment

a. Establishment of B. bassianaas endophyte in maize and sorghum

Glasshouse experiments were conducted to study the endophytic ability of six strains of
Beauveria bassian@\BAIR-Bb-5a, 7, 14, 19, 23 and 45) in maize (Var. Nithyashree) through
foliar application of oil formulations and in sorghum through foliar appboabf aqueous
conidial suspension. All six strains showed varying percent colonizations and persistence in stem
and leaf tissues of maize and sorghum. In case of maizé5Bdolate recorded the maximum
colonization of B. bassianain older stem (46.B%), older leaf (47.78%) andoung stem
(52.220) tissues. Biba isolate showed maximum colonizatiin young leaf tissues (57 %.

Bb-5a strain also showed continuous colonization upto 60 DAT in both older/young stem and
leaf tissues. In case of sorghum,-Bdisolate recorded the maximum colonization in older stem
(21.300) and young leaf tissue24.226). Bb-14 isolate showed maximum colonization in
young stem 18.524) and in older leaf tissue28.700). Bb-5a isolate also showed continuous
colonization upta®60 DAT in older & younger stem tissues and also in older leaf tis&le$4
isolateshowed continuous colonization upto 75 DisTolder leaf tissues
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b. Field evaluation of endophyticB. bassianaagainst maize and sorghum stem borer

Field trials were anductedo evaluate thendophytic isolates d. bassiana NBAIR-Bb-
5a, 7, 14, 19, 23 and 45) through foliar applications of oil formulations agaemstborerChilo
partellusin maize and sorghuit ICAR-NBAIR, Attur Research Farm, Bengaluru.

In maize, Bb5a isolate showed significantly lower dead he&t®.2 and 7.1% during
kharif and rabi seasons respectiyelpwest no. of exit holes (1.88nd 1.07/plant) and stem
tunneling (1.23and2.21cm/plant) as compared to untreated control whiclwstidhigher dead
hearts (23.6 and 26.8%), exit holes (7.2 and 4.07/plant) and stem tunneling (5.2 and 7.8
cm/plant).

In sorghum, BE23 and Bb5a isolates showed significantly lesser dead hearts of 6.8 and
9.3% respectively, lowest exit holes f0.and 07/plant) and stem tunneling (3.7 and
4.3cm/plant) as compared to untreated contwath 19.8%of dead hearts2.1/plant exit holes
and 102 cm/plantof stem tunneling
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2.1.2 Indian Agricultural Research Institute, New Delhi

1. Evaluation of Trichogrammastrains for searching efficiency, temperature tolerance and
fecundity and breeding of better performing strains Trichogramma chilonis under
laboratory conditions

The field collected strains were maintained under laboratory conditions @ing
cephalonicaeggs. The better performing strains were used for further cros3iegisand back
crosses were made between different straind.othilonis AAA10 (relatively temperature
tolerant) with other high fecundity straingz., FFF1, FFF2 an&#FF3 The results indicated high
mortality among the individuals in each generation. The crosses with high fecundity are
relatively more susceptible to test temperature regimes coupled with higher percentage of males.
With increase in temperature stressigentage of males among the progenies also increased. In
some of the crosses all the progenies were males.details of the crosses made and their
breeding performance have been presented in the following tables.

i. Breeding of Trichogramma chilonis for temperature tolerance under laboratory
conditions

1. FFF1(male) x AAAL1O (female) (AD1): Out of 15 pairs selected, fecundity ranged from 23
to 70 progenies. At F10, generation 15 pairs were selected and shiftetd@Tzhle 4).

2. AAA10 (male) xFFF1(female) (BD1): Out of 15 pairs selected, fecundity ranged from 32
to 72 progenies. At F10 generations, 15 pairs were selected and shiftetCtoradle 4).

Table 4. Number of progenies emerged from crosses made and maintained at’g4

FFF1 (male) x AAA10 AAA10 (male) x FFF1
(female)AD1 34 °C (female)BD1 34 °C
No. of adults emerged in F10 No. of adults emerged in F10
1 60 1 58
2 65 2 42
3 55 3 69
4 70 4 56
5 54 5 60
6 63 6 65
7 42 7 49
8 49 8 38
9 50 9 32
10 52 10 51
11 36 11 47
12 31 12 71
13 29 13 72
14 23 14 64
15 45 15 39
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3. FFF1(male) x AAA10 (female)AD1: Out of 15 pairs selected, fecundity ranged from 29 to
66 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15 pairs
were selected and shifted to 38 (Table 5).

4. AAA10 (male) xFFF1(female)BD1: Out of 15 pairs selected, fecuthydranged from 35 to
71 progenies and arrhenotoky was observed in one cross only. At F10 generations, 15 pairs
were selected and shifted to 38 (Table 5).

Table 5. Number of progenies emerged from crosses made and maintained at°86

FFF1 (male) x AAA1O (female) AAA10 (male) x FFF1 (female)
AD1 36 °C BD1 36 °C
No. of adults emerged in F10 No. of adults emerged in F10
1 29 1 44
2 Arrhenotoky 2 42
3 42 3 59
4 65 4 Arrhenotoky
5 Arrhenotoky 5 43
6 51 6 55
7 42 7 69
8 49 8 35
9 65 9 48
10 66 10 53
11 41 11 46
12 35 12 71
13 Arrhenotoky 13 42
14 44 14 64
15 47 15 45

5. FFF1(male) x AAA1O (femaleAD1: Out of 15 pairs selected, fecundity ranged from 31
to 53 progenies and arrhenotoky waseved in three cross€Bable 6).

6. AAA10 (male) xFFF1(female)BD1: Out of 15 pairs selected, fecundity ranged from 29
to 51 progenies and arrhenotoky was observed in one cros@Tablg 6).

Table 6. Number of progenies emerged from crosses made and maintained afG8

FFF1 (male) xAAA10 AAA10 (male) x FFF1 (female)
(female)AD1 38°C BD1 38°C
No. of adults emerged in F10 No. of adults emerged in F10
1 Arrhenotoky 1 29
2 Arrhenotoky 2 Arrhenotoky
3 42 3 49
4 41 4 Arrhenotoky
5 Arrhenotoky 5 51
6 31 6 35
7 Arrhenotoky 7 36
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8 32 8 Arrhenotoky
9 53 9 44
10 Arrhenotoky 10 39
11 44 11 Arrhenotoky
12 32 12 Arrhenotoky
13 42 13 42
14 Arrhenotoky 14 Arrhenotoky
15 Arrhenotoky 15 Arrhenotoky

7. FFF2(male) x AAA10 (female) (AD1): Out of 15 pairs selected, fecundity ranged from 36 to
86 progenies. At F10 generation, 15 pairs were selected and shiftedG¢Txble 7).

8. AAA10 (male) xFFF2(female) (BD1): Out of 15 pairs selected, fecundity ranged from 36 to
68 progenies. At F10 generation, 15 pairs were selected and shiftedG¢Txble 7).

Table 7. Number of progenies emerged from crosses made and maintained at’g4

FFF2 (male) x AAA1O AAA10 (male) x FFF2 (female)
(female)AD2 34°C BD2 34°C
No. of adults emerged in No. of adults emerged in F10
F10

1 57 1 47
2 39 2 63
3 67 3 57
4 54 4 36
5 86 5 68
6 75 6 59
7 66 7 41
8 45 8 54
9 38 9 38
10 65 10 45
11 54 11 51
12 36 12 62
13 55 13 48
14 64 14 50
15 44 15 38

9. FFF2(male) x AAA10 (female)AD1: Out of 15 pairs selected, fecundity ranged from 21 to
60 progenies and arrhenotoky was observed in two crosses. At F10 generation, 15 pairs were
selected and shifted to 36 (Table 8).

10.AAA10 (male) xFFF2(female)BD1: Out of 15 pairs selected, fecundity ranged from 17 to
53 progenies and no arrhenotoky was observed. At F10 generation, 15 pairs were selected
and shifted to 38C (Table 8).
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11.

12.

Table 8 Number of progenies emerged from crosses made and maintained at %85

FFF2 (male) x AAA1O AAA10 (male) x FFF2
(female)AD2 36°C (female)BD2 36°C
No. of adults emerged in F10 No. of adults emerged in F1(
1 32 1 47
2 39 2 53
3 47 3 41
4 28 4 36
5 21 5 51
6 46 6 42
7 44 7 39
8 39 8 17
9 Arrhenotoky 9 48
10 58 10 43
11 35 11 26
12 45 12 29
13 58 13 48
14 60 14 54
15 Arrhenotoky 15 18

FFF2(male) x AAA10 (femaleAD1: Out of 15 pairs selected, fecundity ranged from 14

to 45 progenies and arrhenotoky was observed in eight ci@sdde 9).

AAA10 (male) xFFF2(female)BD1: Out of 15 pairs selected, fecundity ranged from 11

to 48 progenies and arrhenotoky was obsemegight cros¢Table 9).

Table 9. Number of progenies emerged from crosses made and maintained at°g88

FFF2 (male) x AAA10 AAA10 (male) x FFF2
(female)AD2 38°C (female)BD2 38°C
No. of adults emerged in F10 No. of adults emerged in F1(
1 Arrhenotoky 1 Arrhenotoky
2 29 2 Arrhenotoky
3 Arrhenotoky 3 11
4 Arrhenotoky 4 26
5 Arrhenotoky 5 Arrhenotoky
6 37 6 Arrhenotoky
7 34 7 Arrhenotoky
8 Arrhenotoky 8 37
9 45 9 48
10 38 10 43
11 Arrhenotoky 11 Arrhenotoky
12 Arrhenotoky 12 Arrhenotoky
13 14 13 13
14 40 14 Arrhenotoky
15 Arrhenotoky 15 28
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FFF3(male) x AAAL1O (female) (AD1): Out of 15 pairs selected, fecundity ranged from 29
to 82 progenies. At F10 generation, 15 pairs were selected and shiftett¢Tzthble 10)
AAA10 (male) xFFF3(female) (BD1): Out of 15 pairs selected, fecundity ranged from 28
to 91 progenies. At F10 generation, 15 pairs were selected and shiftett¢Tzthble 10)

Table 10 Number of progenies emerged from crosses made and maintained at’g4

FFF3 (male) x AAA1O (female) AAA10 (male) x FFF3 (female)
AD3 34°C BD3 34°C
No. of adullztfoemerged N No. of adults emerged in F10
1 43 1 28
2 29 2 46
3 56 3 76
4 41 4 64
5 64 5 62
6 62 6 52
7 47 7 46
8 73 8 49
9 82 9 58
10 79 10 91
11 24 11 39
12 36 12 51
13 40 13 58
14 45 14 37
15 53 15 40

FFF3(male) x AAA10 (femaleAD1: Out of 15 pairs selected, fecundity ranged from 22

to 71 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15
pairs were selected and shifted to°83Table 11)

AAA10 (male) xFFF3(female)BD1: Out of 15 pairs selected fecutydranged from 24

to 58 progenies and arrhenotoky was observed in three crosses. At F10 generation, 15
pairs were selected and shifted to°83Table 11)

Table 11 Number of progenies emerged from crosses made and maintained at’86

FFF3 (male) x AAA10 (female) AAA10 (male) x FFF3
AD3 36°C (female)BD3 36°C
No. of adults emerged in F10 No. of adults emerged in F10
1 43 1 58
2 29 2 39
3 Arrhenotoky 3 36
4 41 4 44
5 54 5 51
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6 Arrhenotoky 6 34
7 48 7 31
8 22 8 24
9 Arrhenotoky 9 Arrhenotoky
10 26 10 Arrhenotoky
11 24 11 Arrhenotoky
12 36 12 41
13 41 13 48
14 52 14 34
15 74 15 50

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

44 progenies and arrhenotoky was observed in nine criissgale 12)

18.AAA10 (male) xFFF3(female)BD1: Out of 15 pairs selected, fecundity ranged from 16 to

46 progenies and arrhenotoky was obseraeglght crosseflable 12)

Table 12 Number of progenies emerged from crosses made and maintained at°g88

FFF3 (male) x AAA10O (female) AAA10 (male) x FFF3 (female)
AD3 38°C BD3 38°C
No. of adults emerged in No. of adults emerged in F10
F10
1 23 1 38
2 29 2 Arrhenotoky
3 Arrhenotoky 3 Arrhenotoky
4 31 4 24
5 44 5 41
6 Arrhenotoky 6 Arrhenotoky
7 Arrhenotoky 7 46
8 Arrhenotoky 8 39
9 Arrhenotoky 9 16
10 Arrhenotoky 10 32
11 34 11 Arrhenotoky
12 20 12 Arrhenotoky
13 Arrhenotoky 13 Arrhenotoky
14 Arrhenotoky 14 Arrhenotoky
15 Arrhenotoky 15 Arrhenotoky
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il. Greenhouse/net house trials for evaluating the performance of improvetrichogramma
chilonis strains on cole crop insect pests (cauliflower and cabbage)

Experiments were carried out under net house conditions on cauliflower and cabbage
crops. All the recommended agronomic package of practicae fwllowed. Adults of P.
xylostellaand eggs oP. brassicaewere introduced in the net house when the crop was two
months oldand therthe improved strains af. chiloniswerereleased. The per cent parasitization
was recorded. It was observed that the improved parasitoids performed as good as the wild ones
when @mpared with the parasitization in open field.

2. Screening for temperature tolerance in Cotton mealybug parasitoidhenasiusarizonensis
(Girault) (= AenasiusbambawaleHayat) (IARI and PAU)

i. PAU-Ludhiana

The specimens of mealybugs parasitized Awyarizonensiscollected from different
locations of Punjab were sent to concerned scientist at IARI New Delhi as given under:

Date of collection Host Location
4.7.15 Hibiscus Ludhiana
14.7.15 Abutilonsp. Gurdaspur
16.7.15 Sidasp. Fazilka
16.7.15 Cotton Abohar
ii. IARI -New Delhi

Report not received
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2.1.3.Biodiversity of biocontrol agents from various agro ecological zones
i. AAU-Anand
a. Trichogramma

During 201516, trichocards with eggs dforcyra cephalonicavere placed on tomato,
castor, groundnut and cotton fields for parasitismTbhghogrammain different geographical
areas and collected after 3 days from the fields and observed in the laboratory for emergence of
Trichogramma Similarly, eggs of host insts A. janatawere collected at fortnightly interval
from castor.Trichogramma chilonisvas the onlyTrichogrammatidrecorded as evident from
(Table 13). As the numbers ofrichogrammacollected was very low they were multiplied
separately in the laboratory and few samples were sent to NBAIR, Bangalore.

Table 13. Biodiversity of Trichogramma around Anand in different crops

No. of Trichogrammaemerged per Installation
Crop (100eggs/card)
1st 2nd 3rd 4th 5th
Tomato 1 2 2 1 2
Castor 2 1 2 3 1
Ground nut 1 3 2 1 0
Cotton 2 3 3 2 1

b. Chrysoperla

Geographical populations of green lacewing were collec@dadysoperla zastrowi sillemi
(EsbenPeterson) was found in all thecations.

c. Coccinellids
Diversity of coccinellids from various crop ecosystems of the region was also studied.
d. Cryptolaemus

The natural population of. montrouzieriwas observed throughout the year. Moreover,
peak population was rich when the incidence of host was higher.

e. Spiders

Total 17 spider specimens were collected, identified from paddy ecosystem and preserved as
per the methodology given. Samples waret$o NBAIR for further studies and repository.
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f. Insectderived EPNs

Soil samples were collected from different geographical locatiboslly 300 samples
wereprocessed for EPN trappimad nopositiveEPN sample was found.

g. Isolation of native Bt isolates from soil

Isolation ofB. thuringiensisvas carried out as per the standard proceedure from 300 soill
samples collected from the rhizospherepigéon peasorghum,cotton, Guwar, castor paddy,
bananapearl millet,and bbacco fromPanchmabhal district of Gujardgifty eight isolates oBt
were isolated from Panchmabhal district.

h. Anthocorids

Regular surveys were carried out for anthocorid predators on thrips and mites infested plants.
No predators were recorded.

ii. AAU-Jorhat

Survey, collection and diversity analysis ofTrichogramma, Chrysoperla Coccinelids,
spiders, anthocorids and entomopathogens

Locations; Jorhat district
a. Trichogramma

Corcyra sentinel egg cards containing 100 numbers of eggs were placed in rice,
sugarcane, castotea and vegetables K€, brinjal, tomatoand colecrops) from July to
December, 2015 for parasitisatiby Trichogrammin and around Jorhat district. The cards were
collected after 2 days from the fields and observed in the laboratory for the emergence of
Trichogrammaspp. The recovery dirichogrammaspp.(unidentified) was made only from rice.

The different stages of insect pests (egg, larvae, adult) were collected from different crop
ecosystems (rice, sugarcane, papaya, cabbage, chilli, brinjal, tea) and kept in the laboratory for
emergence of natural emies, if any. The predators associated with the host plants were also
collected. The natural enemies recovered from insect pests are presented in the falidoMng
14.
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Table 14. Bioagents collected from different crop ecosystem

Crop and Natural enemies
source of Name of Insect —
collection Parasitoids Predator
Rice T”Chog.ramm‘?‘ Coccinellids Micraspissp.) and
spp.(unidentified) . )
a)ICR farm, spiders like
. collected from
AAU, Jorhat| Eggs ofScirpophaga Oxyopespp
: Borhola, Jorhat. No
b) Borhola, | incertulas itoid d Tetragnathaspp.
Jorhat parasitoids recovere Lycosaspp. were collected fron
o from ICR farm ,AAU, | - :
district rice ecosystem
Jorhat
1.Wooly aphid, .
. Encarsia
Sugarcane | Ceratovacuna lanigera f I Dioh hid
Titabor. avoscutellum CI}’I]D aap |I ovora
Jorhat 2. Larvae of Plassy borer, , . rySoperiaspp.
, . . Cotesia flavipes
Chilo tumidicostalis
Spalgius epius, Cocinella
Papaya Mealy bug Paracoccus Acerophagus papaye| septempunctatand Spiders
marginatus . o
(Unindentified).
Cabpage, DBM, Plutella xylostella
Horticultural . . .
farm. AAU. | Cabbage aphid, Cotesiaplutellae Cocinella septempunctata
’ ' | Brevicoryne brassicae C. transversalis
Jorhat
Hot chilli, Cocinella septempunctata
Horticultural Aphis GOSSVDI C.transversalis
farm, AAU, phiS gossyp Brumoides suturalis
Jorhat Micraspis discolor
Brinjal,
Horticultural | Shoot and fruit borer, Predatory mite (Unidentified)
farm, AAU, | Lucinoides orbanelis C.transversalis
Jorhat
Tea,
g;a:gtear;uon Eggs ofHelopeltis theivoral Telenomuspp. SpidersOxyopespp
AAU, Jorhat
Okra, . - .
Horticultural Wh|tgfly, Bem|5|a_tabaC| Coccinella septempunctata
JassidAmrasca biguttula :
farm, AAU, ) C. transversalis
biguttula
Jorhat
Potato,
Horticultural | Potato aphidMyzus . .
farm, AAU, | persicae Micraspisspp.
Jorhat
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b. Crysoperlaspp. and Coccinelids

During the observation period, no chrysopids were found on rabi vegetables and
sugarcane. A few Chrysopids were collected from sugarcane woolly aphid infested areas at
Titabor, Jorhat. Coccinelidviz, Coccinella septempunctata, C. transversaliBrumoides
suturalis and Micraspis discolourwere collected from cole crops, Bhiokra and potato etc.
from horticultural farm, AAU, Jorhat.

c. Spiders

Different spiders were collected from different types of habisatch as grass, moist
places, under stonegebbles, dead leaves, humus, bushes, on the bark and branches of trees and
houses. The most dominant spider species collected from rice ecosysterOxyepessp.
Tetragnathasp. Lycosa pseudoannulatand Argiope catenulatdrom ICR farm, AAU, Jorhat
and Borhola, Jorhat.

d. Anthocorids

No anthocorid predators were detected from thrips and mite infested plants particularly
chilli, okra, brinjal, tomato and frendbean.

e. Insect derived EPN:

Eight insect cadavers from rice ecosystem were collected, but all were found free from EPN.
iii. ANGRAU - Anakapalle

Biodiversity of natural enemies of sugarcane, rice and maizgests:

Natural enemies of sugarcane, rice and maize pestolgeted at RARS, Anakapalle
during Rabi season, 20Hnd the specimens were submitted to NBAIR.

iv. CISH-Lucknow
Survey and collection of natural enemies of mango pests

Five species of Coccinellidgz., Coccinella septempunctata, Cheilomesegmaculata,
Serangium parcesetosum, Chilocorus rubidus, Scymnusiaye been observed feeding on
mango hoppers and mealybugs. Most abundant predato€ veeptempunctatéollowed by C.
sexmaculataNatural infestation of entomapathogenic funddsauveia bassianavas observed
on guava bark eating caterpilldnderbela quadrinotataand infested cadavers were collected
from 8 locations and pure cultwref B. bassianaaremaintained Table 15). Entomopathogenic
fungus, B. bassianainfesting mango mealybug was collected from the experimental farm of
CISH, Rehmankhera. The strain named CIAMB-Bbl was isolated and pure cultui®
maintained. Entomopathogenic fungi infesting mango hopper was collected from Ranchi and
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Malda. The identies of the fungi isolated are yet to be ascertained. Four parasitoids belonging to
families Ichneumonidae and Braconidae were collected from the mango and guava ecosystem.

Table 15. Entomopathogenic fungus, Beauveria bassianainfesting guava bark eating
caterpillar, Inderbelasp. from different locations ofUttar Pradesh

SI. No Location Strain Name
1 RehmankhergLucknow) CISHBEG1
CISFBER
2 Sukhrakhera (Unnoa) CISHBEG3
CISFBEGS
3 Asaravekela (Allahabad) CISHBEGS
4 Hingopur (Kanpur) CISHBECY
5 Tikanpur (Kanpur) CISHBEG3
6 Koulaha (Kausambhi) CISHBEE9

7 Bheta (Kausambhi) CISHFBEEGL10

8 Bamrauli (Allahabad) CISFBECL1

v. IGKV -Raipur

a. Trichogramma

Five districts namely, Raipur, DhamtaRajnandgaon, Kawardha and Bilaspur were
covered in the present study. Sentinel card€afcyra were placed in the agmecosystems of
paddy, vegetables and legumes. The cards were sent for identification to NBAIR, Bangalore.

b. Braconid sp

In order tostudy the type of Braconid sp existing in the Chhattisgarh-egosystem,
plastic containers with sandwiché&brcyra larvae were placed in various agroosystems in
different districts of Chhattisgarh. The parasitised larvae were kept for emergencasitbjus
and were sent for identification to NBAIR, Bangalore. The results are awaited.
c. Entomopathogens

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

identification to NBAIR, Bangalore. The 14 infected sampled diot vyield any
entomopathogenic fungi on isolation.
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vi. IIRR -Hyderabad
Survey and collection of natural enemies of rice pests

Survey was made in different rice fields of Maruteru, West Godavari, Arieita@desh
and at Indian Institute of Rice Research (IIRR), Hyderabad to record the pests and natural
enemies. Samples were collected using sweep net and light trap. Three stem borer species were
observed in the field, the yellow stem bor&girpophaga incgulas, the pink stem borer,
Sesamia inferenandthe dark headed borer. Three species of egg parasitoids were observed on
eggs ofS. incertulusiz., Tetrastichus schoenobifrichogramma japonicurand Telenomuspp.
Spodoptera mauritiavas observed in o Kharif and Rabi season. The coccinelicraspis
vincta was observed in large numbers. The plant hoppdigparvata lugens Sogatella
furcifera and the leafhoppedephotettix virescensere prevalent in large numbers. Egg baiting
for egg parasitoidsvere carried out and presence of three species were obsgzyethagrus
sp, Gonatocerussp (Mymaridae) an@ligosita sp (Trichogrammatidae). A parasitoid on grubs
and pupae of the hispa beetlicladispa armigerawas collected from Himachal Pradesh and
identified asChrysonotomyiap. (Eulophidae: Hymenoptera). Sixty eight per cent of grubs and
80% of pupae were found parasitised ®grysonotomyiap. (Eulophidae: Hymenoptera).

