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PREFACE

The Indian Council ol Agricultural Research, New Delhi, established Project Direclorate of
Biological Control during 1993 by upgrading the All India Ce-ordinated Rescarch Profect on
Biological Control of Crop Pests and Weeds, The Project Directorate has scaled new heights by virtue
of concerted and systematic research efforts, effective teamwork, liberal work culture and disciplined

financial and administrative support,

The Project Directorate has made rapid sirides in basic research on different aspects of
brological control lormuing the base for technologies in Biointensive Tntegrated Pest Management. It
has a network of 16 crop oriented field centres in different state agricultural universities and ICAR
Institutes. The achicvements made in this specialised field include mapping the bio-diversity of natural
cnemies. introduction of potential natural enemies [or managing exolic pests, 1t also standardisation
and developed improved breeding and mass production techniques for natural enemies, developing
low temperature storage technology for natural enemies, understanding the tritrophic relationship
between host plants, pest insects and natural enemies, development of superior strains of natural
enemies for different crop ecosystems and tolerance to pesticides, development of hiocontrol based
technologies for pest management in crops like sugarcane. cotton, maize, lobacco, vegetable, {ruit
crops, ete. Several of these technologies have been wransferred (o private enterprises for commercial
explontation. including the recently developed Technology for mass production of Hirsutella
thompsentt lor the control of coconut mile, Aceria guerreronis on coconutl was assessed and

standardized,

The eighth annual report of the Project Directorale embaodies the endeavours of my scientist
colleagues for the period from April 2000 1o March 2001, [ am sure that the findings presented will
be of use Lo seiennsts, research workers, adminisirators, policy makers, farmers and others who are
involved or interested in bielogical control of crop pests and weeds, Suggestions [or improvement,
collaboration. Future rescarch needs and priorities from peer groups have been given due consideration
for implementation.

['am extremely gratelul to De.R.S Paroda, Secretary, DARE & Director General, [CAR, New
Delhi for his encourngement and valuable guidance. The support extended hy Dr.Mangala Rai, Depuly
Director General (Crop Science), ICAR, New Delhi is gratefully acknowledged. Dr.Q.P.[ubey,
Assistant Director General (Plant Protection), ICAR, New Delhi has always encouraged us, thus
Inspiring us to perform better. Sincere thanks are due o all project workers at Project Directorate of
Biological Control and in different co-ordinating centres for completing the allotied research
programmes. Thanks are also due (o the Vice-Chancellors, Dircctors of Research of SAU hased centres
and Directors of ICAR Institute based centres for providing the Facilities.

(S.P.Singh)
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2. EXECUTIVE SUMMARY
2.1. Basic research

2.1.1.  Introduction of natural enemies

Two parasitoids ol the collee berry borer, Proraps nasuta and Phymastichuy coffea were
uhtained again from Colombia as another consignment, P nasura and P, coffea has been lield released
hut recoveries have not been good,

2.1.2.  Maintenance, multiplication and supply of host insects and natural enemies

Cultures of 35 species of host insects, pathogens, phytonematodes and weeds including 25
parasitoids (including 11 strains), 19 predators, 4 weed control arthropods, 11 species and strains of
msecl pathogens, 326 species and strains of fungal and bacterial antagonists, 6 species and sirains
uf entomopathogenic nematodes, 24 species and strains of fungi and bacteria against phytonematodes
and | species of weed control pathogens are heing maintained.

Sixty eight cultures of host insects and 135 cullures of natural encmies were senl (o
coordinating centers and other research organizations as nucleus cultures Lo facilitate their
multiplication lor ficld trials.

2.1.3.  Biosystematic studies on Indian predatory Coccinellidae

Genus iomns Mulsant was recorded for the first nme from India. A new species of
Svnonvehimorphe Miyatake was recorded [rom Karnataka and Kerala. The genus Pseudaspidimerus
Kapur was revised. Two new species, Microserangium brunneonigrum Poorani and Predaspiclimerity
ffuescarus Poorani were deseribed, The annotated checklist of the coccinellid fauna including
Epilachninge has been updated. An identification guide to predatory coceinellids is under preparation.

2.1.4.  Survey for natural enemies

Several indigenous predators of the spiralling whitefly, including 15 species of coceinellids,
were recorded during surveys. The aphelinids, Encarsia Phaitiensis and E. guadeloupae have firmly
established and spread (o other areas. Both the Encarsia spp, were introduced into the Lakshadweep
istands of Kavarai and Agaitl, where the parasitoids were not present earlier.

Pseudohvpatopa pulverea was recorded leeding on the scales, Hemiberlesia lataniae and
Cacens sp
2.1.5.  Standardizing rearing/culturing techniques and biological studies on natural enemies

The striped mealy bug, Ferrisia virgata and the cowpea aphid. Aphis craccivora were
suceessfully used for multiphication of the coccinellid, Harmonia ectomacutate m the laboratory,
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Similarly, the scales, Melanaspis glomerata and Cocecus sp. were found appraopriate to multiply the
coccinellids, Sticholotis cribellaia and Pharoscymnus horni.

A temperature of 10°C was found suitable for storing 2-3-day-old fschiodon scutellaris pupae
for up to nearly three weeks with only a slight reduction in longevity and fecundity of emerging
adults as compared o ambient temperature (27 C).

Though no delerioration in parasitism and emergence was noticed in Eriborus
argenreopilosuy reared on Spodoptera linra. sex tatio was badly affected due to continuous laboratory
rearing within four generations (1.3% females), when compared to field collected adults (68.77%
females). Sex determination to ensure higher percentage of lemales in consignments could be made
in E. argenteopifosus by using weight (>43 mg), length (>8.6 mm) and width (3.6 mm) of cocoons.

Net house studies indicated that Telenomus remus and Trichogranmma chifonis could
successfully parasitise Sfitura and Helicoverpa armigera eggs, respectively, on soybean with good
rates of parasitism and adult emergence.

In net house studies, Campeoletis chlorideae recorded a higher parasitism of 4- dayv-old H.
armigera larvae on chickpea when larvae were preconditioned on the plants for 24 h as compared
Lo just released larvae.

Adults of the spiralling whitefly predator, Axinoseymnus puttarudriahi were found 1o feed
on [37.5 whitefly nymphs during a mean adult life span of 55.25 days.

2.1.6.  Behavioural studies on natural enemies

Highest parasitization of H. annigera eggs by 1. chitonis was recorded on cotton genotypes
DHB-435 (42.22%) and CPD-447(42.22%) in a multiple choice test with 13 genotypes. Response of
T chilonis 1o the volatiles released by the leaves of the genotype DHB-105 was highest (63.33%)
and to Hybrid-6 the lowest (6.66%).

Electroantennogram studies on the response of H, armigera 10 green volatiles (synomones)
released by Selenum viarnon and Tagetes sp. revealed higher response to 8. viarwm as compared to
Tagetes sp. In Y-tube olfactometer studies the response of 7. chilonis to the leaves and [lowers of
lagetes sp, was more than S, vearunt,

Field studies on the efficiency of L-tryptophan (0.66%) as an ovipositional attractant for
Chrysaperia carnea revealed that more number of eggs were laid on treated cotton plants as compared
to untreated plants. Pentacosane and tricosane, both at 0.01%, mereased the parasitising efficiency
of T. chilonis in the laboratory and field.

2.1.7.  Artificial diets for host insects and natural enemies

Spodoptera litura could be reared successfully with higher per cent adult emergence, greater
per cent females among emerged adults and more number of fertile eggs on a diet using a mixture
of kabuligram, groundnut ol cake, casein, cysteine, cholesterol and Wesson's salt mixuure.
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A new beef liver-based artificial diet was developed and tested for rearing Chrysoperla
carnea and 85% survival was oblained. Mallada boninensis could also be successfully reared on a
beef liver-based diet.

Artificial diets have been synthesised for rearing Cheilomenes sexmaculata, Coccinella
seplempunciata, Chilocory nigrite and Cryptolaemus monrrouziert.  Biochemical profiles of prey
insects and artificial diets are being studied Lo refine the diets further.

2.1.8.  Improved strains of trichogrammatids

Attempts to develop a high temperature wlerant strain of 7' chilonfs have resulted in g strain
which is giving high parasitism (85%) and increased longevity (4 days) at 36°C and 60% RH after
48 generations of rearing. It is now being subjected to further higher temperature of 36 = 1.5°C and
after 15 generations 59% parasitism and 2 days longevily is being observed.

The “Endogram’ steain of T chilonds resistant to endosulfan (0.05%) was wiilized to develop
multiple insecticide tolerant strain to higher dosages of endosulfan, monocrotophos and fenvalerate.
It has developed further tolerance to endosulfan (0.0875%), monocrotophos ((LO6%) and fenvalerate
(0.0015%) after rearing for 36 generations. In SDS-PAGE profiles three new protein bands were
appearing in pesticide tolerant T chilonis as compared to the susceptible strain.

The msecucide olerant sirains could parasitise H. arnigera eggs even on just sprayed
(endosullan, monocrotophes, fenvalerate, cypermethrin, dimethoate, acephate) cotton plants, with
increased parasitism 5-7 days after spraving in net house studies.

2.1.9.  Studies on insect viruses and fungi

Nuclear polyhedrosis viruses from Sesamia inferens and Agrotis segeniom, granulosis virus
from A, segeiwm, insect poxviruses from A, segetum, Helicaverpa armigera and Holotrichia
consanguinea and cytoplasmic virus from Earias vittella have been isolated Microsporidian pathogens
have heen isolated from S. inferens and H. consanguinea,

Bioassay studies un A. segetum (NPV concentration 3.4 x 10 "fml) resulted in 100 %
mortality in first and second instar larvae within six days, more than 80% maortality in third and
fourth instar larvae, 10-20% mortality in fifth instar larvae and no mortality in sixth instar larvae.
LD, on 7" and 10" days after ireatment was found to be 1.06 x 10° POBs/ml and 4.45 x 10¢ POBs/
ml, respectively. Leal area consumed and body weight were also found (o be lower in treated larvae,

Histopathological study of entomopoxvirus on H. armigera and G. mellonella revealed that
the fat bodies were most severely affected among different sites of infection.

Fungal pathogens have been isolated from H. armigera, Plutella xytostella and Chila
partellus. Nomuraea rileyi has been cultured on SMAY medium for inoculation tests on 1. armigera,
5. litnra and P yylostella,
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A water dispersible powder (WDP) formulation ol Bacillus thuringlensis named Pusa Bt
has been formulated and bivassayed against 5. [ira.

2.1.10. Fungal and bacterial antagonists

Suil application of Trichoderma harziamum (PDBCTH 10) and T viride (BDBCTY 23)aL 3
g of powder formulation mixed in | kg of FYM elfectively controlled fusatium wilt and Rhizoctonia
wel root rot of chickpea and also gave higher yields, Sail application (10g 10 | kg of FYM)of T
Dersiaia PHOL 0 SOWINEG Was more offective than seed treatment (10 gfkg of sced) in controlling
fusarial wilt of pigconpea caused by Fusarium scdunt and resulted in better plant growth and yield.
The bicagents were able to proliferate for up ta 30 days after inoculation.

Seed treatment at grke of seed of lake based formulations of the bacterial antagonists.
Pyeucomonas putida (PDBCAB 19) and P fluorescens (PDBCAB 2) was found promising against
fusarium wiltand rhizoctonis wel root rot of chickpea. The bacterial antaganists were alsy effective
against fusarium will of prgeon pea as seed trealment,

Shelf life studies indicated that viable propagules of T heerzianum were retained in comdial
formulation for up to 180 days at room temperature. Seven fungicides were evaluated for their
compatibility with 72 harzianun atid carbendazim at 25 ppm itsell was found toxic,

Tryptic Soya Broth, Nutrient Broth and King's B Broth were found suitable for mass
culturing Psendomonas fluorescens.

2.1.11., Entemopathogenic nematodes

Wouts' medium was found suitable for the multiplication of Steinernema carpocapsae and
Heterorhabditis indica with average yields of 44 lakhs/250 mi flask. The dog biscuit+beel extract
media was found very gond for mass producing § carpocapsae with yields of 73 lakhs/250 mil flask.

Steiternema carpocapsae and 8. bicarnutim were found effective against 8. [iwra, H.
wrmigera, O. avenosella. P opercidella and P xylostelle in laboratory assays. Galleria mellonella
{ final instar) was found to ke most suitable in terms ol prageny production of Sieinernema spp. and
Hererarhabditiy spp. as compared to H. armigera. § fitura, P xvlostella and P ooperenlefia

Leolates ol S Sicormunm, H. indica and S carpocapsae were found effective a higher doses
(1-2 billion Wsfac) against the brinjal fruit borer, Leucinades erbonafis both v vina and under [lield
conditions.

Formulations with tale, Tale+china clay and alginate were evaluated for shelf lile al 157C.
Tale+china clay formulation retined maximum viahility and pathogenicity for 90 days as compared
to the other twa

2.1.12. Biological control of plant parasitic nematodes

Vertieillimn clilanvdosporium was found very effective in suppressing M. tcognita on
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tomato by suppressing galls. parasitising more egg masses and increasing growth of tomato plants,
The fungus cultured on sorshum grains or wheat grains and applied @ 10 g/plant was Tound to be
the best.

2.1,13, Weed pathogens

The mycoherbicidal potential of Lasiodiplodia theobramae, Nigrospora orviae, Phoma
clhrvsanthenicola and Poeupyrena, the pathogens isolated locally from Parthenium hysterophorus,
were evaluated and all of them were found capable of producing the disease alter inoculation.

Natural occurrence of Alicrnaria spp, and Cercospora spp. was noticed in water bodies with
Efchhornia crassipes infestation. Leaves damaged by the weevils. Neocheting spp. and the mite,
Chrthogalumng revelrantis were readily infected by Afternaria eichhorniae. A, alternata and
Cercaspora sp. and the highest severity (6-67) was achieved through the inoculation of mite damaged
leaves with A. eichhorniae. Studies on the interactive effect of the three pathogens through incculation
tests showed that the most potent was a combination of all the three pathngens.

2.1.14.  Software development

An expert system for controlling pests of oilseeds and pulses i1s under preparation for which
keys for identification of the major pests aleng with their damage symptoms are being got ready,
CD version of the expert system, “BIORICE”, is now available. In the development of u National
Information System on Biological Suppression of crop pests a CD version of the soltware “PDBC
INFOBASE" has been developed with illustrations and pictures.

A knowledge base system for Helicoverpa armigera and its natural enemies is being
developed by creating a database in MS-Access on the biology of the pest, its host plants, distribution,
natural enemies, ete,

2.2, Biological suppression of sugarcane pests

Egg masses of Seirpophaga excerpialis were parasitised 1o the extent of 43% by Telenonus
dignoeles while those of Chilo infuscatelluy by T chilonis (1.6%) and T, chilotraeae (3.8%), Chilo
auricifing by T chtlonis (7.19) and Acigone sienieltus by T ehilonis (6.7%) in Nawanshahar distric
of Punjab, Amongst the natural enemies of the shoot borer, C. infuscatellus in Coimbatore the 1achinid,
Stwrntiopsis wiferens and the granulosis virus were recorded almost throughout the year. The sex
ratio of field populations of 5. inferens in different months generally remained male biased but in
laboratory populations the sex ratio tended 1o be female hiased with higher mating rates.

A formulation of Beauveria brongniariii, mass cultured on molasses media and formulated
with press-mud, at 10" - 10" sporesfacre as a single treatment as well as in combination with
chlorpyriphos gave effective control of white grubs in Coimbatore. Sulphur and CaSO, ar ali
concentrations significantly reduced the radial growth of B. bassiana, #. brongniarvii and M.
apisopiice bul did not affect spore production. Paraquat was found toxic 1o B, bassiana, B. brongniartii
and M. anisopliaea whereas glyphosale was more toxic to B. bassiana than the other two fungi,
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Large-scale field demonstrations carried out in collaboration with three sugar mills in Punjab
clearly showed that the release of the egg parasitoid, ¥ chilonis @ 50,000 per ha at 10 days interval
durtng July — October reduced the incidence of stalk borer. C. auricidins, with just 1.36. 4.10 and
12,50 per cent incidence as compared to 6.03, 11.20 and 20.20 per cent in central plots in the three
sugar mill argas.

23 Biological suppression of cotton pests

Dilterent IPM modules, which included release of hiocontrol agents, were evaluated at
Anand, Coimbatore, Pune, Hyderabad and Ludhiana in comparison with insecticidal schedule and
control. The bud and holl damage as well as the population of sucking pests were significantly lower
in IPM module than control and insecticidal treatments in Anand. [t was also found that since [PM
plots received less spray ol chemical insecticides the parasitism levels recorded were high due to
conservalion of natural enemies. Similar results were seen in Coimbatore where Earias vitiella,
Peetinophora gossypiella and sucking pests occurred in significantly lesser numbers in the pesl
management modules than in control, In Pune the population of sucking pests was significantly low
in IPM muodule and insecticidal schedule plots while the pepulation of Chrvsoperia carnea and
coccinellids per 25 plants were 56.87 and 43.50, respectively, in IPM module and only 11.62 and
10L.87, respectively, in insecticide treated plots, In Hyderabad the results were similar with regard to
pest damage and population of natural enemies and it was also found that cost-henefit ratio was
lmighest in [PM module. In Lodhiana the integration of 70 chilans with insecticides proved more
effective than insecticides alone and untreated contral in terms of boll damage and higher vield.

Ficld evaluation of inundative release of 7 chilonis in combination with Chrvsaperla carnea
against cotlon pest complex in comparison with msecticidal spray and untreated contral in Anand
showed that the damage due to £ virtella and P gossypiella in the release plot and insecticides
plots were less than the contral plot and higher parasitism was recorded by the bollworm parasitoids
Aletodes aligharensi, T. chilonts and Agathuy sp. in the release plot than other plots. The impact of
inundative release of € earnea against sucking pest of cotton it Anand also showed that the
population of teathoppers, aphids and whiteflies was significantly lower in release plots as compared
10 conirol.

Evaluartion of 8f products for the control of H armigera in cottan done a1 Coimbatore revealed
that the Br products (Delfin, Spic-bio) gave elfective control of bollwoerms. supported larger numbers
of natural enemies and gave higher yields as compared 1o untreated control.

2.4. Biological suppression of tobacco pests

Tale based tormulation of Steinernema carpocapsae was compared with SINPV and
chlorpyriphos for the control of Spadeprera litnira in 1obaceo nursery in Rajahmundry and the results
ndicated that EPN at 1.2 and 4 x 108 s, EPN at 1x10° Lfs + SINPV at 1.5x 102 PIB, SINPV alone at
1. 5x 107 PIB and chlarpyriphos at 0.05% gave superior protection to tobacco seedlings from damage
caused by & frura over untreated conwol with significant reduction in number of S flnera Tarvae.
With increase of EPN doses there was a significant reduction in population of 8. liiera and EPN in
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combination with SINPV was superior to all the doses of EPN and SINPV alone in reducing the

larval populaiion,

25 Bialogical suppression of pulse crop pests

Biological control hased management of pad horer complex in pigeon pea was tested through
spray application of B (1.0 kglha), HaNPV (1.5x 10" POB/ha), NSKE (5%) and endosulfan (350
aifha) in different sequences in two centres and the results revealed that spraying endosullan three
times at 15 days interval was best followed by alternate sprays of HeNPV and NSKE at Coimbatare
while Bt — HaNPV — Br - HaNPV application sequence and endosulfan were found best al Anand

centre.

Effect of Hererorhabditis sp. at 0.5, 1 and 2 billion [js/ha on H. armigera in pigeon pea
was tested in the field at Hyderabad center and the resulls suggested that the nematodes at 1.0 billion/
ha and 2.0 billion/ha were equally effective in minimizing the larval populations of f armigera,
reducing pod damage and increasing the yield in pigeon pea.

Large-scale demonstration of Bi-HaNPV-endosullan-B7 sequential application in pigeon pea
tor the management of pod borer complex in the farmer's field near Hyderabad proved its effect
recordimg lesser number of larvae and pod damage as compared to farmer’s practice, higher yield ol
735 kg/ha as.compared to 310 kgrha in [armer’s practice and greater cost benefit ratio of 1:3.29
than the [:2.5) recorded in the farmer’s practice.

