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Technical Programme for 2018-19

BASIC RESEARCH

Biodiversity of biocontrol agents from various agro-ecological zones

National Bureau of Agricultural Insect Resources

Taxonomic and biodiversity studies on parasitic Ichneumonidae wasps

Spider diversity and biocontrol potential of social spider

Molecular characterization and DNA barcoding of agriculturally important
parasitoids, predators and other insects

Diversity of Trichogrammatids

Predatory mirids, geocorids, anthocorids and mites

Studies on Fall armyworm, Spodoptera frugiperda

Studies on coconut rugose spiralling whitefly, Aleurodicus rugioperculatus
Endophytic establishment of Beauveria bassiana and Metarhizium anisopliae in
cabbage for management of diamondback moth (Plutella xylostella (L.)

Field evaluation of Spilosoma obliqua nucleopolyhedrovirus (SpobNPV) in jute
Field evaluation of Spodoptera mauritiaNPV (SpmaNPV) against rice armyworm
Biodiversity of biocontrol agents from various agro ecological zones (AAU-A,
AAU-J, KAU-Thrissur, PAU, SKUAST, TNAU, YSPUHF, CAU-Pasighat,
MPUAT, OUAT, UAS-R, CISH, CPCRI, IIMR, 1IRR, IIVR, UBKYV)

Surveillance for pest outbreak and alien invasive pests
Surveillance for invasive pests (All centres)

Biological control of plant disease using antagonistic organisms

List of Trichoderma/ Pseudomonas isolates used in various experiments

Large scale demonstration of biocontrol technology in chickpea and lentil
Molecular signatures of promising Trichoderma isolates validated under AICRP
biological control at Pantnagar

Isolation and evaluation of temperature tolerant Trichoderma isolates for crop
health management during coldest/hottest climate

In Vitro evaluation of temperature tolerant Trichoderma isolates

BIOLOGICAL CONTROL OF CROP PESTS

CEREALS

Biological Control of Rice Pests

Management of rice stem borer and leaf folder using entomopathogenic nematodes
and entomopathogenic fungi (KAU & ANGRAU)

Evaluation of Beauveria bassiana and Lecanicillium lecanii against brown plant
hopper Nilaparvata lugens Stal (KAU)

Management of plant hoppers through BIPM approach in organic basmati rice /
rice (ANGRAU, PDKYV, PAU)

Improved formulation of B. bassiana against rice leaf folder Cnaphalocrocis
medinalis (KAU-Vellayani)

Comparative efficacy of entomopathogenic fungi against sucking pests of rice,
Leptocorisa acuta (KAU-Vellayani)

Seasonal abundance of spiders in rice ecosystem by general collection, pitfall trap
and sweep net method (AAU-Anand, AAU-Jorhat, PAU)

Large scale bio-intensive pest management on rice (AAU-Anand, ANGRAU,
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KAU, OUAT, IIRR, GBPUAT, AAU-J, PAU, NBAIR)

Testing of BIPM trial on paddy along with farmers practice and control (IGKV)
Evaluation of fungal and bacterial isolates for crop health management in rice
(GBPUAT)

Effect of delivery methods (foliar sprays) of PBAT-3 for crop health management
in Rice(GBPUAT)

Evaluation of Pseudomonas fluorescens (Pantnagar Strain PBAT 3) against sheath
blight in rice (PAU)

Biological Control of Maize Pests

Evaluation of entomopathogenic fungi and Bt against maize stem borer (rabi 2017-
18 or as per season) (PAU, PJTSAU)

Biological control of maize stem borer, Chilo partellus using Trichogramma
chilonis (ANGRAU, MPUAT, PAU)

Adhoc field trial against fall armyworm in Rabi maize (ANGRAU, MPKYV,
OUAT, TNAU, UAS-R)

Biological Control of Sorghum Pests
Adhoc field trial against fall armyworm in Rabi sorghum (IIMR & UAS-R)

Biological Control of Finger millet Pests
Evaluation of entomopathogenic fungi formulations against millet borers in finger
millet (IIMR)

PULSES

Biological Control of Pigeon pea Pests

Evaluation of NBAIR Bt formulation on pigeonpea against pod borer complex
(ANGRAU, MPKV, PAU, TNAU, UAS-Raichur, PDKV)

Demonstration of Trichoderma spp for the management of Fusarium wilt in pigeon
pea (AAU- Anand)

Biological Control of Mung bean Pests
Integration of botanical/microbials and insecticide spray schedule for the
management of pod borer complex in mung bean (PAU)

Biological Control of Cowpea Pests

Evaluation of entomopathogenic fungi against pod bug Riptortus pedestris on
cowpea Vigna unguiculata (KAU-Thrissur)

Field evaluation of ICAR-NBAIR entomopathogenic fungi strains against cowpea
aphid (Aphis craccivora) (KAU-Thrissur, 11VR)

Screening of promising fungal and bacterial isolates for management of
anthracnose disease in cowpea (KAU-Kumarakom)

Biological Control of Chickpea Pests

Integration of botanicals/microbials and insecticide spray schedule for the
management of Helicoverpa armigera on chickpea (PAU-Ludhiana)

Management of Helicoverpa armigera by HearNPV in chickpea ecosystem
(NBAIR) in collaboration with UAS-R)

Biological suppression of pod borer Helicoverpa armigera infesting chickpea
(MPUAT-Udaipur)
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Evaluation of fungal and bacterial isolates for chickpea disease management
(GBPUAT)

Evaluation of bioagent consortium in glasshouse (pot experiments) and in field for
crop health management in chickpea (GBPUAT-Pantnagar)

Biological Control of soybean Pests
Demonstration on biological suppression of Spodoptera litura with Nomuraea
rileyi in soybean (MPKV)

COMMERCIAL CROPS

Biological Control of Cotton Pests

Management of Pink bollworm by using Trichogrammatoidea bactrae in Bt cotton
(UAS-R, PDKV, PJTSAU)

Evaluation of entomofungal agents and botanicals for the management of sucking
pests in cotton (MPKV, PJTSAU)

Biointensive pest management in Bt cotton ecosystem (AAU-A, UAS-R)
Monitoring of whitefly, its natural enemies and pink bollworm in cotton (PAU-
Ludhiana)

Population dynamics of whitefly, Bemisia tabaci (Gen) and its natural enemies in
cotton: A study in farmers’ field in North Zone (NCIPM-New Delhi)

Biological Control of Sugarcane Pests

Efficacy of entomopathogenic nematodes and entomofungus for the management
of white grub in sugarcane ecosystem (ANGRAU, MPKV, UAS-R)

Large scale demonstration of Trichogramma chilonis against sugarcane borers
(ANGRAU, MPKYV, OUAT, PJTSAU, PAU, UAS-Raichur, SunAgro)

Biological Control of Tobbaco Pests

Evaluation of bio-pesticides in suppressing tobacco stem borer, Scrobipalpa
heliopa on tobacco (CTRI)

Impact of contaminated prey (Myzus nicotianae) on life parameters of insect
predators (Coccinella sp.) (CTRI)

OILSEEDS
Biological Control of Mustard Pests
Bioefficacy of entomopathogenic fungus against mustard aphid (AAU-J)

Biological Control of Groundnut Pests

FRUIT CROPS

Biological Control of Banana Pests

Bioefficacy of entomopathogens against banana fruit and leaf scaring beetles,
Nodostoma subcostatum (AAU-J)

Biological Control of Papaya Pests
Monitoring and record of incidence of papaya mealybug and its natural enemies on
papaya and other alternate hosts (AAU- A, TNAU)

Biological Control of Mango Pests
Effect of biopesticides for management of mango hoppers, pests Idioscopus spp in
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field condition (DRYSRUH, CISH)

Bioefficacy of entomopathogenic fungi formulations in suppression of mango leaf
webber (CISH-Lucknow)

Habitat manipulation for conservation of bio-agents for management of mango
insect pests (CISH, Lucknow)

Field evaluation of anthocorid predator, Blaptostethus Pallescens for mango thrips
(CISH)

Management studies for inflorescence thrips on mango with bio-pesticides in field
conditions (DRY SRUH-Ambajipeta)

Biological Control of Guava Pests
Field evaluation of biomanagement inputs against root-knot nematode in guava
(CISH)

Biological Control of Apple Pests

Integrated pest management of apple codling moth, Cydia pomonella (SKUAST)
Evaluation of predatory bug, Blaptostethus pallescens against European red mite
Panonychus ulmi and two spotted spider mite Tetranychus urticae on apple
(SKUAST)

Evaluation of Trichogramma spp. against apple fruit moth, Argyresthia conjugella
under laboratory conditions (YSPUHF)

Management of apple root borer using Metarhizium anisopliae (YSPUHF)

PLANTATION CROPS

Biological Control of Coconut Pests

Surveillance of rugose whitefly in coconut and assessing the population of natural
biocontrol agents (CPCRI, DRYSRUH, KAU-Kumarakom, KAU-Thrissur, TNAU,
NBAIR)

Management of coconut black headed caterpillar using Goniozus nephantidis and
Bracon brevicornis in endemic areas of Kerala (CPCRI)

Screening of coleopteran specific Bt formulation (NBAIR strains) against red palm
weevil (Rhynchophorus ferrugineus) at CPCRI, Kayangulam

Screening of coleopteran specific Bt formulation (NBAIR strains) against
rhinoceros beetle (Oryctes rhinoceros) at CPCRI, Kayangulam

Effect of cassava leaf extracts on rugose spiralling whitefly (CPCRI)

Per cent parasitization of E. guadeloupae on rugose spiralling whitefly in coconut
and oil palm (DRYSRUH)

Management of coconut rugose spiraling whitefly using entomopathogenic fungus,
Isaria fumosorosea (Pfu-5) (ANGRAU, KAU-K, NBAIR)

Biological Control of Cocoa Pests

Evaluation of microbial insecticides against bagworm, Pteroma plagiophelps in
cocoa (DRYSRUH-Ambajipeta)

In vivo evaluation of effective biocontrol agents against Phytophthora pod rot
management in cocoa (DRY SRUH-Ambajipeta)

Biological Control of Tea Pests
Field evaluation of biopesticides against tea red spider mite, Oligonychus coffeae
(UBKV)
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VEGETABLE CROPS

Biological Control of Tomato Pests

Bio-intensive management of Helicoverpa armigera, Tuta absoluta and sucking
pests of tomato (AAU-Anand, MPKV, PAU, TNAU, YSPUHF, IIVR, IIHR,
PJITSAU)

Large scale field trials for the management of Helicoverpa armigera infesting
tomato (MPUAT-2ha)

Biological Control of Brinjal Pests

Role of habitat manipulation for insect pests, nematodes and natural enemies in
brinjal (AAU-J)

Biointensive insect pest management in brinjal (AAU-Jorhat, KAU-Thrissur,
MPKYV, TNAU, CAU-Pasighat, OUAT, NBAIR)

Bioefficacy of microbial agents against Myllocerous subfasciatus on brinjal (IIHR)

Biological Control of Okra Pests
Efficacy of biocontrol agents for management of fruit borer Earias vittella on
bhendi (TNAU, AAU-A)

Biological Control of Cabbage Pests

Evaluation of Steinernema carpocapsae and Heterorhabditis indica (NBAIR
strain) against lepidopteran pest complex (SKUAST)

Biointensive pest management in cabbage (TNAU)

Field evaluation of ICAR-NBAIR entomopathogenic fungi strains against cabbage
aphid (Myzus persicae) and Plutella xylostella (DBM) (I1VVR-Varanasi)

Trial using Trichococards against DBM on cabbage (IGKV)

Biological Control of Chilli Pests

Screening of promising isolates of entomopathogenic fungi for management of
whiteflies in chillies (KAU-Kumarakom)

Evaluation of fungal pathogens against chilli yellow mite, Polyphagotarsonemus
latus (UBKV-Pundibar)

Biological Control of Cucumber Pests
Bioefficacy of some biopesticides against whitefly (Bemisia tabaci) and jassids
(Empoasca flavescens) in cucumber (UBKV, Pundibari)

FLOWERS
JASMINE
Management of bud worm and blossom midge on jasmine (TNAU)

POLYHOUSE INSECT PESTS

Management of cucumber sucking pests using anthocorid predator, Blaptostethus
pallescens under polyhouse condition (KAU)
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EXPERIMENTAL RESULT

l. BIODIVERSITY OF BIOCONTROL AGENTS FROM VARIOUS AGRO-
ECOLOGICAL ZONES

1.1 ICAR- National Bureau of Agricultural Insect Resources, Bengaluru

.1.1 Taxonomic and biodiversity studies on parasitic Ichneumonid and chalcid
wasps

The natural enemy complex of Spodoptera frugiperda (Smith) (Lepidoptera:
Noctuidae), commonly known as fall armyworm, was reported for the first time from India.
Natural parasitism by egg parasitoids viz., Telenomus sp. (Hymenoptera: Platygastridae) and
Trichogramma sp. (Hymenoptera: Trichogrammatidae), gregarious larval parasitoid
Glyptapanteles creatonoti (Viereck) (Hymenoptera: Braconidae), solitary larval parasitoid
Campoletis chlorideae Uchida (Hymenoptera: Ichneumonidae), and two braconid larval
parasitoids Phanerotoma sp. (Hymenoptera: Braconidae) and Chelonus sp. (Hymenoptera:
Braconidae), a solitary +indeterminate larval-pupal parasitoid (Hymenoptera:
Ichneumonidae: Ichneumoninae) and pupal parasitoid Trichomalopsis (Hymenoptera:
Pteromalidae) were documented. Spodoptera frugiperda is the first host record for G.
creatonoti across the globe. Glyptapanteles creatonoti, being a well established parasitoid
of various noctuids in India and Malaysia, was capable of parasitizing S. frugiperda.
Besides these, other commonly found bioagent viz., Forficula sp. (Dermaptera:
Forficulidae) was identified.

The braconid parasitoid group, Diachasmimorpha longicaudata species complex
was recorded from different species of fruit flies, viz., Bactrocera dorsalis (Hendel),
Bactrocera correcta (Bezzi), Bactrocera zonata (Saunders) and Zeugodacus cucurbitae
(Coquillett) in Dharwad district with 13.52% parasitism.

Klabonosa indica Gupta, Sureshan & Yeshwanth Bouéek (Hymenoptera:
Pteromalidae) is recorded for the first time from the Oriental regionreared from eggs of the
assassin bug Endochus sp. (Hemiptera: Reduviidae) on Artocarpus heterophyllus Lam.
(Moraceae). A new species of Ooencyrtus Ashmead (Hymenoptera: Encyrtidae), O.
xenasteiae Hayat & Gupta, is described and reared from the pupae of a Xenasteia sp.
(Diptera: Xenasteiidae), a sooty mould scavenger associated with the recent invasive rugose
spiralling whitefly, Aleurodicus rugioperculatus Martin (Hemiptera: Aleyrodidae) from
coastal Karnataka, India.

1.1.2 Spider diversity and biocontrol potential of social spider

Two hundred and fifty spider specimens have been collected from surveys
undertaken in five states representing different agri-horti ecosystems like rice, red gram,
maize, sunflower, Litchi. One hundred fifty specimens were identified up-to generic level.
Rice ecosystem claims more spider diversity and has a great scope for insect pest
management, due to their predatory potential. Orb-weaving spiders appear to be of higher
significance because of trapping more insects than they consume. Study undertaken to
document taxonomic diversity of Tetragnatha Latreille, 1804 (family Tetragnathidae,
Menge, 1866) probably the most predominant group amongst orb-weavers found in rice
fields of 1IRR (Rajendranagar), Nelaigudem, Telangana revealed, seven tetragnathid species
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were recorded from the study area with T. mandibulata being the predominant species. The
crab spider, Thomisusspectabilis has been reported as new distribution record to Gujarat.

Stegodyphus (Eresidae family), commonly called social spiders namely S. mirandus,
S. pacificus, S. sarasinorum and S. tibialis have been reported from India. Out of these, S.
sarasinorum is the predominant one can find many numbers depending up on the web size
ranging between 100 and 1000 are capable of capturing prey as large as 10 times their size
are advantageous from biological control perspective. The social spiders collected from
various places in south India were released into NBAIR farm for colonization. The
established colonies were deployed in different places of mango fields like, crop boundary
and non-crop habits at NBAIR farm. Regular observations were undertaken by recording
the pests trapped in the webs of these spiders. Though, observed the presence of non-targets
like bees, dragon flies, houseflies but presence of mango pests were outnumbered. Analysis
of the prey composition pattern of S. sarasinorum present along the non-crop habitats in
mango orchard elucidated it can be used as a biocontrol agent in bringing the pest
populations.

1.1.3 Molecular Characterization and DNA barcoding of agriculturally important
parasitoids, predators and other insects

Different parasitoids, predators and other insects were collected from various crops
in Karnataka, Andhra Pradesh, Maharastra, Telangana State, Gujarat and South Andaman
and were used for DNA barcoding studies. Molecular characterization and DNA barcodes
were generated for 70 agriculturally important insect pests, parasitoids, predators,
pollinators including invasive fall armyworm Spodoptera frugiperda and other insects based
on COI gene. Twenty four populations of fall armyworm, Spodoptera frugiperda collected
from Gujarat, Karnataka, Telangana State, Andaman, Andhra Pradesh, Maharastra and were
identified using COI gene and deposited in NCBI and accession numbers were obtained
(Chikaballapur-MH704433; Hassan-MH881533; Belur-MH881532; Shimoga-MH881531;
Darwad-MH822830; Anakapalle-MH822831; Chinthapalle-MH822832; Pedabathepalle-
MHB822833;  Nelivada-MH822834;  Tirupai-MH899610;  Vijayawada-MH899611;
Khammam-MH822835; Siddipet-MH881529; Nagarkurnool-MH881528; Rajendranagar-
MH881530; Pune-MH899609; Chikaballapur-MK079565; Doddaballapur-MK041922;
Gujarat (MK279399; MK303391), Karnataka (MK318531; MK327538) and (MK285364).
Whitefly occurring on banana and coconut in Assam was identified as invasive rugose
spiraling whitefly Aleurodicus rugioperculatus using molecular studies (COI gene). The
following Tephrids were characterized Platensina acrostacta (MH748566), Spathulina
acroleuca (Schiner) (MH748567) and Dacus (Didacus) ciliates (Loew.) (MH733833). The
following stored grain pests have been characterized Corcyra cephalonica (MK377173),
Sitotroga cerealella (MK377174). Staphylinid beetle Paederus fuscipes (MH916764) was
characterized.Different populations of Bemisia tabaci were characterized (MH807440,
MH823740, MH891617, MK123947, MK568467, MK568468, Asia | (MK497172). Thirty
three insect pests attacking medicinal plants were characterized using CO1 gene and the
following insects were identified. Spilarctia oblique (MK491177), Pyrausta panopealis
(MK559412), Apis florea (MK491178), Certaina binghami (MK559415), Leptocentrus sp.
(MK491176), Bacchoriso nychinalis (MK358184), Olenemendosa sp. (MK455104),
Catopsilia pyranthe (MK531549), Psoroticha ziziphi (MK416150), Aleurodicus dispersus
(MK491179), Spodoptera litura (MK491175), Giaura punctata (MK482339), and
Apocryptophagus sp. (MK569694) and DNA Barcodes have been generated for the same.



I. 1.4 Diversity of Trichogrammatids

Trichogrammatids were collected from the states viz., Kerala, Assam, Karnataka and
Guijarat in the agricultural fields, horticultural crops, grassland and from the forest areas.
Total 10 genera of trichogrammatids were collected from Karnataka, Kerala, Assam &
Gujarat through sweeping net, yellow pan trap and by placing sentinel cards in different
ecosystems. The genera include, Trichogramma, Trichogrammatoidea, Megaphragma,
Paracentrobia, Chaetogramma and Oligosita were collected from Gujarat, while,
Megaphragma, Neocentrobiella, Oligosita and Trichogrammatoidea were collected from
Assam. The genera Megaphragma, Neocentrobiella, Paracentrobia, Tumidiclava and
Aphelinoideawere recorded for the first time from Assam and the genera, Megaphragma
and Neocentrobiella collected from the Gujarat. A total of 1587 host eggs belonging to
different insect species were collected. In addition, about 670 eggs masses of Spodoptera
frugiperda from maize were collected at different places in Karnataka. Trichogramma sp.
was collected from the naturally parasitized eggs of S. frugiperda infesting maize. Also,T.
chilonis and T. achaeae were collected from naturally parasitized eggs of T. absoulta.