Data on stem borer species composition and its egg parasitoids weréedditem 20
centres of AICRP on Rice. The stem borer species composition and the egg parasitoids observed
were reported from 15 centréSig 1 & Fig 2). Four species of stem borer were obsenied
yellow stemborer (YSB)Scirpophaga incertulagink stenborer (PSB)Sesamia inferenglark
headed borer (DHB)Chilo polychrysusand White stem borer (WSB§cirpophaga fusciflua
YSB was the dominant species in twelve locatigizs Coimbatore, Chinsurah, Ghaghraghat,
Karaikal, Karjat, Nellore, Navsari, Nagam, Pantnagar, Ragolu, Rajendranagar and Raipur
accounting for 67.69100% of the stem borer population. Of these centres, only YSB was
reported from nine centres, excepting Rajendranagar and Raipur where PSB was observed as a
second species accountiray .53 3.1%6 and at Navsari where WSB was prevalent along with
YSB. At Aduthurai, Ludhiana and Moncompu other species dominated over the crop season. At
Ludhiana three species were observed, PSB being dominant accounting for 73.91%, followed by
YSB (197%) and WSB (6.39%). The population of YSB (29.62%) was less than PSB (62.96%)
even up to tillering phase and the degree of infestation by PSB has increased over the previous
year by 206. PSB dominated from flowering to dough stage (66.67 to 92.11%). W&Riated
for 7.011.7®% in the early stages but was not prevalent during harvest stage. At Moncompu,
three species of stem borers were recorded namely YSB, PSB and WSB. WSB dominated up to
tillering phase with 55.000.00% of the population after which declined. During reproductive
stage YSB population increased from 30.00 to &while PSB increased from 10.00 to 2080
during this period. At Aduthurai, three species (YSB PSB and DHB) were observed over three
dates of observation 15, 30 and 45 DAT. WHhYSB was reported as the dominant species in
previous years accountingrf@85-100% over the crop season, data reported this year indicated
that DHB was dominant during the observation period. It accounted for 79.31 an%&3.83
and 30 DAT, respectely while it reduced to 33.38 at 45 DATwhen YSB became dominant
(46.6™0). The observation period falls short for the tillering, flowering and dough stages and is
not indicative of the species composition across the crop growth stages. At Navasagemwo st
borer species were observed over three dates of observation. YSB was again dominant,
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accounting for 67.69%, the rest being WSB 32.31%. YSB population ranged from739%6886
across the crop stages while WSB peaked at 90 DAT reaching?d@6Bopulation which is
also higher than the population recorded in the previous year.
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Fig 1. Stem borer species composition at various centres

Egg parasitoids of stem borer:Thirteencentres reported on the egg parasitoids of yellow stem
borer. The egg mass parasitisation ranged from 186124% while the egg parasitisation varied
from 7.22 to 58.88% at various locatiofi8g 2). The mean egg mass parasitisation was 43.39
and mean eggarasitisation 35 per cent at Aduthurai over four dates of observation. The mean
egg mass parasitisation was highest at Rajendra(@®a?%) while the lowest was observed at
Karjat (16.11%). The egg parasitisation was the lowest at Moncompu (7.22%)iginebt at
Chinsurah (58.88%) followed by Nawagam (37.25%). Three species of parasitoids were
recorded and etrastichus schoenobitas the most prevalent parasitoid in five locatifig 3).

At Aduthurai Trichogrammaspecies was the only parasitoid obserat 15 DAT causing 10 per
cent egg parasitisation. After this datetrastichus schoenobivas dominant causing up to 90
percent egg parasitsation. It also accounted @@ per cent of the egg parasits observed at
Nawagam, 92.75% at Chinsurah and333% at Nellore.Telenomussp. was the dominant
parasitoid at Pantnagar, Navsari and Raipur accounting for 100, 92.86 and 41.60% respectively.
At Moncompu, Karjat, Rajendranagar and Coimbatdr&ehogrammawas the major parasitoid
accounting for 43.4195.54% of the parasitoid population. The average composition of the three
parasitoids across locations weetrastichug37.68%),Telenomug28.81%) andlrichogramma
(33.49%).
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Fig 2. Parasitisation of stem borer eggs at various centres, 2015

Hopper species composition This data was collected fromvelve centresviz.,, Aduthurai,
Coimbatore, Gangavathi, Karaikal, Maruteru, Navsari, Nawagam, New Delhi, Pantnagar and
Pusa reported on the status of hoppers and their natural enemies. Onevizeni@uthurai
reported presence of population of only BPH while only WBPH populations were prevalent in
Nawagam. All other locations had a mixed population of planthoppers. At Aduthurai BPH was
reported among planthoppers along with GLH occurring at a very lowm pegaulation level of

0.67 and 0.38 hoppers/hill respectively. The highest population of planthoppers was observed at
Maruteru and GangavathAt Maruteru a mixed population of BPH (37.1/hill) and WBPH
(9.06/hill) occurred while at Gangavathi the WBPH pagian (55.6/hill) was more than that of

BPH (29.46/hill). The WBPH population was always higher than that of BPH population ranging
from 13.9471 149.04hill, during September to second week of November after which BPH
population increased over WBPH. Thaglest population of brown planthopper occurred in
Maruteru. Though both planthopper species were observed at Maruteru, BPH was dominant and
built up in numbers as crop progressed from /AiBGo 59.60hill whereas WBPH population
ranged from @18.78hill over the crop growth stages. At New Delhi, low incidence of BPH and
WBPH was observed at 1.0 and @apperdiill respectively.

Natural enemies:In general, observations on hopper natural enemies were reported from nine
locations. The egg parasitoidstaippers were recorded at four locations, Gangavathi, Maruteru,
Navasari and Nawagam. At Gangavathi, the total egg parasitisation was 16.84%nagts,
Oligosita and Gonatoceruaccounting for 63.55, 33.92 and 2b3espectively causing 13.06,
7.96 and 2.5% parasitization in eggs. ANavasarithe total egg parasitisation ranged from
16.67#50% aml a mean parasitisation of 1%6Anagrusaccounted for 10 of the parasitoids
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observed. 12.76 of hopper eggs were founmhrasitized at Nawagam aAgagruswas the only
parasitad observed accounting for 3.@0egg parasitisation.
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Fig 3. Plant hopper population and their predators across locations2015

A mean egg parasitisation of 4%3vas observed at Maruter@ligosita was the only
parasitoid observed.he predators of hoppers were recorded from 9 locaffeigs3). The mean
population of spiders and coccinellids were observed at 0.78 and 0.80/hill respectively at
Aduthurai; At Karaikal, Spiders and coccinellihs reported at 0.10 and 0/bd respectively.

The highest population of mirids was observed at Maruteru (4.64/ hill) followed by Gangavathi
(4.29/hill). The spider population was also the highest at Gangavathi (2.10/hill).

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

Moncompu the 138 galls were observed, of which @8a8re parasitized blatygastersp. At
Ragolu only 26 of galls were observed to be parasitized by the same species.

vii. KAU -Thrissur

Specimens of crop pests as well as their natural enemies were collected from different agro
ecosystems of Kerala and were sent to NBAIR, Bangalore at regular intervals for identification.
The details are given ihable 16.
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Table 16. Details of collection of insects and their natural enemies from agro ecosystems of
Kerala

Sl. No Date No. of vials
1 08/09/15 20
2 07/12/15 28
3 04/01/16 4
4 08/02/16 32
5 22/03/16 26

viii. MPKV -Pune

Survey amd collection of natural enemies  Trichogramma, Chrysoperla, Cryptolaemus
spidersand entomopathogens

The insect pests of crops and biocontrol agents includargsyioids, predators and

microorganisms associated with them were collected from fields of horticultural crops in MPKV
jurisdiction from ten districts in western Maharashtra as per the protocol given in the technical
programme of 20186. The specimens were brought to the laboratoegred up to adult
emergence, identified locally and maintained for record, whereas unidentified specimens of
bioagents are sent to NBAIr, Bangalore for identification.

a.

Trichogramma Sentinel cards with the eggs ©brcyra cephalonicg100 eggs/ card) were
displayed at seven locations in a cropped area for 24 hrs in cotton, pigeon pea, sugarcane,
maize, soybean, tomato and paddy and repeated at fortnightly intervals during pest activity.
The parasitized cards were maintainedTfochogrammaemergence.

Chrysoperla From custard applegt least 20 live individuals (eggs/ larvae/ adults) were
collected from five geographic locations.

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

locations.

Spiders Cdlected spiders and the specimens are preserved in 70% ethyl alcohol in screw
captubes.

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

The natural enemies recorded were Coccinelli@gccinella semmpunctata L.

Menochilus sexmaculaf@.), Scymnusp, Encarsia flavoscuttellum, Dipha aphidivokeyrick,
Micromus igorotusBank., syrphids on SWA in sugarcan@occinella transversalig-., M.
sexmaculataBrumoides suturaligF.), Scymnus coccivorAyyar, Triomata coccidivoraand B.
suturalisin mealy bug colonies on custard ap@leerophagus papaydé& S, Pseudleptomastix
mexicanaand Mallada boninensi©kamandSpalgis epiusn papaya mealy bug.

The parasitism offrichogrammawas attempted to recorth crops like cotton, maize,

soybean, sugarcane, paddy and tomato in Pune region through display of sentoeedegyf
Corcyrabut it was not observed. The chrysopthrysoperla zastrowisillenttsbwas recorded
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in cotton, maize, French bedRabijowar and brinjalwhile M. boninensin cotton, sunflower,

French beans, mango and papaya. Umgptolaemusadults were recovered from the pre
released plots of custard apple and papaya. The entomopathogens particularly the ca8avers of
litura andH. armigerainfected withNomuraea rileyi, Metarhizium anisopliae N®V, HaNPV

were coll ected from far mer 60s (Thbledd.d on soybean

Table 17. Natural enemies recorded from western Maharashtra

I\Isg Natural Enemies Crop Remarks/Natural enemies identified
Sentinel cards ofCorcyra eggs for
Trichogrammawere displayed in th
Cotton, pigeon pej fields from April 2015 to March, 201
1 Trichogramma sugarcane, soybea at various crop stages and prevalenct
maize, paddy an( caterpillar pests, but parasitoids wg
tomato not recovered. Most of the places eg
of Corcyraon sentinel cards were eat
by spiders.
Chrysopid Cotton, maize
Chrysoperla brinjal, Okra and The eggs, grubs and adult stages W
5 zastrowi sillemi| French bean collected and identified locally
EsbenPetersen Cotton, French bearn The species wereecorded from aphic
Mallada boninensig sunflower, papayq{ colonies on cotton and identified locall
Okam. and mango

Cryptolaemus
3 | montrouzieri

The grubs and adult stages we

Custard  apple  an collected and identified locally

Mulsant papaya
Cotton,  sugarcang
maize, soybear
4 | Spiders papaya, brinjal] The specimens were collected
|l adyos fi

bean and mango

5 | Entomopathogens
(@) | Nomuraea rileyi

Nomuraea rileyidiseased cadavers 8f
litura were collected and isolated t
pathogen in laboratory.

Soybean and potato

Potato anadapsicum

SINPV/HaNPV : Ha NPV andSI NPV infected larvae o
(b) Tomato and pigeo .
pea H. armigerawere collected.
Metarhizium Mango hoppers infected withM.

Mango anisopliae were collected and isolate

(c) | anisopliae pathogen in laboratory.
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ix. PAU-Ludhiana
1. Natural enemy complex of rice yellow stem borer and leaf folder

The seasonal incidence of sucking as well as lepidopteran pests was recorded on rice
variety PR 114 at Punjab Agricultural University (PAU), Ludhiana. The crop was sown in first
week of May, 2015 and was transplanted in June 201t seedlings were transplanted with
inter and intra row spacing of 20 x 15 cm. The crop was kept unsprayed throughout the cropping
season. All agronomic practices recommended by Punjab Agricultural Univdrsidijana
were followed to raise the crop except for crop protection measdibsgrvations were recorded
from 20 randomly selected plants at weekly intervals for leaf folder damage, dead hearts (DH),
plant hoppers population starting after 30 days ofsplamting. The data on number of white
ears (WE) was recorded once at crop matufiitye population of predators was recorded on
whole plant basis. The population of spiders was also recorded using pit fall traps. Different life
stages.e., egg, larvae ash pupae of rice stem borer and leaf folder were collected and brought to
the laboratory to record parasitism.

Among the lepidopteran insect pests, the population of leaf folders varied from 0.0 to 0.3
larvae per plant. The incidence of damaged leavesdalisaf folder ranged from 0.0 to 8@
throughout the cropping seas@hable 18). The overall incidence of stem borers in terms of
dead hearts remained low throughout the cropping season and it ranged from 0.00 to 2.2 per cent.
The incidence of white eavgas 2.26 which was recorded at maturity. Among the sucking pests,
the population of plant hopper®., brown plant hopper and whiteacked plant hopper was
recorded nil throughout the season.

Among predators, dragonflies, damselflies, coccinellids apillers were recorded
(Table 18). The population of dragonflies and damselflies varied from 0.0 to 0.2 and 0.0 to 1.3
per plant, respectively. The population of spiders varied from 0.0 to 0.9 spiders per plant during
the season with maximum populatiqd.9 spiders/plant) during $8SMW (3 week of
September). The population of spiders in pitfall collection varied from 0.0 to 7.2 spiders/trap
during the season with maximum population (7.2 spiders/trap) durfAgsBBV (3¢ week of
September).

Among he parasitoids, nine species of parasitoids were found associated with stem borer
and leaf foldeTable 19). Three species of egg parasitoids, name&lyhilonis T. japonicum
and Telenomussp were recorded from stem borer only. The natural parasitigheieggs of
stem borer ranged from 4.89 to 224.55tenobracon nicevilleivas recorded from stem borer
larvae andCotesiasp was recorded from leaf folder larv&¥aconsp was associated as larval
parasitoid with both stem borer and leaf folder and #@i@agtism in the larvae of these pests
varied from 3.84 to 5.46. Among the pupal parasitoidBrachymeriasp, Tetrastichussp and
Xanthopimplasp were recorded from the pupae of stem borer wheBeashymeria sp,
Tetrastichussp were also recorded from leaf folder. The parasitism varied from 1.66 &b #th34
the pupae of stem borer and leaf folder.
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Table 18 Seasonal abundance of sucking insect pests and their natural enemies in rice under unsprayed conditions at
Ludhiana during 2015

Stem Plant hoppers _ Pitfall
Leaf folder Damage | borer population/ No. of Predators population/plant llection
Standard damage plant Grass co
Met. Weeks| No. of hoppers
I/z;ljrl\;?]i: lg:\:gz%;g) (E/S \(/(;5 BPH | WBPH /ppl)gnt Dragonfly | Damselfly | Spiders | Spiders/ trap
32 0.3 6.2 00| 0.0| 0.0 0.0 0.0 0.0 0.0 0.4 0.0
33 0.0 0.4 15| 00| 0.0 0.0 0.0 0.0 0.6 0.6 0.6
34 0.1 0.4 1.4 00| 0.0 0.0 0.0 0.1 0.0 0.5 0.8
35 0.0 0.2 20| 0.0| 0.0 0.0 0.0 0.1 0.2 0.1 0.5
36 0.0 0.4 19| 00| 0.0 0.0 0.0 0.0 0.8 0.4 1.0
37 0.2 1.0 1.7 00| 0.0 0.0 0.0 0.2 1.3 0.0 7.2
38 0.0 0.7 1.3 00| 0.0 0.0 0.0 0.0 0.0 0.9 6.6
39 0.0 0.5 2212 0.0 0.0 0.0 0.0 0.0 0.0 0.4
40 0.0 0.0 00| 21| 0.0 0.0 0.0 0.0 0.0 0.0 1.6
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Table 19 Parasitoids of rice stem borer and leaf folder at Ludhiana during 2015

Parasitoids Host Parasitism (%)
A. Egg Parasitoids

- Trichogramma Scirpophaga incertulas 6.75
chilonis S. incertulas 4.89
- T. japonicum S. incertulas 22.15
- Telenomusp

B. Larval Parasitoids

- Stenobracon S. incertulas 5.46
nicevillei Cnaphalocrocis medinalis 3.84
- Braconsp S. incertulag C. medinalis 5.02
- Cotesiasp

C. Pupal Parasitoids

- Tetrastichussp S. incertulag C. medinalis 4.34
- Brachymeriasp S. incertula® C. medinalis 2.19
- Xathopimplasp S. incertulas 1.66

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

Thirty one rhizosphere soil samples were collected from different areas of survey and
placed in plastic containers with lid and processed for isolation of EPF and bacteria. For
isolation of EPFGalleria bait method was employed and for isolationBaicillus bacteria
standard protocol for isolation was employed. Entomopathogenic fungi were isolated from
soil samples collected from brinjal, turmeric, cauliflower, maize, sorghum and rice fields of
Fatehgarh Sahib, Sangrur, Pathankot and Barnala, respectively Bacillus bacteria was
isolated from soil samples collected from pigeonpea, barseem, chickpea, wheat and potato
fields of Barnala, Patiala, SAS Nagar, Amritsar and LuthiaespectivelTable 20.

Slants of these microorganisms were sent to NBABangalore for confirmation and
identification. Ten samples were received on 18th April, 2016 at NBAIR, Bengaluru and are
under process of identification.

Table 20.Mapping of microbials from soil samples collected from different districts of
Punjab (2015-2016) (PAU)

Si - . Distance Date of Microbial
N | District Location | from HQ Hostcrop | GISdata| .
o] (km) survey isolate
Barnala August . 30°3 9 N| .
1 Sanghera | 69.7km 2015 Pigeonpea 75 5 N Bacteria
Fatehgarh August N 30A87
2 Sahib Khamanon | 59.5km 2015 Brinjal 76 A3 0 Fungus
July . [30°1 26
3 | Sangrur | Katron 73.4km 2015 Turmeric 255 3 5 Fungus
. . January 30°2 0 N| .
4 | Patiala Rajpura 92km 2016 Barseem 7602 3 Nj Bacteria
Februar 30°3 1 N|
5 | Sangrur | Malerkotla | 47.8km 2016 Y| cauliflower | 75°5 1 N| Fungus
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6 | Pathankot| Mangani 170.8km §g|1y5 Maize ;’ é Bi ; Fungus

7 | Barnala | Sanghera | 69.7km §g|1y5 Sorghum ;’gi 62; NJJ Fungus

8 ﬁggar Gharuan 78 km Dezcggber Chickpea ?gﬁ g g :\\H Bacteria

9 | Amritsar ,(A\Kr?]gi:r 140 km FeZ%riJg Yy Wheat gégi ; Hj Bacteria
college )

10 | Ludhiana | PAU 0 km Jggligry Potato ;’gg i’ g Bacteria

3. Mapping of EPN diversity in Punjab

For EPN diversity, 50 soil samples were collected from different locations of Punjab
(Bathinda, Mansa, Fazilka, Ludhiana, Pathankot, Samrala, Malerkotla and Gurdaspur) during

2015. Galleria bait method was used for the isolation of native EPN strains.oDitltese
samples, EPNs have beenaeered from 10 samplg§able 21). The samples have been
sent to Aligarh Muslim University, Aligarh for morphological identification.

Table 21.EPNs isolated from soil samples collected from different locations of Punjab

(2015)
Sl. Code Date of Location | District GPS
No. collection
_ 30A 48.'!
1 PAU- 28 21.8.15 Raikot Barnala 75A 39,
S0A 04.]
2 PAU - 36 24.8.15 Joga Mansa 75°25. 488
_ . 30A 02.
3 PAU - 39 24.8.15 Bhagi Wander| Bathinda 75A 03
Jeewan Singh : 30A 04. 1
4 PAU - 40 24815 | o Bathinda | 7 5 4 1. 1
PAU - 44 4.9.15 Samrala Ludhiana | -
PAU . 30A 54. ]
PAU - 47 16.8.15 field area Ludhiana | 7 5 4 46 .
. 30A 54.
7 PAU - 48 21.8.15 Issowaal Ludhiana 75 A 48
PAU . 30A 54.
8 PAU - 49 16.8.15 field area Ludhiana 175 4 47 .
. 30A 48. ¢
9 PAU - 52 21.8.15 Sudhar Ludhiana 75A 39 |
Entomological _ 30A 53.
10 PAU - 57 23.8.15 Research Farn Ludhiana A
(PA) 75A 48. ]

5

A total of 10 insect samples were sent to NBAIR for repository maintenance. Seven
samples will be submitted during the workshop. A new Eulophid parasidyyzus
scaposugHymenoptera: Chalcidoidea: Eulophidae: Tetrastichinal) (as identified by Forest



Entomology Division, FRI Dehradun) has been recorded ffaecinella septumpunctatnd
Cheilomenes sexmaculatpgpae on wheat ariBrassicacrops from Punjab.

x. PJTSAU-Hyderabad

Survey, collection and diversity analysis ofTrichogramma, Chrysoperla, Goniozus,
Braconid speciesCryptolaemusspiders and entonopathogens from Telengana state

a. Trichogramma

Ten geographical populations were collected from different crop ecosystems by
placing sentinel cards with eggs Gbrcyra cephalonicaEggs of insect pests were also
collected from different crops and maintained for the emergenteatfogrammaAdults of
Trichogrammaemerging from these eggs were supplied with freshly laid, UV treated
Corcyra eggs for parasitisation. Freshly parasitized eggs andThiaghogrammawith UV
treatedCorcyra eggs were sent in suitable aerated containers to NBAIR, Bangdluze.
cultures were also maintained at the centre. DEachogrammawere preserved in %0
alcohol and sent to NBAIR, Bangalore for identificatidnchogrammawere collected from
different crop ecosystemsz., rice, sugarcane, cotton, castor, cashew, teang nut, castor,
maize and sunflower.

b. Chrysoperla

Five geographic populations (at least 20 in each population) were collected and live
individuals (eggs/larvae/adults) were sent by speed post to NBAIR, Bangalore in proper
aerated containers.

c. Goniozusand Braconid species

Five geographical populations were collected in coconut growing areas and live
individuals were sent by speed post to NBAIR, Bangalore

d. Cryptolaemus

Five geographical populations were collected and live indivel(edgs/larvae/adults)
were sent by speed post to NBAIR, Bangalore.