Pod damage was just 5.60% in plots sprayed with HaNPV (1.5x10% POB/ha) — endosulfan
{350g/ha) alternation and 5. 11% in HaNPV (1,5x10" POB/ha) = NSKE (5%} alternation as compared
10 8% in plots spraved with HeNPV (1.5x 10" POB/ha) + adjuvants and 7.8% in plots sprayed with
endosulfan (350g/ha) alone in trials o evaluate NPV based management of H. armigera in chickpea
in Coimbatore. The same combinations also recerded higher yields than other treatments,

2.6. Biological suppression of rice pests

Evaluation of integrated use of Trichogramma japonicunt and T, chilonis by simultaneously
releasing them at 0.5 and 1 lakh/ha al weekly interval from 200 DAT (3 releases), Baculluy thuringiensis
at lkg/ha ar 40 and 55 DAT and need based insecticide protection with monocrotophos at 1lit/ha (2
younds at 40 and 55 DAT) and phosphamidon at 300 ml/ha against rice stem borer and leaf folder
was done at Coimbatore, Pune, Ludhiana and Jorhat. At all the four centers reduced stem borer (both
white ears and dead heart) and leaf folder incidence and increased parasitism of stem borer and leal
folder eggs by Trichogramma spp. was recorded as also higher vield in parasitoid refeased plots and
these were comparable with insecticide schedule and Bi sprayed plots. The higher dosage of 1 lakh/
ha was found to be better than the lower dosage of 0.5 lakh/ha,

Biocontral based [PM modules involving releases of T chilonis and T, japonicunt @ | lakh/
ha/week at different crop stages for the management of stem barer and leaf folder were tested in the
farmers’ fields at Jorhat (kharif and rabi), Ludhiana, and Thrissur and the results showed lesser
meidence of the pests and increased yields as compared to routine insecticide schedules and untreated
control,
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Survey and guantification of natural enemy complex in rice revealed the presence of several
predators and parasitoids at all the locations. The predominant natural enemies in Thrissur consisted
of hymenopteran parasitoids followed by predatory mirids, spiders and coccinellids. Predators which
included spiders. coleopterans, dragonflies, damselflies. crickets, grasshoppers and preying manticls
constituted 16-21%, while parasitoids comprising Tetrastichus sp., Telenomus sp., Cotesie sp. and
Trichogretmma sp.constituted 11-13% while the rest were pesi species in Coimbatore. Seventeen
species of spiders belon ging to seven families were recorded throughout the crop season in Ludhiana
and Tetragnatha juvand was mMosl COMImon followed by Arapews inustus, T, virescens and Oxvopes
Javanus. The extent of parasitism of leaf folder by larval parasitoid Bracon sp. during kharif season
varied from 15% 10 20% in Jorhal and Trichogramma spp. Was recorded during the last week of
September and the extent of parasitism of stem borer eggs was 23.3%.

27, Biological suppression of coconut pests

‘Mycohit', the mysoaracicide formulation of Hirsutella thompsenii,was evaluated ‘against
lhe coconul mite. Aceria grerreranis along with the acaricide Dicofol (Kelthane) and untreated
control, in Bangalore, Kayungulam and Thrissur. In Bangalore a steady increase in the percentage
of dead colonies in trees tcated thrice al 14 day interval was observed, The highest mortality of
756t was Cealized at 63 DAT in the case of the fungus formulation while in the acaricide treatment
it was 60% at 49 DAT after spraying twice. In unsprayed frees a maximum natural mortality of 7%
was ohserved, In Kayangulam and Thrissur the evaluation is continuing and results are awailed.

2.8. Biological suppression of fruit crop pests

Releases of T chilorraeae reduced the [ruit damage due to the pomegranaie fruit horer
Deudorix isoerares in Bangalore with just 14.15 % fruit damage as compared to 24.24% damage in
control trees. The ¢gas of the fruit borer, Deudorix epifarbas in Solan were parasitised o an extent
of 59.2% and amongst the emerged parasitoids, 93.1% were the scelionid, Telenonues Poyres and
6.99% were the eupelmid, Anastatus sp. nr. kashmirensis T ehitonis releases to control the ber fruit
borer, Meridarchis seyrodes 1n Bangalore was effective s the mean [ruil damage in released plants
was 22.33% as compared to 34.95% in check,

The nawral enemics of spiralling whitefly, £ Phaitiensis and E. guadelowpae were recorded
in Rarnataka, Kerala. Maharashtra and Tamil Nadu. £ guadelonpae adults were released m February
on guava in an orchard near Bangalore and 14.47% parasitised whitefly nymphs were seen in March
which gradually increased 1o 62.74% in June Parasitisation by these aphelinids from (-66.6 per
cent was noticed in Thrissur on different host plants with & maximum of 66% on chillies during
October,

Woolly apple aphid population and those of its natural encmies maonitored throughout the
year at weekly intervals al Solan showed that Apfietings nali was consistently present while chrysopids
and coccinellids were encountered during April - June, and syrphids during June, November and
February. Similar surveys in Srinagar, Baramulla, Pulwama, Budgam and Anantnag districts of
Jammu and Kashmir revealed the presence of Aphelinns mali in all areas parasitising 20-34% ol
the aphids from May-September. and the predalors Chilocorus infernaliy, Coceinella septempunetatd,

8
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Pharoseymans baireatne and Chrvsoperfa confrator, Observations on the impact of the release of
the parasitoids of San Jose scale showed o parasitisation of 20 to 54% in Anantnag, Pulwama,
Budgam, Baramulla and Srinagar districts and that both Apfeytes sp. and Encarsia spp. have
eslablished well.

In laboratory trials in Bangalore all the bolanicals one day after application proved nontoxic
o T chiletracae while both carbaryl and monoeretophes proved highly toxic. Neem gold, Econeem,
Nimbicidin all at 0.03 % and NSKE 4% were found non-toxic to adults of E. guadeloupae soon
afier application but neem oil, Neem azal and Neem mark were toxic. Effect of insecticides on natural
enemiss of woolly apple aphid was seen in Solan and it was concluded that € carnea can be safely
released after 10, 7 and 5 days of the spray of chlorpyriphos, methyl parathion and endosulfan,
respectively. Chlorpyriphos. endosulfan, methyl parathion, imidacloprid and thiamethoxam did not
alfect the aver wintering population of A, meali and the adults emerged from the mummified aphids.

29, Biological suppression of vegetable crop pests

The incidence of the green house whitefly, Trialerrodes vaporariorem has been noticed in
Solan on ornamentals and vegetable crops. Natural enemies recorded on the whitefly include the
coceinellid, Seranguun montazerii and the aphelinid Ercarsia rarmsvena.

Management of tomate {nnt borer, Helicoverpa armigera was attempted through different
hiocontral based management practices which icluded T, pretiosun alone @ 50,000 adults/ha/release,
HaNPV alone sprayed @ 250 LE/Ma (1.5 x )7 POB), in different combinations, release rates and
number of applications and it was found that parasitoad release five tmes and 2 or 3 sprays of NPV
recorded lesser mean fruit horer damage and higher yield in Bangalore, Pune and Hyderabad. The
yields recorded were also mare in biocontrol plots than other treatments.

Evaluation of Trichogrammateidea bactrae @ 1.5 lakh adults per hectare against P
avlastella on cabbage (o 10tal of 5 releases at weekly intervals) in comparison with endosulfan three
sprays at weekly intervals resulted in reduction in larval population and inerease in yield in Bangalore,
Similar trials conducted at Hyderabad resulted in a decline from 3.2 larvae per plant to (.58 per
plant in released plots with recovery of T bactrae, The releases of T. hactrae @ 50,000 adulistha/
release 3 times al weekly interval commencing 25 days after planting was found superior 1o control
in Pune, with an average surviving population ol 9.1 larvag/10 plants as againgt 1286 average
surviving larvae/ 10 plants and 233 5/ha vield in control. The ICBR realized due to this treatment
was 1155 64,

Field evaluation of T. ¢hulosnes releases totaling 5 lakh adults/ha compared with the insecticide
cypermethrin at (&5 mlfie for the contrel of the shoot and fruit borer. Lewcinodes orbonalis on
brinjal done in Bangalore showed that the mean borer damage in the release plot was 12.65% as
against 23.10% 1 control and 14.70% in the cypermethrin treatment, The yield data showed that
there was 37.08% and 35.64% increase in yield in parasitoid and cypermethrin treatments over the
control,

The comparative field efficacy of various commercial 8t formulations against £ xylosiella
revealed thar all the Br fonnulations and endosulfan were effective in reducing the larval build up

4
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on cabbage over control in Hyderabad. Among the various Br formulations tested, Biobit proved o
be effective in keeping a check on DBM with least mean number of larvae (17.00) followed by Dipel
(21.93). The results of the trial in Pune revealed that Delfin WG @ Lkg/ha treatment recorded
minimum surviving larvae/plant (2.00) and maximum yield (314.7 g/ha} and was found to be maost
effective,

Trials conducted on the control of L. arboradis on brinjal using commercial formulations
ol Bt in Pune revealed that five sprays of Delfin WG @ Ykg/ha was best as it recorded Jeast fruit
infestation (8.93% 3 and miaximum yield (136.5 gfha). The commercial formulation, Spic-bio (Bacillus
thuringlensis var, kurstokd) was found effeclive against M. armigera, P oylostella and ©, binatalis
al different dosages (1-1,75 mlflL.) and periods in Bangalore.

The serpenting leal miner, Liriorayza trifolii was parasitised to the extent of 6.62% by the
indigenous parasitoid, Hemiptarsenus varicorais in Bangalore, The second instar larvae of the leal
miner was the most preferred stage and parasitism ranged from 25% te 61%. Imidacloprad,
eypermethrin, pongamia ail. NSKE, chlorathalonil. mancozeb and copper oxy chlorde were found
safe 1o M. varicernss. Residual wxicity studies with monocrotophos and phosphamidon to FL varicormis
showed that monocrotophas was moderately toxic up to 21 days after spray and phosphamidon least
toxic up to 14 days after treatment and then safe,

2.10.  Biological suppression of potato pests

Releases of Copidosoma koehleri @ 50,000 mummies/ha in four equal doses at weekly
interval in perforated plastic vials hung 3 m apart in the field 45 days after planting was found to be
the best release method as i recorded least damage by Phrhorinaea operculella and maximum tuber
yield m Pune. Releases of adubt €. keehleri and C. blackburni were found to be superior to control
as it recorded less leal mines and infested tubers but greater yield of marketable polatoes. Carry
over Lo the stores was higher in case of C. blackburni (6.74%) than C. koehleri (5.94%). Release of
C. koehler: @ | mummy/4 kg tabers in country stores was most effective and recorded minimum
tuber infestation (11.36%) after one month of storage and was similar to release of C. blackburnt
@2 pupae/kg tubers.

The entomopathogens, Beauveria bassiana, Nomuraea rilevi, Bactillus thuringiensis and
SINPV were evaluated for the control of S litura on potato and it was found thal SINPY @ 500 LE/
ha recorded maximum larval mortality (85%) and minimum tuber infestation (8.83% ) with higher
marketable tuber yield of 209.1 g/ha and was as effective as B. thuringiensis (Dellin WG) @ 0.5 kg/
ha

2.11.  Biological suppression of weeds

Muonitoring and evaluation of Neochetina eichhorniae, N. bruchi and Orthogalumna
reretirantiy was continued at Thrissur and Jorhat. Water hyacinth plants from Alappuzha, Kottayam.
Thrissur and Ermnakulam were observed and the weevils were recorded in greater numbers during
July in all locatons, while mites were more during November. In Assam it was observed that the
dispersal of the weevil has occurred in the districts of Sonitpur, Lakhimpur, Dibrugarh, Sibsagar,
Jorhat, Golaghat, Nowgaon and Kamrup with stunted growth of the weed accompanied by less
flowering.

10
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3 INTRODUCTION
3L Brief History

The All India Co-ordinated Research Project on Biclogical Contral of Crop Pests and Weeds
was initiated in 1977 under the acgis of Indisn Council of Agricultural Research, New Delhi, with
funds from Department of Science and Technalogy, Government of India. Within two years (19709,
ICAR included the project under its research aetivities with full financial support. When the
Commaonwealth Instituie of Biological Control, Indian Station, Bangalore was closed in 1998, the
Project Co-ordinator’s cell was merged with that unit and taken over by the ICAR. The new
headquarters called Biological Control Centre (under the administrative contral of National Centre
for Integrated Pest Management. Faridabad) was shifted 1o the premises ol this erstwhile CIBC, Indian
Stauon, Recognition of the importance of hialogical control came during the VI plan with the
upgradation of the centre 1o Project Directorate of Biological Control with headquarters at Bangalore
The i’l.'u_icu1 Dirgctorale started functioning on 19th October 1993, The AICRP started with 13 centres
mitially and has now mereased to 16 centres, all functioning under the Project Direclorate.

The Project Directorate is located on the Bangalore-Hyderabad National Highway (NH 3.
about § km [rom the Bangalore City Ratlway Station and 17 km from the Bangalore Airport,

3.2 Past achievements

Eighty two natural enemies (NEs) have been studied for utilisation against crop pests and
weeds, out of which sixty «ne NEs could be successfully multiplied in the laboratory, thirly seven
species have been recovered trom the field, two are providing partial contral, three substantial control
and four are providing cconomic benefits worth millions of rupees and twelve are augmented the
same way as indigenous natural enemies. Encyriid nymphal parasitoid Lepromastiv dactvlopii
introduced from West Indies in 1983 has successfully established on eommon mealybug infesting
cutrus and many other crops in South India, Coccinellid predator Curinus coerufens {Origin : South
America) infraduced from Thailund in 1988 has colonised on subabul psyllid. Weevil Cyriobagous
salvinfge (Origin ; Argentina) introduced in 1982 colonised on exotic water fern Salvinia molesta
in 1983, The release of weevils has resulted in annual saving of Rs. 68 lakhs on lahour alone in
Kuttanad district of Kerala. Weevils Neochesina bruchi and ¥, eichhorniae and hydrophilic mite
Orthagalimna terebrants (Origin: Argentina) were introduced in 1982 and colonised in 1983 on
stands of water hyacinth, Weevils have now established in 15 states, Saving on labour alone is Rs.
1120 per ha of weed mat. Cephalonontia stephanoderis introduced in 1995.96 for the biological
suppression of coffee herry barer, Hypothenemus hampei hus established in several coffee growing
areas,

Biosystemaric siudies on predatory coceinellids have been conducted and an annotated check
list of more than 400} species prepared,

A sort of classical biological control has been schieved by redistribution of Epiricania
melanolenca, o parasitoid of Pyriila perpusifia. Two species of Encarsio were found in 1999-2000
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in Minicoy island of Lakshdweep and have now established in the main land enabling suppression
af the spiralling whitefly, Alenrodicus dispersus.

Breeding technigues for 48 host inseets have heen standardised including rearing on
semi-synthetic diet and the cast of production has been worked out. Improved laboratory techniques
have heen worked out for the multiplication of twenty six egg parasitoids, six egg-larval parasitoids,
thirty nine larval/ nymphal parasitoids. twenty six predators and seven species of weed insects. An
acrylic multi-cellular rearing unit was devised for rearing  Helicoverpa armigera. Semi-synthetic
diet developed for Chrvsoperia carnea and Cheilomenes sexmaculafa.

Mass culturing methods for aphidophagous syrphids, predatory anthocorids and several
coccinellids developed,

Surveys for natural enemies of key crop pests have been conducted and the list of predators.,
parasitoids and pathogens compiled,

Tritrophic relationship between natural enemics. their hosts and host plants has been
determined. Oxidized and hydrolyzed L-iryptophan elicited greater egg laying by coccinellids in cotton
field. As a mass priming agent fov the larvae of C. carpea, tncosane increased the predatory potential.
Hyposoter didymator and Telenonnes rem preferred (o parasitise Spodopiera linura larvae and eggs
respectively, on castor and beet root. Kairomenes from scale extracts of H. armigera and Corcyra
cephalonica ereased the predatory potential of predatary chrysopids. Tritrophic interaction studies
between T chilonds, H. armigera and coiton and tomato crops revealed differences among different
genotypes. Cotesia kazak preferred host plants - tomato, cotton and okra, while Coresta marginmventris
preferred knol-khol, castor and cowpea and Eucelatoria brvant preferred cotton.

Suitable low emperatures for short term storage of trichogrammatids, Sticholots madagassa,
Eucelatoria brvani, Senometopia (=Carcelia) iltora, Allorkogas pyralophagis, Copidosoma koehlerl,
Hyposoter didymator, Caresia marginiventris, Leptomastix dactylopii, Sturmiopsis inferess,
Pareuchaeres psendoinsulara, ¢ic. have been determined. Superior strains of Trichogramma chilones
have been determined for cotion. sugarcane and tomato crops. Endosulfan (olerant strain of
Trichogramma chilenty was developed for the fist ime and the technology transferred o a private
company [or large seale production. High wemperature and multiple insecticide tolerant strains of T.
chitonis being developed. Diflerent pesticides have been sereened against 37 natural enemics for
identifying relatively saler ones 10 be used in BIPM. Primary cell culture from the embryos of
Spodoptera litura has been established which will Tacilitate the multiplication of obligate
microorganisms. Baculoviruses from several lepidopterous hosts were identified and cross infectivity
studied. Physico-chemical characiers of NPV of Spodoptera exigia and Galleria mellonetla analysed.

A wheat bran powder based formulation of Trchoderma farzianimn [PDBCTH 10) was found
very effective m controlling chickpea root rot and wilt (Rhizoctonia solani). A new cost effective
medium (molasses-soy) was idemified which resulted in maximum production ol chlamydaspores of
T fharzianunt Pseudomonas puiida (PDBCAB1Y) and £ flupreseens (PDBCAB2, PDBCAB2Y and
PDBCAB 30} were identified as potential antagomsts of Botrviis cimerea, Macraphonina phasenling,
Selerotinm rolfsii, Riuzactonia soldni and Fusariam oxysporum [, sp. cicert.

12



PDRBC - Annual Report 2000-2001

Efficient strains of entomophilic nematodes isolated and rested from soil samples through
oul the country. /o vitre mass production technigue for entomophilic nematodes, Steinernema spp
and Heterarhabidtis spp. developed utilising Wout's medium. Verticilliem chlamydosporiem,
Pyeudomonas flowreseeny and Pasteurio penetrans were found effective in suppressing plant parasitic
nematodes

Hirsutella thompsonii was found effective against coconul mile, Aceria guerreronis and
developed as a formulation called "Mycohit',

Egg parasitoids 77 chifonis and Telenomus dignoides, larval parasitoids Cotesia flavipes,
Giyptomorpha nicevitlei and Irotima javensis were found important for the control of sugarcane
horers. Beauveria bassiaona. B, brongniarti and Metarhizivm anisopliae were mass cultured and
utilized eftectively against sugarcane white grubs. T' chilonis has proved to be effective against maize
siem borer, Chilo partellus. BIPM modules developed for cotton pest control were found effective in
Ludhiana, Coimbatore and Anand. The module could increasc yicld, conserve naturally occurring
biotic agents and increase the benelit as compared o insecticidal sprays. Integration of Telenontuy
resnus, Chryseperia carpeq, Bl, SINPV and neem seed kernel suspension was successful in the
management ot S Irtiera on tobaceo.

Bi and SINPV Tormed important components of BIPM in tobacco. Bt and HaNPV were
important components of BIPM of pod borer complex in pigeon pea and pod borer of chickpea.

Biocontrol based 1PM modules involving trichogrammatid releases [or the control of stem
borer and leal folder of rice were found better than routine insecticide schedules. The cost-henefit
ratio for BIPM was 1:2.74 whereas for chemical control it was 1:1.52,

Apanreles ravagamae, Bracon hebetor, Gontozus nephantidis, and Brachvmeria nosaro: are
the key bioconrol agents on Opising arenosella. Their inundative release cainciding the first release
with the first appearance of the pest has proved effective. Oryetes baculovirus has been highly
successlful in reducing the Oryetes rhinocerss population in Kerala, at Minicoy and
Androth-Lakshadweep and Andaman Islands.

Release of Cryprolaens montrouzieri was found 1o reduce the population of mealy bugs,
Planocoecus lilacinus and Maconellicocous hirsutus, Eggs of pomegranate fruit borer, Dewdoriy
iocrates were heavily parasitised by three species of cgg parasitoids, Aphelinus mali and scveral
coceinellid predators were found elfective agamst apple woolly aphid. San Jose scale natural enemies,
Encarsia perniciosi and Apfivtis sp., were well established in Jammu & Kashmir and Himachal
Pradesh.

Trichogrammatoidea bacirae and Br were Tound effective against Plurella xvlostella,
Management of Lomato lruit borer, £, armigera through release of T. pretiosum and HaNPV spray
was found effective. Copidasoma kaehleri and Bt were found effective against potato tuber moth in
country stores.