1.1.5 Predatory mirids, geocorids, anthocorids and mites
Biology of of predatory mirid, Dortus primarius

Dortus primarius Distant (Miridae: Deraeocorinae) is a predatory mirid and it was
observed to feed on thrips and other soft bodied insects in the field. Biology, morphology
and feeding potential of this species were studied for the first time in the laboratory (at
26x2° C and 65£2% RH) on UV irradiated Corcyra cephalonica (Stainton) eggs. A total of
five instars were observed, with nymphal duration of 17.2 days. Mean fecundity was 127.6
eggs per female. Female longevity was higher than male and one nymph could consume a
total of 363 C. cephalonica eggs in its life span. Adult male and female fed on a total of 713
and 1014.75 eggs, respectively. Cost of producing 100 D. primarius nymphs and adults was
INR 10.34/- and INR 200/- , respectively. This species could be reared on UV irradiated C.
cephalonica eggs and bean pieces successfully.

Feeding efficiency of predatory mirid, Termatophylum orientale against Frankliniella
schultzei

Laboratory evaluation of Termatophylum orientale was doneagainst Frankliniella
schultzei and it was observed that 4™ and 5" instars consumed more number of thrips at
1:30 density while adult consumed more number of thrips at 1:40.

Predatory efficiency of Geocoris ochropterus against red spider mites

Efficiency of G. ochropterus was evaluated against red spider mites on tomato plant.
When G. ochropterus was released @ 10 nymphs /plant, it reduced infestation by 76.21 %.
There was no significant difference in reduction in mite population when G. ochropterus
nymphs were released @ 20 nymphs/plant and 30 nymphs /plant (Table 1).



Table 1. Effect of Geocoris ochropterus against red spider mites on tomato

Treatment Mite population / leaf
Before 1%t release 2"d release | 3" release
release
G.ochropterus @10 76.01 50.52° 31.74° 28.09°
nymphs (3" instar) per plant
G.ochropterus @20 72.56 35.23°¢ 19.04°¢ 15.3¢
nymphs (3" instar) per plant
G.ochropterus @30 71.98 33.64°¢ 18.48°¢ 13.4°¢
nymphs (3" instar) per plant
Control 70.63 97.822 110.062 121.532
P value NS <0.001 <0.001 <0.001

1.1.6 Studies on maize fall armyworm, Spodoptera frugiperda
Incidence of FAW in Karnataka (NBAIR)

Based on the surveys conducted from July to August 2018 by ICAR-NBAIR team in
several districts of Karnataka (Chikkaballapur, Hassan, Shivamogga, Davanagere,
Chitradurga, Raichur and Dharward), S. frugiperda infestation in maize has been reported
in many locations in these districts and the incidence ranged from 9.0 to 62.5% at various
locations. Maximum incidence was recorded in Hassan district followed by Chikkaballapur,
Davanagere, Shivamogga and Chitradurga districts. The larvae were found to be infected
with entomopathogenic fungus Nomuraea rileyi (Farl.) Samson.

Parasitoid complex:

Several parasitoids were obtained from Fall armyworm from Karnataka which
included, Trichogramma sp. Trichogramma pretiosum, Telenomus remus, egg larval
parasitoid Chelonus sp. and larval parasitoids like Glyptapanteles creatonoti (Viereck)
(Hymenoptrea: Braconidae),Apanteles creatonoti Vier, Campoletis chlorideae and several
predators like earwig Forficula sp, predatory bugs like Andrallus spinidens, Eocanthecona
furcellata were recorded to be highly beneficial for the management of Fall armyworm. In
addition, one dipteran parasitoid Pseudgourax sp was also recorded on the egg mass of
FAW. The maggots were found feeding on the eggs thereby showing a potential for
management of FAW.

Effect of NBAIR-Bt isolate against, Spodoptera frugiperda

In vitro studies with Bacillus thuringiensis strain NBAIR-BT25 showed an LCsp of
44.7 pg/ml (Table 2)against 2" instar larvae of S. frugiperda.



Table 2. In vitro bioassay of NBAIR Bacillus thuringiensis isolates against Spodoptera

frugiperda
SL. | Treatments Time | LCso Fiducial Limit Slope + SE Chi P
No. hrs Square

(hrs) | wom Lower | Upper au
1. | NBAIR-Bt25 96 |44.718 |34.691 |56.915 |2.618+0.389 |4.294 0.001
2. | NBAIR-Bt1 96 |57.299 |43.341 |76.933 |2.146+0.342 | 0.366 0.001
3. | NBAIR-Bt4 96 |94.955 |69.956 |143.322 |1.926 +0.345 | 0.443 0.001
4. | NBAIR-Bt5 96 |211.571 |140.262 | 501.689 | 1.889 £ 0.436 | 0.782 0.001
5. | NBAIR-Bt6 96 | 114.209 | 77.459 | 216.169 | 1.496 £ 0.316 | 0.060 0.001

Liquid formulation of NBAIR-BT25 was developed for management of S.
frugiperda. A field trial was carried out in farmer’s field of maize in Doddaballapur.
Observations showed that there was 69.4% reduction of pest damage after two sprays of
NBAIR-BT25. At NBAIR Farm in Yalahanka, NBAIR-Bt25 incited 81% reduction of pest
based on larval mortality. In Hindupur area of Andhra Pradesh, NBAIR-Bt25 showed 70%
reduction in pest damage in farmers fields. NBAIR-Bt25 formulations were supplied to 9
KVK and 3 AICRP centers for limited evaluation.

Studies on the effect of entomopathogenic fungi fall armywormSpodoptera
frugiperdain maize

Ten entomofungal strains were evaluated against 2" instar larvae of S. frugiperda in
the Laboratory bioassay. Among the ten EPF isolates tested, M. anisopliae NBAIR- Ma-35
caused 67.8% mortality followed by B. bassiana NBAIR- Bb-45 with 64.3% and Bb-11
with 57.1% mortality. Rest of the isolates showed 10.7- 28.6% mortality.

Field trials with EPF against S. frugiperda.on maize at NBAIR Yelahanka Attur Farm,
Farmers fields at Thondebavi & Gowribidanur

Field evaluation with B. bassiana (ICAR-NBAIR Bb-45) and M. anisopliae (ICAR-
NBAIR Ma-35) were carried out against S. frugiperda in maizeduring rabi and late rabi
season. Three foliar sprays @ 5g/litre (rice grain formulation containing 1x10® spores/g) at
15, 30 & 45 days of the crop stage were given. ICAR-NBAIR-Bb-45 and Ma-35 showed
56-80% of pest reduction.

WP formulation of EPN, Heterorhabditis indica on Fall armyworm, Spodoptera
frugiperda

Demonstrated delivery of EPN to whorls using WP formulations of EPN. EPN
reduced FAW, Spodoptera frugiperda, populations to the tune of 60-72% in maize and
sustained plant growth, yield and harvest index compared to emamectin benzoate and
chlorpyrifos sprays, both in kharif and rabi (2018-19).

Studies on virus infecting fall armyworm, Spodoptera frugiperda
Surveys were made at maize and sugarcane fields of Chikkaballapura in Karnataka,
Pugalur, Coimbatore and Jolarpettai in Tamil Nadu and collected diseased larvae of maize

which were showing characteristic viral infection symptoms (Fig 1). Observation of

5



discharged body fluid of the diseased larvae under a phase-contrast microscope revealed
numerous spherical particles resembling occlusion bodies (OBs) of baculovirus especially
nucleopolyhedrovirus. TEM of the OBs revealed the tetrahedral shape with size of
polyhedra 1.64 um(Fig 2). Bioassay studies revealed larval mortality with an LCso of 1 x
10° OBs/ml against second instar larvae of S. frugiperda. The LCso values observed for
second instar larvae were 2.17 POBs/mm? for SfNPV. Field evaluation of S. frugiperda
NPV is progressing

Fig 1 Fig.2

Fig.1. Diseased larvae of Spodoptera frugiperda showing characteristic viral infection
symptoms

Fig. 2. Transmission (electron micrographs of tetrahedral occlusion bodies of S. frugiperda
1.1.7 Studies on coconut rugose spiralling whitefly Aleurodicus rugioperculatus

In vitro evaluation of entomopathogenic fungus, Isaria fumosorosea against rugose
spiralling whitefly on coconut (RSW)

Two isolates of I.fumosorosea (ICAR-NBAIR Pfu-1 and Pfu-5) were tested against
the pest. Spore suspensions of these isolates at the dose of 1x102 spores/ml were used in the
laboratory bioassay. Eggs and nymphs of RSW were dipped in a freshly prepared spore
suspension for ten seconds and placed on Petri plate (12 x12 cm). Mortality /mycosis was
recorded at 24 hours interval up to seven days. Significantly higher suppression of egg
hatching (64-79%), mortality of early nymphal instars (57-78%) and late nymphal instars
(56-74%) was observed in both the isolates of Pfu-1 and Pfu-5. The growth and sporulation
of the I. fumosorosea was noticed on the eggs and nymphs of RSW after 3 days of
treatment.

Field evaluation of Isaria fumosorosea against rugose spiralling whitefly on coconut
and oil palm

Field evaluation was carried out with ICAR-NBAIR Pfu-5 strain at Nelamangala
(Bengaluru Rural district, Karnataka) in coconut and at Kalavalapalli, Pullerukuttu &
Madhavaraya palyam in West and East Godavari districts of Andhra Pradesh in coconut &
oil palm by spraying at the dose of 1x108 spores/ml on ten randomly selected infested
palms in each location using power operated high volume sprayer on all fronds of the palm.
Two sprays were given at 15 days interval. Results revealed that 1. fumosorosea (Pfu-5),
reduced 51.60-78.58% of egg hatching, causing 47.25-68.30% mortality of early nymphal



instars and 42.70-63.41% mortality of late nymphal instars across the locations. Besides,
adult’s malformation also observed from population emerging from the sprayed palms (Fig
3). The study revealed the potential of I. fumosorosea as a biocontrol agent for the
suppression of A. rugioperculatus in coconut and oil palm.

Fig. 3. A. Infection of Isaria on eggs; B & D Infection of Isaria on nymphs; C Infection
of Isaria on adult.

Mass production and formulation of Isaria fumosorosea

Different liquid culture media like, potato dextrose broth (PDB), molasses yeast
extract broth (MYB), jaggery yeast extract broth (JYB) and Sabourauds dextrose yeast
extract broth (SDYB) in shaker cultures and a solid substrate, rice have been evaluated for
growth and sporulation of I. fumosorosea. Highest colony forming units (CFU) were
observed on rice grains (2 x 10'® CFU/qg), followed by SDYB (2 x 10'° CFU/ml), JYB (8.5
x 108 CFU/mI), PDB (8 x 108 CFU/ml) and MYB (4 x 10® CFU/mI). Talc formulation
prepared from SDYB showed CFU of 5 x 101%g. The study indicated that rice grain or talc
formulation of I. fumosorosea can be used for management of CRSW.

1.1.8 Endophytic establishment of Beauveria bassiana and Metarhizium anisopliae in
cabbage for management of diamondback moth (Plutella xylostella (L..)

A glasshouse experiment was conducted to examine the endophytic ability of two
isolates each of B. bassiana (Bb-5a & Bb-45) and M. anisopliae (Ma-4 & Ma-35) in
cabbage root, stem and leaf tissues by seed treatment, root inoculation and foliar
application. Confirmation of endophytic establishment in cabbage root, stem and leaves
through plating technique and PCR methods after 15, 30, 45 and 60 days after treatment
(DAT). In seed treatment, all four isolates showed maximum colonization in leaf, stem and
root parts upto 30DAT, however, Ma-35 isolate showed colonization and persistence in leaf
bits upto 60DAT. In root inoculation method, all isolates except Bb-5a showed colonization
in leaf and stem upto 15DAT. Ma-35 isolate showed colonization and persistence in root,
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stem and leaf bits upto 60DAT. In foliar application technique, all four isolates showed
colonization and persistence in stem and leaf tissues upto 15DAT. Bb-45, Ma-4 and Ma-35
isolates showed colonization and persistence upto 60DAT in leaf tissues Ma-4 isolate
showed colonization only in stem and persisted upto 60DAT.SEM studies showed conidial
germination and penetration of germ tube into the leaf tissues after five days of treatment
with the four isolates tested. TEM studies showed the presence of conidia inside the
parenchymatous and mesophyll cells of the treated leaves after 15 days.

1.1.9 Field evaluation of Spilosoma obliquaNucleopolyhedrovirus (SpobNPV) in jute

Field evaluation on Spilosoma obliqua nucleopolyhedrovirus (SpobNPV) in jute
revealed that 68.92%, 78.59% and 93.16% reduction in larval population of jute hairy
caterpillar S. obliqua respectively at 3, 4, 7 days after spray of SpobNPVstrain NBAIR1
(1.5 x 102 POBs/ha @ 2ml/L).

1.1.10. Field evaluation of Spodoptera mauritia NPV (SpmaNPV) against rice
armyworm

Field evaluation of Spodoptera mauritia NPV (SpmaNPV) against rice armyworm
Spodoptera mauritia was carried at Moncompu, Kerala. All the three concentrations of
NPV (1x 107 POBs/ml, 1 x 106 POBs/ml, 1x 10°POBs/ml) were found effective in reducing
the larval population of armyworm. The number of larvae recorded for all the
concentrations ranged from 1.33 to 3.75 where as it was 0.75 in the insecticide chlorpyrifos
(Table 3). The concentration 1x 10’ POBs/ml was found most effective in reducing the
larval numbers from 36.45 to 1.33 followed by concentration 1 x 10° POBs/ml which
reduced from 40.25 to 3.15 and the concentration 1x 10° POBs/ml reduced from 38 t03.75.
The insecticide Chlorpyrifos reduced the larval numbers from 38 to 0.75.

Table 3. Field evaluation of biofficacy of Spodoptera mauritia NPV (SpmaNPV) against
Rice armyworm (Moncompu, Kerala)

Treatments No of larvae/ 25 Hills
(Concentrations of NPV) Days after treatment
Pretreatment 3 4 7
1x 10" POBs/ml 36.45 20.83 2 10.50 2 1.33
1 x10% POBs/ml 40.25 19.10°2 12.75% 3.15
1x 10° POBs/ml 36.50 20.50 2 11.25% 3.75
Chlorpyrifos20EC@2ml/L 38.00 9.50° 4.55° 0.75
CD (P=0.05) 6.68 4.12 NS

1.1.11 Taxonomy and biocontrol potential of entomopathogenic nematode in Deccan
Plateau of India

A total of 22 soil samples were collected randomly from sugarcane and turmeric
growing regions of Hosur, Belgaum and Karnataka. Oscheius rugaoensis NBAIRO27
isolated form Hosur, Belgaum, Karnataka. A soil sample drawn from sugarcane rhizosphere
of Hosur, Belgaum, Karnataka and a positive sample was anticipated with Oscheius sp.
nematode. Based on morphological and morphometrical studies, the EPN, Oscheiussp. was
identified and designated as O. rugaoensis NBAIRO27. Further identity was confirmed
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with molecular characterization using the ITS-rDNA region. To our knowledge, this is the
first report of S. cholashanense from India and this nematode can be used for the
management of white grubs occurring in sugarcane fields.

Demonstration of Heterorhabditis indica NBAIRH38 and Steinernema abbasi
NBAIISa01 WP formulation for management of sugarcane white grubs in Vijayapura
and/or Bagalakot districts of Karnataka.

During 2018-19, two field demonstrations were carried out at Vijayapura district of
Karnataka to evaluate the efficacy of two species of entomopathogenic nematodes (EPN),
Steinernema abbasi and Heterorhabditis indica, along with a commonly used insecticide
(chlorpyrifos) against Holotrichia serrata. Field trial data showed that the percentage
reduction in H. serrata grub population was significantly higher using H. indica at a dose of
2.5 x 10° 1J ha™* than S. abbasi and chlorpyrifos 20 EC application. Chlorpyrifos application
was more efficient in reducing the grub population than both nematode species at the lower
application rate (1.25 x 10° 1J ha'?) (Fig. 4) and overall, these experiments suggest H. indica
to be a promising biocontrol agent.
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Fig.4
Fig. 4. Percentage reduction of secondinstar grubs of Holotrichia serrata, at 2 and 3 weeks
after different treatments in in farmer’s field at Vijayapura, Karnataka, India. Different
letters on the top of error indicate statistically different values for different nematode
concentrations at (P< 0.05) using Tukey’s test. Bars = standard error. Sa, Steinernema
abbasi; Hi, Heterorhabditis indica; 1 = 1.25 x 10° 1J ha*, 2 = 2.5 x 10° IJ ha. Chlorpyrifos
was used at the rate of 4,500 ml haas drench application.

Integrated management of root-knot nematodes in  polyhouses using
Pochonia chlamydosporia& growth promoting bacterium in capsicum and English
cucumber and capsicum

Location 1: Kanakapura, Bengaluru Capsicum polyhouses

An experiment on integrated management of root-knot nematode infection in
capsicum grown under polyhouse conditions using Pochonia chlamydopsoria and growth
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promoting Bacillus sp., in a farmer’s polyhouse was carried out. Results indicated that root-
knot nematode infection was significantly low (less than 1.0 RKI) in P. chlamydosporia and
Bacillus sp. treatments and yield increase of capsicum of 18-24% was recorded.

Location 2: Dr YSR HU, Venkataramanagudem

An experiment was carried outin nematode infested-polyhouse at centre of
excellence for protectedcultivation, Dr YSR HU, Venkataramanagudem, during January-
May 2019 with applications of nematode-antagonistic fungus, Pochonia chlamydosporia
NBAIR Vc56, PGP bacterium, Bacillus species NBAIRBfn1 and their combinations against
root-knot nematode, Meloidogyne incognita in English cucumber. A standard check with
carbofuran was kept for comparison. The experiment will be terminated during 3" week of
May 2019, and the data shall be presented at the AICRP BC Workers Group Meeting, June
6-8, 2019 at Anand.
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1.2 REPORT FROM DIFFERENT AICRP-BC CENTRES
1.2.1 AAU-Anand
Location and agro climatic sub region: MiddleGujarat

Trichogramma
During 2018-19, sentinel cards with eggs of C. cephalonica were placed in cotton,
groundnut, okra, maize, rice and tomato fields for parasitism by Trichogramma species in
different geographical areas. Observed the emergence of Trichogramma spp., and
Trichogramma chilonis. Trichogrammatoidea bactrae was observed in the cotton crop.
Chrysoperla
Geographical population of green lacewing was collected. Chrysoperla zastrowi sillemi
(Esben-Peterson) was found in all the populations.
Coccinellids
Diversity of coccinellids from different crop ecosystems of the region was
studied.Cheilomenes sexmaculatus Fabricius was found to be the predominant species.
Majority of the species belonged to sub family Coccinellinae representing 40% of the total
species collected, followed by Chilocorinae and Epilachinae.
Spiders
Spiders were belonging to three families namely Araneidae, Tetragnathidae and
Thomisidae.
Isolation of antagonists/bioagents
In the year 2018-19, seventy soil samples collected from different locations of
Gujarat were analyzed for the presence of EPN by using Corcyra cephalonica larvae (2"
and 3 instar). Eight soil samples found positive for EPN. Out of 8 isolates, 7 turned to be
Steinernema pakistanense (GenBank accession No. MK491792, MK491793, MK491794,
MK491795, MK491796, MK491797, MK491798).
Anthocorids
Regular surveys were carried out for anthocorid predators on thrips and mites
infested plants. No predators were recorded.

Surveillance for alien invasive pests in vulnerable areas

a. Brontispa longissima

b. Aleurodicus dugesii

c. Phenacoccus manihoti

d. Phenacoccus madeirensis

e. Alien invasive pests of fruits and vegetables in the market yards.
f. Tuta absoluta

g. Paracoccus marginatus

Periodic surveys were carried out but none of the invasive pest listed above was recorded
except Paracoccus marginatus.

1.2.2 AAU-Jorhat

Extensive surveys were conducted in ICR farm, AAU, Jorhat as well as in farmers’
fields located at Rajabahar, Teok, Dangdhora, Allengmara, Neulgaon and Titabar during
2018-19 to record the population of natural enemy complex of rice and vegetables (brinjal,
tomato, okra, cole crops cucurbits, papaya, bhut jolokia) of Jorhat districts.
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In case of vegetables, coccinellid predators were recorded by visual counts per plant
basis. Moreover, collection of egg masses and larvae of lepidopteran pests were made and
reared in the laboratory for emergence of parasitoids. In rice and vegetables, sentinel cards
containing 100 numbers of Corcyra eggs were placed for parasitization by
Trichogrammatids. The spiders collected from different rice and vegetable fields were
preserved in 70% alcohol. Highest number of spider population (1.0 to 3.0 spider/ m?) was
recorded in rice fields. One hundred and twelve numbers of spiders from 7 different families
(Tetragnathidae, Lycosidae, Oxyopidae, Araneidae, Salticidae, and Linyphidae) were
collected from different rice fields. The predominant spider was Pardosa pseudoannulata
(32) and Oxyopes javanus (27). Both the spiders were active throughout the cropping season
(Table 4).