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

vials and were sent to NBAIR, Bangalore by speed post for identificdtiorsamples of
entomopathogens were received at NBAIR, Bengaluru.



Table 22.Details of the batches of the Bio Agent samples sent to NBAIR duririgharif
& Rabi 201516

SI. No. Consignment No. Period of Collection
1. PJTSAU/KH/RNR/1516/1 July, 2015
2. PJTSAU/KH/RNR/1516/2 August, 2015
3. PJTSAU/KH/RNR/1516/3 October, 2015
4. PJTSAU/KH/RNR/1516/4 November, 2015

xi. SKUAST-Srinagar

Survey and collection of natural enemy complex of pests of apple (Stem borer, San Jose
scale, mite and other pests), apricot (borer from Ladakh and other pests), plum, pear,
peach, cherry, walnut and almonds

A total of eighteen parasitoids and predatbedonging to the orders Coleoptera,
Diptera, Hymenoptera and Mesostigmata were collected during the surveys conducted in
various fruit orchards from different districts of Kashmir and Laddakh during-2615
Among these (Plates9), a majority of naturatnemies were found on apple, associated with
different insect pests. Nine natural enemies were recorded for the first time from Kashmir, in
association with different insect pests which are as follows: i) an unidentified braconid on
apple leaf minerl(yondia sp.) ii) Cryptogonusschraiki (Coleoptera:Coccinellidae) with
apple aphidAphis pomi iii) Harmonia dimidiataon Walnut aphidPanaphis juglandisiv)
Pachyneurorsp. on braconid parasitizing aphid on pomegranate v) unidentified tachinid from
pomeganate fruit borer viHarmonia eucharisvith aphids on Pomegranatai) Harmonia
dimidiataviii) an unidentified syrphid and iXYletaphycusp. HymenopteraEncyrtidae) on
Lecaniumscale on plumChilocorus infernalisvas found actively associated witkecanium
scale on plum. Taxonomical identifications Metaphycussp. (Hymenoptera : Encyrtidae)
and Harmonia eucharigColeoptera: Coccinellidae) were done by Dr. Sudhir Singh, Head,
Division of Forest Entomology, F.R.l., Dehradun (India) and Dr. PopranPrincipal
Scientist, NBAIR respectively.

xii. TNAU -Coimbatore

Survey and collection of natural enemies of different crop pestsJrichogramma,
Chrysoperla, and Cryptolaemus

Natural enemiesiz., Trichogramma, Chrysoperla, Cryptolaemusd parasitoids of
papaya mealybug, scales and curry leaf psyllid were collected and sent for identification and
documentation. Sixty one insect samples of insect pests and natural enemies preserved in 70
% alcohol were despatched to NBAIR for identifioa. The activity of egg parasitoid,
Trichogrammasp. parasitizing fruit borer of tomato, bhendi and shoot and fruit borer of
brinjal and the leaf roller of curry leaf and predato@yptolaemusmontrouzieri,
Chrysoperla zastrowi sillemon mealybug, les, psyllids infesting the crops namely
tapioca, papaya, brinjal, guava and curry leaf were noted.



xiii. YSPUHF-Solan

Survey and collection of natural enemies of coconut black headed caterpillar,
Trichogramma, Chrysoperla, Cryptolaemad spiders

Diversity of biocontrol agents from various agecological zones

a. Name of Inset; Coccinellids

Geographical & other details Coccinellids

Hippodamia varigieta,

Coccinella septempunctata,
Cheilomenesexmaculata,
Coccinella luteopicta,

Propylea lutiopustulata,
Chilocorus infernalis, Stethorus sp

Scientific name of the insect

Common name of the insect Lady birds
Rekongpeo (310rK), Sangla (336m)

Location and Rakchham (345<m) of dist.
Kinnaur

Taluk, district & Agroclimaticzone Dry temperate high hills

Distance from the HQ 310-345Km

Date of survey June to November

Host crop/ sole crop/ intercrop/ etc. Apple and wild flora

Stage of the crop Leaf fall stage of apple

Aphids, mites and Saibse scale o

Insect pest appleaphids on wild flora

Weather parameters recorded (max, min tem
rainfall, no. of rainy days)

GIS data 2300, 2800 and 2900 m AMSL
Pesticide usage pattern -




. Name of Insect:Coccinellid and staphylinid beetles

Geographical & other details

Coccinellid and staphylinid beetles

Scientific name of the insect

Coccinella septempunctgta C. transversalis
Hippodomia variegata Cheilomenes sexmaculat
Oenopia kirbyi, O. sauzeti, O. sexareata, lllaig
Coelophora bisselata, Pharoscymnus flexsb®cymnus
posticalis Stethorus sp, Oenopia conglobata
Chilocorus circumdatus, Calvia punctata, Phrynica,
unicolor, llleisspnr confusa, Ortaliasp, an unidentified
scymnini andOligotasp

Common name of the insect

Lady birds and rove beetles

Location

Solan and surrounding areas

Taluk, district & Agroclimatic
zone

Sub temperate

Distance from the HQ

Upto 35 Km

Date of survey

Between March and November

Host crop/ sole crop/
intercrop/ etc.

Cabbage, cauliflower, mustard, cucurbits, capsic
tomato, okra, brinjal, rose carnation,Unimus
chrysanthemum, stone fruits, ashwagandha and wee

Stage of the crop

Vegetative and flowering stage

Stage of the insect pest

Nymphs and adults ofifferent aphids, whiteflies
scales and mites.

Weather parameters
recorded (max, min temp;
rainfall, no. of rainy days)

GIS data

12001500 m AMSL

Pesticide usage pattern

. Name of Insect:Coccinellid beetles

Geographical & other details

Coccinellid beetles

Scientific name of the insect

Coccinella septempunctgta Hippodomia
variegata Cheilomenes sexmaculaf. sauzeti
0. sexareatandscymnusp.

Common name of the insect Lady birds

Location Kullu valley

Taluk, district & Agraclimatic zone | Sub temperate and temperate
Distance from the HQ 220- 270Km

Date of survey September

Host crop/ sole crop/ intercrop/ etc.

Vegetables, ornamentals, fruits and weeds

Stage of the crop

Vegetative and flowering stage

Stage of the inseqiest

Nymphs and adults of homopterans

Weather parameters recorded (mal
min temp; rainfall, no. of rainy days)

GIS data

12062450 m AMSL




Pesticide usage pattern -

d. Name of Insect:Coccinellid beetles

Geographical & other details

Coccinellidbeetles

Scientific name of the insect

Coccinella septempunctat
Hippodomia variegata Cheilomeneg
sexmaculataPropylea lutiopustulata,

Common name of the insect

Lady birds

Location

Nerwa and Chopal

Taluk, district & Agraclimatic zone

Sub temperateand temperate

Distance from the HQ

270 and 24%Km

Date of survey

SeptemberOctober

Host crop/ sole crop/ intercrop/ etc.

Vegetables, ornamentals and apple

Stage of the crop

Vegetative and flowering stage

Stage of the insect pest

Nymphs and adults dfomopterans

rainfall, no. of rainy days)

Weather parameters recorded (max, min ten] -

GIS data

16002200 m AMSL

Pesticide usage pattern

e. Name of Insect:Predatory mites

Geographical & other details

Predatory mites

Scientific name of the insect

Euseius eucalypti, Ambluseius herbico
Agistimus fleschneri, Amblysess.,
Euseius alstonige

Euseius prasadi, Typhlodromus
Neoseiulus paspalivorus

m

Common name of the insect

Predatory mites

Location

Solan, Nerwa and Chopal

Taluk, distric& Agro climatic zone

Sub temperate to temperate

Distance from the HQ

20-270 Km

Date of survey

March- October

Host crop/ sole crop/ intercrop/ etc.

Tomato, cucumber brinjal, Rose, Plum, Apj
Apricot and Toona

Stage of the crop

Vegetative stage

Stage of the insect pest

All stages of spider mite

Weather parameters recorded (max, m
temp; rainfall, no. of rainy days)

GIS data

120062200 m AMSL

Pesticide usage pattern
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f. Name of Insect:Chrysoperla

Geographical & other details

Chrysoperla

Scientific name of the insect

Chrysoperla zastrowi sillemi

Common name of the insect

Green lace wing

Location

Solan, Nerwa, Kullu and Rekongpec

Taluk, district & Agroclimatic zone

Sub temperate to dry temperate zon

Distance from theHQ

30-300Km

Date of survey

March-November

Host crop/ sole crop/ intercrop/ etc.

Rose, apple and cucumber

Stage of the crop

Vegetative growth and Fruit bearing

insect pests

Aphids and whiteflies

rainfall,no. of rainy days)

Weather parameters recorded (max, min tenj -

GIS data

12002200 m AMSL.

Pesticide usage pattern

g. Name of Insect/ microbial agentSyrphid flies

Geographical & other details

Syrphid flies

Scientific name of the insect

Episyrphus balteatus, Metasyrphus confrat
Eupeodes frequens, Melanostoma univitaty
Betasyrphus serarius, Sphaerophoria indig
Ischiodon scutellariand Scaeva pyrastri

Common name of the insect

Syrphid flies, hover flies

Location

Ghumarwin, Kullu &

Rekongpeo

Solan, Nerwa,

Taluk, distric& Agre climatic zone

Subtropical to temperate

Distance from the HQ

10-300 Km

Date of survey

March- November

Host crop/ sole crop/ intercrop/ etc.

Different flowering plants

Stage of the crop

flowering stage

Stage of the insect pest

Adults

Weather parameters
temp; rainfall, no. of rainy days)

recorded (max, m

GIS data

500-2200 m AMSL

Pesticide usage pattern
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h. Name of Insect/ microbial agentApple root borer/ infected larvae

Geographical & other details

Apple root borer/ infected larvae

Scientific name of the insect

Dorysthenes hugelii

Common name of the insect

Apple root borer

Location

Solan, Nerwa, Kullu and Rekongpeo

Taluk, district & Agroclimatic zone

Sub temperate to dry temperate

Distance from the HQ

10-370Km

Dateof survey

March- November

Host crop/ sole crop/ intercrop/ etc.

Bearing plants

Stage of the crop

Stage of the insect pest

Adults and larvae

Weather parameters recorded (max, m
temp; rainfall, no. of rainy days)

GIS data

12002200 m AMSL

Pesticide usage pattern

i. Name of Insect:Thrips

Geographical & other details

Thrips

Scientific name of the insect

Thrips tabaci, Tpalmi, T. flavus, .Tilavidulus,
T. carthami, Talatus, T simplex, T hawaiiens
T. florum, Taeniothrips s@cirtothrips dorsalis
Haplothrips tenuipenniandH. clarisetis.

Common name of the insect Thrips
Location Solan,

Taluk, district & Agroclimatic zone Sub temperate
Distance from the HQ Up to 30 Km

Date of survey

March- November

Host crop/ solecrop/ intercrop/ etc.

Different horticultural crops

Stage of the crop

flowering stage

Stage of the insect pest

Adults

Weather parameters recorded (max, m
temp; rainfall, no. of rainy days)

GIS data

12061400 m AMSL

Pesticide usage pattern
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j. Name of Insect/ microbial agent: Parasitoids of coccinellids

Geographical & other details Parasitoids of coccinellids

Pediobius foveolatus, Nothosurphus mirab

Scientific name of the insect . )
andDinocalpus coccinellae

Common name of the insect Parasitoids of coccinellids
Location Solan and surroundings

Taluk, district & Agraclimatic zone Subtemperate

Distance from the HQ Upto 30 Km

Date of survey March to October

Host crop/ sole crop/ intercrop/ etc. Different vegetable and fruit crops
Stage of the crop Vegetative and flowering stage

Megalocaria delatata, Hippodamia variega

Host insects and Coccinella septempunctateespectively.

Weather parameters recorded (max, m
temp; rainfall, no. of rainy days)

GIS data 1200¢ 1400 m AMSL

Pesticide usage pattern

k. Name of Insect/ microbial agent: Parasitoids of DBM

Geographical & other details Parasitoids of DBM

Scientific name of the insect Diadegmasp, Cotesia vestaliand Diadromus

collaris
Common name of the insect DBMparasitoids
Location Solan and surroundings
Taluk, district & Agraclimatic zone Subtempeate
Distance from the HQ
Date of survey March- April
Host crop/ sole crop/ intercrop/ etc. Cauliflower and cabbage
Stage of the crop Vegetative
Host insects Larvae and pupae dflutella xylostella

Weather parameters recorded (max, m
temp; rainfall, no. of rainy days)

GIS data 12001400 m AMSL

Pesticide usage pattern

Besides above mentioned natural enemi@sys sp.andAnthocorissp. were collected
from peach treesBaryscapus galactopusnd an unidentified pteromalid were collected as
hyperpasitoids o€otesia glomeratgarasitizingPieris brassicaan cauliflower. Campoletis
chloridaewas reared from field collected larvaeHtdlicoverpa armigera.
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Trichogramma Eggs of Helicoverpa armigera(from), Plutella xylostella and Pieris
brassicae(from cauliflower and cabbage) were collected periodically and brought to the
laboratory forTrichogramna emergence. Sentinel cards having ebddiatedCorcyra eggs

were also placed in the fields of tomato, carnation, rose, peas and antirrhinum for
trapping/collection offrichogrammabut noTrichogrammawas trapped/ collected from any

of the cropping system.

Insect derived EPNs:Soil samples wre collected from apple orchards infested with root
borer grubs. The experiment was conducted in the laboratory for trapping EPNs as per the
protocol supplied by NBAII, Bangalore, but no EPNs were collected/ trapped from any
location.

Entomopathogens: Cadavers of apple root boreDorysthenes hugeliirom the basins of
apple plant were collected from experimental plants in Nerwa area of district Shimla.

viv. UAS-Raichur
Survey and collection ofTrichogramma Chrysoperlaand Cryptolaemus

Trichogramma spp were collected by keeping sentinel cards in different crop
ecosystem at every fortnight interval, after 24 hours sentinel cards collected back to the
laborotary and kept for emergence. Chrysoperla grubs are collected from different crop
ecosystem andkept in laborotary for to become adult by providing sufficient food.
Cryptolaemusmontrouzieriand parasitoids of tomato pworm, Tuta absuluta(Meyrick)
were collected and the same was sent to NBAIR, Bengalure for identification.

2. Surveillance for alien invasive pests in vulnerable areagAAU-A, AAU-J, KAU,
MPKV and YSPUHF)

AAU-Anand

Periodic surveys were carried out. New invasive pest of tomato South American
pinworm, Tuta absolutand papaya mealybuBaracoccus marginatusere recorded.

AAU -Jorhat

Periodic surveys were carried out from August, 2015 in the district of Jorhat, Assam
for alien invasive pests. Exceptaracoccus marginatughfesting papaya and ornamental
plants (marigold, croton, hibiscus, ornamental tapioca etc.), nome aftasive pests listed
above were found. Regular surveys was also done in the vegetable market yard of Jorhat at
weekly intervals to detect the presence alien invasive pests of fruits and vegetables, but no
infestation was observed during the surveyqaer

KAU -Thrissur
No invasive pests have been collected from any of the locations surveyed.

MPKYV -Pune
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The field as well as horticultural cropped area and ornamental plantations were surveyed
in western Maharashtra covering five agaological zones and the fields and orchards in
Pune region were frequently visited for the record of pests spaziesooonut leaf beetle
Brontispa longissimaspiralling white fly Aleurodicus dugessinealy bugsPhenacoccus
manihoti, Paracoccus marginatus, Phenacoccus madeirensis, Pseudococcus jackbeardsleyi
and other alien invasive pests. These alien insects are alraziggcaonsiderable losses to
several crops in the neighboring countries. The stag@seidococcus jackbeardsleynd
Paracoccus marginatug/. and G. were collected for record of natural enemies. The pests
infested fruits and vegetables were collectexfrcity market yards and investigated in the
laboratory for alien invasion of pest species and natural enemies.

Amongst the target pest$uta absolutawas recorded on Tomato in Junnar Talogil
Pune district. Papaya mehlyg, Paracoccus marginatud/ & G was observed in the papaya
orchards on main host papayain western Maharashtra along with the encyrtid parasitoid,
Acerophagus papayadl & S, Pseudleptomastix mexicarend Spalgis epiusand nine
coccinellids,anthocorids, chrysopids, syrphids and spidei3hule and Pune region.

YSPUHF-Solan

Different vegetable and fruit ecosystems at Solan, Ghumarwinn Sundernagar, Mandi,
Kullu, Manali, Nerwa, Rekongpeo, Sarahan, were surveyed for the collection of pests like
Aleyrodicus digessi, Phenacoccumanihoti, Paracoccus marginatusPhenacoccus
madeirensisand Tuta absolutabut only Tuta absolutavas recorded from tomato at Nauni,
Solan (HP).
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2.2.Biological control of plant diseases using antagonistic organisms

1. Field evaluation of the promisingTrichoderma, Pseudomonaand Bacillus isolates for
the management of diseases and improved crop growth in rice, chickpea and pea
(GBPUAT)

i. Rice

A field experiment was conducted at Crop Research Centre, Pantnagaaluate
eight potential bioagents on the rice var. Pant Bhénduring JundNov. 2015 for
improvement of plant vigour and management of rice diseases. The bioagents were applied as
soil application in nursery beds and in field before planting (FYM coéahizith bicagents
@ 10g/ha mixed in quantity of FYM to be applied by the farmers), seegrmang (10g or
10 ml/kg seed), seedling root dip treatment@ldy 10ml/lit water) and as three foliar sprays
(10 g or 10ml/lit water): £ at 45 DAS, 2 at 70 DAS and % at 95 DAS. The experiment
was laid in a randomized block design in three replications with a plot size ®h#

Plant vigour at seedling stagein nursery beds, significantly maximum fresh weight was
observed withBacillus sp. (4.87 g/ seedling). Significantly maximum dry weight was
observed with PBAJ3 (1.48g/seedling) followed by PsE73 (1.44g/seedling) and TCMS

(1.41 g/seedling) which were at par with each other but significantly different from control
(0.78 g/seedling). Signiiant maximum seedling length was observed with PBA(G3.0

cm) followed by TCMS 36 (51.64 cm), Paf(51.62 cm) TCMS (51.31 cm) andBacillus

sp. (51.23 cm) which were at par with each other but was significantly different from the
control (41.48 cm)Table 23).

Table 23. Efficacy of promising bio-agentson the growth of rice seedlings (var. Pant
Dhan-4) in the nursery

Fresh Weight* Dry weight* Length*
Treatment (g/seedling) (g/seedling) (cm)
TCMS 43 4.43 1.23 45.76
TCMS 36 4.17 1.12 51.64
TCMS 9 4.50 1.41 51.31
Th 14 4.25 0.94 49.82
PBAT 3 4.50 1.48 53.00
Psf 173 4.43 1.44 50.10
Psf 2 4.21 1.07 51.62
Bacillus sp. 4.87 1.27 51.23
Carbendazim 4.31 1.08 44.03
Control 3.90 0.78 41.48
CD (0.05) 0.27 0.23 2.70
CV (%) 3.72 11.4 3.21

*average of 10 seedlings

Occurrence of diseasesDuring the cropping season sheath blighhi¢octonia solaniwas

the major problem followed by brown spddréchslera oryzae However, occurrence of
bacterial leaf blight Xanthomonas oryzgev. oryzag and false smutlstilaginoides virens

was very low. Sheath roS¢lerotium rolfsi) disease was not observed. Minimum brown spot
disease severity was recorded in carbendazim (5.0%) which was on par with TCMS 43
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(6.0%), Psf 2 (6.0%), Psf 173 (9.3%) aBdallus sp (9.7%) but significantly different from

the control (16.0%). Minimum sheath blight disease incidence was observed with
carbendazim (8.7%) that was at par with TCMS 9 (10.0%) and TCMS 36 (11.2%) but
significantly different from the control (40.7%%ignificantly low sheath blight disease
severity was recorded with carbendazim (5.9%) which was on par with TCM3%) and
TCMS-36 (9.7%),Bacillus sp (12.6%), Psf2 (16.2%) and TCMS 43 (16.3 but significantly
different from the control ( (33.3%). Sidiantly minimum false smut disease was observed
with Bacillus sp. (0.6%) followed by Psf 2 (0.7%), Psf 173 (1.0%) TCMS 43 (1.0%) and Th
14 (1.0%) as compared to the control (1.3%gble 24).

Table 24. Efficacy of promising bio-agentsagainst brown spot,sheath blight and false
smut disease®f rice (variety Pant Dhan-4)

Brown spot Sheath blight False smut
T Disease Disease Disease Disease Disease Disease Disease
reatment ) . . . . : .
severity reduction incidence severity reduction severity reduction
(%) (%) (%) (%) (%) (%) (%)
6.0 24.3 16.3 1.0
TCMS 43 (14.0) 62.5 (29.5) (23.7) 51.0 (5.9) 28.4
10.0 11.2 9.7 11
TCMS 36 (18.3) 37.5 (19.5 (17.0 70.8 (6.1) 23.8
12.3 10.0 7.4 1.4
TCMS 9 (20.5) 22.9 (18.3 (15.6) 77.7 (6.9) 3.9
10.0 17.8 22.2 1.0
Th 14 (18.3) 37.5 (24.7) (28.0) 33.3 (5.9 311
10.0 24.8 28.1 1.4
PBAT 3 (18.0) 375 (29.8) (35.2) 15.4 (6.9) 2.6
9.3 30.1 25.9 1.0
Psf 173 (17.3) 41.6 (33.2) (30.5) 22.2 (5.7) 32.4
6.0 13.5 16.2 0.7
Pst 2 as1) %% @37 @ Y w4 54.3
) 9.7 16.2 12.6 0.6
Bacillus sp. (18.1) 39.5 (17.1) (16.2) 62.1 (4.3) 62.2
. 5.0 8.7 59 1.1
Carbendazim (12.9) 68.7 (21.5) (13.9 82.2 (6.0) 25.1
Control 16.0 i 40.7 33.3 ) 15 )
(23.6) (39.6) (32.0) (6.9)
4.9 3.3 11.2 0.4
CD (0.05) (4.9) - 26)  (10.7) - (1.2) -
30.7 9.8 36.8 24.3
0, - -
CV (%) (16.3) (5.9  (26.5) (11.9)

Plant growth: Statistically significant differences were not observed with regardber of
tillers/plant among the different bioagents and untreated control, although TCMS 43 showed
maximum tillers(11.43 tillers/plant). Significantly maximum plant height was observed in
PBAT 3 (114.07 cm) andBacillus sp. (113.73 cm) asompared to control (108.07 cm)
(Table 25.
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Yield: Significantly maximum vyield was obtained with Th 14 (56.33 g/ha) followed by
PBAT 3 (54.66 g/ha), TCMS 9 (53.49 g/ha), Psf2 (52.92 g/ha) and (52.92 g/ha) as compared
to the control (46.33 g/ha). Significantly maximum 1000 grain weight was observed with Th
14 (30.23g) as compared to control (26.9) (Table 25). Of all the isolate§CMS 9 and

PBAT 3 were found comparatively better in reducing sheath blight and brown spot diseases
and improving plant health, and increasing yield.