Significant impact o’ Neochetina eichhorniae, N. bruchi and Orthogalumna terebraniis
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against water hyacinth was seen in Assam, Maharashtra, Gujarat, Kerala and Punjab. Fusarium
pallidorosewm was found suilable as a candidate for parthenium control. Training programmes on
-mass production and demonstration of the impact of Trichogramma, Cryptolaemus, Chrysoperla,
Ha NPV and 51 NPV have been conducted in many states.

Softwares PDBC INFOBASE, giving information about bicagent producers, and BIOCOT,

giving information about biocontral measures for cotton pests. developed.

3.3, Mandate

*

To evolve effective schedules for binlogical suppression of important crop pests, diseases,
nematodes and weeds.

To quantify the natural enemy biodiversity and its role in regulation of pest population and
serve as a national repository. of natural enemies.

To serve as a nodal agency Tor miroduction, exchange and conservation of biclogical
suppression agents at the national level,

To co-ordinate research on biological suppression aspects at the national level and Lo serve as
a linkage with international agencies.

To develop state of the art national information system on biological suppression (NISBS),
disseminate information and impart training on latest technologies in hiological control.

3.4, Organisational set-up

With a view o (ullil the mandate effectively and efficiently the Project Directorate is
functioming with Biosystematics, Introduction and Quarantine Laboratory, Mass Production
Labaratory, Pathology Laboratory, Entomophagous Insect Behaviour Laboratory, Biotechnology
Laboratory and a Co-ordination, Documentation and Training Cell (Fig. 1},
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3.5. Financial statement

Head Plan* Nun-plan Total
Pay & allowances 46.16 §1.41 12757
TA 05.00 02.00 07.00
Other charges including equipment 45,90 28.00 73.90
Works/petty works 31.44 07.00 58.44
Total 148,50 118.41 266,91

* BExcluding co-ordinating centres

Centre-wise budget (ICAR share)

Name of the centre Amount sanctioned Total expenditure
(Rs. in lakhs) (Rs. in lakhs)

CPCRI, Kayangulam L

CTRI, Rajahmundry ¥

IARI, New Delhi *

ITHR, Bangalore *

LISR, Lucknow *

SBI, Coimbatore e

AALL Jorhat ; 4.10 4.56

ANGRATI, Hyderabad 4.80 T

GAU, Anand 8.24 12.80

KAU, Thrissur 5.10 14.32

MPKY, Pune 3.70 12.78

PAU, Ludhiana 8.45 10.57

SKUAS&T, Srinagar 4.00 5.24

TNATL, Ceimbatore 3.60 1%

YSPUH&F, Nauni, Solan 430 4.13

GBPUAGST, Pantnagar 2.90 o

¥ Since the Project has been merged with Non-Plan no separate budget has been maintained
by ICAR Institute-based centres

e Expenditure detatls not furnished

15
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3.6 Stalf position

Calegory Posts sanctioned up to Posts filled up to Vacant
31-03-2000 = (03-2000 positions

PDBC. Bangalore 25 23 2

Scientifig 21 18 3

Technical

Administrative 8 8 .

Supporting fy f

SAU-based Centres

Scientific 21 17 2
Technical 31 31 -
Administrative 1 | -
[CAR Institute-based Centres

Scientilic 12 10 2
Technical 38 38 .

- including IX Plan posts sanctioned
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4. RESEARCH ACHIEVEMENTS

4.1. Importation of natural enemies

Cultures of Prorops nasuta and Phymestichus coffea, parasitoids of the coffee herry borer
were obtained again from Colombia with an import permit of the Coffee Board. The parasitoids were
successtully quarantined and the cultures handed over to the Coffee Board for further tmals, Field
release of the parasiond Prorops nasata was done in the high altitude areas of Palani hills where
running blossoms and a continuous infestation of berry horer is present. Recoveries were very poor.
In the case of P coffea the culture is not doing very well in our conditions though it could be cultured
in the quarantine successfully.

4.2, Biosystematic studies on Indian predatory Coccinellidae

4.2.1.  Taxonomic stadies on coccinellids

Aponephus Booth was found to be a synonym of the genus Nephus, on closer examination, Ortalia
yvumnanensis Pang & Mao, reported as a first record from India last year. was found to be a junior
synonym of Chtalic horni Weise described from Sri Lanka. Psendaspidimerus mauliki Kapur was
recorded for the first time from northeastern India and P siamensis Kapur reported last year was
found 1o be ils synonym, The new species of Pseudasprdinerus Kapur and Microserangium Mivatake
reported last year were described as Pinfuscatus Poorani. and Microserangium brunneonigriom
Poorani, respectively. Dioms Mulsant was recorded for the first time from India. A new species of
Svnonyehimorpha Miyatake was recorded from Kerala and Karnataka, Psvilobora bisoctonotara, o
species hitherto unknown from southern India, was collected from Bangalore and Raichur,'Karnataka.

4.2.2.  Updation of the checklist of Coccinellidae of the Indian subregion

The annetated checklist ol Coceinellidae of the Indian region was updated with new distribution
records and nomenclatural changes. Species of the subfamily Epilachninae from the Indian
subcontinent (numbering about 75) were also added to the checklist, with all details. Now. the entire
cocemellid fauna of the Indian subcontinent, including all the subfamilies, has been catalogued,

4.2.3.  Identification guide

Compilation of an identification guide to predatory coccinellids of the region was continued,
So far, about 90 species have been completed. Hlustrations of diagnostic characlers were made and
host and distribution records were added for these.

4.3. Survey for natural natural enemies

4.3.1.  Survey for the parasitoids of spiralling whitefly and spread of the aphelinids

Several indigenous natural enemies of spiralling whitefly were encountered during surveys on different
host plants, The indigenous natural enemies of the whitefly recorded were:

Neuroptera — Notfobiella sp., Matiada astur
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Drosophilidae - Acletoxenus indicus
Chamaemyiidae — Lescopiy sp.
Niudulidae — Cvbocephalus sp.

Coccincllidae — Axinoscymnus puttarudriahi, Seymnus latemaculatus, S, nubilus, 5.
caccivora, Nephus regularis, Cryptolaemus montrouzieri, Chilecorus nigrita, Anegleis PErTONes.
A, cardont, Jauravia dovsalis, J. pallidula, Psewdoseymnus sp., Keiscymnus sp., Psendaspidimerns
trinotatus, Serangium parceseiosum
Copiopterygidae — unidentified species

Surveys in and around Bangalore for natural enemies revealed that the aphelinids had spread
to many areas and were observed up to Tumkur, Chitradurga and Davangere. Parasitisation rates in
different hosts were - Cassia siamea 40%, cotton 21%, guava 11% and Michelia champaka 4% during
April - July.

4.3.2.  Field survey for natural encmies of Helicoverpa armigera

Surveys conducted in different agro-ecosystems in and around Bangalore for Heliceverpa
armigera parasitoids revealed three species of parasitoids, viz., Campoletis chlorideae, Eriboius
argenteopilosus and an unidentified tachinid. The per cent parasitism ranged from 1.8 10 9.15.

43.3.  Field surveys for natural enemies of homopteran pests

Field surveys carricd out in pulse, sugarcane and cotton growing arcas of Bangalore revealed
the presence of Pseudohypatopa pulverea as a predator of Melanaspis glomeraia, Hemiberlesia
lataniae and Coccus sp.

4.34.  Occurrence of bacterial pathogens on Ischiodon scutellaris larvae

The bacterium isolated from field collected larvae of Ischiodon scutellaris was identified
as Bacillus sp. Two different bacteria viz., Citrobacter sp. and Aeromonas sp, were isolated from
laboratory reared larvae. The per cent mortality due to Bacillies sp. was 10,47, 26.67 and 7.12 in
second instar larvae, third instar larvae and pupal stage during winter, whereas it was 4.52, 30.00
and 14.29 per cent during summer. In laboratory reared larvae, irrespective of stage, the total percent
mortality due o Citrobacter sp. and Aeromonas sp. was 31.25 and 21,62 per cent in winter and
28.52 and 21.44 per cent, in summer, respectively.

4.4. Rearing / culturing technigues for host insects and natural enemies
4.4.1.  Comparative biological parameters of scale hosts, Coccus sp. and Pinnaspis strachani

Squash (Cucurbita pepo L.) and pumpkin (C. moschara L.) were evaluated for culuring P
strachant and Coceus sp. Crawlers of P strachani, and Coceus sp. were released on pumpkin and
squash separately in cages measuring 30cm?, The fecundity in each host was taken as scales settled
per 100 em’, Time required to produce first generation crawlers, number of crawlers per 100 em? of
host substrate and longevity were also recorded.

Crawlers of P strachani settled earlier on squash (1.2 days) than pumpkin (2.3 days),

18
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whereas Coccus sp. ook equal time for settling both on squash (1,42 days) and pumpkin (1.5 days).
Number of crawlers settled per 100 cm? was higher on squash in case of P sirachani (2442 numbers)
as against 1956 numbers on pumpkin. However, Coecus sp. equally preferred squash (3460 numbers)
and pumpkin (3500 numbers). The longevity of pumpkin and squash infested with £ strachani was
more than two months but squash infested with Coccus sp. shattered in one month and pumpkin
could withstand Coccus sp. population for 55 days only, Fecundity of P strachant was 150-200 and
90-150 crawlers per female on squash and pumpkin, respectively. Corresponding fecundity of Coceur
sp. was 250-300 and 300-325 crawlers per female, Nymphal period of P strachani was 25-30 days
on squash and 35-40 days on pumpkin. It was slightly higher in Ceoccus sp. with 35-37 days and
40-42 days on squash and pumpkin, respectively. Squash was suitable for multiplication of P
strachant, whereas both pumpkin and squash were equally suitable for Cecenr sp. Higher fecundity,
ability to settle and multiply fast on both hosts makes Coccus sp. better host for multiplication and
maintenance of various preclators in the laboratory,

4.4.2.  Mass rearing of Campoletis ehlorideae

An attempt was made to standardise the rearing of C. ehlorideae to improve the parasitisation
and sex ratio; The method adopted by Harrington ef wl, (1993) for rearing Cotesia hazak and
Hyposater didvmarar was lollowed, Mass exposures were done in 4 litre bottles with mesh base,
Three different ratios were tried — 1:25, [:20 and 1:15 for a period of 24 h. Two to threee-day old
larvae were exposed to mated females after a pre-ovipesition period of 24 h. Afier exposing the larvae
[or 24 h, parasitords were removed, while the host larvae were allowed to remain in the contairier
till they reached the third instar. Then the larvae were transferred to plastic ventilated bread boxes
provided with host diet and paper napking and folded Ibutler paper strips. Unparasitised larvae were
removed.

There was no marked improvement in the parasitisation and variations were observed in
the parasitisation when different parasitoid-host ratios were used (Table 1}, Per cent parasitism varied
between 7.4 and 27.9. An improvement in the female progeny production was observed in this method.
Though in the 1:25 ratio only 27.3% were females, in the other ratios tried, the female progeny
varied between 37.9 and 53,6%. Observations were recorded on the most suitable substrate for C
chiorideae cocoon formation; 76.7% of the cocoons were formed on the tissue paper napkins, 14%
on butter paper, 7.9% on the wall of the conlainer and the rest on other substrates liké diet surface,
wire mesh on the lid, ete. indicating that tissue paper was the most preferred substrate for cocoon
formation,

Table 1. Effect of different parasitord: host ratios on Campeleils chiorideae

Parasitoid host ratio Per cent parasitisation Per cent females among progeny
1:25 T4 7.3
1:20 16.0 336
1:15 85 50.0
1210 279 i7.9
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4.4.3.  Studies on development of a mass production technigue for Pseudohypatopa piilverea

Pseudolivparopa pulverea, a predator recorded on M. glomerata in Mandya and H. latanige
on agave in Thondebhavi was reared on Coceus sp. The scale insects were reared on pumpkin kept
in cloth walled wooden cage (30x30x30cm). Ten pairs of freshly emerged adults of P pulverca were
released into a cage for oviposiuon. Different substrates, yiz., emery paper, butler paper and a piece
of industrial felt were arranged in the periphery of feeding material, so that the adults had uniform
access 1o all the substrates for oviposition, Eggs laid on different substaries were counted separalely.
The experiment had five replications and each replication had 20 adults. The experiments were
conducted at 27=1.8 ° C and 65+2 5% R.H.

Amongs! the three substrates provided, butter paper was totally rejected for ezg laying,
whereas eggs were laid on hoth emery paper (10.2%) and industrial felt strip (5.02%). Maximum
aviposition (84.78%) was observed on scale colony developed on pumpkin, The newly hatched larvac
readily Ted on scales by making webbed galaries. The per cent egg hatch and larval survival was
92,6 and 78.9 per cent, respeciively. Egeg, larval and pupal periods occupied 5.2, 10,6 and 7.2 days,
respectively. Fecundity ranged from 13.25 o 28.56 eggs per female. Adult longevity was 5-7 days
in male and 6-9 days in female. A cage containing 15 adults with fully mnfested pumpkin along with
50% honey as feeding for adults could yield 95 10 200 adults in a menth,

4.44. Studies on the intluence of age and host insect on oviposition pattern of Harmonia
octomaculata

The culture of striped mealy bug Ferrisia virgata was maintained on pumpkin, Aples
cracetvora was multiplied on sprouts of cowpea. Harmonia octomaculata adulls collected from the
field were used for experiments, Oviposition preference of H. octomaculota was studied by providing
the mealybugs as well as aphids in separate sets of experiments. Different subsirates viz., dry Bauhinia
prpuirea leaves, industrial felt and absorbent cotton pad were arranged in the periphery of the feeding
material, so that the adults had uniform access to all the substrates lor avipesition, Eggs laid on
different substrales were counted, The experiment had five replications and each replication had 30
adults. To study the effect of age of H. ectomaculata on oviposition, five newly emerged pairs were
released in an acrylic cage (30x30x30 em) and both hosts were provided separately. This experiment
had ten replications. Egg laying (%) and egg hatching were recorded daily till the females survived.
All the experiments were conducted at 27=1.8 © C and 65£2.5% R.H.

Adults of H. octomacidara reared on Ferrisia virgaia showed prefence for dry Bashinia
pirpurea leaves (43.15%) lor oviposition followed by leeding substrate (F virgara colony on pumpkin)
(32.02%). Similarly, adults reared on A. craccivora preferred (o oviposit on B. puipured leaves
(57.96%) followed by feeding substrate (aphid colony on cowpea twig) (32.15%). Fecundity of H.
maculata was marginally higher on A, eraccivara (289.2 eggs per female) as compared 1o that on £
virgate (275.8 eggs per female). However, average egg hatching was higher on o virgase (91.05%)
as against $4,72% on A. eraccivora. Peak aviposition period was attained in the 5% week (as adull
age) on F virgata, and in the 3" week when reared on A. craccivora. Total oviposition period was
eight weeks and nine weeks on AL cracciera and F. virgara, respectively, Adults could be reared
for up to eight weeks on hoth the hosts (Figs. 2 and 3}
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4.4.5.  Studies on comparative hiotic potential of three coccinellids on various scale species

Biotic potential ol three coccinellids viz., Sticholotis cribellata, S. nr. quadrisignata
riegicetloy and Pharoscymmus horni was studied on different scale species viz., M. glomerara, H.
lataniae, Pinnaspis strachani and Coccus sp. All the host insects were reared on pumpkins, except
M. glomerata which was reared on sugarcane setts in the laboratory. All the predators were [eld
collected and were initially reared in the laboratory on their natural hosts. Developmenial period of
the predator was recorded by releasing one pair of freshly emerged beetles on each host, Each
treatment was replicated four times. Pumpkins and sugarcane setts were observed daily for egg laying.
Pre-oviposition, egg, larval and pupal perieds were recorded on each host. Experiments were
conducted to determne the rate of host consumption by grubs and adults of the predators by releasing
themn on known scale insect population of the same age (20 to 25 days old). Observations were
recorded daily on host insects consumed by grubs. Since adulis lived for more than one month, host
consumption was recorded every five days and mean host consumption was derived. This experiment
was replicated Len limes, Observations on progeny production and longevity on various hosis were
also recorded. The experiments were conducted at 27+1.8 ® C and 65+2.5% R.H.

Total developmental period on different hosts for S. eribellara and S. nr. guadrisignata
rigicollos ranged from 34 - 393 and 33.1 - 39.9 days, respectively. In P horni it was 24.6 - 31.5
days. 5. cribellata and P. horni developed faster on Coccus sp. while 8 nr. rugicollos quadrisignata
ook least time 10 develop on P strachan. With respect to fecundity also same trend of preference
was exhibited by S, cribellara and P horni, however, 8. nr. rugicollos quadrisignata fed with Cocens
sp.and P strachani laid similar number of eggs. P strachant was found to be the least preferred
host by 8. eribellara and P hormi but S, nr, negicollos quadrisignara preferred it with respect to
fecundity, longevity and voracity. Studies thus indicated that £ strachani or Coceus sp. should be
used for multiplication of 5. nr. rugicollos guadrisignata whereas M. glomerata and Coceus sp. could
be used for multiplication of 8. ¢ribeflata and P horni.

4.4.6.  Effect of low holding temperature during pupal stage on adult emergence, longevity
and fecundity of [schiodon scutellaris

The culture of fschiodon scutellaris was maintained on Aphis craccivora reared on cowpea
scedlings,. Immediately after pupation the pupae were harvested [rom cotton plug subsirate. Ten
replicates each conlaining ten pupae aged one, two and three days were incubated at 5. 10 and 15°C
for one, two and three weeks each. The pupae were held subsequently at ambient temperature of
27°C until adult emergence. The day of adult emergence, longevity and fecundity were recarded from
these treatments, 5° C was found 10 be lethal after only one weck of storage. The emergence was
delayed when 2 and 3 days old pupae were subjected to 10°  for 3 weeks. The initiation of avipesition
was delayed with the prolongation of holding time. The fecundity of females emerging from 3-day-
old pupae subjected to 10° C for two weeks was found to be higher than any other treatment. Three-
day-old pupae exposed to 13° C for more than one week started emerging in storage itself. Based on
this study, it can be concluded that three-day-old pupae could be stored at 15° C for three weeks
with affordable reduction in the longevity and fecundity of resulting adults.

(o]
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4.5. Bioecological studies on laboratory hosts and natural enemies

4.5.1.  Bio-deterioration studies on Eriborus argenteopilosus

Adults of Eviborus argenteopilosus emerging from field collected cocoons were considered
as field collected batch. E, argenicapilosus which were reared for at least three generations in the
laboratory were utilised for the experiment as the LR3 (lab reared for 3 generations) batch and their
progeny as the LR4 (lab reared for 4 generations) baich and so on. Parasitising efficiency, cocoon
production, per cent adult emergence and per cent females among progeny produced were recorded.
The mated parasitoids were exposed to larvae of S fitwre on alternate days after a pre-oviposition
periad of 24 h and the number of exposures was restricted o five (based on preliminary ohservations},
Each replication comprised of one pair and ten teplications each were maintained for field collecied
and lab reared hatches.

Field coliected adults parasitised 27% of the exposed larvae, while lab reared adults
parasitised 17.5 and 23 8% larvae alter three and four generations in the laboratory, respectively,
However, these differences were not statistically significant: From the cocoons formed from the field-
collected batch, 66.4% emergence was recorded, There were 79.7 and 55.8% adult emergence from
the cocoons ablained from the lab reared (3% and 4» gencralions, respectively) batches. The coconns
obtained per female and the per cent adult emergence of the field collected batch and lab rearcd
batches were all staustically on par. Amongst the progeny produced by the field collected batch,
68.77% were females and even after three generations in the laboratory, 54 08% female progeny
was recorded. However, after 4 gemerations, a significant reduction in female progeny production
oceurred (only 1.3%). Sex ratio was drastically affected due to continuous laboratary rearing
(Table 2),

Table 2. Bio-deterioration of laboratory reared E argenteapilosus

Treatments Parasitism Cocoons / Adult ermcrgence Per cent females
i female %)

Field Collected 27.0031.4) 33.3 66.37(53,2) 68.77156.4)

Lab Reared-3 17.5(23.9) 16.0 79.7(54.68) S54.08(48.1

Lab Reared-4 23.8(29.5) 21.3 55830487 1.3(7.30

CD (P=0.05) NS NS NS 16,89

Figures in parentheses are angular transformed values
Figures in a column followed by the same letier are not statisucally differen

4.5.2. Morphometric studies on sexing of Eriborus argentcopilosus

A study was undertaken to find out a method to segregate the males and females of
£ argenteopilosus al cocoon stage. E, argemteopilosus were reared on early second instar larvae of
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S ditra or H. armigera, The cocoons were collected and each cocoon was weighed and its length
and greatest width measured. The cocoons were maintained individually in dry glass vials measuring
4.35x 1.5 cm. When adults emerged, they were sexed and related 10 the cocoon weight, length and
areatest width. Correlation analyses were done 10 find out if significant correlations existed between
wetght, length and greatest width, Analysis of variance was done (o find out if significant differences
existed between the male and [emale cocoons with respect (o the morphometric parameters, Atlempts
were made to arrive at the most satisfactory criterion for separating the sexes with minimum overlap.