Table 4. Natural enemies (Class: Arachnida) of the rice ecosystem

Arthropod Common name Scientific name Relative
groups abundance
Tetragnathidae Long-jawed orb | Tetragnatha javana ++
weaver Tetragnatha bengalensis ++
Tetragnatha maxillosa +
Lycosidae Wolf spider Pardosa pseudoannulata +++
wolf spiders Pardosa sumatrana +
Oxyopidae Lynx spider Oxyopes shweata ++
Oxyopes javanus +++
Araneidae Orb spiders Cyclosa insulana +
Orb spiders Argiope pulchella +
Orb spiders Argiope catenulata ++
orb-weaving Araneus sp. +
spider
orb spider Neoscona bengalensis +
Salticidae Jumping spider Phidippus indicus +
Jumping spider Plexippus sp +
Linyphidae Dwarf spiders Callitrichia formosana +

+++ = high; ++ = moderate; + = low

Moreover, in vegetative and reproductive growth stage of rice crop, more number of
odonates (12 species), where 7 numbers of dragonfly and 5 numbers of damselfly were
recorded. The most dominant damselfly and dragonfly species were Agrionemisfemina and
Brachythemis contaminate in all rice growing areas. Among coccinellids, Micrapsis crocea
was the most predominant in rice ecosystem (Table 5).
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Table 5. Natural enemies (Class: Insecta) of the Rice ecosystem

Arthropod groups Common name Scientific name Relative
abundance

Order:Orthoptera

Coenagrionidae Damselfly Agrionemis femina +++
Damselfly Agriocnemis pygmaea ++
Damselfly Ischnura aurora aurora ++
Damselfly Ischnura senegalensis +
Damselfly Ceriagrion cerinorubellum +

Libellulidae Dragonfly Brachythemis contaminate +++
Dragonfly Crocothemis servilia servilia +
Dragonfly Diplacodes nebulosa +
Dragonfly Diplacodes trivialis +
Dragonfly Neurothemis fulvia +
Dragonfly Orthetrum sabina Sabina +
Dragonfly Pantala flavescens +

Order: Coleoptera

Anthicidae Lady beetle Micrapsis crocea +++
Lady beetle Harmonia eucharis ++
Lady beetle Menochilus sexmaculatus +

Cicindellidae Tiger Beetle Cicindela undulate +++
Tiger Beetle Cicindela melancholia +++

Trichogrammatidae Trichogrammatid Trichogramma japonicum +++
Trichogrammatid Trichogramma chilonis ++

+++ = high; ++ = moderate; + = low

During survey period, 52 numbers of egg masses of stem borer was collected and
per cent parasitasation by parasitoids was 9.2. The eggs are mostly parasitized by
Trichogramma sp. and Telenomus sp. The per cent parasitisation by Cotesia sp. (Leaf

folder larvae) was 15.8.

From vegetable ecosystem, maximum number of spiders was collected from tomato
(24) and brinjal (11) and okra (12). Moreover, 283 numbers of predators like Spalgius epius
(20), Chysopids (28), Coccinella septempunctata (45), C. transversalis (50), Serangium
parcesetosum (10), Harmonia dimidiata (33), Cheilomenes sexmaculata (48) and
Brumoidessuturalis (49) was recorded from different rabi and kharif vegetablesduring

2018-19 (Table 6).
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Table 6: Natural enemies recorded from different crop ecosystem

Crop Name of Insect Natural enemies
Parasitoids | Parasitisation Predator Relative
(%) abundance
Papaya Mealy bug , Spalgius epius, ++
Paracoccus Chysopids ++
marginatus
Cabbage Cabbage Cotesia 15.3 Coccinella +++
caterpillar, Pieris vestalis septempunctata
brassicae C. transversalis +++
Serangium
parcesetosum +
Harmonia
dimidiata ++
Bhut Aphis gossypi Harmonia +
jalakia dimidiata
Micraspis +++
discolor
Cheilomenes +++
sexmaculata
Brumoides ++
suturalis
Cocinella
septempunctata +++
Brinjal Aphis gossypi C. transversalis +++
Okra Coccinella +++
septempunctata
C. transversalis +++
Potato Potato aphid, Micraspis spp. +++
Myzus persicae

+++ = high; ++ = moderate; + = low.

1.2.3 MPKYV, Pune

1.2.3.1 Survey and collection of natural enemies- Trichogramma, Chrysoperla,
Cryptolaemus, spiders, entomopathogens

The natural enemies inclusive of coccinellids like Coccinella septempunctata L.
Menochilus sexmaculata F., Scymnus sp., Dipha aphidivora Meyrick, Micromus igorotus
Bank. and syrphid, Eupeodes confrater and the parasitoid Encarsia flavoscuttellum were
recordedon sugar wooly aphid (SWA) in sugarcane, Coccinella transversalis F., M.
sexmaculata, Brumoides suturalis F., Scymnus coccivora, Triomata coccidivora Ayyar and
B. suturalis in mealybug colonies on custard apple, Acerophagus papayae N. & S., Mallada
boninensis Okam. and Spalgis epius Westwood on papaya mealybug.

The sentinel egg-cards of Corcyra were deployed in the crops like cotton, maize,
soybean, pigeon pea, sugarcane, tomato and brinjal to record parasitism of Trichogramma in
Pune region, but the parasitoid was not recorded. The chrysopid, Chrysoperla zastrowi
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sillemi Esben. was observed in cotton, maize, bean, sorghum, okra and brinjal, while,
Mallada boninensis Okam. on cotton, beans, mango, papaya and ornamental plants. The
Cryptolaemus adults were recovered from the custard apple and papaya orchards, cotton and
ornamental hibiscus. The entomopathogens particularly the cadavers of S. litura and H.
armigera infected with Nomuraea rileyi, Metarhizium anisopliae, SINPV, HaNPV were
collected from soybean, cabbage, pigeonpea and tomato crops in farmer fields.

1.2.3.2 Monitoring the sugarcane woolly aphid incidence and impact assessment of
natural enemies on its bio-suppression (MPKYV, Pune)

The Pune and Solapur districts recorded slightly increase in SWA incidence (3.33 %)
compared with Sangli, Satara and Kolhapur districts. The average SWA per cent incidence
was 2.38 % and pest intensity rating was 2.00 (Table 7). The natural enemies recorded in
the SWA infested fields were mainly the predators like D. aphidivora (1.00 to 2.50
larvae/leaf), M. igorotus (1.00-4.50grubs/leaf), syrphid, Eupoderes confractor (0.60-1.00
larvae/leaf) and spider (0.60-1.25 /leaf) during August to February, 2019. The parasitoid
Encarsia flavoscutellum introduced from Assam (1.00-3.50 /leaf) found distributed and well
established in almost all sugarcane fields and suppressed the SWA incidence in Western
Maharashtra.

Table 7. Effect of natural enemies on incidence of sugarcane woolly aphids in
Western Maharashtra

Districts SWA Pest Natural enemies/leaf Spiders
surveyed incidence | intensity D. M. E E
(%0) rating | aphidivora| igorotu | flavoscu |confractor
(1-6) S -tellum

Pune 3.33 2.00 2.50 4.50 3.50 1.00 1.00
Satara 2.00 2.00 2.00 1.00 2.00 0.60 0.66
Sangli 2.00 2.00 1.00 1.50 2.00 0.62 0.62
Kolhapur 1.66 2.00 1.21 1.50 1.00 1.00 0.60
Ahmednagar 2.00 2.00 1.00 1.00 2.00 0.62 1.25
Solapur 3.33 2.00 2.50 4.00 3.50 1.00 1.00
Average 2.38 2.00 1.70 2.25 2.33 0.80 0.86
Range 0.20-3.40 2.00 1.00-2.50 |1.00-4.50|1.00-3.50 | 0.60-1.00 |0.60-1.25

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

1.2.3.3 Survey and record of incidence of pinworm, Tuta absoluta on tomato

The survey and surveillance of natural enemies of pinworm, Tuta absoluta on
tomato was conducted during April to March, 2019. There was no infestation of T. absoluta
on tomato in Pune, Satara, Sangli, Solapur, Kolhapur, Ahmednagar, Nashik, Dhule,
Nadurbar and Jalgaon districts of Maharashtra state.

1.2.3.4Monitoring the incidence of papaya mealybugs and its natural enemies on
papaya and other alternate hosts (MPKYV, Pune)
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The papaya mealybugs were noticed to the extent of 1.0 to 3.00% in all districts of
Western Maharashtra. It was relatively very low with 1.0 pest intensity rating during this
year. The PMB incidence is noticed maximum (3.00%) in Shahada (Nandurbar) followed
by Shirpur (Dhule) and Chopada teshil of Jalgaon district (1.00%) with state average of
PMB incidence is 1.2%. The encyrtid parasitoid, Acerophagus papayae found parasitizing
the mealybugs in almost all the papaya orchards surveyed and it was ranged from 0 to 2.5
adults/leaf.

Natural enemies recorded in papaya mealybug colonies are Encyrtid parasitoid,
Acerophagus papayae N. & S, Spalgius epius (Westwood), Coccinella septempunctata
Linn.Scymnus sp., Menochilus sexmaculatus (Fab.), Anthocorids, Mallada sp., Brumoides
sp. and Spiders. During survey, the papaya mealybug was observed on following
plants/weeds namely Parthenium (Parthenium hysterophorus L.) Safed chafa (Plumeria
alba) Mulberry (Morus alba) as alternate hosts in the vicinity of papaya orchards.

1.2.3.5 Monitoring the biodiversity and outbreaks of sap sucking pests, mirids and
their natural enemies in Bt cotton ecosystem (MPKYV, Pune)

The Bt cotton var. SWCH-4749 BG-II registered the incidence of aphids and jassids
during 2" week of July, 2017 (28" MW), while thrips and white flies were observed in the
subsequent week. All these sucking pests were prevalent during the period from July to
November 2018. The incidence of aphids (16.33-54.33), jassids (3.66-9.93), thrips (7.00-
10.13) and whiteflies (2.33-5.93) per three leaves per plant found relatively high from 1%
week of August to 3™ week of October, 2018. The peak incidence of aphid (54.33) and
whitefly (5.93) were recorded during 3™ of October (42" MW), while in case of jassid
(9.93) it was recorded during 2" October (41 MW). The highest population of thrips
(4.66) was observed in 3™ week of September (38" MW). Mealybug P. solanopsis was not
observed throughout the season in the experimental field (Table 8).

The natural enemies viz., coccinellids, Menochilus sexmaculata Fab. and Coccinella
septempunctata Linn. were recorded from 2"week of July to 3 week of November
20187 (28" - 46" MW). The highest population of coccinellids (1.93 grubs and/or
beetles/plant) was observed in 3" week of October, 2018 (42" MW). The chrysopid,
Chrysoperla zastrowi sillemi Esben observed from 1% week of July, 2018 (28" MW) and
peak population (1.8 grubs/plant) was recorded in 3" week of October 2018. The spiders
were noticed throughout the crop growth period and it was highest in 2" week of August
2018 (339 MW). The infestation of pink bollworm and red cotton bug was observed on Bt
Il cotton in western Maharashtra (Table 8).
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Table 8. Incidence of sucking pests and their natural enemies in Bt cotton

Date of Av. population / 3 leaves / plant
record Aphid | Jassid | Thri | White | Meal | Chrysop | Coccinelli | Spider
S S ps flies | y bug id ds S
09.07.2018 | 4.06 420 | 0.00 | 2.00 0.00 0.33 1.13 0.00
16.7.2018 4.66 393 | 533 | 2.20 0.00 0.33 1.40 0.40
23.07.2018 | 1.66 120 | 2.66 | 1.66 0.00 0.26 0.66 0.53
30.07.2018 | 8.66 466 | 6.06 | 2.20 0.00 0.33 0.87 1.00
06.08.2018 | 16.33 3.66 | 7.00 | 2.33 0.00 0.07 2.20 1.13
13.08.2018 | 20.20 6.60 | 8.06 | 3.86 0.00 0.00 1.563 1.33
20.08.2018 | 22.20 7.33 |10.66 | 2.13 0.00 0.00 2.80 1.26
27.08.2018 | 15.33 3.66 | 536 | 1.20 0.00 0.00 1.86 0.93
03.09.2018 | 26.80 533 | 6.13 | 1.53 0.00 0.40 2.06 1.00
10.09.2018 | 32.66 6.06 | 5.86 | 1.93 0.00 0.53 2.13 0.86
17.092018 | 36.73 7.13 | 8.93 | 3.20 0.00 0.00 1.46 0.67
24.09.2018 | 40.06 8.33 | 10.13 | 3.66 0.00 0.66 1.60 0.53
01.10.2018 | 44.66 933 | 7.86 | 4.06 0.00 1.33 1.33 0.67
08.10.2018 | 41.06 993 | 4.33 | 4.66 0.00 1.53 1.53 0.80
15.10.2018 | 54.33 6.33 1.4 | 5093 0.00 1.80 1.93 1.13
22.10.2018 | 52.33 3.80 | 0.66 | 3.80 0.00 0.46 1.46 0.67
29.10.2018 | 40.26 3.13 | 0.00 | 2.80 0.00 0.00 0.93 0.33
07.11.2018 | 27.36 220 | 0.00 | 1.66 0.00 0.00 0.67 0.20
14.11.2018 | 13.33 1.33 | 0.00 | 0.93 0.00 0.00 0.47 0.00
Range 166- | 1.20- | 0.66- | 0.93- | 0.00 0.07-| 0.47- 0.20-
5433 | 9.93 | 10.66 | 5.93 1.80 2.80 1.33

1.2.4 PAU, Ludhiana
Isolation of microbials from various agro-ecological zones of Punjab

Forty two samples of soil/insect cadavers collected from different crops from different
zones of Punjab were processed for the isolation of entomopathogenic fungi. Three
entomopathogenic fungi have been isolated from these samples and slants of these will be
sent to NBAIR, Bengaluru for confirmation, identification and repository deposit.

Diversity of insect pests and natural enemies on vegetables under polyhouse conditions

The diversity of insect pests was recorded on cucumber crop grown under net house
conditions during 2018. Four species of insect pests namely red spider mite, Tetranychus
urticae whitefly, Bemisia tabaci, leafminer, Liriomyza sp. and aphid, Myzus persicae were
recorded. Amongst these, red spider mite and whitefly were pre-dominant species during
spring and rainy season crops, respectively (Table 9).
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Table 9: Insect pests recorded on cucumber crop under net house conditions during
2018

Season Insect pests Pre-dominant Peak
species incidence
Spring season Red spider mite, Tetranychus urticae | Red spider mite | 4™ week of
crop Leafminer, Liriomyza sp. (2.4 - 90.3/ leaf) | May

Whitefly, Bemisia tabaci
Aphid, Myzus persicae

Rainy season crop | Whitefly, Bemisia tabaci Whitefly 1% week of
Leafminer, Liriomyza sp. (0.2-10.0 October
Red spider mite, Tetranychus urticae | adults/ leaf)

1.2.5 SKUAST, Srinagar

1.2.5.1 Biodiversity of natural enemies of pests of apple, apricot, plum, pear, peach,
cherry walnut and almonds.

A total of thirty one natural enemies including parasitoids and predators belonging
to the orders Coleoptera, Diptera, Neuroptera, Hymenoptera and Mesostigmata were
collected from fruit orchards in different districts of Kashmir and Laddakh during 2018-19.
Apple indicated a healthy fauna of natural enemies comprising of 20 species associated with
apple aphids (Aphis pomi), San Jose scale (Quadraspidiotus perniciosus), Wooly aphid
(Eriosoma lanigerum), European red mite (Panonychus ulmi) and Two spotted spider mite
(Tetranychus urticae). Majority of natural enemy on apple were associated with apple aphid
(9 spp.), followed by San Jose scale (6 spp.), Wooly apple aphid (3 spp.) and European red
mite and two spotted spider mite (2 spp.). Out of 20 natural enemies on apple, 16 predator
spp. and 4 parasitoid spp. were collected. Per cent parasitism by Aphelinus mali on woolly
apple aphid was found highest (34.0-80.0%) in unmanaged orchards. Parasitism by
Encarsia perniciosi and Aphytis proclia ranged 14.0-29.0%) in similar orchards. However,
parasitism by above mentioned parasitoids was minimal in managed orchards. Hyper
parasitoids such as Marietta sp. and Azotus kashmiriensis were found associated normally
with E. perniciosi and A. proclia. Number of natural enemies recorded on walnut, plum,
pear and pomegranate were 1, 3, 4 and 3, respectively. Chilocorus infernalis was found
actively associated with San Jose scale on apple and Parthenolecanium corni on plum.
Among the reported natural enemies, predators constituted 81.0% with 80.0% share of
coccinellids, and 19.0% parasitoids.

1.2.5.2 Monitoring of apple codling moth from various agro-ecological zones of
Kashmir to see its spread

Different villages between Chanigund and Drass sector of Kargil district were
visited for ascertaining the spread of codling moth. The villages Thasgum, Bimbat,
Chokiyal, Jasgund, did not show the presence of the pest. Sporadic occurrence was
however reported from the following villages Kaksar, Dandalthung and Khebair. Other
districts such as Anantnag, Budgam, Baramullah, Pulwama, Kupwara, Bandipora,
Ganderbal and Srinagar did not indicate occurrence of Codling moth. Although
lepidopteran pests like Archips pomivora, Fireworm, Hairy caterpillar etc. were found at
many places, but no Codling moth was reported in these districts. Incidence of fire worm
was observed in some areas of Bandipore.
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1.2.6. TNAU, Coimbatore

1.2.6.1 Survey, surveillance and monitoring of rugose whitefly and their natural
enemies on coconut

Rugose whitefly and their natural enemies on coconut were monitored during 2018-
19. The pest population escalated from July to November, 2018 and declined from Dec.
2018 to March 2019. The occurrence of RSW was recorded in various Districts in Tamil
Nadu viz., Coimbatore, Tirupur Theni, Thanjavur, Cuddalore, Kanyakumari, Tiruvarur,
Tirunelveli Dindigul and Erode.The infestation index ranged between 1.00 and 3.00 in
various Districts in Tamil Nadu. The parasitisation by Encarsia guadeloupaeranged
between 10.00 and 100.00% on coconut gardens. A diverse array of predators viz.,
Chilocorus nigrita, Coccinella transversalis, Mallada desjardinsi, Cheilomenes
sexmaculatus, Propylea dissecta, Scymnus nubilis, Scymnus saciformis, Chrysoperla
zastrowi sillemi are present in association with RSW colonies.

1.2.6.2 Survey and surveillance of natural enemiespinworm, Tuta absoluta on tomato

The occurrence of tomato pinworm, Tuta absoluta was monitored using water pan
trap in tomato growing areas of Coimbatore district viz., Rottigoundanur, Thondamuthur
and Thudiyalur. The moth population ranged between 3.00 and 15.00 per plant from first
fortnight to second fortnight of December. In Thondamuthur block, the leaf and fruit
damage was recorded as 10.0 and 4.0%, respectively. The occurrence of pinworm was also
recorded from other districts of Tamil Nadu viz., Dharmapuri, Krishnagiri and Erode. It was
not observed in any other alternate host crops like potato, brinjal, chilli and tobacco.

1.2.6.3 Monitoring and record of incidence of papaya mealy bug and its natural
enemies on papaya and other alternate hosts

The infestation of Paracoccus marginatus was noted in crops like papaya, tapioca,
mulberry, guava, brinjal and cotton. The incidence of papaya mealybug was recorded in
Coimbatore, Erode, Tiruppur, Salem, Karur, Villupuram, Karur, Cuddalore and Namakkal
districts of Tamil Nadu. The occurrence of this pest was observed from August to
December, 2018 and it was more in Erode, Tirupur, Coimbatore and Karur districts (Table
10). It was also observed that the papaya mealybug parasitoid, Acerophagus papayae, has
widely spread and established in papaya and cassava crops inTamil Nadu. Natural predators
like Cryptolaemus montrouzieri, Spalgiusepius and Malladaigorotus were also noted.

1.2.6.4 Survey, surveillance and collection of natural enemies including spiders in
different agro-ecological zones and on different crops

The natural enemies viz., Trichogramma sp., Cryptolaemusmontrouzieri,
Chrysoperla zastrowi sillemiand parasitoids of papaya mealybug, scales were collected. The
parasitoid of rugose whitefly in coconut was identified as Encarsia guadeloupe. The activity
of egg parasitoid, Trichogramma sp. parasitizing fruit borer of tomato, bhendi and shoot and
fruit borer of brinjal, bud borer of jasmine and DBM in cabbage was observed. The
predators viz.,C. montrouzieri, Chrysoperla zastrowi sillemi and Mallada sp was seen on
mealybug, scales, whiteflies, psyllids infesting the crops namely tapioca, papaya, brinjal,
bhendi, curry leaf and coconut while Dipha aphidivora and Micromus igorotus were
observed on sugarcane woolly aphid. Spiders viz., Telamonia dimidiata, Peucetia viridana
were collected from brinjal field.
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1.2.6.5 Monitoring of sugarcane woolly aphid incidence and impact assessment of
natural enemies on its bio suppression

The incidence of sugarcane woolly aphid was only recorded at Ravathur area of
Coimbatore District during August 2018 at high intensity with 11.5 SWA/6.25 cm?leaf. The
natural enemies associated with woolly aphid observed were Dipha aphidivora,
Micromusigorotus and Encarsia sp.