Table 25.Efficacy of promising bio-agentson plant growth and yield of rice

Plant growth Yield
Plgnt Tiller/hill Yield . . Yield 1OQO
Treatment height /plot Yield/ha increase grain
(90DAT) 2

(6 n) over control wit

(cm) (no.) (kg) (@) (%) )]
TCMS 43 112.20 11.43 3.01 50.16 8.2 28.50
TCMS 36 110.47 11.10 3.11 51.83 11.8 28.16
TCMS 9 111.53 11.10 3.21 53.49 15.4 29.25
Th 14 111.60 10.87 3.38 56.33 21.5 30.23
PBAT 3 114.07 11.13 3.28 54.66 17.9 29.34
Psf 173 110.67 10.63 3.16 52.66 13.6 27.85
Psf 2 113.33 11.09 3.20 52.92 7.7 28.30
Bacillus 113.73 10.63 2.99 49.83 7.5 28.19
Carbendazim 109.20 11.17 3.21 53.49 154 29.59
Control 108.07 10.33 2.78 46.33 - 26.90
CD(0.05) 0.56 1.10 0.23 - - 0.37
CV (%) 2.17 11.22 4.33 - - 7.20

CFU of bio-agents in rhizosphere and rhizoplane: After 45 DAT, significantly
maximum population of bioagents in rhizosphere was observégadgillus sp (50.0x10
CFU/qg) followed by Psfi73 (29.0x16 CFU/g), Psf2 (25.670x16 CFU/g) and TCMS 9
(7.67x1d CFU/g) as compared to control (1.67%10FU/g). After 90 DAT significantly
maximum population of biagents in rhizosphere was observed Bacillus sp.
(37.6x10CFU/g) followed by PsP (32.0x16 CFU/g), Psf173 (9.67x16 CFU/g) and
TCMS 36 (6.67x1HCFU/g) as compared to control (1.0%10FU/g respectively(Table
26).

Significant maximum population of bioagents on rhizoplane at 45 DAT was found in
Bacillus sp (45.0x16 CFU/g) followed by Psfi73 (21.67x10 CFU/g), Psf2 (20.670x16
CFU/g) and TCMS 9 (20.0xf0CFU/g) as compared to control @810° CFU/g).
Significantly maximum population of biagents in rhizoplane at 9DAT was found in
Bacillussp (30.67x1HCFU/qg) followed by TCMS 43 (14.0x2@FU/g), TCMS 9 (11.3x10
CFU/g) and Ps® (10.3x1d CFU/g) as compared to control (2.0%10FU/g). The results
revealed that maximum CFU of bagents was observed at 45 DAable 26).
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Table 26.Population dynamics of potential bieagentsin rhizosphere and rhizoplane of
rice (x10* CFU/g)

Population dynamics
Treatment P y

Rhizosphere Rhizoplane
(1x10* CFU/g) (1x10" CFU/g)
0 DAS 45DAS 90DAS O0DAS 45 DAS 90 DAS

TCMS 43 0.67 6.00 5.33 4.33 17.33 14.00
TCMS 36 7.67 6.67 6.67 4.00 9.33 9.33
TCMS 9 1.67 7.67 2.33 3.33 20.00 11.33
Th 14 7.33 6.67 1.00 10.00 11.33 2.33
PBAT 3 1.00 3.33 8.00 3.00 4.33 2.00
Psf 173 12.33 29.00 9.67 18.00 21.67 9.33
Psf 2 13.00 25.67 32.00 18.00 20.67 10.33
Bacillus sp. 11.00 50.00 37.67 12.33 45.00 30.67
Carbendazir 1.00 3.33 2.67 1.67 4.67 7.33
Control 0.67 1.67 1.00 1.00 3.00 2.00
CD (0.05) 3.3 4.8 4.7 2.3 6.6 4.3
CV (%) 34.6 20.1 26.4 18.3 24.8 26.1
ii. Pea

A field experiment was conducted at Crop Research Centre, Pantnagar during Rabi
201516 to evaluate eight potential isolates of bioagentspea (variety Azad) for
improvement of plant vigour and management of diseases. These bioagents were applied as
soil application in field before sowing (g bioagent colonized vergompost /plot), seed
bio-priming (10g or 10 ml/kg seed) and as two foliggrays (10 g or 1énl/lit water), £ at
45 DAS and ¥ at 70 DAS. Carbendazim applied as seed treatmegtk@lseed) and two
foliar sprays@ 0.1% as above served as standard check. The experiment was laid in a
randomized block design in three replicasianith a plot size of 2x3 n

Occurrence of DiseasesMinimum seed mortality was observed with TCM$49.4%) as
compared to carbendazim (43.0%) and control (56.6%). Germination was very poor due to
heavy rain just after sowing. Significantly minimumapl mortality (3670 DAS) was
observed wittBacillussp (0.8%) followed by TCMS 43 (2.5%), PsT3 (2.6% and PBATF3

(3.26) as compared to carbendazim (11.9%) and control (21.0B36)e 27) The bioagents

were found effective in reducing post emergencetafity but ineffective in reducing downy
mildew and rust diseaseBCMS 9, PBAT-3 and Pst173was found comparatively better in
reducing seed and plant mortality in the fielthe optimum yield data was not recorded due

to heavy rains and storm just afterrvesting.
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Table 27.Efficacy of promising bio-agents against seed and plant mortality in pea

Germinatio

Plant Stand Seed Plant stand  Plant mortality
Treatment (30 DAS) (30 DAS) mortality (70 DAS) (30-70DAS)

No. (%) (%) No. (%)
TCMS 43 116.33 48.4 51.6 113.33 2.5
TCMS 36 125.00 52.0 48.0 109.67 12.2
TCMS 9 140.67 58.6 41.4 119.33 15.1
Th 14 106.33 44.3 55.7 100.67 5.3
PBAT 3 134.33 55.9 44.1 130.00 3.2
Psf 173 127.00 52.9 47.1 123.67 2.6
Psf 2 124.00 51.6 48.4 106.33 14.2
Bacillus 112.00 46.6 53.4 111.00 0.8
Carbendazim 137.00 57.0 43.0 120.67 11.9
Control 104.33 43.4 56.6 82.33 21.08
CD(0.05) 15.0 - - 12.4 -
CV (%) 7.1 - - 6.4 -

*No of seed sown 240/ plot

CFU count of bio-agents in rhizosphere and rhizoplane Maximum population of
bioagents in rhizosphere at 45 DAS was recordeBaitillus sp. (37.3x1d CFU/qg) followed

by Psf2 (30.0 x10* CFU/g%, Psf173 (25.0x16 CFU/g) and TCMS 9 (10.3x#@CFU/g) as
compared to control (1.6x1@CFU/g). Maximum population of bioagents on rhizoplane at 45
DAS was observed in R&f(37.6 x18 CFU/g) followed byBacillus sp. (34.6 x1HCFU/g),
Ps£173 (28.0 x16CFU/g) and TCMS9 (19.3x1¢ CFU/g) as compared to control (1.3%10
CFU/qg) (Table 28).

Table 28.Population dynamics of promising bicagentsin rhizosphere & rhizoplane of
Pea (var. Azad)

Population dynamics (45DAS)

Treatment Rhizosphere Rhizoplane
(x10" CFU/g) (x10" CFU 45/q)

TCMS 43 7.00 12.00
TCMS 36 10.00 18.00
TCMS 9 10.33 19.33
Th 14 8.67 13.33
PBAT 3 3.00 5.33
Psf 173 25.00 28.00
Psf 2 30.00 37.67
Bacillus 37.33 34.67
Carbendazim 5.33 5.00
Control 1.67 1.33
CD (0.05) 2.6 3.2

CV (%) 11.3 10.8
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iii. Chickpea

A field experiment was conducted at Crop Research Centre, Pantnagar Riaiing
201516 to evaluate eight potential isolates of bioagentshickpea(variety PG186) for the
management of diseases and improgat of plant vigour. These lagents were apigld as
soil application in field before sowing (1kg bégent coionized verminompost /plot), seed
bio-priming (10g or 10 ml/kg seed), and as two foliar sprays (10 g anltlix water), I at
45 DAS and ¥ at 70 DAS. Carbendazim applied as seed treatmegik@lseed) and two
foliar sprays @ 0.1% served as standard check. The experiment was laid in a randomized
block design in three replications with a plot size of 2¢3 m

Occurrence of DiseasesMinimum seed mortality was observed with HASf3 (12.5%)
followed by Psf2 (13.4%), PBAT3 (13.8%) and TCMS 36 (14.0%) as compared to
carbendazim (16.7%) and control (23.3%) Minimum plant mortality-7@0DAS) was
observed with TCMS (2.1%), followed by PBAT3 (3.1%), Psf2 (3.8%) and T4 (4.8%)

as compared to carbendazim (11.5%) and control (13(8&hje 29).

Final mortality of the plants would be recorded one week before harvesting and yield
data will be recorded after harvesting the crop i.e. durihgelek of May.Of all the isolates
PBAT-3 andPsf-2 were found comparatively better than other isolates in reducing seed and
plant mortality in field

Table 29.Efficacy of promising bioagents against seed and plant mortality of chickpea
in field

Plant Germinatio .
Stand n See_d Plant stand  Plant mortality
Treatment (30 DAS) (30 DAS) mortality (70 DAS) (30-70DAS)
No. (%) (%) No. (%)
TCMS 43 203.67 78.3 21.7 174.33 14.4
TCMS 36 223.67 86.0 14.0 189.67 15.2
TCMS 9 219.67 84.4 15.6 215.00 2.1
Th 14 206.33 79.3 20.7 196.33 4.8
PBAT 3 224.33 86.2 13.8 217.33 3.1
Psf 173 227.67 87.5 12.5 202.00 11.2
Psf 2 225.33 86.6 13.4 216.67 3.8
Bacillus 219.67 84.4 15.6 205.00 6.6
Carbendazim 216.00 83.3 16.7 191.00 115
Control 199.67 76.7 23.3 172.00 13.8
CD(0.05) 12.3 - - 17.6 -
CV (%) 3.3 - - 5.1 -

*260 counted seeds were sown in each plot

21



CFU of Trichodermain rhizosphere and rhizoplane Significantly maximum population of
potential bioagents in rhizosphere and rhizoplane at 45 DAS was rec¢orBeé2 (37.6 &
34.0 x1d CFU/qg) followed byBacillus sp. (34.6& 33.67 x10CFU/g), Psf173 (28.0& 29.0
x10* CFU/g) and TCMS 9 (19.& 17.3 x1d CFU/g) as compared to control (3.0 x 10*
CFU/qg), respectivelyTable 30).

Table 30.Population of promising bioc-agents in rhizosphere and rhizoplane of chickpea
(PG-186)

Treatment Rhizosphere (x16 CFU/q) Rhizoplane (x1d CFU/g)
45 DAS 45 DAS

TCMS 43 12.00 14.67
TCMS 36 18.00 17.33
TCMS 9 19.33 15.00
Th 14 13.33 14.00
PBAT 3 5.33 10.00
Psf 173 28.00 29.00
Psf 2 37.67 34.00
Bacillus 34.67 33.67
Carbendazim 5.00 7.33
Control 1.33 2.00
CD (0.05) 21 2.9

CV (%) 7.2 9.6

2. Evaluation of potential isolates of Trichodermg Pseudomonasand Bacillus for the
management of pre &postemergence dampingpff and improved growth in vegetable
Nursery beds of tomato onion and chilli (GBPUAT)

i. Tomato: The trial was conducted at Vegetable Research Centre, Pantnagar in nursery beds
to evaluate eight potential isolates of bioagefischoderma, Pseudomonas, Baci)lus
manage pre and post emergence dampffignd to improve plant vigour on tomato variety
PantT3 during 2015. The experiment was laid out in a randomized block design in three
replications with nursery plot size of 0%1.0 nf.

Seed treatment:Seed bigpriming with bicagent@ 10 g or ml/ kg seed
Soil application

Trichoderma 1g formulation/100g verratompost per m
Pseudomonas/Bacillusl ml formulation/100y vermicompost per m

Foliar spray: Three foliar sprayat 15 30 and 45 DAS with biagent @10 g or ml/litre of
water. Seed treatment with metalaxylgl&g seed) and three foligprayswith metalaxyl @
0.1% as above served as standard check.

Plant vigour: Maximum plant ¥gour index was observed with PE73 (320.9) followed by

Pst2 (307.8) and PBAT 3 (255.8) as compared to metalaxyl (72.6) and control (148.7)
(Table 31).
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Occurrence of diseases:Significantly minimum preemergence seed mortality (EDAS)
was observed wh Psfl73 (13.1%) followed by Pst (14.86) as compared to metalaxyl
(66.2%) and control (29.2%)able 32. Significantly minimum postemergence mortality
(30-60 DAS) was observed with TCMS 434.0% and TCMS 36 (14.2%), as compared to
metalaxyl (17.3%and control (16.7%).

Table 31. Efficacy of promising bio-agents on plant vigour of tomato seedlings in
nursery bed

Seedling Shoot Root Fresh z;lisor; Fresh root Vigour

Treatment Length* length* length*  weight* weight* weight* index
(cm) (cm) (cm) (g/seedling) (g/seedling) (g/seedling)

TCMS 43 28.17 21.67 6.50 5.35 4.89 0.47 199.9
TCMS 36 28.00 20.87 7.13 4.76 4.25 0.49 232.1
TCMS 9 2440 1950 4.90 4.84 4.45 0.36 174.9
Thl4 28.34 2227 6.07 4.86 4.28 0.48 228.1
PBAT 3 30.13 23.20 6.93 8.95 8.41 0.56 255.8
Psf 173 37.67 29.37 8.30 9.70 8.81 0.74 320.9
Psf 2 36.14  28.07 8.07 10.39 9.85 0.64 307.8
Bacillus 26.13 20.83 5.30 3.89 3.44 0.46 209.3
Metalaxyl 21.47 1770  3.77 3.68 3.22 0.45 72.6
Control 21.07 1750 3,57 3.08 2.75 0.30 148.7
CD(0.05) 2.5 2.0 1.3 0.6 0.6 0.1 -
CV (%) 5.2 5.4 125 6.8 7.1 18.2 -

*Mean of 10 seedlings

Table 2. Efficacy of promising bioagentsagainst seed and seedling mortality of tomato
in nursery beds

Plant Germinatio Prei Plant Plant Post
Treatment Stand (30 rI]DAS) emergence SETS]d stand er:oiigﬁtr;ce
(30 DAS) mortality DAS) (60 DAS) (30-60DAS)
no. (%) (%) no. no. (%)
TCMS 43 177.33 70.9 29.1 174.67 152.33 14.0
TCMS 36 205.33 82.1 17.9 202.00 176.00 14.2
TCMS 9 184.33 73.7 27.3 172.33 154.67 16.0
Th 14 201.33 80.5 19.5 189.33 151.67 24.6
PBAT 3 211.33 84.5 15.5 207.33 171.00 19.0
Psf 173 217.33 86.9 13.1 215.00 159.33 26.6
Psf 2 213.00 85.2 14.8 210.67 165.00 22.5
Bacillus 200.33 80.1 19.9 198.67 168.00 16.0
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Metalaxyl  84.67 33.8 66.2 76.33  70.00 17.3
Control 177.00 70.8 20.2  176.00 147.33 16.7
CD(0.05) 23.4 - - 20.7 27.1 -
CV (%) 7.2 - - 6.6 10.4 -

*250 counted seedgere sown in each treatment

ii. Onion: The trial was conducted at Vegetable Research Centre, Pantnagar in nursery beds
to evaluate eight potential isolates of igents Trichoderma, Pseudomonas, Baci)lus
manage pre and post emergence dampinguudfto improve seedling vigour in onion. The
experiment was laid out in a randomized block design in three replications with nursery plot
size of 0.5X 1.0 nf.

Plant vigour: Significant maximum plant vigour index was observed with PBAT 3 (268.4)
followed by Bacillus sp. (211.5) as compared to metalaxyl (64.2) and control (18RaB)e
33).

Occurrence of diseasesSignificantly minimum preemergence mortality (3DAS) was
observed with PBAT 3 (12.5%) followed Bacillus sp. (14.9%) as compared to metalaxyl
(65.3%) and control (27.6%). Significantly minimum pestergence mortality (305 DAS)
was observed with PBAT 3 (2.8%) followed by Psf 173 (7.8%), as compared to metalaxyl
(30.2%) and control (16.3%] able 34).

Table 33. Efficacy of promising bio-agents against plant vigour of onion (N53) in
nursery

Length of Shoot Fresh Fresh Fresh :
: Root . Vigour
seedling length seedling  Shoot Root .
Treatment length . : . index
weight  weight  weight
(cm) (cm)  (cm) (9) (9) (9)
TCMS 43 23.13 19.53 3.60 1.44 1.13 0.28 177.0
TCMS 36 20.37 17.60 2.77 1.03 0.81 0.22 139.9
TCMS 9 20.33 16.93 3.40 1.14 0.87 0.27 157.5
Th14 21.03 17.33 3.70 1.18 0.95 0.23 157.6
PBAT 3 30.40 26.60 3.80 2.95 2.43 0.49 268.4
Psf 173 21.07 18.67 2.40 1.16 0.97 0.23 146.6
Psf 2 20.33 17.30 3.03 1.29 1.11 0.18 142.2
Bacillus 24.56 21.13 3.43 2.01 1.61 0.40 2115
Metalaxyl 17.96 15.73 2.23 0.91 0.68 0.16 64.2
Control 20.86 18.63 2.23 1.41 1.18 0.23 132.3
CD(0.05) 0.19 2.2 0.5 0.1 0.1 0.08 -
CV (%) 5.1 6.9 9.5 6.7 6.8 18.0 -

*250 counted seeds were sown in each treatment
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Table 34.Efficacy of promising bio-agentsagainst seed and seedling mortality of onion

Plant  Germina Pre- Plant Plant Plant Post
Stand tion emergenc stand stand stand  emergence
Treatment (30 (30 DAS) e (45 (60 (75 mortality
DAS) mortality DAS) DAS) DAS) (30-75DAS)
no. (%) (%) no. no. no. (%)
TCMS 43 188.67 75.4 29.6 187.00 180.00 170.00 9.8
TCMS 36 172.00 68.8 31.2 166.33 162.67 152.00 11.6
TCMS 9 193.33 77.3 23.7 189.67 174.33 166.33 13.9
Th 14 186.67 74.6 26.4 185.33 167.33 160.00 14.2
PBAT 3 221.33 88.5 12.5 218.33 216.33 215.00 2.8
Psf 173 174.00 69.6 31.4 166.67 165.00 160.33 7.8
Psf 2 174.33 69.7 31.3 173.33 158.00 155.67 10.7
Bacillus 215.33 86.1 14.9 210.00 200.00 190.00 11.7
Metalaxyl 89.33 35.7 65.3 83.00 65.00 62.33 30.2
Control 158.67 63.4 27.6 153.33 137.67 132.67 16.3
CD(0.05) 175 - - 9.9 9.8 13.6 -
CV (%) 5.7 - - 3.3 3.5 5.1 -

*250 counted seeds were sown in eaeAtment

3. Evaluation of promising biological control agents against chilli anthracnose (AA{A,
GBPUAT and PAU)

AAU-Anand
Location: Agronomy farm, BACA, Anand Agricultural University, Anand.
Season and yearKharif 2015

Experimental details

Treatments : 6
Replication : 4
Design : Randomized Block Design (RBD)

Crop / variety : Chilli (GCV-131)

Spacing : 60 x 60 cm

Plot size :Gross: 5.4x4.2m
Net :2.7x3.4m

Details of treatments
T1: Pichia guilliermondii(Y12) Seed treatment, Seedling dip & Foliar spray (3xi0 mf™)
T2: Hanseniaspora uvaruifY73) Seed treatment, Seedling dip & Foliar spray (2xf0 mr?)

T3: Trichoderma harzianuriTh-3) Seed treatment, Seedling dip & Foliarasp(2x16 cfu g%
T4: Pseudomonas fluorescenBeed treatment, Seedling dip & Foliar spray ($cfa g*)
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T-5: Recommended fungicide control (Carbendazim 0.05%) Seed treatment, Seedling dip &
Foliar spray
T-6: Untreated control

Method of application

a) Seed treatment:The seeds were treated with formulations before sowing into nursery.
Ten ml or grams of concentrated formulation was mixed with 100 ml of water and used to
treat 1 kg of seeds. The seeds were soaked in formulation for 5 minutes with constant shaking
and tren the treated seeds were shade dried for 1 hour and used for sowing.

b) Seedling dip Chilli seedlings were raised in plastic trays or nursery beds were treated
with antagonist formulation just before transplantation. Twenty ml or 20gm of formulation
was mixed in llitre water to obtain antagonist suspension for seedling treatment. Seedlings
were uprooted carefully from plastic trays or nursery beds and roots were dipped in
antagonist suspension forl® minutes and transplanted to main field.

c) Foliar/fruit spray : Foliar spray of antagonist formulation was given at the rate gf &0

10 ml per litre of water using a high volume sprayer with a spray fluid volume of. $&dJ.

First spray was given at initiation of fruit ripening and later 3 sprays were given at monthly
intervals or until the last harvest.

Among the different biocontrol treatments under study, seed treatment, seedling dip
and foliar spray (2xf0cfu mr?) of P. guilliermondii (Y12) found best with low disease
intensity (13.56%) and higher yield (38.16 g/ha) followed by seed treatment, seedling dip and
foliar spray (2x16 cfu mr') of P. fluorescenswith disease intensity (14.22%) and yield
(33.68 g/ha)H. uvarum (Y73) with disease intensity (15.11%) and yield (29.21 g/ha)Tand
harzianum (Th-3) with disease intensity (16.43) and vyield (21.79 qg/ha). Further it was
observed that chemical treatment (carbendazim 0.05%) showed the lowest disease intensity
(10.09%) and highest yield (49.17 g/ha) was recor(leble 3b).