The cocoon length, weight and width were significantly mote in the case of females than
males (Tahle 3], There was o significant positive correlation berween cocoon weight and width, weight
and length and between length and width of male and female £ argenteopilosus (Table 4). The
regression lines and equations showing the relationships between the different morphometric
paramelers are given m Figs. 4. 5 and 6, :

Table 3. Morphometrics of male and female cocoons of Eriborus argenteopilosus

Cocoon Cocoon weight (mg) Cocoon length (mm) Cocoon width {mm)
Male 38,56 (26.98-33.23) B.36 (7.85-9.71) 349 (2.94-3.93)
Femnale 4592 136.30-57,78 B.80 (R.14-9.41) 365 (343-4.12)
on (P=0.05) (185 a0 0.011

Figures in parentheses are ranges

Table 4, Correlation matrix of cocoon weight and length; weight and width and length and width
in male and temale E. argenteopilosis

Cocoon of Weight vs Length Weight vs Width Lenath vs Width
Male (745 T¥% (.5586%% 0.5632%#
Female 0.7 2L e {L.o645=* 062067

The morphometrics of male and female cocoons were examined and the welght, length and
the width of the cocoons were divided into 4 categories cach: > 35mg, >d40mg, > 43mg and >15mg
in the case of weight; >8 3mm, > Smm, =8.6 mm and >9.0mm in the case of length and >3 4mm,
=3.5mm, »3.6mm and >3 7mm in the case of width, The male and female cocoons belonging 1o
cach ol these calegories were recorded (Table 5). The size indices were worked oul for segregating
the sexies In cocoon stage,
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Table 5, Per cent female cocoons and male cocoons belonging to different size indices

Cocoons with Per cent female cocoon that get included Per cent males cocoons that gel
included

Weight =

35 mg 100 71.43
40 mg 3143 F1E6
43 mg T2.9( 14,60
45 mg 5571 11.40
Length >

8.3 mm : £8.60 G8.60
8.5 mm TH.60 51,40
2.6 mm i Bl 41 40
9.0 mm 25.70 ) 15.70

Greatest width >

3.4 mm 9R.60 72.90
3.5 mm 80.00 44.30
3.6 mm 58.60 2710
3.7 mm 4140 20.00

The rehability of the chosen size mdices was verified by collecting 200 cocoons and
measuring the parameters and calegonsing them. Aflter adults emerged from these cocoons, the
percentage females which were obtained from cocoons belonging 1o the selected size indices was
worked out (Table 6). The percentage females emerging from cocoons which did not belong to the
selected size indices was also noted. Tt is clear from Table 6 that by following any of the size indices,
it was possible to segregate maximum number of females (ranging from 69.43 to 80.76%). Only a
small percentage of females (23.05 to 34.1850) emerged from other cocoons, which did not belong
lo the selected size indices. !

Table 6. Segregation of fermnale cocomns of E argentenpifosus based on selected size index

Cocoons of Per cent probability of
females emerging
Wi = 40 mg 1221
Wi>43 mg 80.76
L > 8.5 mm 69,95
L > 86 mm 74.40
W =35 mm G943
W =3.6 mm T1.12
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4.5.3.  Feeding potential of Cardiastethus exiguus

Cardiastethus exiguus, a potential predator of eggs and young larvae of Opisina avenosella
can be multiplied continuously in the faboratory utilising alternate laboratory host, Corcyra
cephalonica. The feeding potential was studied,

The experiment was conducted utilising round plastic ventilated containers (diameter 7em;
height 2, 7em). Five freshly hatched nymphs were kept in such containers (@ lper container) with
¢allon to prevent cannibalism and a swab soaked in water for moisture. Daily 15 eggs of C
cephalonica were provided/per nymph. Observations were recorded on how many eggs were fed per
day till adults were formed (damaged and shrunken eggs were considered as fed). This was replicated
ten times, The same experiment was repeated for adult male, adult female and pne pair. For adult
male and female 15 eggs were provided per day and for a pair, 25 eggs were provided per day tll
maortality.

During the nymphal period, the total feeding was about 31 - 47 C. cephalonica eggs: (mean
395 epgs) and mean feeding per day was 2 69 eggs (feeding per day ranged from 1.62-3.69 eggs).
One male adult of C. exiguus could feed on a total of about 128 eggs, and abour 3.71 eggs were fed
* per day. Female adults fed on more eggs. Throughout its longevity one adult could feed on about
441 eggs at 8.81 eggs per day. The total feeding potential was about 383.5 eggs, while 7.45 eggs
were fed on per day (Table 7).

Tahle 7. Feeding potential of Cardiastethus exiguus on Corcyra cephalonica eggs

Stage Total feeding Mean Teeding/day
Nymph 39.5 eggs / nymph 2.69eges { day / nymph
Adult Male 128 eggs / male 3.71 eggs ( day / male
Adull Female 441 eggs [ female 8.18 epgs / day / female
Pair . 384 eggs / pair 7.45 eggs f day / pair

The nymphal perind varied between 12 and 20 days. During the first 16 da}fs"feeding
generally ranged between 2 - 3.7 eggsiday; if the nymphal period continued heyond 16 days, there
was a reduction in feeding, which was less than 2.0 eggs (Fig. 7).

Adult males lived for about 42 days. The adult males could feed on 3 - 6.5 eggs per day.
Some peaks showing more feeding were evident on days 8, 17, 22, 31 and 38; during which period,
per day feeding was more than 5 eggs; but less than 8 eggs. Adult females could live even for 91
days. During the first 40 days of its life feeding ranged between 4 and 11.5 eggs per day, which was
generally more than the male feeding potential. In the latter half of its life, the female C. exiguus
could feed on 1-7 eggs per day. The feeding potential during this period was almost as in the case of
male adults {Fig 7).
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4.5.4. Studies on parasitisation and biology of Encarsia spp. on A. dispersus

Pupal orientation 0f Encarsia spp. was studied and it was found thal the almost all the
pupae of E. guadeloupae were facing the dorsum of the host and were oriented with the head wwards
the anterior of the host, This facilitated easy emergence without any rotation before emergence. The
mavement of pupae of the two species was studied and it was found that there were distinet differences
in the movement with E. guadeloupae showing intense movements only of the postenor portion of
the pupae al great speed and E, hairiensts showing movement of the entire pupal body in a slower
manner, This could help in identilying the pupae of the two parasitoids, Pupae of E. guadeloupac
took 19-24 seconds for 20 movements.

The average longevity of adull E. guadeloupae at room temperature, 15 and 20 "C was
19,12, 36 and 2506 days, respectively, when provided honey.

4.5.5. Studies on the biology and feeding potential of spiralling whitefly predators
Axinoscymnus puttarudriahi and Cybocephalus sp.

The biology of A, puttarudriahi and Cybocepahlus sp. on the whitefly revealed that the
cgg period was 4 days (both), larval period 7-8 (both) and pupal period 3-6 days and 16-17 days,
respectively (Table 8), The total eycle from egg to adult was 16-18 days for the coteinellid and 27-
29 days for the nitidulid. The females of A. putiarudriahi lived for 31-47 days and laid 51-134 eggs
while those of Cybocepalilus sp. lived for 90 days and laid 112 cggs.

Table 8. Bialogy of Avinescymaus puttaradriahi and Cybocephalus sp. (n=13)

Stage Axtnosoymrs puitarudricht Cybocephalus sp.
Egg period (indays) 4 4
Larval Period (in days) 7-8 7-8
Pupal period {in days) 5-6 16-17
Egg to adult (in days) 16-18 27-29
Fecundity (number of eggs) 51-134 112

The fecding potential of A. putiarudriahi was worked out by providing 8 whitefly nymphs
per day. They fed on 124-133 nymphs during their adult life of 48-64 days. The feeding potential of
A puitarudriahi was found 10 be 137.5 (124-151) nymphs of the whitefly during an average adult
span of 5525 days (n=5). A larval parasitoid. Cerchysiella sp. of Cybocephalus sp. was recorded.

4.5.6. Parasitoid-host ratio studies with Trichogramma chilonis and Helicoverpa armigera in
soybean

A local soybean variety was used for this experiment and was raised in earthen pots
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measuring 30 cm. in height. Host and parasitoid cultures were maintained in the laboratory at 26+2°C
and 50-60% RH. Ond-day-old mated female parasitoid was used for the experiment. Leal bouquets
(3-6 weeks old plants) were prepared by Inserting them in glass vials containing water. These bouguets
were Kept inside a cage measuring 30 x 30 x 30 em. The eggs of H. armiigera were released on the
ledives as per the treatments and one female T chilonis released for parasitisation in each cage. The
different ratios (parasitord:host) tried were 1:10, 1:20, 1:30 and 1:40. Each treatment was replicated
5 times. Alter 24 h of exposure, the eggs were collected and Kept in glass tubes Tor observing the
per cent parasitism and adult emergence, The percentage values were subjected 1o angular
transformations and ANOVA done.

There was an increase in per cent parasitisin with increase in dosage. Maximum parasitism (70%)
was recorded at 1210 (female parasitoid : host eggs) (Table 9). When the parasitoid:host ratio was
reduced to 1:20, parasitism was 64%, and on par with that at 1:10 ratio. Parasitism significantiy
decreased 1o 31.69% when the ratio was 1:30 and least parasitism (14.8%) was recorded at 1;40 ratio.
The differences in the per cent parasitism among the ratios 1:20, 1:30 and 1:40 were highly
significant, Per cent adult eniergence varied from 86.2 to 88.2 at different dosages, all were statistically
on par. At 110 and 1:20. highest per cent parasitism of H. armigera eges by T chilonis eggs could
he obtained.

Table 9, Parasitising efficiency of Trichogramma chilonis al different dosages of H.armigera eggs
on Soybean

Dos:tges . ) ) Mean per cent parasitism Mean per cent adult emergence
(female parasitoid : host cggs) h
140 14,50 (22,75} . B6.20 (69.73)

1:30 3060 (3441 87.60 (70.45)

(01 I 64.00 (53,94} - 86,80 (69.60)

10 TO.0 (57.23) 88,20 (70.76)

CD (P=0.05) 8.65 NS

Figures i parentheses are angular transformed values. Values followed by the same letter are not
stansueally different.

4.5.7.  Testing of Campoletis chlorideae in the net house

The performance of C. chilorideae was evaluated on potted chickpea plants in net house,
arranged 30 em row w row and 10 em plant to plant, These plants were artificially infested with 1en
d-day-old larvae of f1. armigera per plant. The plants were in {lowering and early podding stage.
The larvae were randamly distributed over leaves, flowers and pods. After 24 b of larval release,
the adult pre-mated females of C. chloridear were released as per the treatments below



PDEC - Annual Report 2000-2001

i, Release of one adult female parasitoid / 10 larvae (1: 10 ratio) immediately afier the release of
host larvae

li.  Release of one adult female parasitoid / 10 larvae (1: 10 ratio) 24 h after the release of host
larvae

iii.  Release of two adult female parasitoids / 10 larvae (1- 5 ratio} immediately after the release of
host larvae

iv.  Release of two adult female parasitoids / 10 larvae (1: 5 ratio) 24 h afler the release of host
larvae

v.  Release of 10 larvae / plant (Control)

Care was taken to prevent predation of larvae by spiders, ants, ete. by providing water
barriers. The larvae were collected back after 24 h of release of parasitoids and reared individually
on semi-synthetic diet. Observations were recorded on number of larvae parasitized (parasitism was
measured in terms of cocoon formation). Bach treatment consisted of 10 pots. The percentage values
were subjected to angular transformation and ANOVA done.

Release of C. chlorideas female parasitoids in the ratio of 1:10 immediately after the release
of H. armigera larvae resulied in very low parasitism (1.5%), which was on par with control. When
the parasitoid was released in the same ratio 24 hrs after host release, there was a significant increase
in parasitism (7.2%). When the parasitoid-host ratfo was 1:5, 13% parasitism was obtained even if
the parasitoids were released immediately after host release, However, when the same ratio was (ricd
after 24 h of hosl leeding, a significantly higher per cent parasitism was obtained (33). C chlorideae
did nat perform well when released immediately after infestng the plants with F. armigera, A ratio
of 1 femalé parasitoid for § host larvae was found better,

4.6. . Studies on behavioural response of natural enemies and tritrophic interaction

4.6.1.  L-tryptophan as an ovipositional attractant for C) hrysoperle carnea

Experiments were conducted at Sarya Sai Cotton Mill, White Field, Bangalore. 1o find out
the efficiency of L-tryptophan as an ovipostional attractant. Thirty plants in a patch were selected,
L-tryptophan (0.66%) was sprayed on the plants in the evening hours and 30 adults of Chrysaperia
carnea were released in the area. Control was maintained in the adjacent ficld without any treatment
but adults were released.

More number of eggs were Taid on L-tryptophan (0.66%) treated plants compared (o untreated
plants (Table 10).
Table 10. Ovipostion by C. carnea on L-tryptophan treated cotton plants under field conditions

Trail No, Number of cggs laid per 30 Number of eggs laid per 30 plants
trytophan treated area in untreated area

| 49 8

il 64 16

3 w A3 i

Mean 42 9
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4.6.2.  Kairomonal formulations to increase the parasitising efficiency of Trichogramma
chilonis under field conditions

Kairomonal formulations were earlier found to increase the parasitising efficiency af
Trichogramma chitonts. Covevrn egg cards wreated with kairomonal formulations were tagged on to
cotton plants i a small area of 5 x 3.5m and untreated cards were tagged in another patch of 5 x
3.5m area. The adults of T.chilonis were released in the experimental area, The eges were collected
from the field after 24 h and observed for parasitisation, Each treatment was replicated § times in
the field. In the first trial ricosane and pentacosane were tricd at 0.01% and in the second trial the
compounds were tested at (0.02%. The concentration of Corcyra scales was kept constant (165).

In the first trial there was significant difference between the treated and the untreated egg
curds. The egg cards (reated with hath tricosane (3.35%) and pentacosane (5.46%) recorded more
parasitisation compared to untreated control (1.09). The parasitisation increased to 6.1% in
pentacosane (0.02%) and 0 7.7% in tricosane (0.02%). However, statistically no difference between
treatmeants Wwas seen

4.6.3.  Kairomonal formulations to increase the predatory efficiency of lafval chrysopids under
field conditions

Earlier studies indicated thal the predatory efficiency of the larvae of Chrysoperla carmea
increased when kairomone formulations were used. In the present siudies. Tricosane and pentacosane
at .01 and 0.02% concentration were sprayed on Corcyra egg cards and the cards were tagged on
(e 1he cotton plants. The larvae of C carnea @ 2/plant were released. The eggs were collected the
next day and the predatory efficiency computed.

There was not much difference 1n predation by larvae of C carnea, with about 3-6 %
predation in all treatments including untreated control. However, the overall activity of C. carnea
increased over the period of study. The egg counts in 30 plants was nil during the start of the
cxperiment, but was more than 8 per 30 plants at the end.

4.6.4.  Laboratory studies to find out the effect of kairomonal formulations on the parasitising
efficiency of T. chilonis .

Laboratory studies were conducted to find out the effect of kairomonal formulations on the
parasitising ability of T chilonés in 8" armed olfactometer. Kairomonal {ormulations were prepared
using the scales of Careyra cephalonica along with Tricosane, Pentacosane and Nonocosane. The
formulations were sprayed on a Coreyra cgg card, lefl for half an hour to ward off the smell of
cyclohexane and the egg cards were placed inside the ‘8arm olfactometer. Uniform light was
maintained. Fixed number of adults of Trichogramma chifonis were released in the centre of '8’
arm olfactometer. The eggs were collected on the next day to record per cent parasitisation.

Three sets of experments were conducted. In the first there was variation between the
reatments and untreated control. Tricosane al (.01% recorded highest parasitisation (Table 11}, In
the next tral with the same concentrations not much variation between treatments was seen
(Table 12} Tricosane, pentacosane and nonocosane at .02%, 0,03% and 0.04% were not effective
(Tablel3)
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Table 11. Parasitisation of 7. chilonis on C. cephalonica eggs treated with kairomone in 8-arm

olfactometer (Trial II)

Trail No. Treatment Percent Parasitisation
1. Tricosane (0.01%) Corcyra scales {190) 39,90
2 Pentacosane (0.01%) Corcyra scales (19) 34.17
3, Control 28.24
o Tricosane ((L01%) Corcyra scales (1%} 35.80
5. Pentacosane (0.01%) Corcva scales (19} 33,16
0. Control 27.53

Table 12, Parasitisation of 7. chilonis on C. cephalonica eggs treated

olfactometer (Trail IT)

with kairomone in 8-arm

Trail No. Treatment Percent Parasitisation
| Tricosane (0.019%) and Corcyra scales (1%) 2475
2 Pentacosane (0.01%) and Corcyra scales (1%) 26.50
3 Nonocosane ((L01%) and Corcyra scales [1%) 21.00
4 Control 22.25
5 Tricosane [0.029%) and Corcyra scales (1%) 19.25
6 Pentacosane (0.029%) and Coreyra scales (19%) 26.00
7 Nonocosane (0.02% and Cercyra scales (1%) 21.50
5 Control 25.50

Table 13. Parasitisation of T, chilonis on C. cephalonica eggs treated with kairomone in 8-arm

olfactometer (Trail TII)

Trail No. Treatment Percent Parasitisation
1 Tricosane (0.03%) and Corcyra scales (15) 2073
2 Pentacosang (0.03%) and Corcyra scales {1%) 26.8
A Hexane 16,4
4. Control 26.8
5 Tricosane {0.04%) and Corcyra scales (1%) 28:4
6 Pentacosane (0.04%) and Corcyra scales (1%) 29.6
7 Hexane 32.0
8 Control 20.2
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4.6.5.  Laboratory studies to induce oviposition in aphidophagous coccinellids

Saturated hydrocarbons were tested for inducing oviposition in Cheilomenes sexmaciulati.
Droplets were produced an a brown paper using agar agar based synthetic diet for coccmellids and
several saturated hydrocarbons in different combinations were sprayed over the droplets using an
atomiser. The brown paper with dropleis were pasted on the roof of an acrylic sheet measuring 60 x
30 x 30 em and the gravid females along with males were released in the cage. The number of
adults visiting the filter paper for a period of 30 minutes was recorded at 5 minutes interval, The
adults were feft overnight and the number of eggs laid was counted the next day.

Two sets of expertments were conducted, each with & replications. There was no significant
difference in the number of adults visiting the filter paper (Table 14). There was no egg laying in all
the treatments,

Table 14. Orientational response of C. sexmaculata to different kairomonal compounds

Treatment Number responsive Treatment Number responsive
Honey 2.00 Honey T )
L-Tryptaphan |.56 L-trytophan 0.83
Hexacosane 1.44 Hexacosane LoD
Pentacosune | .66 Hexacosane 1.00
Nonocosane 1.56 Control .83
D NS cD NS

4.6.6.  Parasitisation of Spodoptera litura by Felenomus remus on different soybean varieties

A preliminary test was conducted (o cheek if 70 remus could perform in soybean ecosysiem
on a local soybean variety. Leaf bouquets of local soybean were inserted in glass vials containing
waler. These bouquets were kept inside a cage measuring 30 x 30 x 30 cms. Egg batches of S, lirura
(a total of 200 eggs per planty were kept on the leaves of soybean leaves. Female 7 remus parasitoids
were released at different dosages viz | 5, 10, 20, 40 per 200 eggs for parasilisation in each cage for
24 hours. Each (reatment was replicated 5 times. After 24 h, the eggs were collected and kept jn
glass tubes for observing the per cent parasitism and adult emergence. The percentage values were
subjected to angular transformation and ANOVA dane.