Table 10. Incidence of papaya mealybug and its natural enemies

Places Period | P. marginatus Natural Enemy/5 leaves
surveyed incidence (%0) A. Cryptolaemus | Mallada | Spalgis
papayae epius
Coimbatore July 18 -- -- -- - --
Aug 18 3.5 2.0 1.0 - 1.0
Sep 18 6.4 3.0 2.0 -- 1.0
Oct 18 8.2 3.0 4.0 -- --
Nov18 -- -- - - -
Dec 18 -- -- -- - -
Jan 19 -- -- -- - -
Feb19 -- -- -- - -
Mar 19 -- -- - - -
Erode July 18 -- -- -- - --
Aug 18 7.0 2 1 -- 2
Sep 18 11.5 4 2 -- 2
Oct 18 10.0 2 2 1 1
Nov18 10.5 5 2 - 1
Dec 18 6.0 2 -- -- 1
Jan 19 -- -- -- - -
Feb19 5.4 2 1 -- 1
Mar 19 11.2 4 1 -- 1
Karur July 18 -- -- -- -- -
Aug 18 55 2 1 --
Sep 18 6.0 2 -- -- 1
Oct 18 8.5 3 1 -- 2
Nov18 5.0 3 2 - --
Dec 18 4.5 2 1 -- -
Jan 19 -- -- -- - -
Feb19 -- -- -- - -
Mar 19 -- -- - - -
Tirupur July 18 - -- -- -- -
Aug 18 8.0 3 1 -- 1
Sep 18 6.5 2 -- -- 1
Oct 18 -- -- -- - -
Nov18 4.0 1 2 -- -
Dec 18 -- -- -- - -
Jan 19 4.5 1 2 -- -
Feb19 -- -- -- - -
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Mar 19 -- -- - - —

Trichy July 18 -- -- -- - --

Aug 18 5.2 2 1 = =

Sep 18 -- - - - -

Oct 18 -- - - - -

Nov18 - -- - - —

Dec 18 6.0 3 1 - -

Jan 19 -- - - - -

Feb19 -- - - - -

Mar 19 -- -- - - _

Namakkal July 18 -- - - -- -

Aug 18 -- -- - - -

Sep 18 5.7 4 2 -- 2

Oct 18 -- - - - -

Nov18 7.4 3 2 1 --

Dec 18 -- - - - -

Jan 19 6.5 3 1 - -

Feb19 -- -- - - -

Mar 19 -- -- - - _

1.2.7 YSPUHF, Solan

The survey carried during April to September 2018 at Bilaspur, Mandi, Kullu,
Solan, Sirmaur, Shimla, Kangra, Kinnaur and Lahaul & Spiti districts against the temperate
crops (apple, apricot, peach, plum, almond) and vegetable crops (tomato, cucumber, brinjal,
okra, cole crops, capsicum) recorded an array of coccinellids like Coccinella
septempunctata, Hippodamia varigieta, Adalia tetraspilota, Cheilomenes sexmaculata,
Propylea lutiopustulata, Chilocorus infernalis, Priscibrumus uropygialis, Platynaspis
saundersii, Harmonia eucharis, Oenopea sauzetii, Oenopia kirbyi, Oenopia sexareata,
Scymnus nubilus, Scymnus posticalis, Coelophora bissellata, Harmonia dimidiata, Scymnus
sp and the chrysopids, Chrysoperla zastrowi sillemi. The flowering plants surveyed in
theNauni, Solan, Nainatikkar, Sarahan, Rekongpeo, Kalpa, Kullu, Kelong locations during
April to September 2018 recorded the syrphid flies, Episyrphus balteatus, Eupeodes
frequens, Melanostoma univitatum, Betasyrphus serarius, Sphaerophoria indiana,
Ischiodon scutellaris. Dinocalpus coccinellae has been recorded as theparasitoid of
coccinellids, Coccinella septempunctata atNauni region. Diadegma semiclausum and
Diadromus collaris was recorded as parasitoids of DBM. Peach aphid was predated by the
anthocorid bugs Orius sp. and Anthocoris sp are recorded at Rekongpeo during April-July,
2018. The tomato grown at Nauni, Nainatikkar, Sarahan, Nahan, Mandi locations during
June to September 2018 were affected by Tuta absoluta, greenhouse whitefly, serpentine
leafminer and phytophagous mites. The predator feeding the tomato pests are Nesidiocoris
tenuis, Neochrysocharis formosa.

Besides above mentioned natural enemies, Cotesia glomerata parasitizing Pieris
brassicae in cauliflower and Campoletis chlorideae parasitizing Helicoverpa armigera in
tomato, Diplazon sp. parasitizing syrphid flies, Trathla sp. parasitizing brinjal shoot and
fruit borer were also collected from Nauni.
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1.2.8 CAU, Pasighat
Biodiversity of Bio-control agents from Arunachal Pradesh

Eighteen species of spider has been collected from different crops and they are
preserved in 95% ethyl alcohol.

Biodiversity of entomopathogenic nematode from Arunachal Pradesh

Random survey was conducted during June to November 2019 for isolation and
identification of EPN from Arunachal Pradesh. A total of 30 soil samples were collected
from Arunachal reserve forest at Ruksin block. Insect baiting technique was used to
determine the presence of EPN, Steinernema spp.

1.2.9 MPUAT, Udaipur

Biodiversity of natural enemies of pests of chickpea, tomato and maize

The surveys conducted from July to September, 2018 in sole maize crop and
November, 2018 to February, 2019 in chickpea and tomato crops at Udaipur, Chittorgarh
and Bhilwara districts of Rajasthan recorded the predators, Coccinella septempuctata Lin.,
Cheilomenes sexmaculata Fab., Illeis cincta (Fabricius), Brumoides suturalis (Fabricius),
Chrysoperlazastrwoi sillemi (Stephen). The parasitoids reported are Cotesiaflavipes
(Cameron) and Campoletus chloridae.

1.2.10 OUAT, Bhubaneswar

Survey, surveillance and monitoring of rugose whitefly and their natural enemies on
coconut

Surveys conducted in the coconut plantations of Khurda, Cuttack, Jajpur and Puri
districts reported no incidence of RSW.

Seasonal abundance of spiders in rice ecosystem by general collection, pitfall traps and
sweep net method

The spiders were collected from paddy fields grown in the entomological research fields
of OUAT, Bhubaneswar during kharif season of 2018. The spiders belonging to four genera
and two families namely Araneus ellipticus, Argiope sp. Neoscona sp., Tetragnatha
mandibulata and Tetragnatha maxillosa were recorded.

1.2.11 UAS, Raichur

Monitoring of sucking pest complex, Pink bollworm and their natural enemies in
cotton

In Non Bt Hybrid BGDS-1063, peak activity of 8.62 thrips/leaf, 11.32
leafhoppers/leaf and 8.72 aphids/leaf were noticed during first week of October, November
and last week of December respectively. Whiteflies were negligible throughout the cropping
period. Predator’s likespiders, syrphids and coccinellids activity was coincided with the
peak activity of the pest population. A maximum of 1.98 mirid bugs per 25 squares was
noticed during second week of November. The peak activity of mealybug was noticed
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during last week of January (22.56/2.5 apical shoot length/plant. The primary parasitoid
(9.86/ 2.5 cm apical shoot length/plant) was noticed during third week of February and
eliminated the pest completely at final picking of the crop.

The activity of PBW moth started from third week of September and continued till
harvest of the crop. Maximum moth catches were recorded on last week of November (117
moths/trap/week) and highest number of larvae (14.86/10 bolls) were recorded during
second week of January with 65% locule damage at the time of final picking.

1.2.12 CISH, Lucknow

Biodiversity of bio-control agents from mango ecosystem

Peak hopper and thrips infestation were recorded during 15" SMW with 15.5
hoppers/sweep and 68.75 thrips/tap respectively. Among the natural enemies, spider and
coccienellids population was high during 21and 20 SMW with number being 2.3/tree and
4.2 adults/tree, respectively (Table 11).Coccinella septempunctata, Cheilomenes
sexmaculata,, Chilocorus rubidus, Scymnus sp. were observed feeding on mango hoppers,
most abundant was Coccinella septempunctata. Peak population of hoverflies and
chrysopids was recorded during 18" and 16"™ SMW with 4.2 and 1.3 adults /tree
respectively. Glyptapanteles sp. (Braconidae) and Tetrastichus sp. (Eulophidae) has been
found parasitizing on mango hairy caterpillar.

Table 11. Predator population dynamics in relation to the pest population in mango
ecosystem during 2018

SMW Hopper Thrips Spider | Coccinellids | Hoverflies | Chrysopids
(No./panicle/sweep) | (No./tap) | (No./tree) | (No./tree) | (No./tree) | (No./tree)
10 11.8 0 0.00 0.08 0
11 5.45 1.7 0.00 0 0.21 0
12 5.45 3.15 0.00 0 0.12 0
13 10.8 1.65 0.80 0 0.37 0
14 10.6 0.55 0.80 0 0.14 0
15 18.55 68.75 1.50 0.15 0.02 1.2
16 12.65 35.2 0.45 0.2 4.20 1.3
17 12.85 26.9 0.45 2.6 3.25 0
18 13.85 9.7 0.45 2.5 4.58 0
19 8.7 6.2 0.30 3.8 3.60 0
20 11.9 3.8 2.30 4.2 2.10 0
21 15.95 3.55 2.60 2.3 0.25 0
22 9.25 15.55 2.55 1.2 0.22 0
23 8.7 1.65 0.90 0.28 0.10 0
24 3.8 2.3 0.15 0.1 0.00 0
25 1.5 0 0.35 0 0.00 0
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1.2.13 CPCRI, Kayamkulam

1.2.13.1 Survey, surveillance and monitoring of rugose whitefly and their natural
enemies on coconut

The rugose spiralling whitefly has reached all coconut growing regions of South to
North-East India (Assam). A new distribution record of RSWwas confirmed from Nalbari
and Kamrup districts of Assam infesting coconut, arecanut, ornamental yellow palm,
banana and crotons in August 2018. Natural parasitism of 82.1% by Encarsia guadeloupae
on RSW was observed at Nalbari and Kamrup districts. The green lacewing,
Pseudomallada astur resulted in low RSW, was observed in Madhapur, Nalbari districts.
RSW population was reduced immediately after monsoon in Andhra Pradesh and Tamil
Nadu but soared in few coconut gardens during winter months.

Two species of new invasive nesting whiteflies were reported infesting coconut leaves
at Kerala. The neotropical invasive Bondar’s nesting whitefly, Paraleyrodes bondari
Peracchi and the exotic nesting whitefly, Paraleyrodes minei laccarino. Paraleyrodes
bondari constructs unique woolly wax nests on abaxial palm leaflets and possesses “X”-
shaped oblique greyish bands on wings. Nesting whiteflies are quite small (1.00 - 1.20 mm)
and the immature stages viz., nymphs and pseudo-pupae have been flat. Distinct cephalic
and abdominal pores on pupae and the male genitalia aid in taxonomy with P. bondari
possessing apicolataeral processes whereas P. minei had the cock-head like aedeagus.
Concurrent co-existence of P. bondari and P.minei on coconut palms along with
Aleurodicus rugioperculatus was observed in Kayamkulam, Kerala. Quantum of honey dew
excreted by nesting whiteflies are low than RSW (Fig. 5) (Fig. 6).

Bondar’s Nesting Whitefly (BNW), Paraleyrodes bondari

Peracchi-adults, colony, eggs and crawlers and Pminei devoid of
markings on wings. Fig. 5

P. bondari Male genitalia P. minei - Male genitalia
Figb

The voucher specimens of Paraleyrodes bondari Peracchi and Paraleyrodes minei
laccarino after confirmation are further deposited in ICAR-NBAIR repository as
NBAIR/Hem-1/2019 and NBAIR/Hem-W8/2019, respectively. At Kasaragod and
Kayamkulam, P. minei was also found on guava and the ornamental plant, Heliconia sp.
Alternate hosts recorded during survey are rudraksha tree (Elaeocarpus sp.), red sanders
(Pterocarpus sp.) and cinnamon tree (Cinnamomum sp.). In Kasaragod and Karnataka, P.
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minei predominates whereas P. bondari is found predominant in other districts of Kerala
such as Kozhikode, Thrissur, Ernakulam. Polyphagous nature, short life cycle and invasive
potential of the pest call upon strict policy frameworks in exchange of planting materials to
prevent its spread to other areas in future.

Pesticide holiday approach and conservation biological control of RSW

Pesticide holiday approach, jet propulsion spray of water on palm leaflets and
conservation biological control of RSW using the aphelind parasitoid, Encarsia
guadeloupae was found successful. The RSW population reduced in Kerala and Tamil Nadu
aided by the natural parasitism of E. guadeloupae accomplished in a period of 8-10 months.
Approximating 300 million coconut palms in the country having sprayed with chemicals
averaging Rs 15/- per palm, a total of 4.5 billion Indian rupees was saved for the country
and chemicals harming ecosystem is entirely dispensed with saving several more billion
rupees as well. Thus, a classical success story of conservatory biological control that
ensured safety to mankind and the naturale was augured for the first time in the perennial
palm system in Kerala.

1.2.13.2 Natural re-emergence of sooty mould feeding beetle, Leiochrinus nilgirianus

First occurrence of sooty mould feeding Leiochrinid beetle, Leiochrinus nilgirianus
Kaszab (Tenebrionidae: Coleoptera) was reported from Kayamkulam on RSW infested
coconut palm during June-July, 2017. The scavenger beetle, L. nilgirianus could not be
observed beyond November 2017 till May 2018 after withdrawal of monsoon. With the
onset of South-West monsoon showers in June 2018 at Kayamkulam, L. nilgirianus re-
emerged with the active presence of immature stages, feeding on the sooty mould deposits
and cleansing the palm leaflets. Dissection of field collected L. nilgirianus revealed sooty
mould laden food bolus further confirming its feeding on sooty moulds in moist
environment.

Introductory Biological Scavenging programme launched by ICAR-CPCRI in Andhra
Pradesh, Tamil Nadu and Assam on palms infested by rugose spiralling whitefly

The launching ceremony of the introductory biological scavenging programme by
importing the sooty mould feeding L. nilgirianus, first of its kind, was held during the
inauguration of the KRUSHIVALA Coconut Farmers Producers Company held at
Amalapuram, Andhra Pradesh on August 2018. Field release of the beetle was also
undertaken at West Godavari district of AP and other states (Tamil Nadu and Assam).

1.2.14 1IMR, Hyderabad

Studies on abundance of natural enemies of borers in Millets, IIMR, Hyderabad
(2018-19)

During kharif 2018, Chilo partellus was predominant (10-15%) as compared to
Sesamia inferens (5-7%) in Sorghum. About 25% parasitisation by Cotesia flavipes was
observed. Shoot fly incidence ranged from 30-75% while in rabi incidence ranged from
25.0-70%. In Barnyard, Proso, Little, Kodo millets the incidence of shoot flies was recorded
at seedling, panicle stages causing deadhearts (10-40% DH) and white ears (10— 30%),
respectively. Egg parasitoid Trichogrammatoidea simmondsi (18%); larval parasitoid,
Neotrichoporoides nyemitawus (21%) and pupal parasitoid, Spalangia endius (13%) were
found parasitizing shoot flies across species and millets.
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Surveys for incidence of Spodoptera frugiperda was carried out during kharif season in
Mahboobnagar (Telangana), Parbhani, Rahuri, Akola (Maharastra) where incidence of pest
was observed at low levels (< 5.0%) on Sorghum. Incidence was not observed at Hisar,
Udaipur, Ludhiana, Indore and Surat. During rabi at medium to severe damage (10.0 -
60.0%) was observed across the millets. On an average 1-2 larvae were found in each whorl
of Sorghum, Pearl millet (Fig. 7).

70 -
60 -
50 -

60.13

41.4

22.9

10.2

Damaged plant (%)

Sorghum Pearl millet Barnyard Millet  Finger millet

Fig.7. Incidence of Fall armyworm in Millets (rabi, 2018, IIMR, Hyderabad)
1.2.15 IIRR, Hyderabad

Seasonal abundance of spiders in rice ecosystem by general collection, pitfall traps and
sweep net method

Survey and collection of spiders was done at the Indian Institute of Rice Research,
Hyderabad and Nalgonda Telangana, in farmer’s fields. Samples were collected from

sweep net, yellow pan trap and pitfall traps. The species collected and their abundance are
listed in (Table 12).
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Table 12. Spider fauna observed in rice fields

Family Genus Stage Observed Average no/ 5
sweeps
Araneidae Neoscona inusta Active tillering to 2.5
Neoscona sp harvest 6
Argiope bruennichii Scopoli 0.5
Argiope catenulata (Doleschall) 2.2
Tetragnathidae Tetragnatha maxillosa Active tillering to 5.8
Tetragnatha javana harvest 2.4
Tetragnatha nitens 6.3
Leucage decorata Reproductive stage 1.2
Salticidae Bianor sp. Nursery to flowering 4.8
Oxyopes javanus Active tillering to 2.1
Oxyopes salticus harvest 3.1
Myrmarachne sp Flowering 0.5
Plexippus sp. Active tillering 1.3
Lycosidae Pardosa pseudoannulata Nursery to harvest 4.4
(Pit fall)
Pirata sp. 1.2
Hippasa sp. 1.0
Sparassidae Olios sp. Reproductive stage 1.0
Cheiracanthiidae | Cheiracanthium sp. Reproductive stage 1.8
Clubionidae Clubiona sp. Active tillering to 3.9
harvest
Linyphiidae Atypena sp. Reproductive stage 2.1
Theridiidae Chrysso sp. Active tillering 1.0
Thomisidae Thomisus sp. Reproductive stage 4.3

The most abundant group were the Tetragnathids, followed by the Lycosid and Pardosa.

1.2.16 IIVR, Varanasi

Survey and surveillance of natural enemies of pinworm, Tuta absoluta on tomato

The pin worm damage was observed during second week of December (50" SMW)

onwards and continued till last week of March, 2019 (14" SMW). The maximum fruit
damage was recorded during the 10" SMW (5% fruit damage). The polyphagous predator
namely Nesidiocoris tenuis was observed in abundance (maximum 4.3 bugs / apical twigs)
feeding on early instar larvae and other soft-bodied insects in tomato field.

1.2.17 UBKYV, Pundibari

Survey, surveillance and collection of natural enemies of major pests infesting tea,
mustard and mungbean

The survey carried at tea garden in Pundibari during July-September, 2018 recorded
the following pests, tea mosquito bug (Helopeltis sp.), tea looper (Hyposidra talaca), tea
jassid (Empoasca flavescens), tea aphid (Toxoptera aurantii) and red spider mite
(Oligonychus coffeae). Natural enemies observed in the same tea garden were dragon fly,
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Forficula (Earwig) and Calosoma (Ground beetle), Trichogramma sp. and Cotesia sp.The
mungbean and mustard crop grown at Pundibari during October-December, 2018 recorded
the following natural enemies Trichogramma sp., Tetrastichus sp., Chelonus sp., Bracon
sp.and Ichneumon sp.

1.2.18 PJTSAU, Hyderabad

Biodiversity monitoring of sucking pest complex, Pink Boll Worm and their natural
enemies in cotton belt of Telangana state

Incidence of sucking pests and their natural enemies in Bt cotton in Telangana

The Bt cotton growing areas of Telangana viz., Adilabad, Warangal, Rangareddy,
Nalgonda and Khammam districts were surveyed for infestation and intensity of sucking
pest incidence. Four species of Mealybugs, viz., Paracoccus marginatus, Maconellicoccus
hirsutus, Phenacoccus solenopsis, and Ferrisia virgata were recorded. P. solenopsis was
the predominant species recorded on cotton. Jassid attack was found to be more in Warangal
and Nalgonda. PBW was recorded around ETL in Adilabad and Warangal. The natural
enemies, viz., Acerophagus papayae, Cryptolaemus montrouzieri, Coccinella
septumpunctata and Chrysoperla were recorded on different species of mealybugs.