Table 35. Biological control of chilli anthracnose disease

Disease intensity (%) Disease
control .
ng Treatment At1% | At2™ | At3® | At4" Pooled over (Y '/ilg)
' spray | spray | spray | spray untreated | 9
(%)

P. guilliermondii(Y12) Seed
T, | treatment, Seedling dip &
Foliar spray (2x1%&fu mr?)

1548 | 14.24 | 13.20 | 11.33 | 13.56

(7.12) | (6.05) | (5.21) | (3.86) | (5.50) 64.72 38.16

H. uvarum(Y73) Seed
T, | treatment, Seedling dip &
Foliar spray (2x1%&fu mr?)

16.98 | 15.20 | 14.79 | 13.49 | 15.11

(8.53) | (6.87) | (6.52) | (5.44) | (6.80) 56.38 29.21

T. harzianun(Th-3) Seed
T, | treatment, Seedling dip & 17.73 | 16.88 | 16.19 | 1491 | 16.43

48.69 | 21.79
Foliar spray (xlfu gy | (927) | (843) | (7.77) | (6.62) | (8.00)

P. fluorescenseed 14.22
T, | treatment, Seedling dip & 1652 | 14.02 | 14.28 12.08

59.58 33.68
Foliar spray (2x1fcfu g?) (8.02) | (6.42) | (5.98) | (4.79) (6.30)

Recommended fungicide 11.49 | 10.65 9.43 8.79 10.09
(Carbendazim 0.05%) (3.97) | (3.42) | (2.68) | (2.34) | (3.07)

Ts 80.31 49.17
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control Seed treatment,
Seedling dip & Foliar spray

20.09 | 21.50 | 24.86 | 26.61 | 23.26

Untreated control (11.80) | (13.43)| (17.67)| (20.06) | (15.59) - 16.10
SEm. = 098 | 083 | 086 | 090 | 045 - 153

C.D. (5%) 302 | 255 | 2.65 | 278 | 127 - 471
CV.% 11.99 | 1054 | 10.97 | 12.01 | 11.40 - 9.90

Figures outside the parentheses are arcsine transformed values, those inside are retransformec
GBPUAT Pantnagar

A field experiment was conducted ate§etable Research Centre, GBPUJA
Pantnagar during Rabi 2015 to evaluate the efficacy of different biological control agents viz.
Trichoderma harzianun{Th-3), Pichiaguillier mondii (Y-12) andHanseniaspora uvarum
(Y-73) received from NBAIR, Bangalore and-TIHh, SBIT-2 (Trichodermaharzianumfrom
Pantnagar) and carbendazim (standard check) were used against chilli anthracnose. The
experiment was laid in a randomized block design in three replications with a plot sixe of 3
2 m. Tfoliar spray of all bioagents (1@lit. of water)was given after fruit setting and before
appearance of anthracnose symptoms 8h\28y 2015 then at an interval of 15 days. A total
of four foliar sprays were given.

Method of application

i. Seed treatment:Soaked the seeds in suspension for 5 min. dhierd under shade before
sowing in nursery beds

a. Bio-agents @ 1@ or 10 ml formulation in 100 ml water/kg seed
b. carbendazim @ @/kg seed

ii. Seedling dip treatment:dipped the seedlings in bagent suspension as above for 5 min.
iii. Foliar sprays: 10 g or 10 ml formulation in 1lit.water.*1spray at initiation of fruiting,
then 34 sprays at 15 days intervals or until the last harvest.

Significantly minimum fruit rot incidence was found with carbendazim (10.8%)
followed by Th3 (13.1%), Y12 (13.6%) and SBF72 (14.7%) as compared to control
(18.8%). Significantly maximum fruit yield was observed with SBX'(14.6 g/ha) followed
by carbendazim (13.6 g/ha), -Bh(13.4 g/ha) and 12 (13.3 g/ha) as compared to control
(8.7 g/ha)Table 36).
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Table 36. Efficacy of bioagentsagainst chilli anthracnose and yield

No. of fruits/plot* Increase
Healthy | Diseased| Fruitrot | Reduction in yield
Treatment fruits Fruits incidence in Yield over
(No.) (No.) % incidence | (g/ha) control
% %
Th-3 1828.3 276.6 13.14 30.3 13.43 53.4
Y-12 1833.3 290.0 13.65 27.6 13.32 52.2
Y-73 1760.0 441.6 20.05 -6.3 9.41 7.5
PBAT-3 1718.3 365.0 17.52 7.1 12.92 47.6
Th-14 1608.3 325.0 16.81 10.8 10.69 22.1
SBIT-72 2056.6 356.6 14.77 21.6 14.67 67.6
Carbendazim| 1564.3 190.1 10.80 4.2 13.68 56.3
Control 1340.0 311.6 18.86 - 8.75 -
CD(0.05) 2.1 1.1 - -
CV (%) 3.0 3.5

* Mean of three plotsgach plowith 20 plants)
PAU-Ludhiana

The experiment was conducted on Chilly variety CH 1 at Entomological Research
Farm, Punjab Agricultural University, Ludhiana in Randomized Block Design. There were
five treatments, viPichia guilliermondii, Hanseniasporauvarum Trichodermaharzianum
recommended fungicide (Indofil M5) and untreated control with four replications each. The
chilly seedlings were transplanted as per agronomic norms with spacing of 2x3 feet (plant to
plant and row to row). The chilly seedlings were treated with antagoiosnulation just
before transplantation. The formulations @ 20 ml were mixed with one litre water to obtain
antagonist suspension for seedling treatment. Seedlings were uprooted carefully from the
beds and the roots were dipped in these antagonist rsigpge for 510 minutes and
transplanted to main field. Secondly, foliar sprays of antagonists were given at the rate of 10
g per liter of water. The first spray was given at initiation of fruit ripening and the subsequent
sprays were given at monthly im@ls until last picking. The data on per cent fruit rot
incidence and yield were recorded.

Disease incidence during the month of May was low and varied from 4.37 ,9.17
During June the percent disease incidence varied from 13.71 to%23=B88 was non
significant. During month of July, lowest per cent fruit rot (19.26%) was recorded in chilly
plot treated with chemical control (IndofM-45 @ 750 g in 250 litre water/acre) which was
significantly better than all other treatments. This was followed Ibys greated withP.
guilliermondii and T. harzianumwhich recorded 22.15 and 24%b5fruit rot incidence
respectively and were at par with each offi@ble 37) During August also, lowest fruit rot
incidence (19.24%) was in chemical treated plot. Thisfel®mved byP. guilliermondiiand
T harzianumwhich recorded 27.67 and 32%Zruit rot incidence and were at par with each
other. However, both were significantly better thdnuvarum(38.72%). All the treatments
were significantly better than untreateantrol (39.80%). Yield was maximum (67.66 g/ac)
in chemical treated plot and was significantly better than other treatments. Among bioagents,
P. guilliermondii andT. harzianumtreated plots recorded vyield of 58.5 and 56.72 g/acre,
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respectively(Table 37). Yield in untreated plot was 49.0 g/acre and was at par Mith
uvarum(50.1g/acre).

Table 37. Evaluation of fungal antagonists against chilly anthracnose disease

Treatments Per cent Fruit rot incidence Yield
May June July August (g/acre)
Pichia ) 5.50 15.01 2218 27.67 58.52
guilliermondii
Hanseniaspora 6.55 15.56 27.88 38.77 50.16
uvarum
I“Ch"derma 4.92 14.32 24.28° 32.0%° 56.72
arzianum
Indofil M 45@ 750g
in 250 litre 4.37 13.71 19.26 19.24 67.66
water/acre
Untreated control 9.17 21.38 38.5¢' 39.80 49.0
C.V. 18.21 14.42 5.92 9.13 4.53

4. Management of bacterial wilt an isolate oPseudomonas florescen¢€AU)

The susceptible variety Anamika (Brinjal) was used in the experiment. The seedlings
were raised in the month @eptember and 30 days old seedlings were transplanted in
October. The experimental field was laid out in randomized block design with a plot size of
(12.6X 6.6 m) and crop was transplanted at (60 Xd) spacing. A total eight treatments
including an utreated controliz., intercropping withmarigold (one row after every nine
rows of brinjal and borderinustard oil cakes @ §ha as soil amendmentseedlings root
dip with CHRPf-1 (a formulation prepared with a local strainRfeudomonaBuorescens?2
x 16 cfulgm) @ 25 gllitre of water dipping for 30 minutes before transplantisgil
drenching with CHPf-1 @ 2.5 ditre of water at 20 days after transplanting (DAT),
seedlings root dip + soil drenching with CPifFl, soil drenching with streptocyckn
(streptomicin sulphate 90 % + tetracycline hydrochloride 10%) of Hindustan Antibiotics Ltd,
Pune, India@ 400 ppm at 20 DATsoil drenching of bleaching powder of J. Industries,
Guwabhati, India@ 5 gmlitre of waterat 20 DAT and untreated controlvere evaluated
Three replications were maintained for each treatment. The observations on bacterial wilt
incidence were recorded for every 10 days after transplantation. The wilted plants were first
confirmed with oozed test and the confirmed plants wecerded and converted into per
cent wilted plants. The plant charactees plant height was recorded at 60 and 80 days after
transplanting. The number of fruits and weight of the fruits in each plucking were recorded
from 10 marked plants in each pbotd average number and weiglfruit/plant was worked
out. The yield per ha for each treatment were calculated based on the survive plants, average
number and weight of fruit/plant.

All the treatments showed a significantly lower wilt incidence of bacterial wilt disease
than the untreated control. The lowest incidence of bacterial wilt with 14.16% wilted plant
was recorded in the plot treated with seedling root dip + soil drenchithgOMFPf-1 andit
was significantly different from other treatments. Untreated control showed 57.43% of wilted
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plants. The highest yield per ha was recorded in treatmentsegtling root dip + soil
drenching withCHFPf-1 (235.65 g/ha) and it was signifiantly different form all other
treatments. Untreated control gave a yield of 78/6a(Table 38.

Table 38 Bio-efficacy of Pseudomonas fluorescersgainst bacterial wilt of brinjal

Per cent Plant No. of

. ) : Fruit Yield
Treatments wilt height fruit/ .

incidence| (cm) plant weight (9) | (a/ha)
Marigold (after every 9 rows of 39.65 62.87 6.75
brinjal and borders) (39.03) 106.98 89.30
Mustard oil cakes @5qg/ha as soil 19.03 66.93 7.87 108.42 184.00
amendment (25.89)
Soil drenching withP. fluorescens 18.62 67.52 8.35
@2.5¢g/litre of water (25.56) 112.04 115.30
Seedlings root dip witR. fluoresceng  20.65 66.20 7.91
@25g/litre of water (27.03) 109.11 178.60
Seedlings root dip withP.
fluorescens@?25g/litre of water + 14.86 68.06 8.42

soil drenching with P. fluorescens (22.79 113.16 235.65

@2.5¢g/litre of water at 20 DAT

Streptomycin (streptomycin sulphat

90 % + tetracycline hydrochloride 17.53 7.06

10%) @200ppm soil drenching atZ (24.75) 65.30 107.36 172.24

DAT

Bleaching powder @g/litre of water| 19.67 65.93 7.32

soil drenching at 20 DAT (25.66) 107.16 | 175.90
57.43 6.80

Untreated control (49.27) 63.98 108.86 78.65

SE(m)+ 0.49 0.57 0.43 1.10 11.06

CD at (P=0.05%) 1.49 1.72 1.31 3.32 33.10

CV (%) 2.84 1.52 10.07 1.70 12.47

*Figures in parentheses are angular transformed values.
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2.3. Biological suppression of Sugarcanegsts

1. Monitoring the sugarcane woolly aphid (SWA) incidence and impact assessment of
natural enemies on its biosuppressio(MPKV, TNAU, PJTSAU and UAS-R)

MPKYV -Pune

The incidence ofsugarcane woolly aphid (SWA) and occurrence of its natural
enemies Encarsia flavoscutellum, Dipha aphidivora, Micromus igorotsigrphid, spider)
were recorded from five agmcological zones of western Maharashtra covering Pune,
Satara, Sangli, Kolhapur, Solapur, Ahmednagar, Nashik, Nandurbar, Jalgaon and Dhule
districts. The SWA incidence, pest intensity ratings(&cale) and natal enemies population
on leaf at five spots and 5 clumps per spot from each plot were recorded during crop growth
period.

The sugarcane fields were surveyed during June, 2015 to March, Pod6pest
incidence was recorded shade along riverside andl Gareas. The SWA incidence was
recorded along with natural enemies of SWA in fields. The villages Kasarsai, Ravet,
Jambh, Dattawadi and Marunji in Mulshi Tahsil; Babulgao and Padasthal in Inadapur Tahsil;
Nirawagaj and Malad in Baramati Tahsil olurke district; Umbraj, Bhavaninagar and
Koparde in Karad Tahsil, Nele, Kidgaon, Dhavadashi and Kalambe in Satasdof Satara
district, Akluj, Malinagar, Malsirus, Teburni and Pandharpur in Solapur district, Bhilwadi,
Ankalkhop ad Dudhodi in Palus Tahdlasegaon, Walwa , Bavchi and Borgaon in Walwa
Tahsil of Sangli district. Jakhuri in Sangamner Tahsil of Ahmedangar district, Kuditre and
Kupire in Karveer Tahsil of Kolhapur distridhcidence of Sugarcane woolly aphid was very
low in few pockets of Wetern Maharashtra due to the establishment of the natural enemies.
The predators were recorded from the month of July onwstitspmus igorotusrecorded
from July to November, 2015 ai2ipha aphidivorarecorded from October to March, 2016.
The predatorsiMicromus igorotusand Dipha aphidivorawere well established in sugarcane
areas Encarsia flavoscutellunwas observed in Solapur, Pune and Satara district of western
Maharashtra.

In general, this year the incidence of SWA has slightly increased in Sangli and
Kolhapur districts as compared to last year. The natural enemies occurred immediately after
the incidence of SWAThe average pest incidence and intensity were 1.54 per akitZan
respectively. The natural enemies recorded in the SWA infested fields were mainly predators
like Dipha aphidivora( 0.6-3.0 larvae/leaf)Micromus igorotug1.2' 5.2 grubs/leaf), syrphid,
Eupoderes confractof0.2- 1.0 larvae/leaf) and spider (3.3 /leaf) fromJuly to February,
2016(Table 39. The parasitoidEncarsia flavoscutellundistributed and established well in
sugarcane fields and suppressed the SWA incidence in Pune, Solapur and Satara districts of
Maharastra.
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Table 39 Effect of natural enemies on incidence of sugarcane woolly aphids in

Maharashtra
SWA | Pes_t Natural enemies/leaf
Districts inciden '”‘ef‘s't-‘/ D. _ M. E. E. Spiders
ce (%) rating aphidivora | 19orotu flavose | confra-
(1-6) P s utellum ctor
Pune 1.0 1.0 0.8 3.8 2.3 0.6 0.1
Satara 1.6 2.0 1.6 3.8 8.0 0.6 0.1
Sangli 2.3 2.0 1.8 4.8 7.0 0.6 0.3
Kolhapur 2.4 2.0 3.0 52 5.8 0.3 0.3
Ahmednagar| 0.8 1.0 0.6 1.2 1.6 0.4 0.1
Solapur 2.1 2.0 1.2 2.6 10.2 1.0 0.3
Nashik 0.6 1.0 0.6 1.2 0.6 0.2 0.1
Average 154 | 157 1.37 322 | 507 | 052 | 18
Range 0624 | 1-2 0.63.0 | 1.25.2| 0.6-10.2 | 0.41.0| 0.1-0.3

Pest Intensity Rating=0, 2= 1-20, 3= 21i 40,4=41i 60,5=61i 80,6=81-100 % leaf covered by SWA.
TNAU -Coimbatore

The sugarcane crop grown in various regions of Tamil Nadu were observed for the
incidence of sugarcane woolly aphid. In addition, the presence of natural enemies along with
sugarcane woolly aphid was also noticed.

The incidence of SWA, pest intensitytirey and natural enemy populations on leaf at
five spots and five clumps/ spot were recorded at monthly intervals during crop growth
period. Monitoring of sugarcane woolly aphid incidence was carried out from April 2015 to
March 2016 at 7 major sugarcagmwing districts of Tamil Nadwiz., Coimbatore, Erode,
Tiruppur, Karur, Cuddalore, Villupuram and Vellore. The prevalence of sugarcane woolly
aphid was noted from July 2015 in Coimbatore followed by Tiruppur in August 2015. But the
incidence of sugarcangoolly aphid was absent in all the districts surveyed during
September, October, November, December 2015 and January 2016. Subsequently the
presence of sugarcane woolly aphid was noticed again during February 2016 in Erode,
Namakkal, Karur and Coimbatore.

Among the seven districts surveyed, the incidence of sugarcane woolly aphid was
noted in Coimbatore from July 2015 at low intensity which recorded a gradé @fable 40
and 41). The SWA was noticed in patches and the occurrenddiabmus igorotusand
Encarsia flavoscutellunwere also observe@able 40 along with the population of SWA.
The occurrence of SWA in Tiruppur during August 2015 is 8.6 SWA&EmM. The
prevalence of SWA incidence during February 2016 in Erode, Karur, Coimbatore and
Namakkal with the maximum population upto 9.4 SWA /a8pcm leaf in Erode district. The
population was high during March 2016 in Erode and Namakkal district. The level of SWA
incidence during March 2016 increased in Erode district (18.4 SWA/2.5 sq. cmyedlloy
Namakkal district (12.6 SWA /2.5 sg. cm leaf area).
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Table 40. Mean population of Sugarcane Woolly Aphid and its natural enemies in different zones of Tamil Nadu

July 2015 August 2015 February 2016 March 2016
L0 n L0 0 Lo (2] L0 (2]
Districts | N E | B |Be | E%|VE BB |E%|VE| B be|E%| NE | Be| By E%
surveyed <2 |68 88|ce (22|58 | 88| c2|22/ 58 88|/ ce| 3|58 88|ce
< 0 - |8 |le<|Z2a|g- |8 |8<|Z2a|la~ |8~ |8<| 2o ||~ ]e&<
n w S n L S n L S n L =
Erode 0.0 00| 0O 0O 0O | OO| 0O | OO | 94 | 05 | 28 | 15 184 | 1.2 | 46 | 2.3
Tiruppur 0.0 00| 00| 00| 86| 00| 14| 10| OO | OO | 00 | 0.0 0.0 00 | 0.0 | 0.0
Coimbatore 4.2 00| 32| 12| 00| 00| 00| 0O| 36| 00| 15| 10 0.0 00 | 0.0 | 0.0
Karur 0.0 00| 0O 0O 0O | OO| 0.0 | OO | 42| 0.0 | 20 | 0.7 5.8 1.0 | 23 | 15
Cudalore 0.0 00| 00| 00| 00| 00| OO| OO | OO | OO | 00| 0.0 0.0 00 | 0.0 | 0.0
Namakkal 0.0 00| 00| 00| 0O 0OO| 0OO)| OO | 56| 00| 00| 0.6 126 | 1.0 | 28 | 2.0
Vellore 0.0 00| 0O| 00| 00| OO| 0O}|] OO | OO | 00| 00| 00 0.0 00 | 0.0 | 0.0
Table 41 Mean incidence of Sugarcane Woolly Aphid (Intensity rating) in different zones of Tamil Nadu
Julv 2015 August September October November | December January February March
y 2015 2015 2015 2015 2015 2016 2016 2016
Districts 81 o 81 o 81 o 8 ° 31 o 8 ° 31 o 3 ° 3 °
suveyed | ¢8| B |28 B |s3| B |s3| B |s3| % s3] 8 |s8| % s B |s3| B
S| O S| O S| O S| O S| O S| O S| O 'S ©) 'S O
£ £ £ £ £ £ £ £ £
Erode 00 |00O| 0O | 00| 00 | 00| 0.0 0.0 0.0 | 0.0| 0.0 0.0 0.0 | 0.0 12.8 2.0 14.2 2.0
Tiruppur 00 | 00| 58 | 10| 00 | 00| 0.0 0.0 0.0 | 00| 00 0.0 0.0 | 00| 0.0 0.0 0.0 0.0
Coimbatore 34 |10 00 | 00| 0.0 | 00| 0.0 0.0 0.0 | 00| 00 0.0 00 | 00| 17 1.0 0.0 0.0
Karur 0.0 |00O| 0O | 00| 00 | 00| 0.0 0.0 0.0 | 0.0 00 0.0 00 | 00| 26 1.0 6.3 1.0
Cuddalore 00 |00O| 0O | 00| 00 | 00| 0.0 0.0 0.0 | 00| 00 0.0 0.0 | 00| 0.0 0.0 0.0 0.0
Nammakkal 0.0 |0O| 0O | 00| 00 |00] 0.0 0.0 0.0 | 00| 00 0.0 00 | 00| 64 1.0 104 2.0
Vellore 0.0 |00O| 0O | 00| 00 |00]| 0.0 0.0 0.0 | 0.0| 0.0 0.0 00 | 00| 0.0 0.0 0.0 0.0

(o))
N




PJTSAU-Hyderabad

The sugarcane growing areas of Telangaza Nizamabad and Medak were surveyed
for infestation and intensity of Sugarcane woolly aphid incidence. Except for patchy appearance
of SWA in some fields, th@verall scenario showed negligible incidence levels of SWA in
Telangana areas.

UAS-Raichur
No report received

2. Management of White grub,Holotrichia consanguinea Blanchin sugarcane using
Bioagents(ANGRAU, Anakapalle)

Endemic areas of Naikampailliyellamilli (Dandepalli mandalin Navabharaventures
(Sugar division) operational arégamarlkotaEast Godavari dist, Andhra Pradesére selected
as the test site for the conduct of experiment in farmers field

Variety : 2003V46 Seedtigs
Age of the crop : 6 months

Date of ratooning : 11.01.2015
Date of harvest :18.12.2015
Treatments 9

T1 : Beauveria bassian@ 5 kg h& 1 x1@ spores/ gnin 250 kg FYM

T2 : Metarrhizium anisopliag® 5 kg hd 1 x1¢ spores/ gnin 250 kg FYM

T3 : Heterorhabditis spWP @ 20 kg hdin 150 kg moist sand Ha

T4 : Steinernema spVP @ 20 kg ha in 150 kg moist sand Ha

T5 : Heterorhabditis spWP @ 20 kg hin 150 kg moist sand Hawo times at two intervals

T6 : Steinernema spVP @ 20 kg ha in 150 kg moist sand Hawo times at two month
interval

T7 : Neem cake @ 500 kg fha

T8 : Phoratd0G @ 15g ha*

T9 : Untreatecatontrol

Time of Application: Treatments applied after the onset of monsoon (27.07.2015)

White grub damage was below 5% with the application of entomopathogenic fungi and
entomopathogenic nematode treatments after onset of rains. White grub damage was low in
Metarrhizium anisoplia€1.47%) followed byHeterorhabditis indicawice application (2.17%),
Steinernema spwice application(2.79%),Beauveria bassiané.0%), Steinernema sg§3.16%)
andHeterorhabditissp. (4.61%). Plant damage due to white grub was high in untreatedl contro
(4804%) followed by neem cake (25%) and phorate (22)d3 able 42.