The results of the preliminary test showed that when S, Litura eggs were expased Lo different dosages
of T veniny females, parasitism ranged from 6.2 to 70,6%. Maximum parasitsm (70.6% | was obtained
when the parasitoid/host ratio was 1female: § eges. The ratios of 1:20 and 1:10 resulted in
significantly lower parasitism of 23 and 29,29 parasitism, respectively, both being on par. The lowest
per cenl parasitism (6.2%) was recorded when the ratio was one female per 40 egas, which was
significantly lesser than all the other weatments. The per cent adult emergence from the parasitised
eggs ranged from 81.4 to 88.4 % and no significant differences were observed between the treatments
(Table 15),
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Tuble 15. Parasitising efficiency of Telenomus remus on §. litura eggs at different parasitoid: host

ratios
f;;:aglzsparasitmd | host eggs) Mean % parasitism Mean % adull ¢meérgence
[:40 62 (1437)a BR.4 (70.62)
1:20 23.0 (28.76)b B5.0 (67.94)
1:10 29.2 (32.83)b 81.4 (65.04)
1:05 70.6 (57.7%¢c #3.0 (68.25)
CD (P=0.03) 6.95 NS

Figures in parentheses are angular transformed values.
Values followed by the same letter are not statistically different.

Five soyvbean varicties, viz., PK-472, PUSA-16, I5-335, MACS-450, NRC-12 and one local
sovhean variety were raised in carthen pots measuring 30 ¢m. in height. Host and parasitoid cultures
were maintained in laboratory at 26=2°C and 50-60 % RH. Two-day-old mated female parasitouds
were used for the experiment. The varietal preference was studied by employing the multiple-choice
method. The releases were made based on the best ratio (1.5) from the preliminary lest. Leal bouquets
of all six soybean varieties with 200 eggs each were kept inside one cage measuring 30 x 30 x 30
cm and exposed to 40 female parasitoids per 200 eggs for 24 h. The other steps followed were as in
the preliminary test. The highest parasitism (72.5%) was obtained on NRC-12 followed by 15-335
{(71.3%), PK-472 (70.3%), MACS-450 (69.7%) and PUSA-16 (66.4%), However, they were all
statistically on par. A significant difference was observed in the parasitism, recorded on local variety
(54.7%:). Per cent adult emergence from the parasitised eggs from different reatments ranged from
82.2 1o 88%, which were all statistically on par (Table 16).

Table 16, Intluence of soybean varieties on parasitising efficiency af Telenomus remus

Sovbean variely Mean per cent parasitism Mean per cent adult emergence
PK-472 F0.3 (57.16)" Rd.6 (67 .58)

NRC-12 72,5 (58.32)b B2.8 (66.78)

18-335 71.3 (38.16)h B7.8 (70.12)

PUSA-16 66,4 (534,71 )b BELO (T0.6T)
MACS-450 69.7 (57.17)b 83.5 (66.55)

LOCAL 547 (47.81)b 82.2 {65.67)

CD (P=0.05] 6.34 NS
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Figures in parentheses are angular transformed values.
Values followed by the same letter are not statistically different,

4.6.7.  Tritrophic interactions between Trichogramma chilonis, Helicoverpa armigera and
cotton genotypes

The genotypes utilized for testing were: Hybrid-6, Gujarat Hybrid 8, Gujarat Cotion 10,
Abadhita, Sahana, CPD-423, CPD-428, CPD-431, CPD447, DHH-11, DHB-105. DHB-290. DHE-
410, DHB-435, DHB-542 and DHH-543. The genotype DHH-543 could not be evaluated because it
lailed to germinate after repeated sowing. The fifteen genotypes were evaluated under multiple-choice
condition in a polyhouse, Each genotype was replicated thrice. with 1wo plants per replication. Ten
cggs (one-day-old} of H. armigera were placed on each plant individually at flowering slage. Next
day, one-day-old Trichogramma chitonis females were released from 4 central point o give equal
access 10 the eggs placed on different genotypes for parasitisation. After 72 h, cotton leaves with
cggs were removed 10 the laboratory for recording per cent parasitisation. The pooled data of three
experiments on mean per cent parasitisation of H. armigera eggs by T, chilonis are presented in
Table 17. Mean per cent parasitisation of H. armigera eges on different genotypes varied from 1333
t0 42,22, Highest parasuisation was recorded on genatype CPD-447 (42.229%) and DHB-435 (42.22%),
closely followed by CPD-431 (39.99%) and DHH-11 ¢39.99). In the second category, fall genotypes
DHB-290, DHB-105, CPD-423 and CPD-428 an which 35.54, 33.33, 31.11 and 31.10 per cenl egg
parasitization was recorded, Lowesl parasitization was observed on Hybrid-6 (13.33%) followed by
Gujarat Hybrid-8 (19995,

4.6.8. Olfactometer response of Trichogramma chilonis to synomones released by leaves of
different cotton genotypes cotton

Fifteen cotton genotypes, viz.. Hybrid-6. Gujarat Hybrid 8, Gujarat cotton-10, Abadhita,
Sahana, CPD-423, CPD-428, CPD-431, CPD-447, DHH-11, DHB- 105, DHB-290, DHB-41), DHB-
435 and DHH342 were evaluated for their attraction to Trichogrammea chilonis in Y- lube ollactometer,
Cotton leaf discs on wet cotton were placed in one arm as cue while in second arm only wet cotlton
was placed as control. Ten T chilonds adults were released at the base of the oltactomerer and
observations were recorded on their orientation towards cotton leaf.

The response varied from 6,66 10 63,33 per cent. Highest population was attracted to the
leaves of genotype DHB-105 (63.33) followed by DHB-290 (60.00), CPD-447 (53.33), CPD-423
(53.33} and CPD-428 (50,007, Lowest response was observed to Hybrid-6 (Table 17).
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Table 17. Mean parasitization of H, armigera eggs by T. chilonis and olfactometer response Lo
synomones n different genotypes

s B
Hybird 6 . 13.33 6.66
G. Hybird 8 19.99 23,33
G. Cotlon 10 28.87 23.33
Abadhita 2222 20.00
CFD 423 31.11 53,33
CPD 431 39.99 23.33
CFPD 447 4222 3 L)
DHH 11 39.99 40.00
DHB 103 35:35 63.33
DHB 290 35.54 60,00
DHBE 410 - ) 26.66
DHBE 435 42,22 26.66
DHE 432 19.99 43.33

4.6.9. Mean EAG response of H. ermigera to the synomones released by leaves of
Solanum-viarum and Tageles sp.

Electraphysiologicul response of adull females of H. armigera to green volatiles (synomones)
released by leaves and flowers of Solanuwm viarum and Tagetes sp. was studied through EAG. The
mean response of H. armigera to leaves of Tageres sp. (-0,393 mv) was higher than that o leaves of
S vigrwm (-0.302). Similarly in case of flowers, greater response was noticed to cues of Tageres sp.
(-0.267mv) than cues of S viarwm (-0.141mv). However, the responses of both the cues are much
higher to air {-0.009mv). This clearly indicated the preference of Tagetes sp. 1o 5. viarum by H.
armEgera. .

4.6.10. Olfactometer (Y-tube) response of T. chilonis to leaves and flowers of Tuzgetes sp. and
Solanum viarum
Solanum viarun and Tagetes sp. plants were grown in pots in polyhouse. The plants were
maintained free from insect pests and discases. Leaves of S viarum and Tagetes sp. were taken in
glass beakers covered with petri-dishes to laboratory and small discs were cut to use in Y-tube
olfactometer for response studies. Leaf discs were placed on wet cotton in one arm while in the other
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wel cotlon alone was used as control. Ten adults of T chilonis were released at the base arm of
olfactometer and observations were recorded on per cent population attracted to different cues.
T chilonis responded to hoth S viarum and Tagetes sp. (Table 18). Overall response to Tagetes sp.
was slighty higher than o S viarum. 8. viarum leaves were more altractive than flower. However,
in Tageres sp. equal response was noticed 1o leaves and flowers, '

Table 18. Mean response of ‘T, efiifonis to 8. viarum and Tageins sp. leaves and flowers

Source of cues Mean per cent response
Solamam viarum leaves 35.66
3. vigrum flowers 30.00
Tagetes sp. leaves ¥ 40.00
Tagetes sp. flowers 40.00

4.6.11.  Relative olfactometer response of 7. chilonis to ditferent plant volatiles under multiple
choice situation

Seven chemical volatiles {saturated hydrocarbons) of plant origin, viz., dodecane, tricosane,
pentacosane, hexacosane, heneicosane, docosane and cyclohexane, were evaluated in 8-arm glass
olfactometer under multiple choice condition to find out the best synomone and its perception
threshold for 7. chilonés. All these compounds at 0.05% concentration were placed at the end of
each arm and 80 7. chilonis adults were released at the central chamber. Ohservations were recorded
at 5 minutes interval on the number of 7. chilonis adulls reaching the cues placed in different arms
for 30 minutes. Highest number of T. chilonis was attracted to pentacosane (8.00) followed by
hexacosane (7.2) und tricosane (7.0). Least response was to cyclohexane (4.6), which was less than
even control (5.8) (Table 19).

Table 19, Response of T chilemis 1o different synomones under multiple choice condition

Synomone Mean response
Dodecanc 6.4
Tricosane 7.0
Pentacosane B0
Hexacosane 6.2
Docosane b.6
Cyclohexane 4.6
Control 58
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4.6.12 Trapping and identification of green volatiles (synomones) released by leaves of Tagefes
sp. and Solanwm viarum

Green volatiles released by leaves of Solamum viarwm and Tageiws sp. were wrapped ina
specially designed trap by passing pure air over the leaves. The volatiles absorbed 1n activated charcoal
were extracied by using hexane as solvent and then concentrated in a refrigerated vacuum concentrator.
The pure concentrated fractions were injected into 4 GCMS system 1o identify the same,

The volatiles trapped from S, viarum represented eighteen compounds, These are: Alpha-
pinene, 4-Allyl amisale, 1,2-henzenedicarboxylic acid, Camphene, Cis-alpha-bisabolene, Decane,
Diethyl phialate, Dodecane. Eicosane, Heptadecane, Hexadecane, Limonens, Nonadecane, Nonane.
Octodecane, Pentadecane, Tetradecane and Tridecane.

Tn case of Tageies sp., sixteen compounds were identified, most of them common to S, viarum
alsa. Alpha-pinene, 4-Allyl- amisole, Camphene and Limonene, which were identified from S. viarum
were not present in Tugeres sp. Similarly, Methyle chavicol and Phenol 1,2-big were found only n
the volatiles of Tagetes sp.

4.6.13. Trapping and identification of green volatiles (synomones) released by different cotton
genotypes

Synomones released by leaves of fifieen cotton genotypes, viz.. Hybrid-6, G-Hybrid-8, G-
Cotton- 10, Abadhita, Sahana, CPD-423, CPD-428, CPD-447. DHH- 11, DHB-1{}5, DHB-290, DHB-
410, DHB-435 and DHH-542 were trapped in specially designed trap for two howrs by passing pure
4ir on the top of leaves. The volatiles were extracted by using hexane and then concentrated in a
refrigerated vacuum concentrator. The concentrated volatiles were identi fied using GCMS, Oul of
30 compounds identified from leaves, heptadecane (15), tetradecane (15), pentadecane (14), phenol
(131, hexadecane (12), nonadecane (12}, cicosane {11) and tridecane were present in most of the
genotypes. Two compounds, viz., Germacrene and Trans-caryvophyllene were present only in the
genotype-DHH-11. Similarly, Alpha-Bergamotene, Ethnone, Heneicosane and Hexadecanoic acid were
identified from CPD-431, G-Hybrid-8, CPD-428 and DHB-435, respectively. Alpha-Pinene and
Camphene were isolated from G-Cotton-10 and and DHH-11 while Docosane was trapped from DHH-
11 and CPI-423,

4.7. Artificial diets for host insects

4.7.1. Development of artificial diet for Spodoptera litura using cost effective materials

5. litwra was reared on three experimental diets based on leaf powders of cabbage, castor
and cauliflower and compared with control diet (without any leaf powder) and also with the modified
diets i.e. all the above diets are enriched with casein, eystine, cholesterol and Wesson's salt mixture,
Major growth atributing parameters were recorded [Table 20).

L3
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Table 20. Evaluation of modified lea! powder hased semi-synthetic diet for 8 {itera

Contr "
Parameter Control ::JJ,:;I 3 A A+X B B+X G CHX N |D+X
Survival 10000 A7.0 910 Q3.0 100.0 96.0 920 | 1000 | 96.0 |B4.0
Adult b Al 460 64,0 GE.0 64,0 63.0) 53.0 F5.0 1 650 1650

emergencel %)

Female (10 39.0 44.0 | 63.0 640 43.0 520 | 59.0 | 72.0 |43.0

cmergence( )

Fertile eges 6.7 290 926 1699 1045 1075 1613 | 2033 | 509 | 481

inurmber)

13.0 [ 13.0 13.0 0 120 13.0 12.0 | 13.0 |[13.0

Langevity

A Kabuligram + Groundnut oil eake based diet: B : Cabbage leaf powder based diet: C : CaulilTower
leaf powder based diet; I @ Castor leal’ powder based diet;

X Mixture of casein, eyvsteine, cholesterol, Wesson's salt mixture

Among the diets tested, kabuligram + groundnut oil cake + mixture of casen, cysteine. cholestrol
and Wesson's sall mixture (X} and modified cabbage based diel were found to be comparable with
the control with reference (1 ingreased adult emergence, per cent female emergence, and number of

lertile egps,

4.7.2.  Development of artificial diet for Pluiella xylostella

Semisynthetic diets based on blackchanna, kabuligram, defated soybean and wheat germ
were tried for P aylestella. The per cent survival and adult emergence were 25 % and 10 % and
attempts are on 1o improve the diet.

4.8, Studies on artificial diets for natural enemies
4.8.1.  Artificial diet for rearing chrysopids

4.8.1.1. Chrysoperla carnea

A new heel liver-based artificial diet was developed for the rearing of Chryvsoperla carnea.
Two days-old larvae were taken for the experiment. The larvae were kept in plastic containers (6x5
cm) having copper mesh in three sides and the containers were changed once in 4 days. C eamea
adults reared on artificial diet {AD) and natural diet (NI} were provided with 30 per cent honey
solution (in water). 30 per cent protinex (in water) and castor pollen grains. All the growth attributing
characters were recorded for both AD and ND reaved € carnea.
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The per cent survival, adult emergence and fecundity of the artificial diet reared C. carnea
were 89% . 88% and A5 ezgs, comparable to those of host insect reared (Corcyra reaved) ie. 90%,
89% and 670 eges. respectively (Table 21). Chryseperla carnea was further reared on the above
diet for two generations with mean survival and adult emergence of 89.5% and 88.5%. respectively,
The ahove diet was also tested [or newly haiched €. carnea larvae and the survival and emergence
was found to be 85%.,

Table 21. Comparative hiology of artificial diet and host insect { Corcvra) reaved €. carnea

Growth parameter Fl) generalion Fl generation F2 generation

Survival (%) AD HI AD HI AD HI

Adult emergence (%) 89.0 90,0 U0 90.0 90.0 80.0

Fecundity {numbers/Female) | 650.0 p70.0 ¥ hd ¥ ®

Longevity (Days) 520 S8.0 & | * i
AD-Artificial Diet; HI- Hast Insect; #*Experiment continuing

4.8.1.2. Mallada boninensis

Beef liver hased diet was also tested for rearing M, bonirensis and the survival, adult
emergence, fecundity and adult longevity were 70.0 %, 47.0 %, 48.0 eggs and 48.0 days, respectively.
The same parameters when reared on host insect were 31,0 %, 70.0 %, 119.0 eges and 62.0 days,
respectively,

4.8.1.3, Characterization of artificial diet and host insect reared Chrysoperla carnea through
electrophoresis technigues

Variation in protein bands between artificial diet and host insect (Corevra cephalonica)
reared Chrvsaperia carnea was studied through SDS-PAGE. There were clear protein banding patterns
and changes in proteins of C carnea reared on artificial diet and host insect. New protein bands
that were appearing in artificial dict reared predator were compared to host insect reared predator,
The molecular weight of the proteins present in both artificial diet and host msect reared predator
ranged between 3000 and 43,000 KDa.

4.8.2.  Artificial diet for rearing coccinellids

4.8.2.1. Cheilomenes sexmaculata

Larvae of Cheflemenes sexvmaculata were reared on artificial diet and the survival and adull
emergence were A4% and 63%, respectively, and the same on Aphis craccivora were 68% and 04%,
respectively. The newly emerged adults were divided into three baiches for fecundity studies. Artificial
diet reared adults did not lay eggs, but survived [or 54 days. However the adulls laid eggs when the
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predators were provided aphids weekly in addition to the antificial diet. The diet was also tested for
the newly hatched larva and the survival and adult emergence were 49% and 23%. respactively.

4.8.2.2. Coccinella septempunctata

Coccinella sepiempunctata was reared on artificial diet and compared with the aphid reared
predators, Survival and adult emergence ol the diet-reared predator were 59% and 53%, respectively.
The aphid reared predator had 71% survival and 67% adult emergence, Diet reared adults did not
lay eggs. but laid eggs as and when aphids were provided (11 eges/female). Longevity of the diet-
reared predator was 48.0 days. Fecundity and longevity of the aphid reared C. seprempuncrara were
236 eges and 63 days. respectively.

4.8.2.3. Cryptolaemus monirouzieri

Two-three days old C. montrouzieri larvae were reared on artificial diet and compared with
host insect reared predators. The larvae were reared individually in round plastic box fitted with
copper wire mesh in three sides. Survival and adult emergence of the dict rearcd and host insect
reared C. montrouzieri were 62 9 and 58% (diet reared ); 82 and 80 (host insect reared). respecuvely.
Mating adults were removed and kept in plastic container for fecundity and longeyvity studies which
are under progress.

4.8.2.4. Chilocorus nigrita
Larvae of Chilocarus nigrita were reared on the artifieial diel and the survival and adult
cmergence were 55% and 5049, respectively.

4.8.3.  Artificial diet for rearing anthocorid bugs

Two-duys-old nymphs Cardiastethues exiguus, an important predator ol Opising arenosella
were reared on artificial diet and the adult formation and longevity were 32% and 45 days,
respectively. The same om host insect was 77% and 52 days. respectively.

4.8.4.  Studies on the biochemical profile of prey insects and artificial dicts

Biochemical analysis ol protein, carbohydrate and lipids present in artificial diets of
chrysopids and cocemellids were estimated and compared with that of its prey insects viz., Corcvra
cepfiatonica eggs and Aplus craccivora.

Maximum protem was present in artificial diets of cocemnellids (15.3% ) and € carea
(115.29) Fallowed by Corcyra (7.7%) and aphid (6.7%), Artificial diet of coccinellid has maximum
carbohydrate (30.3%) followed by C. carnea diet. aphid (8.9%) and Corevra (3.0%), Maximum lipid
was present in diet of € earnea (65.7%), followed by coceinellid diet (60.8%), aphid (26.8%) and
Corcyra (17 2%). The study revealed that lipid was the major biochemical present in artificial diet
and prey insects followed by carbohydrate and protein,
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4.9. Evaluation of improved and selected species / strains of egg parasitoids

4.9.1. Development of high temperature tolerant strain of 7. chilonis

The experiment was initlated during the year by exposing host eggs to 7. chifonss at o
temperature of 36°C in BOD incubator with humidity ranging from 55 - 65%. During this year
parasitoids were reared at 36 and 36+1.5°C and RH 35 - 65%. In each generation about 2000 eggs
were exposcd to female parasitoids. The exposure was done for 24 h and observation was recorded
on per cent parasitism and longevity of parasitoids. The humidity was maintained by keeping exposure
vial inside plastic container with moist sponge. Water was provided everyday and humidily was
measured at regular interval.