Incidence of Pink Boll Worm in Bt cotton in Telangana

After heavy infestation during August, PBW infestations in the cotton belt of
Telangana started coming down as evidenced by trap catches and also damage levels by
PBW. Owing to early rains and intermittent dry spells the sowing operations started as early
as from last week of May 2018 and continued till first week of August 2018. This unusual
wide sowing window resulted in to staggered sowing of the crop across the state is seen as
one reason for spread of PBW in addition to carry over population of PBW due to crop
stubbles and damaged plant parts of earlier season left over in the field. As a result of
staggered sowing, the crop is in different stages now. Early sown crop (50-60%) sown
between May to June 15% is in flowering, boll formation & boll development stages while
the late sown crop is in vegetative to square formation stage. It has been observed that in
many cotton growing areas of Telangana, the incidence of PBW was reaching above ETL
even though initially in the first & middle stages of the crop the PBW incidence was below
ETL. Though the incidence of PBW is sporadic & moderate in early sown/early flowered
crop till July-August, it has spread & intensified further during late August, in view of the
availability of crop in varying stages and also because of availability of the pest inoculum
due to early incidence. Later stages of the crop hosted high infestation levels even by
witnessing 3-4 larvae in a single square/flower. Several mandals across the cotton growing
districts of the state were found to be affected by PBW in Telangana irrespective of type of
hybrids grown. The sporadic & moderate incidence of PBW was noticed in Adilabad,
Warangal and Nagarkurnool districts. Some packets of Jogulamba Gadwal district also
recorded considerable incidence, in view of presence of early sown seed cotton crop.
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I1. SURVEILLANCE FOR PEST OUTBREAK AND ALIEN INVASIVE PESTS
1.1 Surveillance
11.1.1 AAU- Anand

Wheat

During February 2019, incidence (6-10%) of green aphid was recorded at Tarapur
village in Sojitra taluk of Anand district. Coccinellid beetles were observed.
Maize

Surveys undertaken during the month of August 2018 recorded moderate incidence of
stem borer in maize at Bedhiya in Kalol taluk of Panch Mahal district. Natural parasitization
by parasitoid, Cotesiasp was observed. In Karena in Amod taluk of Bharuch district,
moderate level of infestation of sucking insects was observed in Okra. During October 2018
to January 2019, moderate to severe incidence of fall armyworm, Spodoptera frugiperda
was recorded in sweet corn in Chikodra, Vaghasi,Surkuva, Shihole, Sandesar, Sarole,
Borsad, Sardarpura, AAU Campus, Sojitraand Morai villages of Anand district. Natural
enemies like Chrysoperla zastrowi sillemi and NPV and fungus infected larvae were
observed. Sorghum crop grown at AAU campus at Anand recorded 3-4% incidence of fall
armyworm during January 2019.

At Jitodiya, Karamsad, Sandesar, Sihol, Bhawanipura, Davalpura, Hadgood,
Jhangirpura villages in Anand taluk, Dantali in Petlad taluk, Bamanva, Piploi in Khambhat
taluk of Anand district and Dhava in Talala taluk of Somanath district recorded moderate to
severe incidence of fall armyworm during March and April 2019. Parasitoid, Chelonus spp.
and NPV infected larvae were observed.

Cotton

Cotton crop grown at Karena in Amod taluk of Bharuch district was infested with low
infestation of jassids, whitefly and mealybug and leaf spot disease (10%) during August
2018. Moderate incidence of pink bollworm (6-8%), aphid (8-10%), mealybug (8-10%) was
recorded during the month of November 2018 at VVadodara. Natural enemies like spiders,
lady bird beetle, Chrysoperla and Aenasius arizonensis was recorded in the cotton fields.
Wilt (8%) and Powdery mildew (6-8%) disease incidence was recorded.

Sugarcane

Sugarcane grown at Vanoti Village in Thasra taluk in Kheda district was infested with
shoot borer (10-13%). Low incidence of red rot disease was observed.
Banana

Low incidence of banana aphid, pseudostem borerand red rot disease was observed at
Koshindra Village in Anand taluk in Anand district during December 2018.

Chickpea

At AAU campus, Anand incidence of Fusarium wilt disease (5-8%) was observed.
Incidence of pod borer (10-12%) and Fusarium wilt (8-10%) was recorded at AAU campus
in Anand during February 2019.

Tomato

During February 2019, incidence of fruit borer, Helicoverpa armigera (6-8%) was
recorded Runaj in Sojitra taluk of Anand district.
Cabbage & Mustard

Moderate incidence of aphids (12-15%) and diamondback moth (2-4%) was recorded
in the Jogan village in Petlad taluk of Anand district during January 2019. Severe incidence
of aphid (30%) was recorded at AAU campus in Anand during February 2019.
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Bhendi

Moderate level of sucking pests and lower incidence of fruit borer was observed at
Karena in Amod taluk of Bharuch district during August 2018. Incidence of Yellow vein
mosaic virus (10-12%) was observed.
Mango

Hopper incidence (10-12%) was recorded at Tarapur in Sojitra taluk of Anand district
during February 2019.

Survey and surveillance of natural enemies of pinworm Tuta absoluta on tomato
(AAU- Anand):

Results: No incidence of Tuta absoluta was recorded during the survey period.
11.1.3 ANGRAU, Anakapalle

Techniques adopted: Visit, survey and surveillance of pests and diseases in major crops
and interaction with state/line department officials and local farmers.

Periodicity: Once in a month.

Executive Summary:

Conducted 31 field visits in Visakhapatnam, Vizianagaram and Srikakulam districts
of Andhra Pradesh during 2018-19 in paddy, sugarcane, maize and coconut. Monitored
severe outbreak of BPH, WBPH and sheath blight in paddy; early shoot borer, white grub
and YLD in sugarcane. As per the pest alert message on new invasive pest, fall armyworm
in maize received from NBAIR, Bengaluru about the first report of new Invasive Pest,
FAW in India and also in Asia by University of Agricultural and Horticultural Sciences,
Shivamogga, Karnataka, India on 27.7.2018 and NBAIR, Bengaluru alert in website on
30.7.18, Director of Research, ANGRAU alerted all Scientists of ANGRAU for
monitoring Fall armyworm in maize; Department of Agriculture and maize farmers
through press coverage.Based on the surveys conducted from 9-18" august, 2018, severe
outbreak of new invasive pest, fall armyworm in maize noticed in all maize growing areas
during kharif, 2018.

First report of fall armyworm, Spodoptera frugiperda in maize on 10.8.19 at RARS,
Anakapalle and in farmers fields at Pedabathivalasa, Vizianagaram district on 11.8.19
alerted maize farmers of Andhra Pradesh for identification and management of fall
armyworm through mass media. Incidence of Fall armyworm noticed at severe level (30-
50%) in maize crop at 40-60 days age during August, 2018. FAW larvae collected from four
locations i.e., Anakapalle, Chinthapalli, Vizianagaram and Srikakulam submitted to
NBAIR, Bengaluru during August, 2018. Molecular identification by NBAIR, Bengaluru
confirmed 100% match with other countries (America) through morphological characters
and DNA barcoding and sequences with accession numbers were submitted to
NCBI.Monitored severe incidence of new invasive pest, rugose whitefly in coconut in
Srikakulam, Vizianagaram, Visakhapatnam districts of Andhra Pradesh during February,
2019. Spread of fall armyworm to ragi, bajra, sorghum during kharif and rabi, 18 and on
sugarcane during February, 2019; severe outbreak of coconut rugose whitefly noticed in
February, 2019 and advised management practices to farmers (Table 13).
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Table 13. Crop pest outbreak during 2018-19

nam Dist.

S. Month Date Locations Crop Problems noticed &
No Level of incidence
1. | May,18 9.5.18 Lakkavaram, Sugarcane Early shoot borer -
30.5.18 | Visakhapatnam Moderate to severe
Dist. Smut-Moderate to
severe YLD-
Moderate to severe
2. | June, 18 7.6.18 Lakkavaram, Sugarcane Early shoot borer
14.6.18 Pydipala, -Moderate to severe
Visakhapatnam Smut-Moderate to
Dist. severe YLD-Moderate
to severe
3. |July, 18 4.7.18 Ps Peta, Sugarcane Early shoot borer-
11.7.18 Lakkavaram,Visakh Moderate to severe
25.7.18 apatnam Dist. Yellow mosaic &
31.7.18 Peddapuram, YLD- Severe
Chebrolu, East White grub in few
Godavari dist areas
4. | August, 18 11.8.18 Pedabathivalasa, Maize New invasive pest
13.8.19 Vizianagaram dist; Fall armyworm
17.8.18 Neliwada, noticed - Severe
20.8.19 Srikakulam dist;
23.8.19 Kondalaxmipuram,
Vedulavalasa,
Klpuram,
Vizianagaram
dist:Kumaram,
Kapusambham ,
Vizinagaramdist:Th
otakotrapalem,
Visakhapatnamdist;
Venkataraopeta,
Srikkulamdist;Pasu
pam, Vizianagaram
dist
5. | September,18 | 6.9.18 Gurla, Goshada, Paddy Blast — Low to
Kondagandredu, Maize moderate;Leaf folder,
12.9.18 Jami, Kothavalasa, Stem borer, thrips,
15.9.18 Kondalaxmipuram, caseworm — Low;
22.9.18 Cheepurupalli, Sesamiainferens,
Garividi, FAW — low to
24.9.18 Kapusambham, moderate
Denkada,
Vizianagaram dist
Lakkavaram, Paddy Stem borer, Leaf
Jithasda,Visakhapat | Sugarcane folder, Blast —

Moderate to severe;
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Sheath blight -
Severe;Red rot,
Yellow mosaic -
severe

6. | October,18 |12.10.18 | Munagapaka, Paddy WBPH, BPH - Severe
Makavarapalem,
Visakhapatnam dist
15.10.18 | Meliaputtimandal, | Paddy Lodging due to
Srikakulam dist cyclonic wind
30.10.18 | Gurla, Paddy WBPH, BPH — Severe
Cheepurupalli, Maize FAW - moderate
Garividi,
Vallapuram, Kella,
Vizianagaram dist
31.10.18 | Lakkavaram, Paddy WBPH, BPH — Severe
Visakhapatnam
Dist.
7. | November,18 | 1.11.18 Tumpala, Paddy Plant hoppers
9.11.18 Visakhapatnam (WBPH, BPH) -
distAnakapalle, Moderate to severe
Visakhapatnam dist Panicle mite —
moderate to severe;
Blast- low to
moderate
8. | December,18 | 22.12.18 | Vedulavalasa, Maize FAW — low
Cheepurupalli,
Vizianagaram dist
9. |January,19 9.1.19 Pidisila, Maize Stem borer- low
19.1.19 Gajapathinagaram FAW- low
Vizianagaram dist
10 | February,19 |2.2.19 Patharlapalli, Maize FAW — low to
Pathiwadapalem, Coconut moderate  Stem
Srikakulam dist Banana borer — low
Maize rugose whitefly-
severe in coconut
rugose whitefly
noticed in banana,
maize
4.2.19 Chollangipeta, Maize Maize FAW — low to
Denkada, moderate;
Vizianagarmdist Coconut Maize Stem borer —
BananaMaize | low
Papaya rugose whitefly-

severe in coconut
rugose whitefly
noticed in papaya,
banana, maize
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18.2.19 Patharlapalli, Maize FAW — low to
Pathiwadapalem, Coconut moderate rugose
Srikakulam dist whitefly- severe

20.2.19 Pidisila, Maize Maize FAW — low to
Gajapathinagaram; | Coconut moderateMaize Stem
Chollangipeta, borer — low rugose
Pidisila, whitefly- severe
Vizianagarmdist

11 | March, 2019 | 23.3.19 Pusapatirega, Maize Maize FAW — low

Chollangipeta, Maize Stem borer —
Vizianagaram low
district and Coconut
Patharlapalli, rugose whitefly-
Pathiwadapalem, severe
Srikakulam dist

11.1.4 KAU, Thrissur

I1.1. Outbreaks of the following insects were reported:

Spodoptera litura in banana and vegetables in Alwaye, Chalakudyetc
Spodoptera mauritia in Thrissur,Kole and Palghat

Flower thripsin mangoat Muthalamada in Palghat

Thrips incidence in little gourd in Vaniampara, Palghat

Alien invasive species reported:

Paraleurodes bondari from coconut in Thrissur

Euplatypus parallelus in rubber in Irutty, Kannur

Spodoptera frugiperda from Malappuram and Thrissur on maize

ONoGa~WNE

11.1.5 MPKYV, Pune

The fields, horticultural crops and ornamental plants were observed during survey in
Western Maharashtra covering five agro-ecological zones. The fields and orchards in and
around Pune and Ahmednagar region as well as fruits and vegetables market areas around
Pune were visited for record of pests species viz., coconut leaf beetle Brontispa longissima,
spiralling whitefly Aleurodicus dugessi, mealybug species Phenacoccus manihoti,
Paracoccus marginatus, Phenacoccus madeirensis, Pseudococcus jackbeardsleyi,
American pinworm Tuta absoluta on tomato and other alien invasive pests. The pests
infested fruits and vegetables samples were collected from the market yards and nearby
village markets and observed for alien invasive pest species and natural enemies.

Nymphs and females of mealybug species P. jackbeardsleyi and P. marginatus were
recorded on custard apple and papaya respectively, in Pune Ahmednagar, Dhule, Jalgoan
and Nandurbar district. The encyrtid parasitoid, Acerophagus papayae N and S, predatory
larvae of Spalgisepius, coccinellids, anthocorids, chrysopids, syrphids and spiders were
recorded in Pune and Dhule, Jalgoan and Nandurbar district. Amongst the target pests,
Tutaabsolutawas not recorded in surveyed area of Western Maharashtra during April to
March, 2019 on tomato crop.
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New alien pest, Fall armyworm (FAW), Spodoptera frugiperda (Smith) was reported
in July, 2018 in Kolhapur district on maize crop and detail infested area of FAW is
presented in Table 14 after that it is spread in Solapur, Sangli, Satara, Jalgaon, Jalana,
Budhana and Usmanbad district. The pest extended its host range it is also reported
sorghum in Satara, Pune, Solapur, Jalgaon districts and reported on sugarcane in
Palustahasil of Sangli district and Kagaltahasil of Kolhapur district, respectively. Hence
this pest will be become serious concern to these crops. Hence monitoring ofSpodoptera
frugiperda (Smith) on top priority basis is very essential and itsdamage ranges between 10
to 40 % in maize crop.

Infestation of FAW is observed in seedling stage upto 30 days. However, afterwards
the incidence showed declined trend and there is not much more effect on yield due to
compensatory mechanism is observed. Cob infested is observed in Babulga on village of
Indapur Tahasil of Pune district.

Table 14. FallArmyworm, Spodoptera frugiperda (Smith) infested area in

Maharashtra (10" November, 2018)

S. No. District Infested area (Ha )
1 Solapur 1130
2 Sangli 410
3 Satara 180
4 Kolhapur 450
5 Jalgaon 170
6 Jalana 2610
7 Buldhana 147
8 Usmanabad 47
Total area 5144

11.1.6 TNAU, Coimbatore

Survey was conducted in different districts of Tamil Nadu for the occurrence of the
alien invasive insect pests.
Papaya mealybug

During the investigation period the incidence of papaya mealybug Paracoccus
marginatus was observed in crops like papaya, tapioca, guava, cotton and mulberry.
Rugose spiraling whitefly

The occurrence of rugose spiraling whitefly Aleurodicus rugioperculatus was
recorded in various Districts in Tamil Nadu viz., Coimbatore, Tirupur Theni, Tanjore,
Cuddalore, Kanyakumari, Tiruvarur, Tirunelveli Dindigul and Erode. The infestation index
ranged between 1.00 and 3.00 in various Districts in Tamil Nadu (Table 15). The
parasitisation by Encarsia spp. ranged between 10.00 and 100.00% on coconut gardens. A
diverse array of predators viz., Chilocorus nigrita, Coccinella transversalis, Mallada
desjardinsi, Cheilomenes sexmaculatus, Propylea dissecta, Scymnus nubilis, Scymnus
saciformis; Chrysoperla zastrowisillemi are present in the coconut gardens.
Fall armyworm

The incidence of an invasive pest fall armyworm (FAW) Spodoptera frugiperda (J.E.
Smith) (Noctuidae: Lepidoptera), a native of America was observed in maize hybrids COH (M) 6
and fodder maize sown during June and July at Eastern block and new area of TNAU,
Coimbatore campus. The occurrence of this pest has also been reported from all maize growing
areas in Tamil Nadu. The damage symptoms in leaves viz., scrapping of leaves, pin holes, small to
medium elongated holes, parallel shot holes and irregular shaped holes on leaves, loss of top
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portion of leaves, presence of chewed up frass material and fecal pellets in the leaf whorl,
drooping of leaf portion above the feeding area, feeding on tassel, terminal and stalk portion of
cob were observed in 2.00 to 90.00% of the maize plants in different locations (Table 16). In
Chinnavalavadi village in Tirupur District, 90.00% of the terminal portion of the cob had different
instars of FAW during November 2018. The yield of maize ranged between 5.50 and 6.25 t/ha in
well irrigated fields while it was 3.00 to 4.5 t/ha in fields where there was water shortage (Table
17).

Table 15. Status of rugose spiralling whitefly (RSW) in Tamil Nadu

District RSW - Infestation index Encarsia sp.
Coimbatore 2.0-3.0 30.0 - 100.0%
Erode 1.0-2.0 25.0 - 60.0%
Tirupur 1.0-2.0 30.0 -40.0%
Namkkal -- --
Virudhunagar - -
Cuddalore 2.0-3.0
Tanjore 1.0-23 10.0%
Thiruvarur 1.6-2.3 10.0%
Tirunelveli 1.0-2.0 20.0 - 66.7%
Thoothukudi -- --
Dindigul 1.0 --
Kanyakumari 1.0-2.0 25.0 - 60.0%

Table 16. Status of fall armyworm in Tamil Nadu

Location Date Varity/Hybrid |Age of the| Plants with
crop damge
symptoms in
leaf (%0)
Coimbatore District
Administrative block, TNAU | 20.07.18 CoHM 6 30days 45%
Eastern block, TNAU 13.08.18 CoHM 6 53days 85%
Ravathur 22.08.18 | Syngenta 6204 | 40days 80%
Ravathur 23.09.18 | Syngenta 6204 | 70days 80%
Kantharipalayam 17.09.18 | Fodder maize 50days 2%
Rottigoundanur 23.09.18 CP808 53days 10%
Tirupur district
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Andiagoundanoor 12.10.18 | Syngenta 6668 | 15days 20%
Malayandipattinam 12.10.18 | Syngenta 6668 | 15days 24%
Malayandipattinam 12.10.18 | Syngenta 6668 | 75days 28%
Modakkupatti 12.10.18 Loacal 80days 13%
ChinnaValavadi 19.11.18 NK6688 75days 2% (larvae in
90% of the
cobs)
Peryavalavadi 19.11.18 Proline 52days 50%
Salem District - 20.10.18 NK6204 35days 33 -50%
Selliyampalayam
Erode District
Mulianoor 30.11.18 Cauvery 65days 80%
Poomanur,KarumkiraduAlam | 30.11.18 Pioneer 45days 90%
arathupatti
Bejaletti 21.03.19 |Cauvery K 2515| 70days 2%
Theni district- Krishnapuram | 30.10.18 -- 45days 40%
Cuddalore District - 29.10.18 -- 40days 40%
Korakkavadi
Avriyalur District - 18.09.18 Mahyco 43days 35%
Silluppanoor
Tanjore Dt.- Nainankulam 10.09.18 CP333 40days 80%
Krishnagiri Dt. - Elachur 10.08.18 -- 35days 30%

Table 17. Yield of maize (2018-19) (Plants with FAW damge symptoms in leaves —
30.00-70.00%0)

SI.No. | Name of Maize Yield No. of sprays Remarks
farmer/Name of variety/hybrid | t/ha given
the village
1 Mr.R.Ganesh NK999 3.00 Coragen — Water
Ragulbhavi 2Sprays shortage
Phorate — Whorl
application
2 Mr.M.Muthuswamy | NK999 3.75 Phorate — 3 times | Water
Ragulbhavi Whorl application | shortage
3 Mr.Thangaraj NK6088 3.75 Rich — 1Spray Water
Sundakkampalayam shortage
4 Mr.Kannan NK6088 4.40 Resume — 2sprays | Water
Sundakkampalayam shortage
5. Mr.Padmanaban NK6088 4.40 Coragen — Water
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Pulankinar 2Sprays shortage
Phorate — 2 Whorl
application
6 Mr. Kanagaraj Proline 3.75 Phorate — 1 Whorl | Water
Ragulbhavi application shortage
Karate — 2sprays
7 Mr.Ravikumar CP303 6.25 2 sprays (Dupont) | --
Chinnaveerampatti
8. Mr.Jaganathan NK6088 5.50 Coragen- 1spray | --
Valavadi Emamectin
benzoate — 1spray
9. Mr.Karunakaran CP303 5.50 2 sprays (Dupont) | --
Chinnaveerampatti
10. Mr.Senthilkumar Sathya 4.50 Ekalux — 2sprays | Water
Bodipatti shortage
11 Mr.Jeyakumar Pioneer 5.50 Indoxicarb- --
Narasingapuram 2sprays

11.1.7 YSPUHF, Solan

Different vegetable and fruit ecosystems in district Solan,Sirmour, Mandi, Kullu,
Bilaspur, Shimla, Kangra, Kinnaur and Lahaul & Spiti were surveyed for the collection of
pests like, Aleyrodicus digessi, Phenacoccus manihoti, Paracoccus marginatus,
Phenacoccus madeirensis and Tuta absoluta but only T. absoluta was recorded.