White grub population was low iMetarrhizium anisopliag(0.67 grub/ 10 m row)
followed byHeterorhabditissp. twice application (1.33 grub/ 10 m row) @&whuveria bassiana
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and Stenernema sp(1.67 grubs/ 10 m row) and high in untreated control (13.67 grubs/10 m
row), Neem cake (9.0 grubs/10 m row) and phorate (6.33 grubs/10 m row).

Cane yield was high iMetarrhizium anisoplia€87.4 t/ha) followed byHeterorhabditis
sp. twice gplication (77.08 t/ha)Beauveria bassian&74.99t/ha) andSteinernema spwice
application (73.42 t/ha) and was low in control (24.93t/ha), phorate (61.59 t/ha) & neem cake
(61.91 t/ha)Table 43).

Soil application of entomopathogenic fungi, entomopathogenic nematodes after the onset
of mansoon were found effective in reducing the white grub damage, white grub population and
recorded higher cane yields.

Table 42 Efficacy of Entomopathogenic fungiand EPN against white grub in sugarcane
ratoon crop

White White Per cent reduction
grub in White grub
Treatment grubs /10
damage damage over
m row

(%) control
T1 : Beauveria bassian@ 5 kg h&d
1 x1@spores/ gnin 250 kg FYM 3.0 1.67 93.76
T2 : Metarrhizium anisopliae® 5 kg hd 1
x1@Pspores/ gnin 250 kg FYM L.47 0.67 96.94
T3 : Heterorhabditis spWP @ 20 kg hain
150 kg moist sand Ha 461 2.67 90.40
T4 . S_telnernema SpWP @ 20 kg hdin 150 3.16 167 93.42
kg moist sand h&
T5 : Heterorhabditis spWP @ 20 kg hain
150 kg moist sand Hatwo times at two mont{  2.17 1.33 95.48
interval
T6 : Steinernema spVP @ 20 kg ha in 150
kg moist sand hatwo times at two month 2.79 1.67 94.19
interval
T7 : Neem cake @ 500 Kug* 25.0 9.0 47.96
T8 : Phorate 10G @ 15kgha 12.65 6.33 73.67
T9 : Untreated control 48.04 13.67
CD( P=0.05) 8.35 0.51
CV% 21.23 14.13
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Table 43. Effect of entomopathogenic fungi and EPN on the yield of sugarcane ratoon crop

NMC Cane yield Yield increase
Treatment . over control
6000/ t/ha
t/ha

T1 : Beauveria bassian@ 5 kg hd
(1 x1C@spores/ gmjn 250 kg FYM 83.00 74.99 50.06
T2 : Metarrhizium anisopliae® 5 kg ha
(1 x1Gspores/ gmin 250 kg FYM 90.00 8r.41 62.48
T3 : Heterorhabditis spWP @ 20 kg ha in 150 kg 80.33 20.77 45.64
moist sand ha
T4 : St_emernema SWP @ 20 kg ha in 150 kg moist 79.33 70.09 45 16
sand ha
T5 : Heterorhabditis sSpWP @ 20 kg Hain 150 kg
moist sand hia two times at two month interval 86.33 71.08 52.15
T6: St_ememema SWP @ 20 kg_ ha in 150 kg moist 8417 73.42 48.49
sand ha two times at two month interval
T7 : Neem cake @ 500 kg ha 78.67 61.91 36.98
T8 : Phorate 10G @ 15kgha 78.67 61.59 36.66
T9 : Untreated control 44,33 24.93
CD( P=0.05) 3.05 3.7
CV% 13.59 2.42

3. Bioefficacyof entomopathogenidungi and entomopathogenicnematodesin suppression
of termite incidencein sugarcane (ANGRAU Anakapalle)

Date of planting : 07.08.2015

Crop :Sugarcane

Variety : 2009 A 107

Date of harvest : yet to be harvested during June, 2016

Treatments imposed

T1: Beauveria bassian@ 5kg/ha (Lx1@ spores/ gmjn 250 kg FYM

T2 : Metarhizium anisopliag® Skgha (Lx10*spores/ gmjn 250 kg FYM

T3 : HeterorhabditisndicaWP @ 20 kg/ha in 150 kg moist sand"ha

T4 : Steinernemap. WP @ 20 kg/ha in 150 kg moist sand ha

T5 : Neem cake @ 500 kba at planting

T6 : Chlorpyriphos 50 TC @ 5 il Soil drenching at planting

T7 : Untreated control

T8 : Heterorhabditissp. WP @ 20 kg/ha in 150 kg moist sand tvao times at two months
interval

T9 : Steinernemap. WP @ 20 kg/ha in 150 kg moist sant tvao timesat two months
interval
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Entomopathogenitungal culturesBeauveriabassianaandMetarhiziumanisopliaewere
mixedwith FYM @ 1 kg / 100 kg FYM for 15 daysnrichemenbefore soil application.

Sugarcane germination was high Metarhizium anisopliae(59.62%), Beauveria
bassiana(58.15%) and Heterorhabditis indicatwice application(58.07%) and was low in
control (44.1%). Bud damage recorded was loWlatarhizium anisoplia¢40.38 %),Beauveria
bassiana(41.85%) and Heterorhabditis indicatwo times a@plication (41.93%) and high in
Chlorpyriphos (58.14%). Seedling mortality was low iSteinernema sp(6.02%),
Heterorhabditis indicawice application(6.24%) andeauveria bassianéB.54%)and was high
in control (19.62%)(Table 44). Data on érmite Damage (%), cane yieldha, sucrose (%) and
shoot popul ati on 60000/ ha wil!| be recorded
Entomopathogenitungi, Metarhizium anisopliae and Beauveria bassiana,
entomopathogenicematodeHeterorhabditis indicawice applicatiorwere effective in reducing
bud damage due to termites resulted in higher germination compared to untreated control.

Table 44 Bioefficacy of entomopathogenic fungi and EPN in the management of termites in
sugarcane during kharif.

N Bud Seedling
0

Treatment Germination % damage %| mortality (%)
T1 Beauveria bassian@ 5kgha® ( 1x10
spores/ gmin 250 kg FYM 58.15 41.85 8.543
T2 Metarhizium anisoplia@® 5kgha® (1x10°
spores/ gmin 250 kg FYM 59.62 40.38 12.04
T3 HeterorhabditisndicaWP @ 20 kg/ha in
150 kg moist sand Ha 54.75 45.63 11.72
T4 Ste_lnernema-_sp. WP @ 20 kg/ha in 150 56.84 43.16 13.71
kg moist sand ha
T5 Neem cake @ 500 kg/ha 52.13 47.87 14.6
T6 Chlorpyriphos 50 TC @ 5 ml/It. 41.86 58.14 14.38
T7 Untreateccontrol 44.1 55.90 19.62
T8 Heterorhabditissp. WP @ 20 kg/ha in
150 kg moist sand Hawo times at two 58.07 41.93 6.24
months interval
T9 Steinernemap. WP @ 20 kg/ha in 150
kg moist sand hatwo times at two months 54.37 45.25 6.02
interval

CD(P=0.05) 4.62 4.66 5.77

CV% 10.73 12.26 15.39
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4. IPM module for the sustainable management of early shoot boreChilo infuscatellug
and internode borer (Chilo infuscatellus and Chilo sacchariphagus indicus in sugarcane
(ANGRAU - Anakapalle)

Date of planting : 14.04.2015
Crop :Sugarcane
Variety : 2000 A 56
Date of harvest : 11.01.2016
Treatments : 9 (IPM Modules)

Treatment details

Module 1: Trash mulching frichogramma chiloniselease @ 50,000/ha from 30 DAP for
4 times at 710 days interval;

Module 2: Trash mulching H. chilonisrelease @ 50,000/ha from 30 DAP for 4 times and 2
releases after node formation;

Module 3: Trash mulching f. chilonisrelease @ 50,0004 from 30 DAP for 6 times and 2
releases after node formation;

Module 4: Trash mulching H. chilonisrelease @ 75,000/ha from 30 DAP for 4 times and 2
releases after node formation;

Module 5: Trash mulching H. chilonisrelease @ 7900/ha fran 30 DAP for 6 times

Module 6: Trash mulching H. chilonisrelease @ 75,000/ha from 30 DAP for 6 times and 2
releases after node formation;

Module 7: Trash mulching + Soil application of Carbofuran 3G @ 33 kgrhalanting

Module 8: Trash mulbing + Soil application of Carbofuran 3G @ 33 kg/ha at planting and at
90 days after planting

Module 9: Untreated Control (Trash mulching)

Cumulative incidence of early shoot borer was recorded low in Modul@rash
mulching+ Trichogramma chiloniselease @ 50,000/ha from 30 DAR releases at-I0 day
interval and 2 releases after node formation (3.3 %) followed by Modulg&&sh mulching+ .
chilonisrelease @ 75,000/ha from 30 DAB releases at-I0 day interval and Zteases afte
node formation (4.94%Table 45. Cumulative incidence of early shoot borer was high in
Module 9Trash mulching (11.38%). Module 6 Trash mulching + Soil application of
Carbofuran 3G@ 33 kg/ha at planting and at 90 days after planting3¢4)land Module 1
Trash mulching . chilonisrelease @ 50,000/ha from 30 DAR releases at-70 days interval
(6.68 %). Internode borer incidence and intensity was recorded low in Modulgagh
mulching+T. chilonisrelease @ 50,000/ha from 30 DAR releases at-I0 day interval and 2
releases after node formation (43.3% and 2.73 %) followed by Moduler&sh mulching+T.
chilonisrelease @ 75,000/ha from 30 DAB releases at-XI0 day interval and 2 releases after
node formation (50% and 2.7%iternode borer incidence and intensity was high in Module 9
Trash mulching (76.67% and 6.07%), Module Trash mulching +T. chilonis release @
50,000/ha from 30 DAP4 releases at-X0 days interval (70% and 4.56%) and Modué& &ash
mulching + Soilapplication of Carbofuran 3G @ 33 kg/ha at planting and at 90 days after
planting (66.67 % and 4.19%). Cane yield was recorded high in Moduleagh mulching .
chilonis release @ 75,000/ha from 30 DAP for 6 times and 2 releases after node formation
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(124.59 t/ha), Module -1Trash mulching +T. chilonisrelease @ 50,000/ha from 30 DAR}
releases at-10 days interval (123.19 t/ha) followed by Moduld@sh mulching . chilonis
release @ 50,000/ha from 30 DAP for 6 times and 2 releases after modeida (121.6 t/ha)

and cane yield was recorded low in Modutel'8ash mulching (93.55 t/hgY able 4. Module

3- Trash mulching +T. chilonisrelease @ 50,000/ha from 30 DAP for 6 times and 2 releases
after node formation and Module Brash mulching . chilonisrelease @ 75,000/ha from 30
DAP for 6 times and 2 releases after node formation are effective in managing shoot borers in
sugarcane with high incremental benefit cost ratio. IPM module with trash mulching +
Trichogrammachilonis release @ 50,@@ ha or 75,000/ha from 30 DAP for 6 times and 2
releases after node formation was effective in managemesdrhyf shoot borer and internode
borer in sugarcaneith high incremental benefit cost ratio

Tabel 45 Impact of IPM module for the sustainable managment of sugarcane shoot

borers
ESB Incidence (%DH Cumulative INB _
L INB INB Infestati
incidence | . . .
Module of ESB inciden | Intensit on

45 90 120 %DH ce (%) | vy (%) index
DAP | DAP | DAP| (%DH) (%)

Module 1 :

Trash mulching +

. o 3.33 | 3.35 | 0.0 6.68 70 4.56 3.8

Trichogrammachilonis@

50,000/ha- 4 releases

Module 2 :

Trash mulching ¥. chilonis@ 2.85 | 045 | 0.0 3.31 43.33 2.73 1.28

50,000/ha- 4 +2 releases

Module 3 :

Trash mulching ¥. chilonis@ | 3.02 | 1.92 | 0.0 4.94 50.0 2.70 1.84

50,000/ha- 6+2 releases

Module 4 :

Trash mulching ¥. chilonis@ 4.8 0.77 | 0.0 5.56 50.0 4.037 2.53

75,000/ha - 4+2 releases

Module 5 :

Trash mulching ¥. chilonis@

75.000/ha from 30 DAP for 6 3.38 1.8 0.0 5.21 60.0 5.45 3.27

releases

Module 6 :

Trash mulching ¥ chilonis @

75,000/ha from 30 DAP for 6 4 6.33 0.8 0.0 7.13 60.0 3.33 2.34

2 releases after node

formation
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Module 7 :

Trash mulching + Soil
application of Carbofuran 3G
@ 33 kg/ha atplanting

2.58

2.47

0.0

5.06

66.67

3.33

2.56

Module 8 :
Trash mulching + Soil
application of Carbofuran 3G

@ 33 kg/ha at planting and at

90 days after planting

4.93

0.57

0.0

5.49

66.67

4.19

3.22

Module 9:
UntreatedControl {Trash
mulching )

7.93

0.89

2.56

11.38

76.67

6.07

4.70

CD P=0.05)

2.3

1.95

1.8

2.37

3.36

CV%

2.95

8.13

18.57

31.54

38.15

Tabel 46.Impact of IPM module for the sustainable managment of sugarcane shoot borers

. Increme
Cane NMC | vielg | COStof| Addition |
. Sucros . input al .
Module yield 0 Qn nj increase . benefit
t lha e (%) ha (%) for PP | income cost
Rs./ha | Rs/ha )
ratio
Module 1 : 1231
Trash mulching ¥. chilonis 9 ' 19.48 | 95.78 31.68 550 71,136 | 1:129.3
@ 50,000/ha- 4 releases
Module 2 : 120.0
Trash mulching ¥. chilonis 1 ' 18.68 | 101.77| 28.28 725 63,504 | 1:873.80
@ 50,000/ha- 4 + 2 releasey
Module 3 : 1216
Trash mulching ¥. chilonis 0' 19.12 | 102.04| 51.36 900 1,15,320| 1:128.1
@ 50,000/ha- 6+2 releases
Module 4 :
Trash mulching ¥. chilonis 117.9 )
@ 75.000/ha- 4+2 5 17.74 | 91.21 26.08 1075 58,560 | 1:54.47
releases
Module 5 :
Trash mulching ¥ chilonis@ 106.4
releases
Module 6 :
Trash mulching F.chilonis 1245 _
@ 75.000/ha from 30 DAP f 9 18.27 | 98.95 54.56 1320 | 1,22,496| 1:92.8
6 + 2 releases after node

69




formation

Module 7 :

Trash mulching + Soll 10801 1595 | 101.01| 1549 | 3280 | 34,776 | 1:106
application of Carbofuran 3G 4

@ 33 kg/ha at planting

Module 8:

Trash mulching + Soil 1114

application of Carbofuran 3G 6 ' 18.53 | 91.65 19.14 4580 42,984 | 1:9.39
@ 33 kg/ha at planting and ¢

90 days after planting

Module 9:

UntreatedControl 93.56 | 17.28 | 92.96 - - - -
(Trash mulching )

CD( P=0.05) 149 | 1761 | 6.68

CV% 8.68 | 19.98 | 7.16
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2.4.Cotton

1. Monitoring biodiversity and outbreaks for invasive mealybugs on cottonsurvey for
incidence of mealybugs on cotton and collection of their natural enemies (MPKV, PAU,
PJTSAU, TNAU, and UASR)

MPKYV -Pune

Cotton seeds (var. Jai, Bollgard Il) were sown ofi 24ly 2015 at 90 x 60 cm spacing in
40 x 40 nj plot on the research farm of Agril. Entomology Section, College of Agriculture,
Pune.All the recommended agronomic practices were followed except pesticide application to
maintain healthy crop growth. The incidence of cotton mealylBiggnacoccus solenopsis
Tinsley and occurrence of natural enemies was monitored at fortnightly intemattie day of
germination.

The incidence of mealybug was started recording on cotton ffbforthight of August
2015 till December, 2015 in the experimental plot. However, the mealybug was not observed on
cotton up to harvesting of the crop. The ndtereemies like predatory coccinellidSpccinella,
MenochilusandScymnusChrysopidsBrumoidesand spiders was observed in cotton ecosystem.

During the survey, less pest infestation was noticed in the months of November and
December, 2015.The parasitism @faesis arizonensisvas found common on cotton,
parthenium and marigold and hibiscus. The cotton mealybuddibiscus was effectively
contrdled byA. arizonensis.

PAU-Ludhiana

Regular surveys were conducted to collect mealybugs and its natural enemies from
different hosts from Ludhiana and other major cotton growing areas (Bathinda and Abohar) of
Punjab. During the survey, only one mealgbspeciesPhenacoccus solenopsisnsley was
recorded on cotton crop. The incidencentgalybug was observed at isolated places on cotton
and weed hostsAputilon sp. andSida sp.) and there was no major outbreak of the pest.
Predatory faunancluded coccinellid predators such &heilomenus sexmaculat&€occinella
septempunctatand B. suturalis,and green lace wing;hrysoperla zastrowi sillenfeeding on
mealybug and their population varied from 0.1 to 2.2 predators per plant. The overall
parasitiation by parasitoids under field conditions varied from 40 to%8he infested plant
parts were collected and brought back to the laboratory and were kept under caged conditions for
the emergence of parasitoids. The solitary nymphal endoparagiénidsus arizonensisand
hyperparasitoidPromuscidea unfasciativentrisere emerged from the infested samples. Out of
these,A. arizonensiswas predominant species (7%2 and P. unfasciativentrisparasitized
(26.8%) of the primary paratoids.

During survey, five mealybug specids., pink sugarcane mealybu@accharicoccus
sacchari (Cockerell) papaya mealybugParacoccus marginatudViliams and Granara de
Willink, mango mealybugDrosicha mangiferaeStebbins, spherical mealybublipaecoccus
viridis (Newstead) and striped mealybugrrisia virgata (Cockerell) were noticed in different
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agroecosytems of Punjab daccharum officinarum LPlumeria albal., Mangifera indicalL.
Hibiscus rosasinenisL. andPsidium guajavd.., respectively. The extent of parasitizationAy
arizonensisvas recorded on these five mealybug spaaneker field conditions. Fifty mealybugs

were observed at 15 days interval on each host to find the number of parasitized mealybugs.
These mummiewere brought to the laboratory and kept in glass vials to see the emergénce of
arizonensisadults. Under natural field conditions, the parasitization Ay arizonensiswas
observed only oi?. solenopsisHowever, no parasitization l#y. arizonensisvasrecorded orS.
saccharj P. marginatusD. mangiferaeN. viridis andF. virgata(Table 47).

Table 47. Mean parasitization of different mealybug species byenasius arizonensisinder
field conditions

Mean parasitization by

Mealybug species Hosts Aenasius arizonensi§)o)

Phenacoccus solenopsis Gossypium hirsutum 42.3

Abutilonsp. 64.9
Drosicha mangiferae Mangifera indica 0.0
Paracoccus marginatus Plumeria alba 0.0
Saccharococcusacchari Saccharum officinarum 0.0
Nipaecoccuyiridis Hibiscusrosasinensis 0.0
Ferrisia virgata Psidium guajava 0.0

PJTSAU-Hyderabad

Fortnightly surveys were conducted in the cotton growing areas of Telangana,
Mahabubnagar and Rangareddy for infestation and intensity of mealybug incidence. Infested
plant parts were brought back to the laboratory and held under caged conditions for emergence
of natural enemies. Alternate host plants were also recorded. Specwhenealybugs and
natural enemies collected were sent to NBATRop wise records were maintained for extent of
damage by the mealybug, level of natural enemies present, etc. The overall scenario showed
marginal incidence levels of three different Mealgb, viz., Meconellicoccus hirsutys
Phenococcus solenopsiéd Paracoccus marginatusy cotton growing districts of Telangana
state.

TNAU -Coimbatore

Survey conducted in Coimbatore, Erode and Tiruppur districts of Tamil Nadu on cotton and
other host plats indicated the incidence of five species of Mealybugg, Paracoccus
marginatus, Maconellicoccus hirsutys Phenacoccus solenapsis, Nipaecoccus viridigd
Ferrisia virgata (Table 48. Phenacoccus solenapsiand Nipaecoccus viridiswere the
predominant species recorded on cottBaracoccus marginatusvas observed on papaya,
cotton, tapioca, mulberry, jatropa and other host plants. The natural enegmies;erophagus
papayae, Cryptolaemus montrouzieri, Scymnus coccivd®palgis epius, Coccinella
septumpunctata, Malladap, Chrysoperlazastrowi sillemiand Menochilus sexmaculatusere
recorded on different species of mealybugs from the surveyed cotton fields.
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Table 48 Sucking pests and their natural enemies recorded in cotton

I\Sl; . Sp.ec'es of Host Plants Natural enemies recorded
0. | sucking pests
cotton,
sunflower,
Phenacoccus bhendi,_ Cryptolaemus montrouzieri, .Cpccin_ella
1 . parthenium, septumpunctat&hrysoperlazastrowi sillemi,
solengsis . . . )
Black night| Spalgis epiusScymnus coccivora
shade and
Hibiscus
Cotton, tapioca
2> | Ferrisia vi custard  applel Scymnus coccivor&ryptolaemus montrouzieri
errisia virgata .
guava, Papay{ Menochilus sexmaculatuslallada sp.
and tuberose
Cotton, Papaya
tapioca,Jatropha
(r:r:Jurft?es r1ry A_cero_phagus papaya, Chrysoperla zastr(
3 Paraqoccus bhendi ' sillemi, . Spalgis eplus,Cryptolagmt
marginatus suanOV\’/er montrouzierj Scymnus coccivoraMenochilus
hibiscus. ’ sexmaculatus
marigold and
parthenium
Cotton, mango
4 Nipaecoccus gooseberry, Scymnus coccivor&ryptolaemus montrouzieri
viridis tamarind ang Menochilus sexmaculatus
jack
Cotton, bhendi
5 Maconellicoccus grapevine, Scymnus coccivora,Cryptolaemus montrouz
hirsutus guava, hibiscugy Malladasp.
and mulberry
Amrasca
devastans, Cotton and .
6 Oxycarenus bhendi Anthocorid bugs
laetus
7 | Thrips tabaci bcr?étr?c;]i and Chrysoperla zastrowi sillemi
8 | Aphis gossypii gﬁgﬁ; and Syrphids,Chrysoperla zastrowi sillemi
9 Aleurodicus ;:S;?;’ t:)r;epr;(i/li Cryptolaemus  montrouzieri Mallada sp.
disperses ’ syrphids
and ornamentals
. Cotton and
10 | Mirid bug bhendi
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UAS-Raichur

Variety : KCH-14K59 (Jadoo) BG II
DOS : 21-08-2015

Area : 50 sqm,

Situation : Unprotected

Twenty plants were randombelected to record the incidence of cotton mealybug at an
interval of fifteen days. During heavy infestation, five twigs were considered and later the
number of crawlers was expressed as number per 10 cm apical shoot length.