Results showed that after 48 generations of constant rearing, parasiloids now show
adaptability to 36°C with about 92% parasitism and survival of about 4 days i comparison to less
than 8% parasitism and | day survival by other susceptible strains (Table 22), The parasitoids when
shifted to 36 = 1.5°C, recorded a parasitism ol 59% and survival ol 2 days alter rearing for 15
generalions at this temperature,

Table 22, Development of high temperature tolerant strain of T, chilonis

Temperature (°C) Generation Per cent parasitism Adult longevity (days)
36 1 78 5

10 73 &

20 70 3

i) 0 b

40 87 5

48 a2 4
36+ 1.3 ] 44 |

Lo 44 |

] 59 2

4.9.2.  Selection of Trichogramma ehilonis for tolerance to multiple insecticides

This study was started in 1997-98. During the year the work vwas continued with endosulfan,
monocrotophos and fenvalerate in the laboratory. The modified glass tubes with both ends open
{measuring 20x 3 cm) were sprayed with insecticide solution. After dryving, about 1000 adults were
released in each tube obtained from all three insecticides. An egg card each containing about 8000
Corevra eggs ({},_5 ce) were introduced in each tube to obtain further generations. Endosulfan exposure
was done @ 250 ml L1 for 26 gencrations, menocrotophos @ 1,50 ml /1 for 24 generalions and
fenvalerate @ 0.075 [or 22 generations.
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Experiment was started with *Endogram’ strain o develop multiple insecticide tolerant strain
of Trichegranma chilonis. This strain has now become tolerant to 2.50 ml / lit of endosulfan, 1.5
ml /it of monocrotophos and 0,075 ml / lit of fenvalerate, The parasitism on fenvalerate was about
60 per cent and survival less than 10 per cent after 2 h of constant exposure (Table 23), The
experiment is to be continued Gl parasitism of > 90 per cent is obtained in fenvalerate treatment
alsen

Table 23, Exposure of Trichogramma chilonis adulis 1o insecticides

Insectivide Dase {ml/ 1) Number of Per cent Adull survival
Endosulfan 2.50 26 a0 30
Munocrotophos | .51} 24 90 15

)
=

60 ¢

Fenvalere 00735

4.9.3. Net houvse studies with insecticide tolerant strains of Prichogramma chilonis in
comparison with susceptible strain o commonly used insecticides against Helicoverpa
armigera

The experiment was initiated by raising cotton plants in 12" earthen pots. When plants
were in [owering stage, plants were sprayed with following insecticides - endosulfan, m onecrotophos,
fenvalerate, cypermethrin, dimethoate and acephate at field recommended dosages. The parasitoids
used were endosulfan, monocrotophos and feavalerate tolerant sirains In comparison to susceptible
stran. Parasiioids were released on weated surface immediately after spray and thereafier 1, 3. 5
and 7 days after spray. The clear plastic container measuring 6 x 5 cm was used 1o encirele the leal,
In each comamer 5 pans of parasitoids were released. The mortality was recorded 2 and 6 h after
release on treated surface. Egg cards containing about 100 eggs were also placed in the container (o
record parasilism. Afier 24 h egg cards were collected back and were observed for parasitism. Each
treatment (day-wise) was replicated three times.

The result presented in Table 24 on mortality pattern after 2 h of constant exposure indicated
that even on O-day old residue mortality in endosulfan tolerant strain ranged from 45.6 10 90.6 per
cent, in monocretophos telerant strain from 60F to 93.6 per cent and in fenvalerate tolerant strain
from 76.6 to 100% in six different insecticides used for the study. In susceptible stramn 1009 mortality
was abserved within 10 minutes of exposure compared o mortality recorded about one hour after
exposure 1o olerant strans. The mortality recorded 6 h after expasure was also significantly less in
tolerant straing compared G susceptible strain. In all tolerant strains, mortality recorded in various
msecticides ranged from 28.7 1o 81.5 per cent compared to 73% 0 1009 in susceptible strain, Resules
indicated that tolerant siramn showed abilily to survive even on freshly sprayed cotton plants,
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The data on parasitising ability of tolerant strains in comparison to susceptible strain is
presented in Table 25. The results indicated that all tolerant strains could parasitise eggs on just
sprayed cotton plants to the tune of 11.6 to 56.6, 7.3 to 75.0 and 18.0 10 56.6 per cent by endosulfan,
monacrotophos and fenvalerate tolerant strains, respectively, whereas susceptible could not parasitise
any egg on freshly sprayved plants, Susceptible strain could parasitise to the tune of 0.0-5.0, 0.0-15.0
per cent eggs after | and 3 days of spraying compared to 5.0 - 79.0 by tolerant strains. After 5 and 7
days of spraying, 1olerant sirain parasitised significantly more eggs than susceptible strains. [t was
alsu observed that fenvalerate tolerant strain could parasitise significantly more eggs when another
pyrethroid was sprayed compared to other insecticides used in the experiment.

Table 25, Net house evaluation of wlerant and susceptible strains of T chilonss

Per cent parasitism (after dayy)

Strain Insecticide
0 | 3 5 7
Endosultan resistant Endosulfan 43.0 58.0 79.0 516 91.0
Monocrotophos 16.6 33.3 41.6 516 71.6
Fenvalerate 40.0 26.6 56.6 60.0 8.3
Cypermethrin 13.3 21.6 30.0 55,0 683
Dimethoate L1.6 15.0 16.9 51.6 60A)
Accphale 36.6 18.3 6.6 68.3 60.0
Maonoerotophas resistant Endosulfan 7.3 3.0 35.0 50.0 56.0
Monocrotophas T30 79.0 83.0 900 | 9640
Fenvalerate 63.3 15.0 333 44.0 54.6
Cypermethrin 48.3 433 32.0 633 60,6
Dimethpate 56.6 kL 533 53.3 733
Accphate 35.0 10,84 1.6 .6 50.0
Fenvalerate resistant Endasulfan 18.0 50.0 30,0 4].6 453
Maonocrotophos 25.0 [L.6 50.0 533 52.6
Fenvalerate 283 216 43.3 58.3 66.7
Cypermethiin 53.3 36.6 11,6 40.0 | 483
Lhmethoate 30.0 13.3 40.0 50.0 43.3
Acephate 36.6 150 13.3 51.6 S0.40
Susceptible Endosulfan 0.0 0.0 10.0 6.0 23.0
Manocrotophos 0.0 0.0 (0.0 20.0 43.0
Fenvalerale 0.0 5.0 0.0 26.6 30,0
Cypermethrin 0.0 0.0 1.0 133 200
Dimethoate 0.0 20 15.0 13.3 30.4
Acephate 0.0 2.0 540 18.3 360
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4.9.4,  Tdentification of insecticide tolerant strains of Trichogramma chilonis through
electrophoresis techniques

Difference in protein hands between pesticide tolerant strains of Trichogramma chilonis and
susceptible parasitoid was studied through SDS-PAGE,

There were clear protein banding patterns in the pesticide tolerant sirains and susceptible
T chiloats revealing that there were changes in proteins of pesticide tolerant strains and susceptible
T chilonis. Three new protein bands appeared in pesticide tolerant 70 chilonis compared to susceptible
strain. The molecular weight of the proteins present in pesticide twlerant strains of 77 chélonis and
susceptible spevies ranged between 3000 to 43,000 KDa.

4.9.5.  Studies on the development of some species of trichogrammatids in the field and

lahoratory

The experiment was carried out with [live different trichogrammatids, iz,
Trichagramniatoidea anmigera, Trichogramma brasiliense, T, chilonis, T evanescens and T, pretasitm
Small bit of parasitised card was cut and kept in glass vial (measuring 15 x 2.5 em). On emergence,
50 pas were taken for the experiment for cach species. Each species was provided with aboul 1000
egos m each generation.

The mortality data and parasitism were recorded in each generation and mean for the maonth
was worked out. For field developmental studies, glass tbes were kept mn plastic tray in net house

Table 26. Developmental period of various trichogrammatids in nel house and laboratory

WG Development period {in days) in net pcvelf_u.)mcnl pertod (in days)
house in laboratory

| 2 3 4 3 1 2 3 4 3
Tanyary ; 5] 13.2 13.5 138 1.1 Jikd 9:2 0.3 8.4 9.5
February 9.8 7.9 7.9 yiL 5.0 B2 B0 | BB 8.7 | 8.4
Mareh 8.7 7.8 7.8 8.0 8.0 94 5O | BY 87 | 84
April 8.4 7.8 7.9 8.1 3.1 2.5 3.6 | 8.8 g7 | 84
May 9.3 5.0 3.0 s H.0 25 346 8.8 8.7 .4
June 9.7 B0 B4 8.3 B4 9.6 8.6 | B8 4.7 | 44
July 1011 £ B3 £33 BB 9.8 8.6 | 8.8 5.7 8.4
Augusl 0.8 a7 9.3 3.7 9.4 g g0 | 8.4 %7 84
Sepiember [1.2 %8 9.6 9.1 9.4 9.8 56 | BE 8.7 | 84
Ocrober 12.00 | 103 10.4 11 14,3 {01 93 | B .2 94
MNovember 134 | 12.8 12.0 12.6 1.8 10,9 93] 21 9.2 | 9.4
December 156 | 137 138 13.9 14.0) 11.6 9.3 | 9l 92 | 94
1 = Trichogrammaioidea armigera, 2 = Trichogramma brasiliense, 3 = T chilonis,
4= T evanesceny, 5= T pretiosum
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under semi-field conditions (temperature varied as per seasonal variation) and for laboratory studies
a1 27 £ 1.5°C. The data on mortality and parasitism 1s presented in Table 26 and 27, respectively.

Tahle 27, Per cent prasitism by various trichogrammatids i net house and laboratory

Mk Pcr. cent parasitism ?’cr cenl parasitism
in net house in the laboratory

1 2 3 4 5 | 7o 3 4 5
January 650 | 8RO 850 91.0 93 () 79.0 BR.0 | B5.0 91.0 | 93.0
February 61.0 sl 79.0 4.0 71.0 740 86.0 | 75.0 720 | B1.0
March 530 | o6 62,4} 635.0 574 6.0 86.0 |1 72,0 66.0 | 65.0
April 461 9.0 51.0 32.0 54.0 680 T | 710 780 | 72.0
May S50 | 610 53.0 54:0 5.0 F10 81.0 1740 76.0 | 79.0
June 80.0 | 76.0 93.0) T9.0 85.0 790 86.0 | 89.0 89.0 | 86.0
July B0 | 740 92.0 84.0 88.0 B5.0 | 89.0 | 87.0 8.0 | 88.0
August 1.0 A1.0 94.0 89.0 §9.0 BR.0 91.0 1 90.0 Q1.0 | 8940
Seplember 240 | H30 RU.0 86.0 83.0 B9.0 95.0 191.0 89.0 | 8T.0
October 780 | 820 85,0 2.0 4.0 91.0 092.0 | 94.0 §5.0 | 8%.0
November 71.0 | 81.0 40.0 85.400 57.0 829.0 91.0 |92.0 87.0 | 92.0
December 7.0 | #9.0 B8.0 BF.0 1.0 B0 [ 97.0 [ 890 87.0 | 91.0
| = Trchogranmatoidea armigera, 2 = Trichogramma brasiliense, 3 = T, chifonis.
4 =T evanescens, 5= T. pretiosum

The five different species. viz., Trichogrammatoidea armigera, Trichogramma brasiliense,
T chilonis, T, evanescens and T pretiosum were reared on eggs of Helicoverpa armigera under
glasshouse and laboratory conditions. The developmental period was 7-9 days from February to May,
11-12 days from June to October ahd 13-15 days from November to January. Trichogrammatoidea
armigera always look 2-4 days more to complete its development in corresponding periods in
slasshouse, In the laboratory, however, all Trichogramma species completed it development in 8-
10 days in different months

In the net house. per cent parasitism was significantly lower during February -May (summer
season) in all the species in comparison to June-January, Trichogrammatoidea armigera was most
affected hy change in temperature, In the laboratory, however. not much reduction was observed due
1o constant rearmg temperature. The results showed that development and per cent parasitism was
dependent directly on temperature. All the species were found more effective [rom June to January
than i summer months,
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4.10.  Studies on insect pathogens

4.10.1. Isolation of viruses

Baculoviruses comprising nuclear polyhedrosis virus (NPV) and granulosis virus (GV) has
been isolated from Agrotiy segetum and pathogenicity proved. A cytoplasmic virus (CPV) has been
isolated from Earias vittedla for the first time.

Poxviruses from Holotrichio consanguinea and Agrotis segetum have been isolated and their
pathogenicity proved. A suspecled poxvirus from Helicoverpa armigera has been isolaied and
pathogenicity proved. A microsporidian has been isolated both from Sesamia fnferens as well as
from H. consanguinea.

4.10.1.1. Host-pathogen relationship

Polyhedral occlusion bodies (POBs) were extracted from dead larvae of Agrotis segerum
and purthed through ditferential centrifugation. The final concentration was determined as number
of POBs per ml by using o Haemocytometer (Neubaur improved double rolingt From the stock
suspension serial dilutions were made for the purpose of bivassay studies. Bioassay studies were
conducted through artiticial diet surface contamination technique. A single dose of NPV concentration
(3.4 x 10 7fml) was tested against first, second, third, fourth, fifth and sixth instar larvae ol A. segeinnm,
The diet surface was teated with 0.1 ml of the viral concentrations for only one time and larvae
were allowed to feed continuously. Daily observation was made on the mortality ol the inseer.

The larvac mlected with AsNPV became light coloured with slightly pinkish dorsal surface
with fragile cuticle, aften discharging drop of grey fluid containing numerous POBs. Bio-assay study
conducted with A. segerwmn NPV (AsNPV], through artificial diet surface contamination technique,
with a single dose of NPV @ 3.4 x 10%ml tested against I — VI mstar larvae of A segetum had
revealed cent percent mortality i the case of first and second instar larvae within six days alter
trealment. More than 80 per cent mortality was achieved during the same period in the case of third
and lourth instar larvae. Morality ranged from 10 -20 percent in the case of fifth instar and there
was no mortality m sixth mstar larvae,

In order 1o find sul the LD |, four doses of AsNPV concentrations viz, 3.4 x 104 3.4 x 10
L34 x 10N 34 x 10 Yml, along with control were tested against third instar, LD, calculated by
probit analysis with the dose-mortality data recorded on 7" and 10" day after treatment against third
mstar larvae were 106 x 10° POBs/ml and 4.45 x 10" POBs/ml, respectively. The respective slopes
of dose mortality curve are +0.797 and -1.36 for 7% day and 10" day, with respective regression
equations y=0.62 + (.797 « and y=11.98-1.36 x. The fiducial limit ranged from 3.83 to 5.6 and
4.71 t0 5.38 for 7" day and 10" day, respectively.

The elfect of AsNPV on leal area consumption (both virus wreated and untreared larvae)
was measured hy using Skye (Registered trade mark of Skye Instruments UK ) leat area analyser.
Both leaf area consumed and body weight gained were higher in untreated larvae. The leaf area
consumed in the case of treated larvae was 52.63 percent lower than that of untreated larva. Similarly
hody weight of AsNPV exposed larva was 46,36 per cent lower than that of untreated larva.
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Dead larvae of Helicoverpa armigera were found to harbour entomopoxvirus during a survey,
The virus from the cadavers was extracted, purified and examined under light, phase and electron
microseope. This entomopoxvirus was characterised by the presence of numerous, refractile, oval
shaped bodies called “spheroids” mostly containing virus. In addition to the ovoid shaped inclusions,
fusiform cytoplasmic inclusion bodies ("Spindles™) devoid of viruses were also present. The
pathogenicity of the virus was tested in laboratory by artificial diel surface contamination technique
using I¢ EPV ocelusion/ml on third, fourth and fifth instar larvae, The larvae infected with EPV
generally become sofl. whitish alter infection and become lethargic and exhibit partial paralysis of
the abdomen, and dilliculty in moulting during the later stages of infection. Dead larvae usually
remain soft but mntact. Towards the end. the larvae are motionless except for slighl movement of
feet and mouthparts. In some larvae hindgut is extroverted showing prolapse of rectum. Mortality
oceurs 12 - 16 days afler incculation depending upon the stage of insect. Death is frequently preceded
by regurgiation or defaccanon of [luid containing inclusion bodies, Several pupae that originated
from HaEPV infected larvae were found to be incompletely pigmented in the first abdominal segment.
No adult emerged from such pupae,

To study he site of infection the diseased larvae were processed and fixed and sections were
made using standard microtome procedure. The seclions were stained with Harris haematoxylin and
counter stamed with cosin. The virug showed a range of cell and tissue specificity. The fat bodies
appeared o be the most severely affected, In addition 1o the fat bodies, light virus infection was alsa
noticed in epidermis, hacmocytes and gut epithelium, In the case of Galleria mellonella NPV the
sites of infection were [ound (o be [at bodies. haemocytes, epithelial tissus, rachea, malphizian whules,
ele.

4.10.1.2, Cross infectivity

Helicoverpa arntigera entomopoxvirus (HaEPV) was tested against second and third instar
larvac ol S, firura @ 2 x 1) " HaEPY occlusions/ml through diet surface contamination technigue
and was nol Tound cross infective.

4.10.1.3. Safety tests

Baculovirus isolated from A, segerum and pox virus isolated from H. armigera when tested
against mulberry silkworm, Bombyy mori (PM x NB, D, as well as Chrysoperla carnea, were found
o be safe,

4.10.2. Biocontrol of insect pests by entomopathogenic fungi and development of

mycoinsecticides

Moribund specimens of Helicoverpa armigera from tomato and bell pepper, Plutella
wvlostetla from cabbage, Chile partellus from maize and aphids from bhendi, mustard and pigeon
pea were collected from farmers’ fields in Chandapur village for isolation of fungi, Nine fungal species
were isolated from these specimens. The fungt isolated from aphid, Aphis gossvpii were identified
tentatively as Vesricillium leécanii and Fusariem sp. The fungus isolated from the maize stem horer
was identified as Fusariwm spo (Table 28),
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Table 28. Fungi isolated from different species of dead / moribund insecrs

Inseet from which isolared Crop Location [lJLan;:::::‘I‘IL
Chéle partelius Maize NDRI, Adugadi Fusarivm
Chile pariellus Maize NDRI, Adugodi Fusarium
Aphiy cracefvora Bhend: Chandapur WV lecanii
Aplits craceiveara Bhendi Chandapur Frsariiom
Plutella  xvipsiella Cabbage Chandapur Unidentified
Plurella vviostella Cahhage Chandapur Unidentified
Aplils gossvpi Pigcon pea Chanapur Unidentitied
Aphiy govsvpri Pigeon pea Chandapur Unidentified
Bu PRI ey Mustard Chandapur Unidentified

4.10.3. Preparation of a new water dispersible powder based formulation of Bacillug
thuringiensis (IARIL New Delhi)

A waler dispersible powder (WDP) formulation containing Boacillus thuringienses var,
kursiaki and adjuvants was prepared. This formulation contains 20 mg of Brk (active ingredient),
720 mg of Bentonite (Filler), 50 mg of gum acacia, 100 mg of charcoal (UV protectant) and 100 mg
of Tween 80 (spreader), This product has been named as “Pusa Bf". [t was prepared by mixing all
dry ingredients thoroughly und Tween-80 added at the tme of application,

4.10.4. Bioassay of “Pusa Bt against Spodopiera litura and comparison with a commercial
formulation (HIL Brk) (IARL, New Delhi)

In hivassay studies, one per cent concentration of “Pusa Br" as well as HIL Btk in agueous
solution was adminisiered to the test insects by spot feeding method. Culture of test insect. Spodoptera
litura was iniatially obtained from TARI fields and then sufficient number insects were reared on
castor leaves a1 70% R.H. and 25+2°C temperature. Last instar larvae were used in the experiment.
Tender castor leaves were dipped in aquenus suspension of “Pusa 87" and “HIL Bk preparations.
Leaves were air dried for 15 minutes and then fed (o 4 h pre-starved last instar larvae of $./imra.
Each treatimen! was replicated thrice with 10 insects per replications. Leaves dipped in distilled water
served as control. Data on mortality were colleted and analysed statistically. This product was
bioassayed under laboratory conditions, Result revealed that there was 83 per cent mortality in “Pusa
Br” treatment and 73 per cem martality in HIL Brk (reatment, Statistically there was significan
difference between hath the treatments indicating that “Pusa B¢” was superior Lo HIL Bifk treatment
(Table 29},
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Table 29. Comparison of 'Pusa Bt' and HIL Bik against Spodopiera litura

Treatment Per cent mortality
Pusa ‘Br' B3

HIL Bk 73
Control |6

CD (P=0.05) 0.287

4.11.  Studies on fungal and bacterial antagonists

4.11.1.  Biological control of root rot and wilt of chickpea under field conditions

A Teld wial was conducted during Rebi (post-rainy ) season of 1999 and 2000 in University
of Agricultural Sciences experimental fields o evaluate Trichoderma harzianum (PDBCTH 10) and
T vivide (PDBCTV 23) againsl Rhizoctonia solani and Fusarium oxysporum [ sp. cicers, the incitants
ol root rot and wilt, respectively, in chickpea. The bioagents were added to soil @ 5 g of powder
formulation of hicagents mixed in one kilogram of farmyard manure per plot (2 x 1.5 m) one week
prior o sowing. Bioagent seed treatment was carried out @ 10g/ke seed (cv Annegiri). Observations
on wilt and root rot incidence were recorded at 30, 60 and 90 days after sowing. In another treatment
seeds trealed with fungicide carbendazim at 2g/kg were sown. Seeds sown in FYM applied plots
without bioagent served as control. The expertment was Jaid in a randomized block design with three
replications, The effect seen on dilferent parameters are summarised,

Rhizactonia root rot and Fusarium wilt incidence

Scil applicaton of 7. harzianum one week before sowing resulted in significantly less root
ratincidence (4.9 and 1.2%) compared (0 T harzinawm and T viride seed treatments and pathogen
check at 30 and 60 days. respecuvely (Table 30), T viride soil application also gave significantly
less root rol incidence (6.7% ) compared to pathogen check (16.4% ) at 30 days. At 90 days the disease
mmeidence was very low and there was no significant difference in discase incidence between
freatments.