Survey and surveillance of pin worm, Tuta absoluta on tomato:

A survey was conducted to record the incidence of the Tuta absoluta on tomato,

potato and brinjal from May to September, 2018 at 19 locations of districts Solan, Sirmour,
Mandi, Kullu, Bilaspur, Shimla, Kangra, Kinnaur and Lahaul&Spiti which are the major
tomato and/or potato growing areas of Himachal Pradesh (Table 18). The incidence of
Tutaabsolutawas also recorded under polyhouse conditions at Nauni and Subathu of district
Solan (HP) on tomato, potato and brinjal. Under open field conditions the pest infested
tomato at eight locations namely Nauni, Dharja, Nainatikkar, Subathu, Sarahan, Nahan,
Mandi and Kullu. At these locations 38 to 79% of the tomato plants were infested with T.
absoluta with the number of mines/leaf/infested plant varying from 0-7 and fruit damage
varying from 0-5% at different locations.
Under open field conditions no incidence of the pest was recorded on potato or brinjal at
any of the locations, however, in one of the polyhouses the pest was found to attack potato
and brinjal when they were grown simultaneously with tomato. The severity of the pest was,
however, more on tomato than potato or brinjal. Survey reveals that the pest does not infest
potato or brinjal when tomato is present in the adjacent fields. Furthermore, in higher hills
of district Shimla, Kinnaur and Lahaul & Spiti, which are the major potato growing areas,
the pest has not been recorded so far. During the survey a mirid predatory bug, Nesidiocoris
tenuis was recorded preying on eggs and early instars of the leafminer.
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Table 18. Infestation of Tuta absolutaon tomato under open field conditions at
different locations

SN | Location District Plants infested Number of Fruit
(%) mines/leaf/infested | damage (%0)
plant
1 | Nauni Solan 51 - 62 0-6 1-4
2 | Dharja Solan 47 - 73 1-7 2-3
3 | Subathu Solan 66 - 79 0-4 0-5
4 | Nainatikkar | Sirmaur 51 - 67 2-5 1-4
5 | Sarahan Sirmaur 56 - 81 1-7 1-3
6 | Nahan Sirmour 43-59 0-2 0-3
7 | Mandi Mandi 38-74 0-6 1-5
8 | Kullu Kullu 42-69 1-4 0-5
9 | Harlog Bilaspur Nil Nil Nil
10 | Duttnagar Shimla Nil Nil Nil
(Rampur)
11 | Kufri Shimla Nil Nil Nil
12 | Theog Shimla Nil Nil Nil
13 | Chopal Shimla Nil Nil Nil
14 | Rohru Shimla Nil Nil Nil
15 | Palampur Kangra Nil Nil Nil
16 | Nurpur Kangra Nil Nil Nil
17 | Kalpa Kinnaur Nil Nil Nil
18 | Rekongpeo | Kinnaur Nil Nil Nil
19 | Kelong Lahaul &Spiti Nil Nil Nil

11.1.8 MPUAT, Udaipur

Surveys were conducted to record the incidence of the tomato pin worm, T. absoluta
from November, 2018 to February, 2019 at 10 locations of districts Udaipur, Chittorgarh
and Bhilwara, which are the major tomato growing areas of Rajasthan. The incidence of
T. absoluta was also recorded under both open and polyhouse conditions at Dabok, Mavli,
Pilader and Veerpura villages of Udaipur district (Rajasthan) on tomato. Among all these
locations the infestation ranged from 20 to 40%. Whenever no control measures were taken,
70-78% infestation was recorded in tomato crop. Survey reveals that the pest is more severe
under polyhouse conditions than in open field conditions and prefers tomato over other host
plants (Table 19).
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Tablel9. Survey and surveillance of tomato pin worm, T. absoluta in tomato crop
Severity Per cent

o o | ot | G | Dama
damage (%)

Pilader, Jaisamand & nearby | 02.12.2018 Low 10-15 10-15

villages

Pilader, Jaisamand & nearby | 10.12.2018 Low to 15-20 10-15

villages Moderate

Pilader, Jaisamand & nearby | 11.12.2018 Low to 15-20 10-15

villages Moderate

Pilader, Jaisamand & nearby | 01.02.2019 Moderate 30-40 30-40

villages

Pilader, Veerpura (Jaisamand) & | 02.02.2019 Moderate 30-40 30-40

nearby villages

Bhilwara and nearby area 21.02.2019 Moderate 50-60 35-45

Survey and surveillance of Fall armyworm, Spodoptera frugiperda on maize

Surveys were conducted to record the incidence of fall armyworm, S. frugiperda from
July, 2018 to February, 2019. The survey indicated that the incidence of fall armyworm was
noticed to be moderate to severe in Udaipur, Chittorgarh, Banswara and Dungarpur districts

of Southern Rajasthan with an average incidence range of 10-50% (Table-20) (Fig.8).

Fig 8. FAW infested field at RCA, Udaipur
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Table 20 Survey and surveillance of fall armyworm, S. frugiperda in maize crop

Per cent

Place Date of Severity of | Crop age Damage Advice
Observation damage (in days) (%) given

Piladar, (Jaisamand) 19.07.2018 Low 15-20 10-15 Use of

Vishama, Hyala, P.S. - | 30.07.2018 Low to 20-30 10-15 | Tricho-card

Saira Moderate

Mavli,  Vallabhnagar | 10.08.2018 Low to 40-50 20-25

and surrounding Moderate

Vishama, Hyala, P.S. — | 29.08.2018 Low to 50-60 20-25

Saira Moderate

Surrounding Villages of | 18.09.2018 Moderate 75-85 40-50

Mavali, Fatehnagar and

Vallabhnagar

Vishama, Hyala, P.S. — | 18.10.2018 Moderate 80-90 30-40

Saira

Sare, Kailashpuri, | 19.10.2018 Moderate 80-90 40-50

Rama, &  nearby

villages

11.1.9. NBAIR, Bengaluru

Surveillance of rugose whitefly & other whiteflies in coconut and assessing the
population of natural biocontrol agents

About 3 trips were made to Dakshina Kannada, Udupi and Uttar Kannada districts and
3 trips in Ramanagara, Mandya, Mysuru districts 4 trips to Bengaluru rural district in
Karnataka for survey on incidence and infestation of rugose spiralling whitefly Aleurodicus
rugioperculatus Martin on coconut and other host plants during 2018-19. Survey route was
Mangalore to Bhatkal (via Udupi and Brahmavar, Kundapura, Hemmadi, Marvanthe,
Byndoor, Shiroor); Bengaluru to Malavalli (via Ramanagara, Channapatna, Madduru, KM
Doddi) and Malavalli to Bengaluru (via, Lakshmipura, Bannur, Mysuru, Srirangapatna and
Mandya). Incidence and infestation of rugose spiralling white on coconut was recorded to
the extent of 5-30% in different locations with maximum incidence was observed in
younger and dwarf hybrid palms. The incidence noticed on banana, Indian almond,
Callophyllum, Indian ficus and many other ornamental plants. RSW incidence drastically
reduced in the locations where severe infestation noticed in previous year 2017-18. This is
due to enhancement in natural enemies population over the period of time and weather
factors. The pest population continue to spread newer areas along coastal tracts in
Karnataka and incidence was even more serious in Goa. As per the natural parasitism as
concern, the predominant natural enemies were Encarsia guadeloupae which parasitism
was recorded to extent of 24-62%.

Besides, RSW infestation of three invasive whiteflies such as Bondar's nesting
whitefly, Paraleyrodes bondari and P. minei to the extent of 15-28% on coconut was
noticed. In few location, it was observed that this nesting whiteflies co-existence with RSW
on coconut. Similarly, yet another whitefly was recorded from south India causing extensive
infestation and its identification is under progress.
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11.1.10. OUAT, Bhubaneswar

Survey was made in every month starting from May 2018 in Odisha for the outbreak
of insect pests in different crops. The CPOR reports along with photographs in the specified
proforma were communicated to NBAIR, Bengaluru every month through e-mail (Table

21).

Table 21. Month wise outbreak of insect pests in Odisha during 2018-19

Month and | Crop Pest Level of Site

year infestation
Paddy BPH Moderate | Dumalpadar village of
(Oryza (Nilaparvata Jujumara block of
sativa) lugens) Sambalpur district.

Paddy (Oryza | Yellow stem borer | Severe Bhellagaon village of
sativa) (Scirpophaga Kalampur block of
incertulas) Kalahandi district

June 2018 Bamboo Bamboo seed bug Severe Chandaka area of Khurda
(Bambusa (Udonga montana) district
sp.)

July 2018 Paddy (Oryza | Swarming Severe Rasamtala village of
sativa) caterpillar Karangia block of

(Spodoptera Mayurbhanja district
mauritia)

August 2018 | Baula Leaf webber | Severe Bhubaneswar,

(Mimu- (Nephopteryx Khurda
msopselengi) | eugraphella)

September Maize (Zea | Fall armyworm | Moderate | Chheliguda, Patapani,

2018 mays) (Spodoptera Kandhadiha villages of

frugiperda) R. Udayagiri block of
Gajapati District

October 2018 | Paddy BPH(Nilaparvata Moderate | Kudasingha, Sahajbahal
(Oryza lugens) to severe villages of
sativa) BolangirSadar block of

Bolangir district
Paddy Rice hispa Severe Santarapur village of
(Oryza (Dicladispa Chilika block of
sativa) armigera) Khurda district
November Maize(Zea Fallarmyworm Severe AICRP on Maize field,
2018 mays) (Spodoptera OUAT,
frugiperda) Bhubaneswar
December Paddy(Oryza | BPH Severe Sarua village of
2018 sativa) (Nilaparvata Khurda district
lugens)

January 2019 | Groundnut Spodoptera Severe Lohosingha, Pataka,
(Arachis (Spodoptera litura) Dahimal&Tantulipadar
hypogea) village of

Atthamallik block of
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Anugul district
February Green gram | Stem fly | Severe Ballav and Bainsia villages
2019 and Black (Ophiomyia of
gram phaseoli) Gondia block of
Dhenkanal district
March 2019 | Delonix Bag worm Severe Avenue plantations of
regia (Pteroma Bhubaneswar
plagiophleps)

11.1.11. UAS, Raichur

During current year (2018-19) heavy incidence of fall armyworm was noticed on
maize as detailed below. District wise incidence of FAW as on August 2018 and November
2018 are presented in Table 4a and 4b.

A roving was conducted during August 2018 in maize crop to monitor the invasive
pest, fall armyworm, S. frugiperda in six districts of North Eastern Karnataka. The study
indicated that there was no incidence of pest in Bidar (964 ha), Kalaburgi (224 ha), Raichur
(15 ha) and Yadgir (10 ha) district while in Koppal and Ballari districts the incidence of
FAW noticed in Gangavathi taluk of Koppal which had 10 -15 % incidence. In Ballari
district the total area under maize was 80024 ha in which around 2070 ha area was severely
affected by FAW and its severity ranged from 10 to 40% (Table 22).

Roving survey conducted during November 2018 in six districts of North Eastern
Karnataka indicated that FAW was noticed on rabi Jowar (M 35-1) with a severity of 10-
15% across the six districts but yield loss due to FAW was less than 5%. On the contrary,
on hybrid Jowar the FAW caused significant grain and fodder yield loss to the tune of 10-
15%. On maize the incidence ranged from 10-20 % in Bidar, Kalaburgi and Yadgir district
while in Raicuhr, Ballari and Koppal districts it ranged from 50-80 % (Table 23).
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Table 22. Incidence of fall armyworm, Spodoptera frugiperda (J E Smith) in North Eastern Karnataka during August, 2018

District Taluks Area Crop | Stage of the crop Pest status FWA infested area | Severity (%)
Bidar Bidar 225 Maize Cob Formation stage No Incidence - -
Bhalki 0 Maize - No Incidence - -
Basava Kalyan 195 Maize Cob Formation stage No Incidence - -
Humnabad 529 Maize Cob Formation stage No Incidence - -
Aurad 15 Maize Cob Formation stage No Incidence - -
Kalaburgi Alanda 100 Maize - No Incidence - -
Afzalpur 54 Maize Cob Formation stage No Incidence - -
Kalaburgi 50 Maize Cob Formation stage No Incidence - -
Chittapur 0 Maize Cob Formation stage No Incidence - -
Sedam 20 Maize Cob Formation stage No Incidence - -
Koppal Koppal 7480 | Maize Cob Formation stage No Incidence - -
Kushtagi 1329 | Maize Cob Formation stage No Incidence - -
Yalburga 2753 | Maize Cob Formation stage No Incidence - -
Gangvati 1325 | Maize 30 to 40 days old Neg. incidence 10 ha 10-15
Ballari Ballari 100 Maize 60-70 days old crop No Incidence - -
Sirguppa 0 Maize - No Incidence - -
Sandur 9945 | Maize 40-50 days old crop Moderate 650 20-30
Kudlgi 26147 | Maize 40-50 days old crop Moderate 320 10-15
Hospet 3454 | Maize 40-50 days old crop Moderate 75 10-15
Hagaribommanhalli | 19110 | Maize 40-50 days old crop Severe 450 25-30
Hadgali 30268 | Maize 40-50 days old crop Severe 575 30-40
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Table 23. Incidence of Fall Armyworm, Spodoptera frugiperda (J E Smith) in North
Eastern Karnataka during November, 2018

District Crop Area FAW Damage Crop Stage | Variety | Remarks
(ha) | Foliage | Cob /Hybrid
(%) (%)

Bidar Jowar 4469 15-30 - 25-35daysold | M 35-1 | Firstreport
(rabi) of FAW
Sugarcane | 24350 Nil - 6-8 months old - -
(K)
Wheat 603 Nil - 10-15 days old - -
(rabi)
Maize Nil Nil Nil Nil - -
(K/R)

Kalaburgi | Jowar 81950 | 20-40 - 20-30 days old First report
(rabi) of FAW
Maize (R) | 350 30-50 Nil | 20-30 days old First report

of FAW

Wheat 11450 Nil Nil Nil - -
(Rabi)

Yadagir Maize 152 Nil Nil Nil - -
(K/R)
Jowar 7675 25-40 Nil | 20-30 days old - First report
(rabi) of FAW
Bajara 19345 Nil Nil Nil - -
(K/R)
Sugarcane | 265 Nil - 6-8 months old - -
(K)

Raichur Maize 2500 50-70 15-30 Vegetative - -
(K/R) Stage
Jowar - 60-80 Nil | 20-30 days old - -
(rabi)
Bajara - 10-15 Nil - - -
(K/R)

Ballari Maize 900 60-80 | 30-50 Vegetative - -
(K/R) Stage
Jowar - 50-60 Nil | 20-30 days old - -
(rabi)

Koppal Jowar (K) | 870 25-35 Harvested
with 15 %
yield loss

Jowar (R) | 21534 60-75 Nil | 20-30 days old - -

Maize (K) | 4855 70-80 | 25-35

Maize (R) | 4010 100 - 20-30 days old - 100 %
damage

Bajara 9155 10-15 - - - -

(K/R)

Wheat 3141 Nil Nil Nil Nil Nil

(rabi)
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11.1.12. 1IHR, Bengaluru

Reported Spodopterafrugiperda on maize crops planted as barrier crops around
horticultural crops. No incidence was observed on the main crops such as tomato, chilli or
okra.

11.1.13. UBKYV, Pundibari

Rice

Moderate infestation of leaf folder and stem boer was observed in the Huslurdanga in
Mainaguri block of JalpaiguriSadarmandal in Jalpaiguri district and Paschim Falakata in
Falakata of Alipurduar district during August and September 2018. During October 2018,
severe damage of mealybug and moderate infestation of leaf folder was recorded at
BhagniDwitiyoKhondo, Balika Bandar, Uttar Bara Sakdal, Kalmati villages in Dinhata block
and Hoglabari, Sajherpaar, Dakshin KalarayerKuthi, Dhangdhinguri, Konamalli and
MoranodirKuthi, Patlakhaowa, Singimari, Khagribari, Uttar KalarayerKuthi, Shooting Camp
and Shakunibala villages in Coochbehar 11 block during October 2018. Moderate infestation
of rice bug, WBPH, grasshopper, coreid bug and leaf folder was observed at Dhangdhinguri
village of Coochbehar Il dt during November 2018 (Fig.9).

Fig. 9 Severe mealybug damage

Maize

Severe cutworm damage was recorded during January 2019 at Bhangamore, Hazrahat
villages in Mathabhanga I Block. Low incidence of fall armyworm was recorded at Notuarpar
(Garopara), Satmail and Howargari in Coochbehar I block during February 2019. The survey
was intended for locating fall armyworm, but no insect could be traced from different places
of Coochbehar district. However, some larvae were collected from maize and has already
been sent to NBAIR, Bengaluru for identification.

Tea

Moderate infestation of tea looper, tea mosquito bug and severe infestation of red
spider mite was observed in the Gandapara, Banarhat in Dhupguri block of Jalpaiguri
Sadarmandal in Jalpaiguri district during August 2018. Natural enemies like predatory mites
and spiders were observed. During December 2018, moderate infestation of tea mosquito bug
was recorded at Nagrakata.

45



Gerbera
In Pundibari in Cooch Behar Il block of Cooch Behar district, severe infestation of
leaf beetle was observed during September 2018.

Pointed gourd& Ridge gourd

Surveys undertaken in the lkorchala, BairagirHaat in Coochbehar Sadarmandal and
Barasimulguri, Ghokshadanga GP in Mathabhanga Il mandal of Mathabhanga block of
Coochbehar district recorded moderate to severe infestation of fruit fly in pointed gourd and
ridge gourd during June and July 2018. Moderate infestation of aphid and low infestation of
Coreid bug was recorded in cucumber. Natural enemies like spiders, Coccinellids and
Apantelessp were recorded. Incidence of vine rot and root rot diseases (7-8%) were recorded

Bottle gourd

In Chatjorepatki, Jorepatki GP in Mathabhanga Il mandal of Mathabhanga block in
Coochbehar district, severe infestation of fruit fly and root rot disease (12-15%) was recorded
during July 2018.
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111 BASIC WORK ON BIOLOGICAL CONTROL OF PLANT DISEASES USING
ANTOGONISTIC ORGANISMS

GBPUAT, Pantnagar

111 1. List of Trichoderma/ Pseudomonas isolates used in the present investigation

S.No. | Trichoderma / Pseudomonas isolates Source

1. TCMS-36 (T. asperellum) Pantnagar

2. PBAT-3 (T. asperellum Thl4 + P. | Pantnagar
fluorescens Psf 173)

3 Th-14 (T. asperellum) Pantnagar

4 Th-17 (T. asperellum) Pantnagar

5. Th-39 (T. asperellum) Pantnagar

6. Th-19 (T. asperellum) Pantnagar

7 Psf-173 (Pseudomonas fluorescens) Pantnagar

8 Psf-2 (Pseudomonas fluorescens) Pantnagar

9. NBAIR-1 (T. harzianum) NBAIR —Bengaluru

10. NBAIR-2 (T. asperellum) NBAIR —Bengaluru

11. T. viride Pvt. Company

12 T. harzianum BARC- Mumbai

1. 2. Molecular signature of promising Trichoderma asperelleum TCMS 36, T.
harzianum (Th14) and Pseudomonas (PSF 173) validated under AICRP on Biological
Control

Gene sequence of ITS1 and ITS4 region of TCMS-36 and TH-14 (Trichoderma
asperellum) has been submitted to NCBI and Accession number have been assigned
GenBank: MH593785.1(TCMS36) and MK044000.1 (TH-14) and TCMS36 deposited under
the Budapest treaty in the National Centre for Microbial Resource (NCMR), Pune, India and
assigned the accession number MCC 0154. 16S rDNA (Pseudomonas) amplification,
identification and characterization are under progress.

I11. 3. Isolation and evaluation of temperature tolerant Trichoderma isolates for crop
health management during coldest/hottest climate

Isolation of potential temperature tolerant isolates of Trichodermafrom the rhizosphere
soils and rhizoplanes of crops during the coldest (from chickpea) and hottest months (Rice).
Trichoderma was done on selective medium (TSM). 20 isolates of Trichoderma, coded as
Ta-1 to Ta-20 were obtained. These isolates have been purified, identified and
morphologically characterized.