The incidence of mealybug wasticed during second fortnight of October and the peak
activity was noticed during second week of February (85.42 mealybugs/ plant) which was also
coincided with the peak activity of its primary parasitddhesius arizonesi€l8.05/ plant) and
the peakactivity of Anagyrus dactylopiwas noticed during second fortnight of January. The
decline in mealybug was noticed during setéortnight of FebruaryTable 49).

Table 49 Monitoring biodiversity and outbreaks for invasive mealybugs on cotton

Year Std y&%zlﬁgi Naturzl En-emles .
2015 Week . . nseis nagyrus
(10cm) | Coccinellids | . onensis dact?/?/opii
Oct 220ct 28 43 0.00 0.00 0.00 0.00
Oct 29Nov 04 44 0.22 0.08 0.04 0.00
Nov 05Nov 11 45 0.30 0.10 4.50 1.73
Nov 12Nov 18 46 1.50 0.11 5.22 2.77
Nov 19Nov 25 47 3.82 0.56 6.33 3.12
Nov 26:Dec 02 48 4.50 1.00 5.33 3.50
Dec 03Dec 09 49 8.90 0.33 6.37 3.75
Dec 10 Dec 16 50 10.22 0.30 4.05 3.20
Dec 17 Dec 23 51 13.81 0.30 5.11 4.50
Dec 24 Dec 31 52 30.38 1.30 8.65 4.85
Jan01-07 1 39.52 1.50 9.05 5.54
Jan 814 2 44,24 1.80 6.05 5.20
Jan 1521 3 47.62 1.50 5.05 5.10
Jan 2228 4 56.81 0.33 8.33 6.58
Jan 29Feb 4 5 68.46 0.30 10.18 5.44
Feb 5- 11 6 78.32 0.20 12.50 3.24
Febl12- 18 7 85.42 0.10 18.05 1.22
Feb 19 25 8 65.32 0.35 15.35 1.07
Feb 26 Mar 4 9 44,24 0.42 21.46 1.22
Mar 511 10 15.18 0.16 18.35 1.16
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2. Monitoring biodiversity and outbreaks of sap sucking pests includingnirids and their
natural enemies inBt cotton (MPKV, PJTSAU and UAS-R)

MPKYV -Pune

Bt cotton var. Jai, Bollgard Il was raised separately on the research farm of Agril.
Entomology section, College of Agriculture, Pune. Seeds were sownafuB42015 on ridges
and furrows at 90 x 60 cm spacing in 40 x 4Dsme plots. All the recommended agronomic
practices were followed except pesticide application. The sucking pests and natural enemies
were recorded from randomly selected and tagged 25 plants from the plot at fortnightly interval.
The pest population wagcorded from three leaves (top, middle and lower portion) per plant.
Similarly, the natural enemies were also recorded on the fplamtseenfrom theTable 50 that
the incidence of aphids, jassidhrips and whitefly was recorded fradthweek of August 2015
(32" MW ) except mealybug.The peak incidence of jassids, white fly and thrips was recorded

during ' week of September 2015 (36/W). The aphid population was noticed maximum
during 3% week of August 2015 (3B31W). The infestation of meabug was not observed during
the period under observatiare., August to December 2015.

Table 50 Incidence of sucking pests and their natural enemies Bt cotton

Date of Averagg population / 3 leaves / plant

record | Aphids | Jassids| Thrips g\éngs Mealybug | Chrysopid | Coccinellids | Spiders
7/8/2015 5.33 1.00 1.50 0.00 0.00 0.33 0.10 0.44
21/8/2015| 20.33 | 2.00 8.67 1.33 0.00 0.44 2.22 0.33
4/9/2015 | 15.66 | 8.50 12.33 | 5.67 0.00 2.33 8.33 1.00
19/9/2015| 7.67 1.67 3.67 1.33 0.00 1.33 5.66 0.33
3/10/2015| 7.00 1.33 2.67 3.33 0.00 0.67 0.70 0.89
17/10/2015| 10.33 | 2.00 5.33 5.40 0.00 0.89 1.11 0.67
31/11/2015| 8.67 2.33 6.33 3.33 0.00 0.33 0.55 1.00
14/11/2015| 9.33 2.00 7.33 2.80 0.00 0.33 0.44 1.00
28/11/2015| 7.33 2.00 4.67 2.67 0.00 0.22 0.22 0.67
12/12/2015| 4.67 1.33 1.66 1.33 0.00 0.22 0.33 0.33
26/12/2015| 03.0 1.00 1.33 0.33 0.00 0.33 0.10 0.44

The natural enemies, coccinellidsMenochilus sexmaculataFab., Coccinella

septempunctatd.inn. and spiders were recorded front week of August to @ week of
December 2015. The chrysopfdhrysoperla zastrowi sillenttsb. and spider observed from the
1% week of August 2015 (32 MW) and maximum population was recorded it ieek of
September 2015 (838MW). The severe incidence ofrix boll worm, Pectinophora gossipiella
(70 to 8@n0) was observed iBt cotton during later stage of the crop in Dhule and Nadurbar

district
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PJTSAU-Hyderabad

The Bt cotton growing areas of Telangana were surveyed for infestation and intensity of
sucking pest incidence. The overall scenario showed incidence of Jassids to a greater extent
followed by whiteflies and thrips.

UAS-Raichur

Variety : KCH-14K59 (Jadoo) BGi:
DOS : 21-08-2015

Area : 50 sgm,

Situation : Unprotected

Twenty plants were randomly selected to record the incidence of cotton mirid bug at an
interval of fifteen days. Number of mirid bugs was counted on squares and flowers. In each plant
five squares and five flowers were observed for the incidence of mirid bugs and later converted
to plant basis.

The incidence of mirid bug was noticed at second fortnight of October with a peak
population during first week of December (1.33 mirid bugs/ tpladDwver all incidence of mirid
bug was negligild during current seas@mable 51).

Table 51 Incidence of mirid bug and its predators onBt cotton ecosystem

Year Std Num.b‘ccajr of Predators per plant
2015 Week bu?sI;I;:)lant Coccinellids | Chrysoperla | Spiders
Sep 24Sep30 39 0.00 0.03 0.07 0.20
Oct 020Oct 07 40 0.00 0.03 0.15 0.30
Oct 080ct 14 41 0.00 0.01 0.10 0.20
Oct 150ct 21 42 0.00 0.10 0.05 0.20
Oct 220ct 28 43 0.33 0.11 0.30 0.10
Oct 29Nov 04 44 0.33 0.06 0.31 0.16
Nov 05Nov 11 45 0.33 0.13 0.31 0.20
Nov 12Nov 18 46 0.33 0.16 0.10 0.23
Nov 19Nov 25 47 0.33 0.30 0.12 0.10
Nov 26-Dec 02 48 0.66 0.30 0.05 0.01
Dec 03Dec 09 49 1.33 0.15 0.10 0.10
Dec 10 Dec 16 50 0.33 0.30 0.11 0.34
Dec 17 Dec 23 51 0.33 0.40 0.01 0.33
Dec?24- Dec 31 52 0.33 0.10 0.11 0.25
Jan 0107 1 3.33 0.15 0.01 0.20
Jan 814 2 0.00 0.30 0.00 0.20
Jan 1521 3 2.00 0.20 0.00 0.02
Jan 2228 4 0.66 0.10 0.00 0.00
Jan 29Feb 4 5 0.00 0.01 0.00 0.00
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3. Diversity of sucking pests, bollworms and their natural enemies in transgenigt and
non- Bt cotton (PAU-Ludhiana)

Treatments
1. Btunsprayed (transgenic cotton without insecticide application)
2. Btsprayed (transgenic cotton with need based insecticide application)
3.  Non-Bt unsprayed (nottransgenic cotton without insecticide application)
4. Non-Bt sprayed (nontransgenic cotton with need based insecticide application)

Bt cotton (NCS 855 BGII) rad nonBt cotton (F 2228) was sown at tEmtomological
Research Farm, Punjab Agricultural University (PAU), Ludhiamad" May, 2015, under
sprayed and unsprayed conditions. Tow-to-row spacing and plastb-plant spacing was 67.5
and 75 cm for NCS & BGII and 67.5 and 60 cm for F 2228, respectivélgch plot was
divided into three blocks as replicates. All agronomic practices recommended by PAU,
Ludhiana, were followed to raise the crop. Under sprayed conditions, imidacloprid 200 SL @
100 ml/ha wasprayed twice on the basis of the economic threshold iexetjownward curling
and yellowing of leaves at margins for the control of leafhopper. Against whitefly, one spray of
diafenthiuron 50 WP @ 500 g/ha was applied when the population exceededlssX leaf. The
crop was sprayed three times for the control of bollworms on the basis of5&Zd damage in
freshly shed fruiting bodies) on nddt cotton. All sprays were done with the help of manually
operated knapsack sprayer using 250 litres of wetehectare.

The population of sucking insect pests weasorded from 10 plants selected randomly
from 3 fully formed leaves of the upper canopy from each bdwakeekly intervali.e., Standard
Meteorological Weeks (SMW) throughout the cropping seafiamage bybollworms was
recorded from 10 randomly selected plants in each block at weekly intdrvaiti green bolls
were counted from each plant and those showing damage were egpsegsercentboll
damage. Damage in freshly shed fruiting bodies comprising squares, flowers and green bolls was
recorded on whole block basis throughout the cropping season at weekly intervals. The old shed
fruiting bodies were removed from each plot I2durs prior to each observation to ensure the
collection of freshly shed fruiting bodies. All the freshly shed fruiting bodies lying on the ground
were collected and those showing bollworm damage were counted and per cent damage was
worked out. The larvgbopulation ofAmerican bollworm, spotted bollworm and spiny bollworm
was also recorded from 10 plants at weekly interval. Pink bollworm population was recorded
from 20 green bolls at 120, 135 and 150 days after sowing (DA&®)incidence in harvestable
bals was recorded on open boll and loculi basis at harvest from randomly selected 10 plants in
each blockThe population of predators was recorded on whole plant basis. The immature stages
of whitefly were collected and brought to the laboratory to obdber@mergence of parasitoids.

Seed cotton yield was recorded on whole plot basis.

Among sucking insect pests, leafhoppAmrasca biguttulabiguttula and whitefly,
Bemisia tabacivere key pests and remained active through out the cropping seasorh d@t bot
and nomrBt cotton. Thrips tabacipopulation was only observed in early stages of the crop
growth, whereas, aphidphis gossypipopulation remained nil throughout the cropping season.
Under unsprayed conditionshet population of leafhopper, whiteflgnd thrips onBt cotton
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varied from 0.0 to 5.9, 0.2 to 33.0, 0.0 to 16.1 per three leaves, respe(faiely 52. The peak
population of leafhoppenymphs (5.9/ Jeaves) was recorded in B®MW (fourth week of
July). The population of whitefly adults remained above ETL (6 adults/ leaf) frdin28? and
30" SMW and was maximum (33.0/ 3 leaves) durind' MW (first week of July). Thrips
population showed its peak (16.1/ 3 leaves) durd@ SMW (endJune).No bollworm
incidence was recorded &t cotton hybrid throughout the cropping seaébable 52 & 54).

On nonBt cotton, the population of leafhopper, whitefly and thrips varied from 0.2 to
6.5, 0.4 to 20.0 and 0.0 to 24.0 per thieseves, respectively, under unsprayed condit{@able
56). The peak population of leafhoppeymphs (6.5/ 3 leaves) was recorded ifff $3/W (2nd
week of August). The population of whily adults was above ET(6 adults/ leaf) in 27 SMW
(first week of July). Thrips population showed its peak (24.0/ 3 leaves) durth§8V (third
week of June). Among bollwormslelicoverpa armigeraEarias vittellaand E. insulanawere
observed on cotton crop. Among theBe vittellawas the predomant species. Therefore, the
damage in green bolls, freshly shed fruiting bodies and open bolls can be attributed primarily to
E. vittella on nonBt cotton (Tables 56 & 58). Under unsprayed conditions, the peak larval
population (6.0/10 plants) werecorded in 38 SMW (1 week of September). The damage in
freshly shed fruiting bodies and green bolls varied fro:® to 36.36% and 0.0 to 3%8
respectively under unsprayed conditiqigble 56). The corresponding figures under sprayed
conditions vared from0.0 to 20.59% and 0.0 to 1% respectivelyTable 58).

Among predators, coccinellid€6ccinella septempuntat&€heilomenes sexmaculagad
Brumussuturalig, green lacewingGhrysoperlaspp.),Gecocorissp., Zanchiussp. and spiders
were recordedTables 53 55, 57 and 59) on bothBt and norBt cotton. Under unsprayed
conditions, the population of coccinellids a@thrysoperlaon bothBt and norBt cotton was
maximum during 38 SMW (endJuly) (Tables 53 & 57). The sjder population showed its
peak during 3% and 3% SMW. The population oGeocorissp. andZanchiussp. was maximum
during 29" and 38" SMW, respectively on botiBt and norBt cotton under unsprayed
conditions. No parasitoid emerged from immature stagegmphs and pupae) of whitefly

collected from field.

The incidence of sucking insect pests was less in sprayed conditions as compared to
unsprayed conditionElable 60. No bollworm incidence was observed Bncotton. However,
on nonBt cotton the mean larval population, damage in freshly shed fruiting bodies, green boll
damage, damage in open bolls both on boll and loculi basis was comparatively more under
unsprayed condition as against sprayed conditionsséee cotton yield was more Bt cotton
in comparison to neBt cotton both under sprayed and unsprayed conditions. The predator
population (spiders, coccinellid§€hrysoperla Geocorissp., andZanchiussp) was more in
unsprayed conditions as againsteyy@d conditions on botBt and norBt cotton.
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Table 52 Seasonal abundance of sucking insect pests and bollwormsBh cotton under unsprayed conditions at Ludhiana
during 2015

Sucking insect pests / 3 leaves /

Bollworm incidence

Standard _ plant Larval population/10 plants PBW Fspg | Earas | o
weeks Leaf- | White- Thrips | Aphid Hellcqverpa Earias | Earias larvae / 20 (%) larvae/10 damage (%)
hopper | fly armigera | vittella | insulana | green bolls FSFB
23 0.4 1.8 0.0 0.0 - - - - - - -
24 0.6 2.2 3.0 0.0 - - - - - - -
25 0.9 7.3 12.6 0.0 - - - - - - -
26 31 7.9 16.1 0.0 - - - - - - -
27 3.8 33.0 11.5 0.0 - - - - - - -
28 5.2 28.3 8.1 0.0 0.0 0.0 0.0 - 0.0 0.0 -
29 5.3 13.1 6.5 0.0 0.0 0.0 0.0 - 0.0 0.0 -
30 5.9 21.8 6.6 0.0 0.0 0.0 0.0 - 0.0 0.0 -
31 3.0 10.0 35 0.0 0.0 0.0 0.0 - 0.0 0.0 -
32 2.2 55 0.8 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
33 4.4 3.1 0.8 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
34 1.5 11 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
35 1.4 0.7 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
36 0.9 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.8 2.8 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
38 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 0.2 0.5 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
40 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PBW:/ pink bollworm Pectinophora gossypiellaFSFBi Freshly shed fruiting bodies
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Table 53 Seasonal abundance of predators iBt cotton under unsprayed conditions at Ludhiana during 2015

Predators / 10 plants

Standard Coccinellids Chrysoperla zastrowi sillemi Geocoris| Zanchius _
weeks Coccinella Cheilomenes| Brumus Spiders
septempunctatal] sexmaculata | suturalis Eggs Larvae Adults sP- sp-

23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 3.0 0.0 0.0 1.0 0.0 1.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
29 1.0 0.0 0.0 2.0 0.0 7.0 12.0 0.0 0.0
30 4.0 4.0 0.0 13.0 3.0 0.0 5.0 1.0 1.0
31 1.0 1.0 0.0 0.0 0.0 0.0 2.0 1.0 2.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.0
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0
34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 2.0
35 0.0 0.0 0.0 0.0 3.0 0.0 0.0 15.0 8.0
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.0 7.0
37 0.0 0.0 1.0 2.0 0.0 0.0 0.0 4.0 4.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 1.0
39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
40 0.0 0.0 0.0 1.0 0.0 0.0 0.0 4.0 0.0
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Table 54 Seasonal abundance of sucking insect pests and bollworms B cotton under sprayed conditions at Ludhiana

during 2015
Sucking insect pests / 3 leaves / Bollworm incidence
Standard plant Larval population/10 plants PBW Earias
weeks Leaf- | White- Thrips | Aphid Helicover|[|2)aIO Earias pEarias larvae / 20 F(;F)B larvae/10 di:r?:gebgi)
hopper fly armigera | vittella | insulana | green bolls FSFB
23 0.2 2.0 0.0 0.0 - - - - - - -
24 0.7 2.9 2.8 0.0 - - - - - - -
25 0.9 5.3 12.3 0.0 - - - - - - -
26 3.0 6.1 15.6 0.0 - - - - - - -
27 4.2 30.2 10.6 0.0 - - - - - - -
28 1.2 8.0 6.5 0.0 0.0 0.0 0.0 - 0.0 0.0 -
29 2.8 6.6 7.0 0.0 0.0 0.0 0.0 - 0.0 0.0 -
30 3.2 10.6 8.0 0.0 0.0 0.0 0.0 - 0.0 0.0 -
31 3.0 6.9 3.6 0.0 0.0 0.0 0.0 - 0.0 0.0 -
32 2.7 4.3 0.4 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
33 45 3.2 0.3 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
34 0.2 0.9 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
35 1.2 0.4 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
36 0.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.7 2.3 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
38 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 0.2 0.9 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
40 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PBW! pink bollworm Pectinophora gossypiellaFSFBi Freshly shed fruiting bodies
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Table 55 Seasonal abundance of predators iBt cotton under sprayed conditions at Ludhiana during 2015

Standard

Predators / 10 plants

Coccinellids

Chryso

perla zastrowi sillemi

weeks Coccinella Cheilomenes Brumus Eggs Larvae Adults Ge;)g.orls Zar;c;hlus Spiders
septempunctata sexmaculata| suturalis
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
27 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 1.0
28 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0
29 0.0 2.0 0.0 0.0 0.0 0.0 3.0 0.0 1.0
30 3.0 0.0 0.0 12.0 4.0 2.0 1.0 0.0 0.0
31 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 4.0
33 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 2.0
34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 5.0
36 0.0 0.0 0.0 2.0 0.0 0.0 0.0 23.0 2.0
37 0.0 0.0 0.0 2.0 0.0 0.0 0.0 4.0 2.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0
40 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
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Table 56 Seasonal abundance of sucking insect pests and bollworms in ABh cotton under unsprayed conditions at
Ludhiana during 2015

Sucking insect pests / 3 leaves /

Bollworm incidence

Standard plant Larval population/10 plants PBW FSEB Earias Green boll
weeks Leaf- | White- | Thrips | Aphid Helicc_)verpa E_arias _Earias larvae / 20 (%) larvae/10 damage (%)
hopper | fly armigera | vittella | insulana | greenbolls FSFB
23 0.2 0.9 0.6 0.0 - - - - - - -
24 0.4 4.5 16.6 0.0 - - - - - - -
25 0.9 6.8 24.0 0.0 - - - - - - -
26 2.0 9.2 17.7 0.0 - - - - - - -
27 3.9 20.0 13.6 0.0 - - - - - - -
28 4.4 15.3 10.9 0.0 0.0 0.0 0.0 - 0.00 0.00 -
29 4.5 8.8 7.7 0.0 0.0 0.0 0.0 - 0.00 0.00 -
30 3.1 14.1 4.2 0.0 0.0 0.0 0.0 - 11.76 0.29 -
31 2.9 9.3 2.3 0.0 0.0 0.0 0.0 - 12.50 0.31 -
32 2.3 8.2 1.1 0.0 0.0 0.0 2.0 - 13.51 0.27 0.00
33 6.5 9.0 0.0 0.0 0.0 1.0 0.0 - - - 0.41
34 4.5 4.1 0.0 0.0 2.0 4.0 0.0 - 36.36 0.68 1.64
35 3.7 2.4 0.0 0.0 0.0 5.0 0.0 - 24.14 0.34 2.26
36 0.8 2.8 0.0 0.0 0.0 6.0 0.0 0.0 30.77 0.38 3.33
37 2.5 12.1 0.0 0.0 0.0 1.0 0.0 - 7.46 0.15 1.47
38 0.4 0.9 0.0 0.0 0.0 4.0 0.0 0.0 6.09 0.09 1.84
39 0.4 0.6 0.0 0.0 0.0 3.0 0.0 - 7.55 0.19 3.68
40 0.2 0.4 0.0 0.0 0.0 2.0 0.0 0.0 - - 3.39

PBW!i pink bollworm @Pectinophora gossypiellaFSFBi Freshly shed fruiting bodies
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Table 57.Seasonal abundance of predators in neBt cotton under unsprayed conditions at Ludhiana during 2015