Least incidence of wilt was recorded at 60 and 90 days in plots where 7. harzianum was
used as soil and seed treatment followed by seed treatment with T viride (Table 301, T hargianum
soil application has resulted in low wilt incidence at 60 and 90 days (4 and 5.1%) compared 10
pathogen check (118 and 16%), All bioagent treatments and carbendazim treatments recorded
significantly less disease incidence compared to pathogen check.
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Table 30. Effect of antagonists on Rhizoctonia root rot incidence in chickpea

Root rot incidence (%) at Wilt incidence
Treatment days * (%) at days *
a0 &l 90 &0 94
T harzianum (PDBCTH |0} seed treatment 8.4 6.3 ER .0 a.l
(17.3) a4 16.5) [14.8) 116.5)
T vivede (PDBCTV 23) seed treatment 92 6.5 1.4 A H.3
(17.6) (14.7) 6.7 (15.4) 116.7)
T hervziagnam (PDBCTH 1) soal application 4.9 1.2 0.0 4.0 Sl
(127 (5.00 (0.0 (11.5) (12.9)
12 viride (PDBCTV 23) soil application 6.7 2.5 0.7 T3 8.4
(14.9) (9.2) (3.8) 115.6) (16.7}
Carbendazim seed treatment i} 11.8 2.0 7.9 12.9
(15.4) (19.9}) (8.2) (16.4) (21.0)
Fathogen check 16.4 17.41 26 1.8 16.0
(23.8) (24.3) [9.3) (20.1) (233}
CD (P=0.03) (2.8) (4.5} (3.2) (2.3 (2.1}

* Figures in parentheses are angular transformed values

Soil application o 1. harzianwm (PDBCTH 10) resulted in better seedling emergence (91.1%)
and high vigor index (2395.9), followed by soil application of 7. viride (PDBCTV 233 and lungicide
treatment (Tahle 313 The secdling emergence and vigor index were significantly high in all treatments
compared (o pathogen check,

Yield
Soil application of 7" harzianum and T. viride resulted in higher yields (9654 and 9131

kg/ha) over the pathogen check (430.3 kgfha) (Table 31). The increased vield in bioagent treatments
may be due 1o high vigour index and less disease incidence,
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Table 31. Effect of antagonists on seedling emergence, vigour and yield of chickpea

Seedling Shoot Rot Vigour Yield
Treatment emergence length | fength Index (kg/ha)
(%)* temy) {em)

T harsicnwn (PDBCTH [0y seed treatment 23.6 (66.1) 19.4 15 25585 8379
T viride (PDBCTY 23) seed treatment 0.8 (64.0) 20.2 11.2 2540.8 7339
T harziaman (PDBCTH 10) soil application| 91.9 (72.8) 241 13.2 33859 | 9654
T viride IPDBCTY 23) sail application B7.2 (69.3) 221 {48 31256 913.1
Carbendarim seed treatmen) BE.1 (09.9) 17.4 1.4 25415 6033
Pathogen check 70.5 (57.3) 6.6 i6 1706.9 | 4303
CD (P=0.05) (4.5 36 2.3 399.3 Th.t

* Figures in parentheses are angular transtormed values

The results indicate the positive effect of the two bicagents on plant health. Soil application
of T harzianam and T) viriele prior o sowing was mare elfective in controlling wilt and root rot of
chickpea under field condinons.

4.11.2.  Riological control of fusarial wilt of redgram under field conditions

A field experiment was conducted during 2000 in F ndum sick plots located at University
of Agricultural Sciences, Bangalore, The powder formulation of two T, karziarum isolates was applied
as seed coal (10g/kg seed) or soil amendment by mixing the bioagent powder with farmyard manure
(FYM) at 1z i a kg of larm yard manure (EYM) and one kg of that mixture was applied along
seed rows in each plor Each treatment was replicated four times in a randomized block design (RBD)
with a plot size of 5.4 x 4 m and 90 x 30 em spacing. In one treatment fungicide (carbendazim) was
applied at 2. Ogfkg. Plots applied with FYM alone served as contral, A local susceptible pigeonpea
cultivar was selected for the trial. The effect evaluated through different parameters are summarised
here.

Fusarial wilt incidence

Sced weatment with 7, hargienum isolates PDBCTH 10 and 15 resulted in a discase incidence
ol 35,3 and 40.3%. respectively (Table 32). Soil application of these two isolates 4 disease meidence
of 22.5 and 28.8%, respectively. was recorded dand was found to be superior o all other treatments,
Disease incidence in 12 harzianum (PDBCTH 1) soil treatment was significantly low compared to
all other treatments. In fungicide wreatment and pathogen check, 57.3 and 83% disease incidence
was recorded.
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Table 32. Effect of T harzianun isolates on fusanal wilt inctdence in the field

T-atments Disgase incidence (%)™
T harzianwm (PDBCTH 15) seed treatment 4013 (39.4)
T, harzianwm (PDBCTH 13) soil application 28.8 (32.4)
T. harziarum (PDBCTH 10) soil apphcation 22,5 (28.3)
Fungicide seed treatment 573 {49.2)
Check (Pathogen + FY M} 573 (49.2)
CD (P=0.05) (3.3)

# Figures in the parentheses arc angular transtormed values

Plant growth

Soil application of two T arzfamem (PDBCTH 10 and 15) isolates resulted in better seedling
emergence (20.3 and 88%) and high vigor index (1191.5 and 1122.8) (Table 33). Seedling emergence
was not significantly different in soil application treatments with two hicagents.  Seed applicahion
of these two bicagents resulted in 83.8 and 80.8% seedling emergence. which was not sigmificantly
different. Fungicide treatment resulted in a seedling emergence of 83.3% and a vigor index of 936.9.
In pathogen check 76% seedling emergence and vigor index of 825.8 was recorded. The scedling
emergence and vigor index were significantly high in all treatments compared to pathogen check.

Table 33. Effect of T firgiantim isolates on pigeonpea plant growth

* Figures in parentheses are angular transformed values

Seedling Shoat Root WVigour Yield
Treatment emereence length length Index {kalha)
{56)* {cm) {cm)

T havgiamen (PDBCTH 15) seed treatment BUE (64.0) el 4.2 9103 1125
T viride (PDBCTY 1 seed treatment B3.8 (66.3) 7.0 4.6 96E.9 752.0
T, karstanm (PDRCTH 15) soil application | 883 (70.0) 7.8 4.9 11228 | L1203
T harcianum (PDBCTY 10) soil application | 90.3 (T1.8) 8.1 54 11915 12195
Fungicide seed treatment 83.5 (66.1) 6.8 4.3 2369 GR3.8
Check {Pathogen + FYM) T6.0 (60.8) 6.7 4.2 B25.8 2673
CDr (P=0.05) (3.85) 0.35 0.9l 31.24 23.64
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Yield

A significeml increase in yield was observed in all treatments compared 1o pathogen check.
Soil application of two T, hurrzianum isolates (PDBCTH 15 and 1[0) resulted in higher yield (1120.5
and 1219.5 kg/hay over the pathogen check (267.3kg/ha). The increased yield in bioagent treatments
may be due to high vigour mdex and less disease incidence, This study indicates the positive effect
of the two binagents on plant health. Soil application of 7. karzianum prior to sowing was found to
he more effective than seed treatment.

Proliferation of hioagents i treated soil

Analysis of soil samples from field plots before inttiation of experiment showed no detectable
levels of native Trichoderma. The average bicagent population immediately after soil amendment
with 0 harcianwm (PDBCTH 10) and T, harzianum (PDBCTH 15) varied between log 4.35 and 4.62.
AL 10 days, in treatments with soil amendment with T, farzianum (PDBCTH 1) and T harzianion
(PDBCTH 15) population level ol log 5,16 and 5.03 was seen (Table 34}, The bioagent population
recorded on seeds nnmedialely after seed treatment at 10g/kg seed varied between log 2.2 and 2.5
clufseed and rhizosphere population increased 10 log 2.85 and 3.0 cfufgm of soil by 10 days, The
bivagent population in rhizosphere reached maximum by 30 days in sced and soil treatments and
thereafter the populaton started declining. The bivagent population was significantly different in
both soil and sced treatments. The population levels recorded at 30 days with T harzignum (PDBCTH
10y and 70 harziaran (PDBCTH 15) soil and seed treatments were log 7.60, 7,18 and log 4.37 and
4.05, respectively. The population inerease during 10 - 30 days was high in bivagent seed treatments
and thereafler population started declining. In general. the hinagent population increased to its
maximum by 30 days and declined thereafter,

Table 34, Proliferatton of binagents in treated soil

Bioagents population (log cfi/z) ar days
Treatment

10 20 30 4)
T havzicmwn (PDBCTH 151 seed treatment .85 3.13 4.05 192
T hewrzignwn (PDBCTH 10) sced treatment J.00 3.44 4.37 4.13
T, haeziewnon (PDBCTH |S) soil application 503 6458 7.18 6.97
Ioharztamen (PDBCTH 10) sotl application 5.16 6.67 7.60 718
CD (P=0.03)} (.23 0.30 .28 0.27

4.11.3.  Studies on compatibility of Trichoderma harzianum with fungicides

Carbendazim, metalaxyl, chlorothalonil, iprodione, captan, mancozeb and blitox were tested
for their compatibility (o Trichodema harziamuwm, T harzianum was not able 1o tolerate even 25ppm
concentration of carbendazim. The bioagent was uble o grow in media amended with metalaxyl,
chlorothalonil and iprodione up to 1000ppm concentration and captan, mancozeb and blitox up o
2000ppm.
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4114, Bivefficacy of T, harzianum propagules

A pot cullure exporiment was conducted in a completely randomized block design under
greenhause conditions (o Lest the bioefficacy of Trickhoderma harzianum propagules. Riizoctonia soluni
(not identified 10 anastomosis group) which incites root rot in chickpea was selected as test pathogen,
The pathogen was grown on wheat bran for 15-days and used @ 3g/kg soil. The conidial and
chlamydospore formulations were applied @ 10g/kg chickpea seed (cv. Annegiri). The treatment
with fungicide (caplan) was @ 2.5g/kg seed, Pathogen treatment served as check. Four replicalions
were maintained for each reatment. Seedling emergence was recorded after 10 days of sowing.
Incidence of rool rot was recorded at 30 days after sowing. The per cent plants having root rot
merdence was recorded.

Scedling emergence was 92.5% in conidial and chlamydospore treatments (Table 35), In
pathugen control the seedling emergence was only 75%, The root rot incidence in conidial and
chlamydospore treatments was 17.5 and 20%, respectively. Though chlamydospore treatment resulied
in less rool rot incidence. it was not significantly different from conidial treatment.

Table 35. Effectol T harzianwn propaguies on rool rol of chickpea incited by Rhizoctonia solani

Bioagent propagules Seedling emergence (%) Root rol incidencs 9% )=
Conidia 2.5 17.5 (26.6)
Chilamydospores 92.5 20,0 (26,1)
Palhogen control 75.0 675 (390

CD (P=0.05) (N.S) (12.7)

4.11.5. Shelf life of 7. fiarzianum propagules

Formulations of hioagents were stored al rosm temperature {25'C + 2°C) in polythene bags.
One-gram samples were drasn at 30 days interval for 180 days and colony forming units (clu) were
estimated by dilution plate method using Tréichoderma selective media, Three replications were
meaintained lor cach treatment (formulation),

The vizble propagule counts of conidial and chlamydospore formulations laken at 0 day
and at 30 days of storage at room {femperature were not significantly different. The population levels
in both formulations were ibave 10Fcfu/g (Fig, 8). However, significant differences in the nurmber
of viable propagules between conidial and chlamydopsore formulations (log 7.65 for conidia and
log 7.47 for chlamydospore) were ohserved at 60 days. The population levels in both formulations
are significantly different during the storage period of 60 1o 180 days. The number of viable
propagules in chlamydospore Tormulation declined to less than 10 by 150 days (minimum
recommended population for seed treatment i< more than 100 clu/g). The conidial formulation retained
mare than the recommended levels even 180 days after storage.
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Fig. 8 Shell lile ol conidia and chlamydospores of T harziantm (Values lor each storage
period ditfer significantly from each other except at 0 and 30 days at P=0115),

4.11.6. Evaluation of potential bacterial antagonists against Rhizoctonia solani, Fusarium
oxysporum £. sp. ciceri and Fusarivm udum under in vitro and greenhouse conditions

Twenty-live endophytic bacterial 1solates and [ifty rhizospheric solates were screened for
dual culture inhubition of three pathogens, viz., Rhizocionia solapi, Fusarinm oxysporum £ sp. cicert
and  Fusariam welunt on Trypuic Soya Agar (TSA). Ten endophytic isolates, two Pseudomonas
fluorescens and two Buedlus subiifiy isolates were selected as potential isolates as the inhibition
zones were high (18 =77 mm).

In another study twenty rhizosphere bacteria were isolated from healthy sunflower roots in
plots exhibiting Sclevatitim rolfsil voot rot in UAS Hebbal campus. Nine solates were selected as
potential antagonists against § soffsid and they exhibited an inhibition zone ranging from 32 w

67 mm,

4.11.7.  Development of media for mass production of bacterial antagonists and standardization
of fermentation conditions

Three media, viz.. Tryptic Soya Broth (TSB), Nutrient Broth (NB) and King's B Broth (KB
medium |}, were ested for mass cultaring of Prewdomonas fluorescens (PDBCAB 2}, The culiure flasks
were kept on a rotary shaker (150 RPM) for 48 h. All the three media supported proper growth of
the hacterium and a maximum population of 9 X 10¢ cfu/ml was reached.
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4.11.8. Studies on contral of root rot and wilt of chickpea with different formulations of
bacterial antagonists

Tale based lormulations of two antagonistic bactena, viz., Pseadomoas putida (PDBCADR
191 ane P fluorescens (PDBCAB 2) were evaluated as seed treatment against natural incidence ol
wilt and wet root rot of chickpea. fr vitro studies indicated that they were inhibitory against Fusa it
axvsporum [, sp. ciceri and Rhizocionia sofam

Tale based formulations of the two antagomsts were prepared and the treatments included
£ fluorescens (PDBCAB 2) seed weated @ 35 glkg, P putida (PDBCAB 19) seed treated @ 5 oikg
combination of 1 gfke. fungicide captan @ 2 gfke and pathogen contrel. The treatments were laken
up in o plot where chickpea was grown regularly,  Observations on seedling emergence, rool rot,
wilt and seed vield were undertaken. Seedling emergence was highest (84.7%) for P fluarescees
(PDBCAB 2) sevd treated and lowest (0.8 % ) in puthogen control (Fig. 4

% seedling emergence

Beapdipngsthanescens  Poeudamanas pulk Pseudemionas Furgide Fathogan cortral
Pl E 2) sesd ealed (FESCAB 89} saed Moprascans + .
Ireated Pspydmonas pufic]

seed treatmenl

Fig, 4 Eflecl ot Peewdonionas putida (PDBCAB 19) and P fluorescens (PRDBCAB 2)
on seedling emergence of chickpea

Observalions on Rfiizactonia toot rot incidence indicated that the disease was prevalent up
to 60} days of plant growth whereas fusarial wilt was observed from 60 days. At day 30 highest roo
rol diseased plants (1185 were observed in pathogen control plots and minimunm was in fungicide
treated plots (3.1%) but P fluorescens (PDBCAB 23 @ 5 g/Kg seed treated plots also exhibited low
rool rot (4.4% ). However, at 60 days lowest (5%) root rot was present in 2 fluorescens (PDBCAB
2) seed treated plots and highest incidence was present in pathogen control. Low root rot (3.3%)
wats also noticed in £ putida (PDBCAB 19) @ 5 /Ky sced treated plots (Fig. 10},

LA
)
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Fig. 10, Ellcet of £ fluoresceny (PDBCAB 2) and £ putida (PDBCAB 19)
seed Wealment on Rhizoctonia rool rot of chickpea

Fuseorinn wili was lowest (3,356 ) in B puticla (PDBCAB 19) seed treated and highest (14.2%)
in control plets. Combination of both £ fluorescens (PDBCAB 2) and P putida (PDBCAB 19) gave
moderate control of wilt (7.5%) and root rot (5.89%) when compared (o control (13,9 and 14.29%)
(Table 36).

Table 36, Effect of bacterial antagonists on Fusariwm wilt incidence in chickpea

Per cent plants exhibiting wilt tdays)

Treatmen!
<30 ol 40

Pyeudomanay fluorescens (PDBCAB 1) seed veated @ 3 0.0 1.7 *7.2) 500128
olkg
Pseudomonas puiida (PDBCAB 19) seed reated @ 5 glkg 0.0 2.2(85) 33 (105
Pseudomonay flreoresceay + Pyewdononas putida seed 0.0 3.0 (13O) 3.8 (13.9)
Treatment @ 10 o/kg
Fungicide 0.0 25090 142 (12.4)
Pathogen control 4.0 8.3 (9.5 133214

* Figures in parentheses are angular transformed values. NS = not significant

Highest plant stand and seed yicld were observed in P fluorescens (FDBCAB 2) treated
plots, There were no sigmilicant differences in the shoot and root lengths among bioagent treatments,
however vigour indeyx was highest in plots treated with a combination of P fluorescens (PDBCAB
2band P puiida (PDBCAB 19) (Table 37).

o
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Table 37, Effect of bacterial antagonists on growth and yield of chickpea alter 90 days

Fisaie Per cent plant Yield li:‘:g: IEHO:{I Yigour

LA stand tkg/ha) = i index
- fcmy femp

Preudomonas flucrescens (PDBCAB 2) B3.1 *(65.8) 911.7 iz 3.2 | 36662

seed (reated @ 5 olke

Preudomonas putda (PDBCAB 19) 21,1 (p4.3) BER3 N4 13.7 | 3700.1

Seed treated @ 5 ofkg

Preudomonas fluorescens + +76.7 (6110 Hi7.0 3L 129 | 3784.6

Preudumonas purider seed treaiment @10 glkg

Fungicide T8.8 (62.6) BOLER 321 12.9 | 3686.0

Pathogen control 54.1 (47.3) 3390 27.3 11 ] 2706.2

CD (P=0.05) 274 Lo 16 | NS NS 643,18

# Froures in parentheses wre angular transformed values. NS = not significant

4.11.9. Studies on control of red gram wilt with bacterial antagonist

P flworescens (PDBCAB 2y and P putida (PDBCAB 19) were tested against Fusariom uctn
m oo wilt sick plot at UAS, GKVEK Farm, Bangalore. The treatments were the same as that of chickpea
field experiment. At 90 days lowest wilt incidence was recorded in fungicide (48.2%) and P,
Huoreseens (PDBCAR 2) (48 5% ) seed reated (Table 38). In pathogen control plots the wilt incidence

was very high (7T8.7%).

Table 38, Effect of bacterial antagonists on Fusariwm wduar will incidence in redgram

Treatment

Fer cent plants exhibiting will

(after days)

30 il oi)

Pseudomonay luovescens (PDBCAB 2) seed weated @ 5 gfkg T 1802503 48.5 (44.1)
Pseudomonas pttda (PDBCAB 19) seed treated @ 3 glkg 30099 | BT (25.6) | 58.5149.9)
Psewdomonas luorescens + Pseudomonas putida seed 450122 | 17.2(24%) 55.00 (47.9)
Treatment @ 10 afkg

Fungicide 2085 147 (22.5) 482 (4400
Pathogen control 7.7 (16.0) (28:2) 4.7 (62.8)
D (P =0.05) 2.00 1.92 4.29

* Figures in parentheses are angular transformed values NS = not significant

S8
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The effect of the antagonists on growth and vigour of redgram was also tested and vigour
index was highest (1134.1) in P2 purida (PDBCAB 19) seed treatment and lowest (877.3) in cantrol
plots (Table 39)

Table 39, Eifect of bacterial antagonists on growth and vigour of redgram

Per cent Shoot Root .