I11. 4. In vitro evaluation of temperature tolerant Trichoderma isolates

To study the effect of various temperature regimes, Trichoderma isolates were
incubated at different temperatures ranging between 5°C-45°C for 5 and 10 days,
respectively in Petri plates and flasks containing basal medium. No growth was recorded at
temperature of 5°C and 45°C, and hence has been deleted from the statistical analysis for
finding out the best temperature for linear colony diameter and average mycelial fresh weight
of Trichoderma isolates. The data obtained for average colony diameter (Table 24) and
mycelial fresh weight (Table 25) of Trichoderma isolates were recorded at 10°C to 40°C.
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Table 24. Colony diameter of different Trichoderma isolates at various temperatures on

solid medium (PDA)

Average colony diameter (cm) of Trichoderma isolates after 5 days
Isolates | 19ec 20°C | 30°C | 35°C 40°C Mean
Tal 3.73 6.10 9.00 7.30 0.00 5.22
Ta2 3.46 7.60 8.80 4.40 1.80 5.21
Ta3 3.76 9.00 8.80 3.90 0.00 5.09
Tad 3.63 7.70 8.80 4.20 0.00 4.86
Tab 3.30 8.10 8.80 8.10 0.00 5.66
Tab6 3.66 8.30 8.80 2.80 2.30 5.17
Ta7 2.83 7.30 8.80 2.40 0.00 4.26
Ta8 3.10 7.50 8.80 3.40 0.00 4.56
Ta9 3.63 7.20 8.80 8.00 0.00 5.52
Tall 4.13 8.20 8.80 3.00 2.50 5.32
Tall 3.36 8.80 8.80 6.70 0.00 5.53
Tal2 4.20 8.80 8.80 8.30 1.70 6.36
Tal3 3.80 8.10 8.80 7.60 2.50 6.16
Tald 4.00 7.90 8.80 8.80 2.00 6.30
Talb 4.16 8.80 8.80 3.20 2.60 5.51
Tal6 2.96 7.40 8.80 4.50 0.00 4.73
Tal7 4.66 8.80 8.80 3.50 0.00 5.15
Tal8 5.70 9.00 8.80 5.00 0.00 5.70
Tal9 3.63 8.80 8.80 8.00 0.00 5.84
Ta20 2.86 8.00 8.80 7.50 2.10 5.85
Mean B 3.73 8.07 8.81 5.53 0.87
Effect CD (0.05)
F_actor(A) (Colony 0.24
diameter)
Factor(B)
(Temperature) 0.12
Factor (A X B) 0.54

*Diameter of Petri plates, 9.0 cm. Each value is an average of three replications.

Table 25Fresh mycelial weight of different Trichodermaisolates at various temperature

on liquid medium (Potato Broth)

Isolates Average mycelial fresh weight (mg) of Trichoderma isolates after 10 days

10°C 20°C 30°C 35°C 40°C Mean
Tal 129.83 235.50 272.33 225.83 0.00 201.40
Ta2 125.66 240.50 275.83 225.50 0.00 173.50
Ta3 124.16 225.83 249.83 210.50 0.00 162.06
Tad 120.83 238.50 251.50 209.83 0.00 164.13
Tab 124.50 216.16 279.00 230.00 123.83 194.70
Ta6 128.50 219.66 248.83 223.66 0.00 164.13
Ta7 125.50 234.50 274.00 230.16 0.00 172.83
Ta8 124.16 226.00 257.83 207.16 0.00 163.03
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Ta9 121.16 227.50 275.00 224.50 124.33 194.50
Tal0 129.16 231.16 268.50 219.16 0.00 169.60
Tall 126.50 220.83 259.16 213.50 119.00 187.80
Tal2 149.16 228.33 282.50 229.16 127.83 203.40
Tal3 127.50 230.16 255.50 209.83 125.16 189.63
Tal4 126.50 231.50 279.16 228.50 128.50 198.83
Talb 124.50 227.00 258.33 213.66 143.50 164.70
Tal6 130.00 225.33 267.66 219.83 0.00 168.56
Tal7 153.50 236.00 270.00 218.50 0.00 175.60
Tal8 155.83 234.83 262.00 218.00 0.00 174.13
Tal9 129.00 230.66 278.83 230.16 141.16 201.96
Ta20 126.83 228.50 255.50 224.16 129.16 192.83
Mean B 130.14 229.42 266.06 220.58 58.12

Effect CD

(0.05)

Factor(A) (Colony diameter) 0.67

Factor(B) (Mycelial Fresh Weight) | 0.34

Factor (A X B) 1.51

Significantly maximum average growth (Table 24) of all the isolates was recorded at
30°C, followed by 20°C and 35°C. The temperature of 30°C was significantly best for the
growth of all the isolates of Trichoderma, which recorded 8.81 cm average colony diameter
in 5 days. Minimum average colony diameter of 0.87 cm was recorded at 40°C.
Simultaneously isolates Tal2 showed maximum average colony diameter of 6.36 cm, which
did not differ significantly from Tal4 (6.30 cm) and Tal3 (6.16 cm).

The interaction study revealed that isolate Ta 18 recorded maximum (5.70 cm) colony
diameter at 10°C which was significantly different from other isolates. Isolates Ta3 and Tal8
showed maximum (9.00 cm) colony diameter at 20°C which did not differ significantly from
other isolates viz., Tall (8.8 cm), Tal2 (8.8 cm), Tal5 (8.8 cm), Tal7 (8.8 cm) and Tal9 (8.8
cm). Isolates Tal recorded maximum (9.00 cm) colony diameter at 30°C which did not differ
significantly from other isolates. Isolates Tal4 recorded maximum (8.80 cm) colony diameter
at 35°C which did not differ significantly from Ta 13 (8.30 cm). Isoltes Tal5 showed
maximum colony diameter (2.60 cm) at 40°C, while most of the other isolates were not able
to grow at this temperature.

Significantly maximum (266.06 mg) average mycelial fresh weight of all the isolates
(Table 25) was recorded at 30°C followed by 20°C (229.42 mg). Irrespective of temperature
isolate, Ta 12 recorded maximum (203.40 mg) average fresh weight of mycelium followed
by Ta 19 (201.96 mg) and these two differed significantly among themselves. Minimum
(162.06 mg) average fresh weight of mycelium was recorded by Ta3.

The interaction of temperatures with the fresh weight of mycelium revealed that
maximum (155.83 mg) mycelial fresh weight was recorded by Tal8 at a temperature of 10°C,
which was significantly different from other isolates. Isolates Ta2 showed maximum (240.50
mg) fresh weight at 20°C, which was significantly different from other isolates. Significantly
maximum mycelial fresh weight (282.50 mg) was recorded at 30°C by isolate Tal2. Isolate
Ta 7 and Ta 19 showed maximum (230.16 mg) fresh weight at 35°C, followed by Ta 5
(230.00 mg) at the same temperature and these were not differing significantly among
themselves. Significantly maximum (143.50 mg) fresh weight was recorded at 40°C by
Isolate Tal5.
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CEREALS
1. RICE

1.1 Management of rice stem borer and leaf folder using Entomopathogenic nematodes
and entomopathogenic fungi (ANGRAU, KAU-Thrissur)

1.1.1 ANGRAU, Anakapalle

Paddy leaf folder damage recorded low in Steinernema carpocapsae (1.67 rolled
leaves/sq. m) followed by Bacillus thuringiensis (2.00 rolled leaves/sg. m), Heterorhabditis
indica (2.67 rolled leaves/sg. m) and chemical treatment, Flubendiamide recorded (2.33
rolled leaves/sg. m) and high incidence was observed in control (6.33 rolled leaves/sq. m).
YSB damage as white ear recorded low in Bacillus thuringiensis (24.33 WE/sq. m)followed
by chemical treatment, Flubendiamide (25.0 WE/sg. m) and high in control (53.33 WE/
square m)% reduction in leaf folder damage over untreated control was high in Steinernema
carpocapsae (73.62%) followed by Bacillus thuringiensis (68.0 %) and Flubendiamide
(63.19 %). Percent reduction in stem borer damage over untreated control was high in
Flubendiamide (56.25%) and Bacillus thuringiensis (53.12%). Grain yield recorded high in
chemical treatment flubendiamide 40SC @ 0. 1 ml/lt (3.57 t/ha) followed by Bacillus
thuringiensis (NBAIR strain) (3.27 t/ha) and Metarhizium anisopliae (3.13 t/ha) and low in
control (2.73 t/ha) (Table 26).
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Table 26. Management of rice stem borer and leaf folder using Entomopathogenic nematodes and entomopathogenic fungi

Treatment Number of rolled leaves / square metre Number of deadhearts or white Grain Percent
ear/square metre yield | increase in
Before | After | After % % After At % (Vha) | yield over
1 1 2nd | reduction | reduction | o harvest | reduction control
spray | spray | SPray after 1 | over control spray over control
spray

T1: Steinernema 4.33 4.67 1.67 85.65 73.62 1.33 32.33 39.38 3.1 13.55
carpocapsae

T2: Heterorhabditis | 5.33 5.67 2.67 49.91 57.82 1.0 39.33 26.25 2.97 8.79
indica

T3: Bt 4.0 4.0 2.0 50.0 68.40 1.0 23.33 53.12 3.27 19.78
(NBAIRstrain)

T4: Beauveria 5.0 5.0 4.67 6.6 26.22 1.33 39.33 26.25 2.73 16.12
bassiana

T5: Metarhizium 5.0 5.0 5.0 0.0 21.01 2.67 26.67 50.0 3.13 14.65
anisopliae

T6: Flubendiamide 5.0 5.0 2.33 53.4 63.19 1.67 23.33 56.25 3.57 30.77
40 SC @

0.1 ml/lt
Untreated control 5.67 5.33 6.33 10.43 2.67 53.33 2.73

(increase)
CD(0.05) NS NS NS 1.6 NS NS
CV% 26.26 32.03 | 31.76 19.01 16.9 16.09
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1.1.2 KAU, Thrissur

The first trial conducted in farmer’s field at Vadekkenchery during October, 2018 to
January, 2019 were inconclusive due to low levels of infestation by both stem borer and leaf
folder(Table 27). Hence the experiment was repeated at Regional Agricultural Research
Station, Pattambi from November, 2018 to February, 2019.

Table 27. Effect of entomopathogens on incidence of dead hearts in rice at Pattambi.

Mean number of dead hearts/m?
Treatments Pre 7 14 7 14 21 7 14 21 28 Yield
count | DAS1 | DAS1 | DAS2 | DAS2 | DAS2 | DAS3 | DAS3 | DAS3 | DAS3
T1:S.carpocapsae 0 166 | 266 | 400 | 3.66 6.00 5.33 6.33 | 3.66 | 3.33 | 526.67
T2: H. indica 0 1.00 | 066 | 3.33 | 2.66 6.66 6.00 533 | 7.33 | 3.66 | 496.00
T3: Bt 0 2.00 | 033 | 1.33 | 2.66 433 | 4.00 2.66 | 3.66 | 2.66 | 590.00
T4: B.bassiana 0 0.33 | 1.00 | 2.00 | 3.33 5.00 5.00 2.66 | 3.66 | 3.00 | 485.00
T5: M.anisopliae 0 1.00 | 1.00 | 2.67 | 3.33 5.33 5.33 466 | 8.00 | 5.33 | 466.67
T6:Flubendiamide 0 0.66 | 0.66 | 1.00 | 1.33 433 | 4.33 1.33 | 3.66 | 2.66 | 585.00
T7: Control 0 166 | 1.33 | 733 | 500 | 10.33 | 10.66 | 6.33 | 7.66 | 10.33 | 362.67
CD @ 5% NS NS 244 | 1.98 2.92 2.47 3.34 NS 3.49 NS

Seven days after the second spray, all the treatments were significantly superior to the
untreated control. Flubendiamide @ 25 g a.i ha™* recorded the lowest mean value of one dead
heart/m?. The same, however, was at par with the treatments involving bioagents except
S. carpocapsae @ 1.2x 10° IJs ha™ which registered a mean value of 4.0 deadhearts/m?.

Fourteen days after second spray, flubendiamide, H. indica and Bt, with 1.33, 2.66
and 2.66 mean deadhearts/ m? were on par with each other and significantly superior to the
untreated control. They were followed by the two entomopathogenic fungi, namely,
B. bassiana and M. anisopliae with mean values of 3.33 deadhearts/m?. All the plots treated
with entomopathogenic microbes were significantly superior to the untreated control and on
par with each other 21 days after second spray. There was no significant difference in yield
between the treatments was observed.

Effect of entomopathogens on incidence of rolled leaves in rice at Pattambi suggested
Flubendiamidetreatment is the best, with lowest mean value (0.66/m?) followed by B.
bassiana and Bt. Overview of the results suggested that the bioagents evaluated, B. bassiana
and the B. thuringiensis could be viable alternatives to insecticides for the management of
leaf folder and stem borer in rice.

1.2 Evaluation of Beauveria bassiana and Lecanicillium lecaniiagainst brown plant
hopper Nilaparvata lugens Stal

The experiment could not be taken up non availability of infested fields.

52




1.3 Management of planthoppers through BIPM approach in organic basmati rice
(ANGRAU, PAUV)

1.3.1 ANGRAU, Anakapalle

Hopper population was significantly low in farmers practice plot (9.78 hoppers/hill)
compared to BIPM plot (13.81 hoppers/hill) and control plot (15.4 hoppers /hill). Reduction
in hopper population was high in BIPM plot (99.4%) and farmers practice plot (98.03%) and
increase in hopper population recorded in control plot (12.27%). Grain yield recorded was
high in BIPM practice i.e., Beauveria bassiana (5¢/It), Metarhizium anisopliae (5¢/It) (3.56
t/ha) comparedto farmer’s practice i.e., monocrotophos (1.6 ml/lt) and acephate (1.5 g/It)
(3.26 t/ha) and untreated control (2.67 t/ha) (Table 28).

Table 28.Management of planthoppers through BIPM approach in rice

Treatment Number of hoppers /hill % reduction in Grain | Percent
hopper population | yield | increase
Before After After After 15t After 2”0' (t/ha) | inyield
first spray | first second spray | spraying over
spray | spraying control
T1-BIPM 81.28 13.33 0.48 83.6 99.4 3.56 33.2
T2- Farmers’ practice 39.78 9.0 0.78 77.38 98.03 3.26 21.98
T3- Control 43.2 43.9 48.5 1.62 12.27 2.67
CD(0.05) NS 4.15 1.74 NS
CV% 29.47 33.88 20.54 17.66

1.3.2: PDKV, Akola

The experiment conducted with the variety PKV HMT during July 2018 revealed
significant differences among the treatments. The population of GLHwas significantly
minimum in T1 (BIPM) recording 1.72 and 1.46 GLH/hill followed by T2 (Farmers’
practice), both being at par with each other and significantly superior over control. Similar
trend was observed in case of WBPH as well.

The data on brown planthoppers revealed that T1 (BIPM) was significantly most
effective in reducing BPH population recording 2.73 and 2.81 BPH/ hill at 92 and 107 DAT,
respectively. The data on yield also recorded significant differences among the treatments.
Maximum yield of 22.52 g/ha was recorded in T2 (Farmers’ practice) followed by TI
(BIPM) recording 21.78 g/ha, both being at par with each other and significantly superior
over untreated control (Table 29).
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Table 29. Effect of different treatments on peak incidence of plant hopper and yield of
rice crop (kharif2018).

Treatment Incidence of hoppers (No./Hill) Yield
GLH WBPH BPH (a/ha)
65 86 | 107 | 65 107
pAT [P PATIOSDAT! pat | paT | DAT [P2PAT| DAT
172 | 146 | 156 | 1.19 | 144 | 283 | 273 | 281
BIPM (1.49) | (1.40) | (L44) | (1.30) | (1.39) | (1.83) | (1.80) | (1.82) | °+"®
Farmers’ | 185 [ 150 | 150 | 121 | 151 | 303 | 329 | 336 |,, .,
practice | (1.53) | (1.42) | (1.42) | (1.31) | (1.42) | (1.88) | (1.95) | (1.96) | ==
206 | 361 | 1.86 | 289 | 177 | 265 | 7.66 | 549
Control 15.37

(1.60) | (2.03) | (1.54) | (1.84) | (1.51) | (1.78) | (2.86) | (2.45)
‘£ test Sig Sig Sig Sig Sig NS Sig Sig Sig

SE(+M) | 0.02 | 0.04 0.03 0.02 002 | 0.02 | 0.03 | 0.03 | 1.04

CDat5% | 0.07 | 0.11 0.08 0.07 | 0.05 - 0.08 | 0.10 | 3.21

CV (%) 3.74 | 6.07 4.92 3.90 | 3.00 - 3.14 | 4.03 | 13.87

*Figures in parentheses are corresponding values of square root (n+0.5) transformation.

1.3.3 PAU, Ludhiana

The population of planthoppers in BIPM and control plots was 2.88 and 4.21/hill
resulting in a reduction of 31.7% over control. The population of spider was comparatively
higher in BIPM plot. Basmati yield was 31.25 g/ha in BIPM as compared to 29.75 g/ha in
untreated control with an increase of 5.04 %.

1.4. Improved formulation of B.bassiana against rice leaf folder Cnaphalocrocis
medinalis (KAU, Vellayani)

To validate the efficacy of chitin enriched formulation of KAU isolate of Beauveria
bassiana (ITCC 6063), against C. medinalis the experiment has been conducted, the mean
population per plot ranged from 34.75 to 45.50/10hills/plot prior to treatment, while it was
reduced to 0 to 8.5 after treatment. Analysis of data revealed that the population was
minimum in plots treated with chitin enriched formulation of KAU Bb (Table 30) which was
nil at the end of the experiment. The effect of NBAIR isolate was on par with that of
flubendiamide 18.5 SC.
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Table 30. Effect of improved formulations in the management of C.medinalis in rice

Treatments Precount Population of leaf folders/10 hills/plot
First spraying Second spraying Third spraying
7DAS | 14DAS | 7 DAS | 14 DAS | 21 DAS | 7 DAS | 14 DAS

B.b KAU 45.50 27.50 | 19.00 | 11.50 5.00 1.50 1.75 0.75
conidial (6.72) | (5.232) | (4.36) | (3.36) | (2.12) (1.40) | (1.45) | (1.10)
suspension @
108 spores/ml
B.b NBAIR 51.25 29.25 | 28.93 | 22.00 | 15.25 7.25 4.00 2.25
conidial (7.04) | (5.384) | (5.79) | (4.68) | (3.88) (2.78) | (2.12) | (1.65)
suspension @
108 spores/mll
Chitin enriched 44.25 25.00 | 17.75 9.00 4.50 0.75 0.25 0.00
Bb (KAU) (6.49) | (4.938) | (4.19) | (3.00) | (2.11) (1.10) | (0.84) | (0.71)
Chitin enriched 51.00 39.75 | 28.75 | 21.00 | 15.00 9.50 5.75 2.50
Bb (NBAIR) (7.09) | (6.250) | (5.30) | (4.55) | (3.86) (3.15) | (2.48) | (1.73)
Flubendiamide 40.00 30.75 22.5 16.5 10.75 5.75 3.25 2.25
18.5SC @ 0. (6.20) | (5.402) | (4.71) | (4.05) | (3.26) (2.49) | (1.92) | (1.65)
ml/L
Untreated check 34.75 29.25 | 32,50 | 26.00 | 21.00 15.25 | 11.00 8.50

(5.88) | (5.384) | (5.67) | (5.10) | (4.58) (3.96) | (3.38) | (3.00)
CD @5% NS 0.951 0.60 0.58 0.75 0.28 0.41 |0.25

Values in paranthesis are after square root transformation

1.5. Comparative efficacy of entomopathogenic fungi against sucking pests of rice,
Leptocorisaacuta (KAU, Vellayani)

To assess the comparative efficacy of KAU isolate of Lecanicillium saksenae (ITCC
Ls Vs 1 7714) with NBAIR isolates of L. lecanii, M. anisopliae and B. bassiana in the
management of major sucking pest of rice Leptocorisa acuta the experiment was
undertaken.The plots treated with L. saksenae @ 10 “spores /ml was the superior followed by
NBAIR isolate Bb5 @108 spores/ml, where the mean population per sweep is 5 and 6.75
respectively. Bb5and M. anisopliae @108 spores/m was on par with each other and also with
thiamethoxam. Among the four biocontrol agents L. saksenae was most effective for rice bug
with mean number population per sweep was 1.75 followed by B. bassiana 2.75 (Table 31).
Natural enemy population recorded throughout the experimental period did not show much

variation.
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Table 31. Effect of entomopathogenic fungi on population of rice bug

Post count (5 sweeps per plot)

Treatments Precount/'5 : : ;
sweeps First spraying Second spraying
3DAS | 7DAS | 14DAS | 3DAS | 7 DAS | 14 DAS

L. saksenae@ 18.50 10.50 9.00 5.00 4.00 3.25 1.75
107 spores mLt (4.28) (3.24) |(3.00) | (2.34) | (1.98) | (1.79) | (1.29)
L. lecanii @ 18.00 18.00 | 12.75 | 11.00 | 10.75 | 11.00 | 11.00
107 spores mLt (4.24) (4.24) | (3.62 | (3.39) | (3.28) | (3.31) | (3.31)
B.bassiana Bb5 @ 15.50 9.25 9.50 6.75 5.75 4.50 2.75
108 spores mL! (3.93) (3.04) |(3.08) | (2.68) | (2.39) | (2.11) | (1.65)
M.anisopliae Ma4@ 17.00 11.25 12.25 | 12.75 | 12.25 | 11.50 12.00
108 spores mL! (4.10) (3.33) |(3.48) | (3.62) | (3.49) | (3.38) | (3.46)
Thiamethoxam 0.2 16.50 11.00 | 11.25| 7.75 6.50 5.50 3.75
g/L (4.05) (3.30) | (3.35) | (2.85) | (2.54) | (2.34) | (1.93)
Untreated check 16.00 20.75 | 23.00 | 20.00 | 19.25 | 1850 | 17.25
(3.97) (4.54) | (4.79) | (4.52) | (4.38) | (4.30) | (4.15)
CD @5% NS 0.41 0.42 0.34 0.43 0.31 0.34

Figures in parentheses are square root transformed values

1.6 Seasonal abundance of spiders in rice ecosystem by general collection, pitfall traps

and sweep net method

1.6.1 AAU, Anand

During kharif 2018-19 periodical surveys were conducted for the collection of spiders
from paddy ecosystem. Tarapur region of Anand district was selected for the survey and
sampling. Total 22 spider samples were collected and preserved as per the standard
methodology and samples had been sent to ICAR-NBAIR for identification (Table 33). The
spiders were belonging to four families namely Araneidae, Oxyopidae, Tetragnathidae and
Salticidae. Out of 41 specimens, 17 turned to be Neoscona theisi (Table 32).