Standard

Predators / 10 plants

Coccinellids

Chryso

perla zastrowi sillemi

weeks Coccinella Cheilomenes Brumus Eggs Larvae Adults Ge;)g.orls Zar;c;hlus Spiders
septempunctata sexmaculata| suturalis
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0
27 0.0 0.0 0.0 1.0 0.0 0.0 2.0 0.0 0.0
28 1.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 2.0
29 1.0 2.0 0.0 5.0 0.0 3.0 7.0 0.0 1.0
30 3.0 4.0 0.0 4.0 2.0 9.0 5.0 1.0 1.0
31 1.0 1.0 0.0 0.0 0.0 1.0 2.0 1.0 2.0
32 0.0 0.0 0.0 0.0 2.0 0.0 0.0 2.0 3.0
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 4.0
34 0.0 0.0 0.0 1.0 0.0 0.0 0.0 17.0 8.0
35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.0 2.0
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44.0 6.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 2.0
39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
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Table 58.Seasonal abundance of sucking insect pests and bollworms in ABhcotton under sprayed conditions at Ludhiana

during 2015
Sucking insect pests / 3 leaves / Bollworm incidence
Standard plant Larval population/10 plants PBW FSEB Earias Green boll
weeks Leaf- | White- | Thrips | Aphid Helicc_)verpa E_arias _Earias larvae / 20 (%) larvae/10 damage (%)
hopper | fly armigera | vittella | insulana | greenbolls FSFB
23 0.0 0.6 0.4 0.0 - - - - - - -
24 0.6 4.2 17.2 0.0 - - - - - - -
25 0.8 5.7 23.3 0.0 - - - - - - -
26 2.2 9.7 17.0 0.0 - - - - - - -
27 3.5 19.6 12.5 0.0 - - - - - - -
28 1.0 5.4 5.7 0.0 0.0 0.0 0.0 - 0.00 0.00 -
29 2.2 6.8 6.0 0.0 0.0 0.0 0.0 - 0.00 0.00 -
30 4.5 10.4 4.4 0.0 0.0 0.0 0.0 - 0.00 0.00 -
31 3.2 8.3 2.8 0.0 0.0 0.0 0.0 - 0.00 0.00 -
32 3.0 8.1 1.4 0.0 0.0 0.0 1.0 - 3.23 0.00 0.00
33 4.9 8.6 0.0 0.0 0.0 0.0 0.0 - - - 0.51
34 0.6 1.7 0.0 0.0 1.0 3.0 0.0 - 6.02 0.48 1.46
35 1.6 1.6 0.0 0.0 0.0 2.0 0.0 - 20.59 0.00 0.88
36 0.9 2.1 0.0 0.0 0.0 1.0 0.0 0.0 5.26 0.00 1.38
37 3.0 8.9 0.0 0.0 0.0 1.0 0.0 - 6.67 0.13 1.25
38 0.2 1.0 0.0 0.0 0.0 3.0 0.0 0.0 3.45 0.14 1.08
39 0.4 0.3 0.0 0.0 0.0 2.0 0.0 - 6.45 0.32 1.45
40 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 - - 1.72

PBW!i pink bollworm @Pectinophora gossypiellaFSFBi Freshly shed fruiting bodies
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Table 59. Seasonal abundance of predators in neBt cotton under sprayed conditions at Ludhiana during 2015

Standard

Predators / 10 plants

Coccinellids

Chryso

perla zastrowi sillemi

weeks Coccinella Cheilomenes Brumus Eggs Larvae Adults Ge;)g.orls Zar;c;hlus Spiders
septempunctata sexmaculata| suturalis
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0
27 0.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 1.0 2.0 0.0 2.0 0.0 3.0 5.0 0.0 0.0
30 1.0 1.0 0.0 2.0 2.0 4.0 3.0 1.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0
33 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 2.0
34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 5.0
35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 4.0
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 29.0 6.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 3.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 1.0
39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 60.”Overall incidence of insect pests and natural enemies population in Bt and
non-Bt cotton under sprayed and unsprayed conditions during 2015

Parameters Bt cotton Non-Bt cotton
Unsprayed | Sprayed | Unsprayed | Sprayed

Sucking pests
Leafhopper (no./3 leaves) 2.22 1.66 2.42 1.81
Whitefly (no./3 leaves) 7.83 5.14 7.19 5.74
Thrips (no./3eaves) 3.86 3.73 5.48 5.04
Aphid (no./3 leaves) 0.0 0.0 0.0 0.0
Bollworms
H. armigera/ 10 plants 0.0 0.0 0.15 0.08
E. vittella/ 10 plants 0.0 0.0 2.00 0.92
E. insulana 10 plants 0.0 0.0 0.15 0.08
P. gossypielld 20 green bolls 0.0 0.0 0.0 0.0
FSFB (%) 0.0 0.0 13.65 4.70
E. vittellalarvae/ 10 FSFB 0.0 0.0 0.25 0.10
Green boll damage (%) 0.0 0.0 2.00 1.08
Open boll damage (%) 0.0 0.0 25.24 12.95
Loculi damage (%) 0.0 0.0 12.14 6.03

Seed cotton yield (g/ha) 6.58 7.39 4.47 5.94
Predators /10 plants
Coccinella septempunctata 0.39 0.22 0.33 0.11
Cheilomenes sexmaculata 0.28 0.11 0.39 0.17
Brumus suturalis 0.06 0.00 0.06 0.00
Chrysoperla zastrowi sillemi
: ng\’/ze 1.17 1.11 0.89 0.61

0.33 0.22 0.22 0.11

e Adult 0.39 0.11 0.72 0.39
Geocorissp. 1.11 0.33 0.89 0.56
Zanchiussp. 4.28 2.61 5.39 3.50
Spiders 2.00 1.17 2.06 1.39

"Average of weekly observations; FSFBreshly shed fruiting bodies
Outbreak of whitefly in cotton belt of Punjab

During 2015, whitefly,B. tabaci appeared in epidemic form in cotton belt (south
western districs) of Punjab. Higher incidence of whitefly was observed in the Abohar and
Khuian Sarwar block of Fazilka district, followed by Bathinda, Muktsar and Mansa districts.
The possible reasons fds ioutbreak may be due to following factors:

¢ High humidity and moderate temperature due to frequent rains during June appeared
to be the possible reason for high incidence of whitefly in July. Normally, heavy
showers in JuhSeptember wash out the adwfswhitefly but during 2015, no heavy
rains were recorded during this period.

¢ Due to delayed harvesting of wheat, the cotton sowing was delayed. The incidence of
whitefly was higher in relatively late sown crage., after 15 May. The cotton area
sown dter 15" May was 756 in Punjab.

87



Stress due to various factors such as lack of moisture, water logging, saline soil, poor
quality water, nutrients deficiency, poor weed management, etc. led to poor growth
and higher damage as compared to well managed.Bopse of the farmers applied
higher dose of nitrogen and sprayed acephate and monocrotophos (both are not
recommended) that favoured higher incidence of whitefly.

Use of unrecommendednixture of insecticides (readymade as well as tank made
mixture), andsub standard and spurious insecticides aggravated the pest scenario,
further.

Adoption of agreadvisory by the farmers from unauthorized sources such as input
dealers and commission agents.

Survival and multiplication of whitefly on alternate weed halants like peeli booti,

kangi bootj puth kandaetc.

Survival and multiplication of whitefly on alternate cultivated crops nanmredpng

mash okra, potato, brinjal, tomato, etc.

Survival of whitefly under mild winter conditions (higher nimum temgeréure,
increased humidity, no frost) during @amber 2014 and Janud&15 led to its early

build up

Tractor mounted gun sprayers are widely used by the farmers, which do not ensure
proper spray coverage.

Due to high incidence of whitefly on cotton, soraenfiers neglected the crop and did

not apply any insecticides. Consequently, whitefly population increased and later
migrated to adjoining cotton fields.

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

Location : Agronomy farm, BACA, Anand Agricultural University, Anand.
Season and year : Kharif 2015

Experimental details

Treatments : 10

Replication :3

Design : Randomized Block Design (RBD)
Crop / variety Bt cotton- BG-6

Spacing : 120 x 60 cm

Details of treatments

T1
T2
T3
Ta
Ts
Te
Tz
T
To
To

Beauveria bassian@ x 10 cfu ') @ 30 g /10 litres water
Beauveria bassian@ x 10 cfu ') @ 40 g /10 litres water
Verticillium lecanii (2 x 10 cfu g*) @ 30 g /10 litres water
Verticillium lecanii(2 x 1¢ cfu g*) @ 40 g /10 litres water
Metarhizium anisoplia¢2 x 10 cfu g*) @ 30 g /10 litres water
Metarhizium anisoplia¢2 x 10 cfu g*) @ 40 g /10 litres water
Nomurea rileyi(2 x 16 cfu g*) @ 30 g /10itres water

Nomurea rileyi(2 x 16 cfu g*) @ 40 g /10 litres water
Recommendethsecticide (Thiamethoxam 25 W@ 20 g/ 10 litresvatel)
Control (water spray)
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The bicefficacy of microbial insecticides was evaluated against apipidis gossypii
jassid, Amrasca biguttula biguttutawhitefly, Bemisia tabaci;and thrips, Thrips tabaci
Considering the pest population in experimental area, two sprays were applied on need basis.

The observations on population of sucking pests [Aplid,gosypii Jassid,A.
bigutulla bigutulla Whitefly, B. tabaciand Thrips,T. tabac] were made on five plants
selected randomly in each plot. On each plant, three leaves were selected randondp,from
middle and bottom canopy and population counts were made one day before the first spray as
well as 3 and 7 days after each spray. The periodical data on pest population were subjected
to ANOVA after transforming them to square root. The data werepalsted over periods,
sprays and years. Moreoveseed cotton yield in kilograms was recorded piltde and
picking-wise. The yield data was summep plot wise, converted to quintal/ha and subjected
to ANOVA.

Among the different microbial insecticidessed at different concentrations,
significantly lower number of jassids (1.04/leaf), whiteflies (1.72/leaf), aphids (2.38/leaf) and
thrips (1.31/leaf) were recorded in the treatmentecanii (40 g/10 L of water), followed by
B. bassianaandM. anisopliae(40 g/10 L of water). None of the microbial insecticides found
superior than chemical insecticide used. Further, it was found that lowest number of jassids
(0.94/leaf), whiteflies (1.39/leaf), aphids (1.92/leaf) and thrips (1.01/leaf) were recorded in
insecticide (thiamethoxajmtreated plot(Tables 61-64). Similarly, among the microbial
insecticides, higher seed cotton yield was obtained in the treatmientectinii @ 40g/10 L
of water(28.96 g/ha), followed by. bassiana@ 40g/10 L of water (25.98 g/ha) arid.
anisopliae @40 g/10 L of water (25.29 g/ha). However, the highest seed cotton yield was
recorded in chemical insecticide treated plot (31.26 d/fet)le 65.
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Table 61 Bio-efficacy of miaobial insecticides against jassid infestingt cotton

No. of jassid/leaf

3 days after spra 7 days after spra
Treatments Before 1st zn%i/ 3rd p y 1St ZHZ 3rd p y Pooled
spray Pooled Pooled
spray | spray | spray spray | spray | spray
11, | B-bassiana®@30g | 234 | 158 | 134 [ 123 | 138 [ 123 | 123 | 105 [ 117 | 1.26°
* | 110 litres water (4.98) | (2.00) | (1.30)| (1.01) | (1.41) | (2.01) | (1.01) | (0.60)| (0.86) | (1.14)
o, | B bassiana@40g | 225 | 129 | 125 | 1.05 | 120 [ 1.05 | 105 | 1.00 [ 108 | 112°
* | 110 litres water (4.56) | (1.16) | (1.06) | (0.60) | (0.94) | (0.60) | (0.60) | (0.50)| (0.57) | (0.75)
T3 | V-lecani@30g/10| 241 [ 170 | 146 | 1.23 | 146 | 134 | 134 | 123 [ 130 | 138
* | litres water (5.31) | (2.39) | (1.63)| (1.01) | (1.63) | (1.30) | (1.30) | (1.01)| (1.20) | (1.40)
4. | V-lecani@40g/10| 231 | 146 | 105 [ 088 | 113 [ 105 | 091 | 088 | 095 | 104"
* | litreswater (4.84) | (1.63) | (0.60)| (0.27) | (0.78) | (0.60) | (0.33) | (0.27)| (0.39) | (0.58)
5. | M- anisopliae@30g| 247 | 1.68 | 158 | 123 | 150 | 134 | 134 | 1.34 [ 134 | 142
* | 110 litres water (5.60) | (2.32) | (2.00)| (1.01) | (1.74) | (1.30) | (1.30) | (1.30)| (1.31) | (1.52)
6. | M- anisopliae@40g| 254 | 146 [ 1.34 [ 105 | 129 [ 123 [ 1.05 | 1.05 [ 111 | 1.20°
* | 110 litres water (5.95) | (1.63) | (1.30)| (0.60) | (1.15) | (1.01) | (0.60) | (0.60)| (0.73) | (0.94)
7. | N.rileyi@309/10 | 246 | 186 | 1.85 | 168 | 180 | 177 | 170 | 158 | 169 | 174
* | litres water (5.55) | (2.96) | (2.92) | (2.32) | (2.73) | (2.63) | (2.39) | (2.00) | (2.34) | (2.53)
g | N.-rileyi@40g/10 | 254 [ 177 [ 168 | 146 | 164 | 168 | 146 | 1.34 [ 150 | 157
* | litres water (5.95) | (2.63)| (2.32)| (1.63) | (2.18) | (2.32) | (1.63) | (1.30)| (1.74) | (1.96)
Recommended
To '(’}T]eigf;?ﬁoxamzs 260 | 123 | 091 | 0.88 | 1.00 | 088 | 0.88 | 0.88 | 0.88 | 0.94
WG @ 204 10 lives| (6:26) | (101) | (032) | (027) | (0.51) | (027) | (0:27) | (0:27) | (0.27) | (0.38)
water)
, 266 | 274 | 285 | 285 | 281 | 279 | 286 | 3.03 | 2.89 | 2.89
T10: | Control (water spray)| 5'sey | (7.01 | (7.62) | (7.62) | (7.39) | (7.28) | (7.68) | (8.68)| (7.85) | (7.62)

S. - Treatment | 95 | 912 | 012 | 011 | 007 | 012 | 0.14 | 015 | 008 | 0.05
Em. + (M)

Spray (S) - - - - 0.05 - - - 0.05 0.03

Period (P) - - - - - - - - - 0.02

TXxS - - - - 0.04 - - - 0.04 0.04

TxP - - - - - - - - - 0.09

SxP - - - - - - - - - 0.07

TXSxP - - - - - - - - - 0.13

C.D@5% T NS 035 | 0.34 | 0.34 0.19 035 | 042 | 0.44 0.22 0.15
S - - - - 0.21 - - - - 0.11

P - - - - - - - - - 0.07

TxS - - - - NS - - - NS NS

TxP - - - - - - - - - NS

SxP - - - - - - - - - 0.21

TXxXSxP - - - - - - - - - NS
C. V. (%) 10.42 | 12.25| 13.04| 1456 | 13.20 | 14.32 | 1754 | 19.06 | 16.98 15.37

Note:  Figures in parentheses asgransformed values; those outside/arens transformed values; Figures in Lette

common are statistically at par as per DNMRT
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Table 62.Bio-efficacy of microbial insecticides against whitefly infestinddt cotton

No. of whitefly/ leaf
Treatments Before _ 3 drzijys after ?dpray _ 7 dgjys afterrgpra
1 2 3 1 2 3 Pooled
spray Pooled Pooled
spray | spray | spray spray | spray | spray
T1: B. bassiana@ 30 2.70 2.18 1.86 1.58 1.87 1.94 1.67 1.46 1.69 1,78
* | g/10 lires water | (6.79) | (4.25)| (2.96) | (2.00) | (3.00) | (3.26) | (2.29) | (1.63) | (2.36) | (2.67)
T2: B. bassiana@ 40 2.97 2.11 1.68 1.49 1.76 1.80 1.59 1.31 1.56 1.66°
* | g/10 lireswater | (8.32) | (3.95) | (2.32) | (1.72) | (2.60) | (2.74) | (2.03) | (1.22) | (1.93) | (2.26)
T3: V. lecanii@ 30 g 2.70 2.31 1.95 1.77 2.01 2.00 1.77 1.56 1.78 1.89¢
* | /10litres water (6.79) | (4.84) | (3.30) | (2.63) | (3.54) | (3.50) | (2.63) | (1.93) | (2.67) | (3.07)
Ta: V. lecanii@ 40 g 3.02 2.04 1.77 1.58 1.80 1.86 1.58 1.46 1.63 1.72¢
* | /10 litres water (8.62) | (3.66) | (2.63) | (2.00) | (2.74) | (2.96) | (2.00) | (1.63) | (2.16) | (2.46)
5 gﬂd a’}'lsgrl’ii';i@ 258 | 227 | 203 | 204 | 211 | 187 | 1.8 | 1.68 | 1.80 | 1.9¢
) wat%r (6.16) | (4.65)| (3.62) | (3.66) | (3.95) | (3.00) | (2.96) | (2.32) | (2.74) | (3.34)
T6: Z"d a’}'fgm'ries@ 276 | 216 | 1.76 | 168 | 1.87 | 1.87 | 1.68 | 158 | 1.71 | 1.79«
) Wat%r (7.12) | (4.17) | (2.60) | (2.32) | (3.00) | (3.00) | (2.32) | (2.00) | (2.42) | (2.70)
T7- N. rileyi @ 30 g 3.03 2.74 2.41 2.35 2.50 227 | 2.27 2.12 2.22 2.36
* | /10 litres water (8.68) | (7.01) | (5.31) | (5.02) | (5.75) | (4.65) | (4.65) | (3.99) | (4.43) | (5.07)
Ts: N. rileyi @ 40 g 2.91 2.61 2.25 2.17 2.34 2.17 2.11 1.95 2.08 2.2
* | /10 litres water (7.97) | (6.31) | (4.56) | (4.21) | (4.98) | (4.21) | (3.95)| (3.30) | (3.83) | (4.38)
Recommended
To. '(r}ieigﬁfé‘:ﬁoxam g 285 | 177 | 134 | 146 | 153 | 146 | 105 | 123 | 125 | 139
WG @ 20 g/ 10 (7.62) | (2.63)| (1.30) | (1.63) | (1.84) | (1.63)| (0.60) | (1.01) | (1.06) | (1.43)
litres water)
T10: Control (water 2.88 2.91 3.44 3.44 3.26 2.98 3.19 3.48 3.21 3.24
" | spray) (7.79) | (7.97) | (11.33)| (11.33)| (10.13)| (8.38) | (9.68) | (11.61) | (9.80) | (10.00)
S- Treatment
Em. T 0.22 0.18 0.13 0.10 0.08 0.14 | 0.13 0.12 0.08 0.05
+
Spray (S) - - - - 0.03 - - - 0.03 0.03
Period (P) - - - - - - - 0.02
TXxS - - - - 0.05 - - - 0.04 0.04
TxP - - - - - - - 0.09
SxP - - - - - - - 0.08
TxSxP - - - - - - - 0.13
CD@5% T NS 0.54 0.39 0.31 0.23 0.43 0.37 0.36 0.21 0.15
S - - - - 0.13 - - - 0.13 0.10
P - - - - - - - 0.07
TxS - - - - NS - - - NS 0.12
TxP - - - - - - - NS
SxP - - - - - - - NS
TxSxP - - - - - - - NS
C. V. (%) 13.56 13.74 10.97 9.22 11.75 | 12.38 11.60 11.66 11.93 11.63
Note: Figures in parentheses are retransformed values; those outSide.are transformed values; Figures in Lt

commonare statistically at par as per DNMRT
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Table 63. Bio-efficacy of microbial insecticides against aphid infestingt cotton

No. of aphid/ leaf

Treatments Before _ 3 darll}j/s after srdpray _ 7 dan%/s after srﬁ)ray
1 2 3 1 2 3 Pooled
spray Pooled Pooled
spray | spray | spray spray | spray | spray
TL: B. bassiana@ 30 3.97 3.21 2.83 2.54 2.86 3.11 2.47 2.07 2.55 2.7¢
" | g/10 litres water | (15.26)| (9.80) | (7.51) | (5.95) | (7.68) | (9.17) | (5.60) | (3.78) | (6.00) | (6.79)
T2: B. bassiana@ 40 4.09 2.93 2.59 2.32 2.62 241 2.26 1.93 2.20 2.41¢
" | g/10 litres water | (16.23)| (8.08) | (6.21) | (4.88) | (6.36) | (5.31) | (4.61) | (3.22) | (4.34) | (5.31)
T3: V. lecanii@ 30 g 4.35 3.21 2.97 2.56 2.91 3.15 2.50 2.20 2.61 2.76
* | /10 litres water (18.32)| (9.80) | (8.32) | (6.05) | (7.97) | (9.42) | (5.75) | (4.34) | (6.31) | (7.12)
T4 V. lecanii@ 40 g 4.27 3.03 2.50 2.28 2.61 2.22 2.20 2.06 2.16 2.38
© | /10 litres water (17.73)| (8.68) | (5.75) | (4.70) | (6.31) | (4.43) | (4.34) | (3.74) | (4.17) | (5.16)
T5: g/ld a'}fg‘ﬁi'raees@ 410 | 325 | 3.02 | 261 | 296 | 328 | 261 | 234 | 274 | 2.85°
) wat%r (16.31) | (10.06)| (8.62) | (6.31) | (8.26) | (10.26)| (6.31) | (4.98) | (7.01) | (7.62)
T6: Zﬁd a’}'lsgrl’ii';i@ 393 | 317 | 274 | 234 | 275 | 308 | 241 | 213 | 254 | 2.64°
: wat%r (14.94)| (9.55) | (7.01) | (4.98) | (7.06) | (8.99) | (5.31) | (4.04) | (5.95) | (6.47)
17 N. rileyi@ 30 g 4.12 3.46 3.29 3.08 3.27 3.48 3.02 2.89 3.13 3.20
* | /10 litres water (16.47)| (11.47)| (10.32)| (8.99) | (10.19)| (11.61)| (8.62) | (7.85) | (9.30) | (9.74)
T8: N. rileyi @ 40 g 4.02 3.34 3.25 2.95 3.18 3.43 2.72 2.75 2.96 3.07
| /10litres water (15.66) | (10.66)| (10.06)| (8.20) | (9.61) | (11.26)| (6.90) | (7.06) | (8.26) | (8.92)
Recommended
To '(r}sh‘i*;'nce'fﬁoxam 433 | 261 | 204 | 168 | 211 | 195 | 177 | 146 | 173 | 1.92
25WG @ 20 gf (18.25)| (6.31) | (3.66) | (2.32) | (3.95) | (3.30) | (2.63) | (1.63) | (2.49) | (3.19)
10 litres water)
T10: Control (water 4.27 4.36 4.42 4.74 4,51 4.70 4.70 471 4.70 4,61
" | spray) (17.73)| (18.51)| (19.04) | (21.97)| (19.84)| (21.59) | (21.59)| (21.68)| (21.59) | (20.75)
S- Treatment
Em. M 0.29 0.17 0.16 0.14 0.10 0.21 0.14 0.14 0.09 0.07
*
Spray (S) - - - - 0.05 - - - 0.05 | 0.04
Period (P) - - - - - - - - 0.03
TXS - - - - 0.10 - - - 0.09 0.05
TxP - - - - - - - - 0.12
SxP - - - - - - - - 0.10
TxSxP - - - - - - - - 0.17
C.D.at5% T NS 0.52 0.48 0.42 0.28 0.61 0.43 0.42 0.27 0.19
S - - - - - - - - 0.15 0.17
P - - - - - - - - - 0.09
TXxS - - - - NS - - - NS 0.15
TxP - - - - - - - - - NS
SxP - - - - - - - - - NS
TxXSxP - - - - - - - - - NS
C. V. (%) 12.14 | 9.30 9.34 9.09 9.92 11.63 9.32 10.06 | 10.37 | 10.31
Note: Figures in parentheses are retransformed values; those oufsideare transformed values; Figures in Le

common are statistically at par as per DNMRT
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