Table 32. Diversity of spiders in paddy ecosystem of middle Gujarat (kharif 2017-18)

Vial | Sex/stage | Family Genera Species Author

No.

1 Q Araneidae Argiope pulchella Thorell

2 -- Araneidae -- - --

3 Q Araneidae Argiope pulchella Thorell

4 Q Araneidae Argiope pulchella Thorell

5 Sub Araneidae Argiope pulchella Thorell
adult®

6 Q Araneidae Neoscona theisi (Walckenaer)

7 Q Araneidae Neoscona theisi (Walckenaer)

8 Q Araneidae Neoscona theisi (Walckenaer)

9 Q Araneidae Argiope sp. -

10 g Oxyopidae Oxyopes javanus Thorell
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11 Spiderling | Tetragnathidae Leucauge sp.
12 Q Araneidae Neoscona theisi (Walckenaer)
13 Q Araneidae Neoscona theisi (Walckenaer)
14 Q Araneidae Neoscona theisi (Walckenaer)
15 J Oxyopidae Oxyopes javanus Thorell
16 Q Oxyopidae Oxyopes javanus Thorell
17 J Araneidae Neoscona theisi (Walckenaer)
18 Q Araneidae Neoscona theisi (Walckenaer)
19 Sub Araneidae Neoscona theisi (Walckenaer)
adult?
20 Q Araneidae Neoscona theisi (Walckenaer)
21 Sub Tetragnathidae Tetragnatha | sp. -
adult?
22 -- Araneidae -- -- -
23 Q Tetragnathidae Tetragnatha | javana Thorell
24 Sub Araneidae Neoscona ?theisi (Walckenaer)
adultd
25 Q Araneidae Neoscona theisi (Walckenaer)
26 g Araneidae Neoscona theisi (Walckenaer)
27 Sub Araneidae
adultd
28 Q Araneidae Neoscona theisi (Walckenaer)
29 Spider ling | Araneidae Neoscona theisi (Walckenaer)
30 Q Araneidae Araneus ellipticus (Tikader& Bal)
31 Q Salticidae Bianor incitatua Thorell
32 --
33 Sub adult? | Araneidae Neoscona theisi (Walckenaer)
34 Q Araneidae Neoscona theisi (Walckenaer)
35 Sub adult Oxyopidae Oxyopes javanus Thorell
J
36 Sub adultd | Tetragnathidae Leucauge sp. NA
37 J Tetragnathidae Tetragnatha | sp. NA
38 Sub adultd | Tetragnathidae Tetragnatha | sp. Okuma
39 Spider ling | Araneidae Argiope sp. NA
40 Q Araneidae Argiope pulchella Thorell
41 Sub adult9 | Tetragnathidae Tetragnatha | sp. --
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. Table 33. Diversity of spiders in paddy ecosystem of middle Gujarat (kharif 2018-19)

Vial Sex/stage Family Genera Species Author

No.

1 Q Araneidae Neoscona theisi (Walckenaer)
2 Spider ling | Araneidae Argiope sp.

3 Spider ling | Araneidae Argiope sp.

4 Spider ling | Araneidae Argiope sp.

5 Spider ling | Tetragnathidae | Tertragnatha | sp.

6 Spider ling | Araneidae Argiope sp.

7 Spider ling | Araneidae Argiope sp.

8 Q Araneidae Argiope pulchella Thorell

9 Spider ling | Araneidae Argiope sp.

10 Q Araneidae Neoscona theisi (Walckenaer)
11 Q Araneidae Neoscona theisi (Walckenaer)
12 Q Araneidae Neoscona theisi (Walckenaer)
13 Q Araneidae Neoscona theisi (Walckenaer)
14 Q Araneidae Araneus ellipticus (Tikader& Bal)
15 Q Araneidae Neoscona theisi (Walckenaer)
16 Q Araneidae Cyclosa sp. Thorell

17 Araneidae Argiope sp.

18 Q Araneidae Araneus ellipticus (Tikader& Bal)
19 Spider ling | Araneidae Argiope sp.

20 Q Araneidae Neoscona theisi (Walckenaer)
21 Q Araneidae Neoscona theisi (Walckenaer)
22 Q Thomisidae Thomisus spectabilis Doleschall

The samples were belonging to three families namely Araneidae, Tetragnathidae and
Thomisidae. Out of 22 specimens, 8 turned to be Agriope sp.and 8 were Neoscona theisi.Five
pit fall traps on border (20/field) were installed in each field and collections were made on
alternate days. Less numbers of spiders were collected in pit fall trap method as compared to
general collection/sweeping net method. Only two spiders were trapped in pit fall during the
study. Species richness, species diversity and species evenness will be calculated by
analysing the data and making comparison between the seasons.

1.6.2 AAU, Jorhat

The seasonal abundance of spider was recorded, covering an area of 1 hectare at ICR
farm, AAU, Jorhat under unsprayed condition (Table 34). The entire field was subdivided in
to 5 equal blocks and from each block 10 spots were randomly selected measuring 1 sqm.
Observations of spider population were recorded from the 1 sgm. by visual count, pitfall traps
and sweep net methods at 15 days interval starting from 2" week of August (35 DAT) to till
maturity of crop. For sweep net method, 10 catches per unit was made randomly from each
block to collect the spiders from the field. Similarly, 10 numbers of pitfall traps was
randomly placed in the rice field in each block at a distance of 100 m and replaced it after 48
hrs. Total numbers of spiders collected by three methods weregeneral collections -visual
methods (100 Nos); sweep net methods (38 Nos) and pitfall traps (27 Nos).
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Table 34. Seasonal abundance of predatory spiders (Av)

Period of observation Visual count | *Sweep net Pitfall traps
2" wk. of August 2.0 0.8 | @
1%t wk. of September 0.8 06 | @ e
2" wk. of September 2.0 0.7 0.7
15t wk. of October 1.4 0.9 0.2
24 wk. of October 1.0 0.8 0.2
1*' wk. of November 1.0 | e 0.7
2"wk.of November 07 | 0.9
15t wk. of December 07 |
2" wk. of December 04 | |

*Sweep net was not used from first week of November, 2017 due to reproductive growth
phases of the crop.

1.6.3 PAU, Ludhiana

Regular surveys were conducted to collect spiders from south western region (Fazilka
and Abohar) of Punjab. Collected specimens were brought back to the laboratory and were
preserved in 70% alcohol. A total of four species were recorded from the rice fields and its
relative abundance was determined (Table 35). Tetragnatha javana was predominant species
(45.64%) followed by T. maxillosa (30.20%) and Neoscona theisi (18.21%). Species diversity
(1.1987) was calculated as per Shannon-Weiner index of diversity. Species evenness (0.8646)
and dominance index (0.1354) was worked out as per formulae given by Krebs and
Southwood, respectively.

Table 35. Diversity of spiders in rice during 2018

Sr. Species Family Relative abundance (%0)
No.

1. Tetragnatha javana Tetragnathidae 45.64

2. Tetragnatha maxillosa | Tetragnathidae 30.20

3. Neoscona theisi Araneidae 18.12

4. Oxyopes kusumae Oxyopidae 6.04

H (diversity index) : 1.19865

Species evenness . 0.86464

Dominance index : 0.13536

1.7. Large scale biointensive pest management on rice (AAU-Anand, ANGRAU, KAU,
OUAT, IIRR, GBPUAT, AAU-J, PAU, NBAIR)

1.7.1 AAU, Anand

Large scale demonstration on biointensive pest management in rice crop (cv.
Suryamoti) covering 2ha was carried out during kharif 2018 at Farmer’s field, Runaj, Sojitra
taluk, Anand district. Among different insect pests infesting rice, only the incidence of rice
leaf folder (5-15%) was recorded during the experimental period. Based on the mean of leaf
folder damaged leaves (%) in farmers’ practice block at 30, 45 and 65 DAT was 7, 12.37 and
15.37% respectively. In BIPM package block these corresponding figures were 7.75, 10.62
and 12.62% (Table 36). It is observed that at 45 and 60 DAT there was significant lower leaf

59




damage in BIPM package as compared to farmers practice block. Similar trend was recorded
with regard to grain yield. Significant grain yield (39.10 g/ha) was recorded in BIPM package
as compared to farmers practice (36.43 g/ha). It can be concluded that use of BIPM strategies
resulted in lower incidence of rice leaf folder and higher grain yield.

Table 36. Large scale demonstration of BIPM package in rice during 2018

T Leaf folder damaged leaves (%)
reatments 30 DAT 45 DAT 60 DAT Yield (g/ha)
BIPM package 7.75£1.035 10.62 £1.18 12.62 +£1.18 39.10+2.13
Farmers’ practice 7 +1.069 12.37£1.40 15.37 £ 1.59 36.43+2.32
P value NS 0.004 0.006 0.04

1.7.2 ANGRAU, Anakapalle
Demonstration was conducted in 15 acres at three locations in farmers’ fields of

Pydipala, Munagapaka, Visakhapatnam district and Denkada, Vizianagaram districts during
kharif, 2018. Paddy stem borer damage was low in BIPM package (0.97 % DH) compared to
farmers practice (3.21 % DH and 5.55% WE). Leaf folder was low (1.51%) in BIPM plot and
high in farmers practice (5.35 %). Grain yield recorded was 5.64 t/ha in BIPM plot compared
to farmers practice plot (4.63 t/ha). Adoption of BIPM package in three locations resulted in
20.32% increased yields (5.64 t/ha) with high incremental ratio (12.84) over farmers practice
(463 t/ha) with incremental ratio of 456 (Table 37 &  38).
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Table 37. Demonstration of BIPM in farmer fields in kharif 2018

Location Stem Leaf folder | Sheath blight | Grainyield | Benefit cost | Incremental
borer damage (%) t/ha ratio benefit cost
damage (%) ratio
(%DH &
% WE)
Denkada, Vizianagaram district (5 acres)
Area T1-| T2- | T1- | T2- | T1- | T2- | T1- T2- T1- T2- | T1- | T2-FP
BIP| FP BIP FP BIP FP | BIPM FP | BIPM FP BIP
M M M M
S5acres | 1.6 | 3.32 | 0.16 | 6.44 - - 525 | 431 |10.74 | 3.03 | 262 | 1.29
8 DH
DH | 5.71
WE
Pydipala, Visakhapatnam district (6 acres)
6 acres - 1081|022 193 - - 6.56 | 544 | 1775 | 7.67 | 2.02 | 1.63
WE
Munagapaka, Visakhapatnam district (4 acres)
4acres | 1.1 | 632 | 416 | 767 | 097 | 3.22 | 512 | 415 | 10.04 | 298 | 158 | 1.25
3D | DH
H | 10.1
3
WE
Average | 09 | 3.21 | 1.51 | 535 | 032 | 1.07 | 564 | 463 | 1284 | 456 | 2.07 | 1.39
7 DH
DH | 5.55
WE
DH — Dead Heart WE- White Ear

Table 38. Comparision of bio-intensive pest management with farmers practice in rice

Location

% reduction in
stem borer
damage in BIPM
over farmers
practice

Reduction in leaf
folder damage in
BIPM over farmers
practice (%)

Reduction in
sheath blight
incidence in
BIPM over
farmers practice
(%)

Increase in
grain yield
BIPM over
farmers
practice (%0)

Denkada, Vizianagaram district

| 81.4 | 97.52 | 21.81
Pydipala, Visakhapatnam district
81.0 88.6 20.59
Munagapaka, Visakhapatnam district
93.13 45.76 69.88 18.55
Average 85.18 77.29 69.88 20.32
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1.7.3 KAU, Thrissur

Large scale validation of BIPM in rice was carried out over an area of 150 ha in
AlathurGrama Panchayat of Palghat district from September 2018 to February 2019. The
results of the validation in terms of pest infestation, natural enemy population and yield are as
follows,

The sporadic outbreak of rice armyworm during the late nursery stage was managed
by flooding the fields. Adoption of BIPM practices led to substantial reduction in infestation
by major pests. The mean stem borer population in BIPM plots was 70% lower as compared
to non BIPM plots. Similarly, the dead heart as well as whiteear head symptoms recorded 40
and 66% reduction in BIPM plots as compared to non BIPM plots.

The population of natural enemies also recorded higher in BIPM plots. The mean
spider population in BIPM plots was 12.5/m?, the same for non BIPM plots was only 8.5/m?2.
Greater parasitoid activity was observed in BIPM plots.

The yield obtained from BIPM plots, at 8000 kg/ha was approximately 14.5% more
than the non BIPM plots (7000 kg/ha). The increased yield as well as reduced cost resulted in
an increase in profit by Rs. 46,210/ha. The cost benefit ratio worked out to be 2.24 for BIPM
plots similarly it was 1.90 for non BIPM fields (Table 39).

Table 39. Comparison between BIPM and non BIPM plots at Alathur Panchayat

Sl. No. Particulars BIPM plot (Mean | Non BIPM plot
no/m?) (mean no/m?)

1. Armyworm in nursery 25 26

2. Thrips damage 37 48

3. Bacterial leaf blight attack 10 35

4. Dead hearts 4 6.5

5. White ear heads 6 18

6. Stem borer moths 2.5 8.5

7. Leaf folder damage 3 14

8. Rice bug 4 12

9. Spiders 12.5 8.5

10. Ophionea sp 20.2 9.3

11. Water striders 17.8 12.4

12. Dragon fly 20.7 10.5

13. Parasitoids 18.0 9.5

14, Yield (kg/ha) 8750 kg 7000 kg

15 Returns per ha (@Rs. 23.5/kg) | Rs. 2, 05,625/- Rs. 1,64,500

16. Cost of cultivation (Rs/ha) Rs. 63,415/- Rs. 68,500/-

17. Net return per ha Rs. 1,42,210/- Rs. 96,000/-

18. Cost benefit ratio 2.24 1.40

1.7.4 OUAT, Bhubaneswar

The experiment was conducted in 5ha area atGadapadanapur Panchayat, Nimapada
block, Puri duringkharif 2018. The silver shoot(SS), dead heart (DH), white ear head (WEH)
and leaf folder (LF), incidence in BIPM demonstrated plots were 2.80,4.71,3.55 and 4.61%,
respectively as compared to 3.70, 4.09, 2.90 and 4.50% infestation in their respective farmers
practice (FP) with use of chemical pesticides. Significantly, higher SS (6.86%), DH
(11.33%), WEH (12.35%) and LF (13.65%) infestation was noticed in untreated control.
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Highest yield (80.68qg/ha) was recorded in FP. Lowest yield (61.45 g/ha) was recorded in
untreated control. The benefit cost ratio in BIPM treated plots was found highest (1.63)
against 1.35 and 1.28 in FP and untreated control, respectively (Table 40).

Table 40. BIPM demonstration in paddy (5ha) at Gadapadanapur Gram Panchayat of
Puri district.

Treatments | SS (%) | DH (%) | WEH LF (%) | Yield | B:C ratio
(%) (9/ha)

BIPM 2.80 4.71 3.55 4.61 79.46 | 1.63
package (1.82) (2.28) (2.01) (2.26)

Farmers’ 3.70 4.09 2.90 4.50 80.68 | 1.35
Practice (2.05) (2.14) (1.84) (2.23)

Untreated 6.86 11.33 12.35 13.65 61.45 |1.28
Control (2.71) (3.44) (3.58) (3.76)

Parenthesis are V(x+0.5) transformed values

1.7.5 lIRR, Hyderabad

Demonstration trials were undertaken in 3 acres of farmer’s fields in Neelayagudem
village. The BIPM interventions were application of phosphorous solubilising bacteria,
alleyways, organic manuring in addition to synthetic fertilizers (dose adjusted), owl perches
for rodent management and marigold grown on bunds to provide floral diversity for
conservation of natural enemies. The brown planthoppers was lowest in the BIPM plots
(25/10 hills) with a single application of insecticide while in farmers practice the numbers
increased to 150/10 hills in spite of spraying four times (Table 41). This was mainly due to
timing of application and sole dependence of insecticides for insect management. Mirids are
more pest density dependant and hence were more in fields with higher hopper population
whereas spider population was found to decrease as more insecticides were sprayed.

Table 41. Pest and natural enemies incidence at Nalgonda, Telangana, kharif 2018

Treatment Species Population /10 hills Yield B:C
Richness | gppy | Mirids | Spiders | Drynids | (K&/ha) | ratio
BIPM 11.0 25.00 53.53 12.25 7.42 8752 4.90
Farmers 6.0 4425 | 4595 | 5.78 4.06 7144 4.07
Practice 1
Farmers 4.0 15021 | 121.25 | 3.11 2.4 6934 3.80
Practice 2
CD (0.05) 16.55 NS 2.13 4.30

The trial was also conducted in three locations in three districts of the Koraput region
of Odisha. The Koraput region of Odisha state is historically the world’s leading area for rice
diversification but is depicted as a ‘backward’ region. The tribal people have indigenous
knowledge system for their various agricultural practices and conserve the landraces. The
BIPM demonstration trial was conducted in six acres to popularize bio control agents for
pests and disease of rice in a traditional organic system. The farmers used HandiKhad or pot
manure regularly and neem oil for pest and disease management. These farmers’ practices
were compared with BIPM practices which included seed treatment with Trichoderma sp.wet
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seed treatment @ 10 g / litre of water / kg seed and basal and top dressing of FYM and
vermicompost. In addition to these, pheromone traps were also placed @ 8/ ha with
Scirpophaga incertulas lures changed twice over the crop period. Trichogramma japonicum 5
cc egg cards/ha, six times weekly from first week after transplanting.

Due to lack of high input system hoppers were not a serious threat here. The key pests
observed were stem borer and leaffolder. Farmers’ awareness on pheromone traps and bio-
control agents was limited. The incidence of stem borers, leaffolder and false smut were
significantly lower in the BIPM fields. The yield however was lower in this region in general
due to the traditional practices followed and has great scope for improvement (Table 42: 42A
& 42B).

Table 42. Pest and disease incidence at Odisha BIPM trial, kharif 2018

42. A.
L eaf folder Steng(;(;)orer Brown spot Fals_esmut
o Incidence Incidence
(%) deadhearts/ (%) (%)
whiteears)
Location IPM FP IPM FP IPM FP IPM | FP
Patraput village,
Jeypore block,
Korapur district 460 | 12.00 | 7.60 | 13.20 2 10 | 4.40 | 11.80
Narla village,
Narla block,
Kalahandi district 8.20 | 1940 | 7.80 | 14.20 | Low | Low | 0.80 | 7.60
Ekamba village
Nandahandi block,
Nabarangapur district | 8.60 | 12.20 | 7.60 | 10.20 | Low | Low | 2.40 | 13.20
Mean 7.13 | 1453 | 7.00 | 12.53 2.20 | 10.87
t test of significance 5.38** 5.45** 9.68**
42. B.
. Benefit cost
Yield (Kg/ha) Ratio
Location IPM FP IPM 