¢ Vigour

Treatment seedling fength length mj] o
emergence {em) (O} s

Pseudomonas fuorescens (PDBCAR 2)
seed treated @ 3 pikp B6.7 (68.7} 7.0 4.4 991 |
Paewdomenay pusidn IPDRBCAB 19)
Seisd reated @ 5 glkg 89,5 {71.3) 7.8 4.9 1134.1
Prendamanasilnarescens +
Pyeudomonas putida seed treatment @ 10 plkg 83.2 (661} 8.0 3.l 10921
Fungterde 8352 (/7.3) f.8 4.2 941.7
athogen control 782 (620 6.7 4.3 8173
CD (P =115 4,44 0,53 .43 ®E.71

* Figures in parentheses are angular (ransformed values. NS = not significant

4. 111, Biofungicidal characterization of potential bacterial antagonists

Methanol and chloroform extracts of three potential isolates, viz., Pseudomonas fluorescens (PDBCABR
20 P fluorescens (suntlower isolate) and Bacifluy subiilis were tested against Rhizoctonia sotani
and Fusarium oxysporin [0 sp. efeeri. Dises with 1,2, 5 and 10 ug/ml were prepared and used for
sureening against Rhicacionia sodant and Fusariun oxysporum Losp. cicert, It was observed that 10
pg/ml dises of all isolates could inhibit the pathogens, With higher concentrations of 20 and 30 pg!
ml, 40-50% inhibition of Rbizecronia solant and Fusarium oxysporum £sp, ciceri was obtained,
Discs with 35, 400 and 45 pg/ml exhibited 60 % inhibition of Rhizoctonia selani and Fusarinm
axysporan Losp. ereert

4.11.11. Testing of potential strains of antagonistic bacteria For root colonizing and growth
promoting ability

Paendontoncy fluorescens isolated from healthy sunflower roots exhibited 1 5% enhanced
shoot and roel weight, Among 15 fluorescent pseudomonad rhizosphere isolates tested, six showed
1o 2.5 per cent enhanced plant growth with chickpea as host.
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4.11.12. G.B.Pant University of Agriculture and Technology, Pantanagar

Isolation and characierization of antagonists

Two hundred and theee additional isolates of Pseudomonas were isolaled from the
rhizosphere of different plant species grown in normal, acidic and alkaline soils. Population of
Psewdomonas was high in soils of pH 8-8.5 and 9-9.5.

Antifungal activity of 1solates
In dual culture. isolate PBAT2 was highly effective against R..solani but exhibited moderate
efficacy against £ oxysporun but only moderate efficacy against 8. roffsil.

Elficacy of fermulations with chlamydospore and conidia

Formulations of Trichoderma/Gliocladium based on chlamydospores and conidia spore types
were tested for their storability and efficacy. Chiamydespores had Tonger shelf lile (80% wviahility
alter 7 months at room temperature) as compared to conidia (3U% viability after 4 months at room
temperature). However, conidia were more effective than chlamydospores in controlling seed and
root rat of tomato than chlamydospores, if seeds were sown just after treatment.

Seed priming and bioelficacy

Staring wet slurry treated seeds far 48 h belore sowing enhanced bivefficacy of formulations
containing 100 comdialehlamydospores per g formulation. Tt was as effective as the formulation
containing 10¥ conidia per g if seeds were sown just after treatment. Formulation contatnmg [
proved Lo he toxi to seed germination if treated wet seeds were stored for 48 h belore sowing
Overnight dipping of soybean sceds in 3% gur suspension containing T, harztanun or £ Hiarescens
(@ 4 g/l lkg seed/ 2 | suspension) drastically improved performance of hoth antagonists.
Efficacy of mixed formulation )

Mixed formulation were developed using one efficient strain of Psewdomonas (SPP-1) and
Trichodernia harzianm (PBAT-T) with ¢fu of both = 10%g formulation, Although pure carboxy methyl
cellulose (CMC) based formulation was more effective, considering the cost factor tale + CMC (99:1,
wiw) based formulation were tried and it was found that mixed formulation was cqually or sometimes
more elfective than individual formulations against ¢hickpea wilt complex, seed and reot rots ol
soybean, pre-and post emergence damping off of eapsicum, pea, brimjal and tomato (Table 39(a) and
30(h)). Under green house conditions population dynamics of T harzianum was more af less same
when applied as pure or mised formulation both in spermasphere and rhizosphere soils of chickpea.

Effect of pH on the efficiency of the antagonists

When tested against seed and root rot of pea and soybean and damping oft of tomato 7.
brerrziemum was more effective in acidic (pH 3.5 10 6y and P fluprescens more elfective in soils above
pH 7.0 with respect to both discase control and plant growth promotion.

60
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Table 39(a) Efficacy of different formulation of Trichoderma harzianum (Th)+ Pseudomonas
flucrescens (Psf) on chickpea wilt complex in glasshouse®

Treatment {Th+Psf) Germinalion (%) Mortality (%)
(Th+Psf) + Clay soil 95.0¢ 14 2ub
{Th+Psf) + multani soil G935 0 1] b
(Th+Pst) + CaCO, 92,00 153
{Th+Psl) + (Tale powder + CMC)** 95.1¢ FRY
{Th+Psfy + CMC o 3.8
Contral (Th+Psl) 95.12 19.4¢

Th=Trichoderma harzianun, Pst = Peendomonas fluorescens; Mean of 3 replicates

#4900 g Tale + 10 ¢ CMC; Th+ Pst-@ 3g/kg seed

Means in a column followed hy same letter (s) do not differ significantly from each othér at CD
(P=0.05}

Table 39(h). Integrated control of chickpea wilt complex in glass house when Th or Th+ Psf were
applied as seed weatment @ 3g/kg seed*

et Germination Increase in Post emergence | Disease cuntrol
B (%) eermination mortality (%) (%)

Th 863" 238 28.2" 533

Th + Pst 963" 38.2 a1.1¢ 65.1

Check 69.7" z 60.4%

Th =Trichoderma harzianun: Psi=Pseudomonas fluorescens: Th+ Psl-@ 3gfka seed
Mean of 5 replicates, Means in column followed by same letter (s) do not differ sienificantly from
each other at CD (P=0.015)

Efficacy of the antagonists against nematodes

Trichoderma harzignn, Gliocladium virens and Psendomonas fluorescens were found to
inhibit the haiching of Meloidogyne sp. When applied through soil or reot they inhibited the root
knot development i (omato and promoted the plant growth (Table 39(ci).

61
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Table 39 (¢). Effect of Trichoderma harzianum, G. virens and Pseudomonas fluorrescens on root
knot of tomato under green house conditions

Shoor Shoot Shoor dry Roorfresh  Roordry Numberof Number of
Treatment length fresh welght (g} weight (g} gallsiplant  galls/ larvae/
{em) weight (g) plant 130 ml
sl
Th (Soil treat, @ | gfkg) 80.3 43.5 5% .57 1.1 2167 a0
ThiSoil treat, @ 3 g/kg) 887 49.5 3.6 TET | O 1667 60
Th {Root dip @ 12/ 923 274 1491 613 (494 2750 A5
Th tRoot dip @ 3g/) 7 nz 4.06 5497 .76 150.0 60
Tv (Soil Treat, & | glkg) 710 359 3.98 400 L1y UR3 L5
Tv (Soil Treat, & 3 gfkg)y 767 A 4.3 503 0.7% A9 e8]
Tv (Root dip @ Led} 333 42,3, 507 7 079 163.3 30
T (Koot dip @ 3g/0) E5.0 475 4592 8.43 2403 853 15
Psi (Soil treat, & 2 gikg) 74.7 40 4.47 633 80 175.0 30
PsI (Soil treat @ 6 gkl 017 _ 42.7 548 347 al #6.7 15
Pef{Root dip @ 2g/1) 9.0 3.0 436 370 (.53 1260 15
P (Root dip @ 6g/l) 94.3 36.2 4,70 2,40 0.28 427 15
Pafil ml suspension m )
20 ml water ) 0.7 46.3 5.58 14,27 |40 CLTH Y] 30
Uninoculated congrol 5.3 457 5.01 5.83 (149 - on
{sterilized smil)
Inoculation control 7479 30.4 3.24 2.93 126 4000 [alt}
Lisel (P=0.05) 27 6.0 1.0% (0 048 75.6

Th= Frichoderma harzianm, Tv= G. virens; Psl= Prewdomonay fluorescens

4.12.  Studies on entomopathogenic nematodes

4.12.1. Bioefficacy of EPN isolates against different insect pests

Amang the isolates tested Heterorhabditis bacteriophora, H. indica, Steinernema
carpocapsae and 5. bicornutron were Tound effective against all the insects tested. H. bacteriophora,
8 carpocapsae und S. bicornutum were found promising against S. lirwra with 100% mortality 72 h
after exposure. Against f. arntigera, H. indice, and 8. bicornutum proved efficient by recording
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60-100% mortality. S, ficornunan was found very effective against P operculella with 80-100%
mortality 24h after incculation. 0. arenosella and P xylostella were susceptible to all the isolates
tested (Table 400).

Table 40. Bioefficacy of EPN against different lepidopteran inscct pests

Percent mortality of (after----—-- hours)

N:‘I;:[L:‘:L 8. diera H, armigera O. arenosella | P owvlosiella | Poopercaletla

24 |48 72 24 |48 | T2 )24 | 48| T2 |24 | 48| T2 |24 | 48| 72

H. bacieriophora - (40 ] 100 =l 200 -] 80 100 | 40 |100|100 | 20 | &0 (100
H. indica 2| O | 100 -1 40 | 60 - | 40| 100 | 20 |LOC 100 | 60 | 100 (100
5. carpocapsae - |40 | 8O - - 120 -] 20| 60 - 60100 - | 40| 80
5. carpecapsee - 160 | 100 - |60 |10a | -] 20| B8O - | RO 100 - | 60 1100
5. glaseri - 120 | 60 - - | BO| -] 20| &8O < | 4000 - | 20| 80
S. bicornutinn - |60 ) 100 - |40 (1on) - | B0 LOD - (10D 100 [ 8O | 100 {100

4.12.2. Progeny production of Steinernema spp. and Heterorhabditis spp. on different pest
species

Progeny production ol different Siemernema spp. and Heferorfabditis spp. was evaluated
in different lepidopteran insect pests. Maximum yield of all the isolales was observed in final instar
larvae of G. mellonella. OF all the species and isolates wested H, bacreriophora recorded highest
yield of 5.4 lakhs in G. melfonelia followed by 8. {ftura (3.56 lakhsflarva) and H. armigera (316
lakhs/larva), Among Hererorhabditis spp., progeny production of M. indica 13.3 was higher in H.
armigera. O. arencsella, P xylostella and P operculella when compared to H. bacteriophora. OF
Sieinernema 1solates S. bicornunen: PDBC 3.2 vielded maximum in all the insccts tested followed
by & carpocapsae, 8. carpocapsae PDBC 6.11, and 8. glaseri (Table 41),

Table 41. Progeny production on EPN 1solates in different insect larvae

Nemotode

isalates S fiwra | Hoarmigera | O, arenosella| Poavlosiella | Poopercelella| G, mellonetia
H. bacetriophora 3,535,600 3.16,500 105,000 55.000 58,000 5,440,800

H. indica

(PDBC [3.3) 3.35.500 321,500 I, 16,000 67.000 69,000 4.8 1000

5 carpocapsae

(PDBC 6.11} 2.0 1000 191,300 BOL00 28,300 32,000 114,000

¥, carpocapsae 2.15,000 1.95,400 93,750 32,600 34,500 2, 18,000

S. glasers 83,951 78400 56,000 18,000 200500 91,500

8. hicarnutum 301,500 3,009,000 112,500 61,500 72,000 3,534,000
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4,12.3. Mass production of EPN on artificial media

Different semi-solid artificial media viz., Wouts. soy flour+egg yolk. soy flour+chelestrol
and dog biscuil+beef extract were tested with associated bacteria for the mass production of
Sternernema sp.and H. indica. Prior inoculation of symbiotic bacteria was found (o enhance the
yield and rale of multiplication in artificial media, Among the media tested. the standard Wouts
medium was suitable for all nematodes with an average yield of 44 lakhs/250 m] Mask. §. carpocapsae
isolates multiplied in all the media which shows their higher mass production potential compared
o H. indica PDBC 6.71. S. carpovapsac PDBC EN 1.4 and PDBC EN 7.2 recorded the highest
vield (78.9 lakhs/250 ml flask and 74,45 lakh/250ml flask) in dog biscuit + beef exract medium
{ollowed by soy Hour + cholesterol mediumi{7 1,48 lakh and 69.85 / 250 ml flask). H. indica multiplied
only in Wout's and soy flour + cholesterol (64.78 lakhs) (Table 421

Tahle 42. I vitre mass production of EPNs

W s WL Soy [lour + Bgg Soyilour+Chole Dog biscuit + heef
volk sterol exlract

5 carpocapsae

PORC | 4 55.65 69 54 T1.48 7890

S carpoecapiae

FDBC 7.2 41,00 G280 69,85 74.45

H. indica

(PDBC 13.3) 1890 Not multiplied 64.78 Not multiplied

4.12.4. Bioefficacy tests against brinjal shoot and fruit borer, Leucinodes orbonalis in the
laboratory

frvirre studies indicated that the isolates, PDBC EN 3.1 of 8. bicornurum, PDBC EN 13.3
of H. indica and PDBC EN 6,11 of 5. carpocapsae recorded maximum mortality of L. orbonalis at
50 Hflarvae m 48 10 72 h of exposure (Table 43).

Table 43. Time taken for 100% mortality of L. orbonalis larvae (hours of exposure} cposed Lo
indigenous isplates of Steinernena spp. and Hererorhabeitis indica (in vitro hioassay )

Mortality time at the dose of 1S/ L. arbonalis larvae
Nemotode species lsolate
25 30 100)
8. carpocapsae PDBC EN 6.11 96 h* TZh 48 h
5 Bicornatunm PDBC EM 3.1 T2 h 48 h 48 h
H. inelica PDBC EN 6.71 120 h Q6 h T2 h
H. indica PDBRC EN 13.3 T2 h 48 h 48 h

* Each value 1 mean of five replications
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4.12.5. Field evaluation of indigenous isolates of EPN against L. orbonalis

Prefiminary lield wial with the isolates, PDBC EN 6.11 of 8. carpocapsae and PDBC EN
6.71 of H indico @ 0.5, 1.0, 2.0 billion/ac on brinjal indicated that higher concentration of infective
Juveniles per dose resulied in less bore holes on brinjal fruits and the results were comparable with
sprays of neem seed kernel extract. PDBC EN 6,11 of 8. carpocapsae was more effective in reducing
the fruit damage in terms of number of fruits with bore holes and increase in yield (Table 44).

Table 44. Effect ol ficld sprays of 8. carpecapsae and H. indica on number of infected larvae. fruit
yield and fruils with bore holes due to L. orbonalis

Diovser Mumber of infected | Per cent fruits with | Fruit vield (ke/plot)
larvae bore holes
Testarrient First Second First | Second First | Second
Harvest Harvest Harvest| Harves Huarvest | Harvest
Neem seed kernel 45 5 = 17.92 23.55 6.24 5.66
extraet
Cypermethrin (LO00S % - - 26.79 28.98 5.88 5.32
5. carpocapsae (.5 billion 12.33 8.45 4733 | 48.29 4.81 4,55
8 earpocapsae |t bilhan 17.23 1.66 i2.76 33.56 5.65 5.25
/acre
N, carpocapiae 2.0 hilhen 20022 12.50 2238 | 2733 596 5.30
H. indica 0.5 bilbon 850 4.65 50.75 51.65 4.65 4.22
H. indica 1.0 hillaon 10,00 640 4523 49.50 495 4 86
H. indica 2.0 billion 12.15 743 33.25 | 3402 3.606 514
Untreated check 5 = - 5388 5145 363 425
Ch (P = (L05) 543 6.52 .88 .36

4.12.6. Viability and pathogenicity of formulated EPN

Shell life of different formulations, tale, tale+china clay and alginate was tested in laboratory
condition a1 15°C for three months. Per cent survival of nematodes was recorded at 15 days mnterval
forup 1o 90 days (Table 45}, Talc + china clay and alginate was found better in retaining the viability
of s for a longer period than tale formulation, Per cent survival of TIs was maxirmum in tale +
china clay Tellowed by alginale encapsulation,
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Table 45. Viahility of S. earpocapsae PDBC 1.3 and H.indica 6.7 in different formulations

Formulation of EPNs Per cent viahility after days of storage of

. 15 in 45 6l 75 20
. carpocapsae PDBC EN 1.3 Tale 632 332 0.4 0.0 0.0 0
Tale+ china clay 100 98.4 GR0 94.8 92.0 | B8O
Alginate 100 99.2 97.2 0928 89.6 | 88.0
. indica PDBC EN 6.71 Talc 572 31.2 0.0 0.0 001 0o
Tal¢ + china clay 100 99.2 95.2 94.8 92.4| 87.6
Alginate 100 98.0 4.0 91.6 88.8 | 844
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4.13.  Nematophagous fungi against plant parasitic nematodes

4.13.1. Testing of fungal bioagents against Meloidogyne incognite on tomato

Suntability of different substrates such as sorghum grain, rice grain, broken wheat, maize
grain and wheat bran for multiplication of Verriciltiune chlamydosporinm was tested. All the substrales
favored the multiplication of V. chlamydosporium. The fungus was able to suppress the galls, cge
masses and nematode population. Per cent parasitization of ege and epgg masses varied from 39 o
70 and 51 10 89, respectively. V. chlamydosporium cultured on sorghum grains applied @ [0g/plant
and Sg/plant was superior w other substrates in terms of parasitization of cgg masses (97.0 and
BI.3%),

Considerable suppression of galls and egg masses was seen m plots treated with v
clifamydosporin grown on different substrates. The degree of suppression of nematode by ¥
chiamyvdosporium varied with the substrates used, The nematode alone treatment recorded maximum
galls (151 galls/ voor). whereas in V. chlamydosporium weated plants the number ol galls ranged from
41-78lroot and this was 48-72 per cent Iess over nematade alone trealment. Fungus cultured on
sorghum grain and apphed at the rate of 10g/plant obtained least galls (41 galls/ root) followed hy
fungus cultured on sorghum applied @ Sg/plant and the reduction was 73 and 71 per cent, respectively,
over nematode alone treatment. These two treatments were significantly different from other
treatments. About 41-70 per cent reduction of egg masses was observed using V. clhilantvdosporium
cultured on different substrates, Nematode population in soil also showed the same trend with lovwest
record due o Vo chfamydospormm cultured on sorghum applied @ 10g/plam (54% reduction over
nemalode alone) followed by fungus cultured on broken whea grain and applied @ 10g/plant (50
% reduction over nematods alone). The per cent reduction of nematode population for all other
treatments was 38-49 (Table 47),

Fungus cultured on all the substrates parasitized the egg masses and eggs of M. incognita
(o the extent of 39-70 and 51-89 per cent, respectively. V. chlamydosporium cultured on sorghum
grain applied @ 10g/plant as well as Sg/plant was found (0 he superior w other substrates i terms
of parasitization of ege masses and cggs.
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47, Effeet of V. chicmvdosporium culiured on different substrates against M. incogaita on Lomato

Number Number Nematode Parasitt Parasiti
Fungal species ol galls of egg population sation of sution of
/g rootk masses { 200g soil* eow eggs*
fa roor* masses® ¥
Sorghum Sg + My 440 350 215.0 63.6 6G9.6
{6.6) (5.9 (4.7 (35.0) {22.5)
Sorghum 10g + M: 41.0 28.0 192.6 700 893
16.4) (5.3) (139
Maize (broken) Sg o+ Mi 6.0 4046 240.0 5.6 63.3
(7.5} (.4} (15.5) 120.8) (17.8)
Maize (brokeny 10g + Mi 55.0 383 2310 sl6 653
{74 (6.2) {15:2) (26.8) (25.3)
Wheat bran 5g + Wi 61.0 43.6 2366 456 41.6
(7.8) (6.6} (154} (18,1 (14.6)
Wheat bran |0g + Mi 59.0 41.6 2333 47.0 0l6
(7.7 16.5) (15.3) (22.3) (19.4)
Wheat (brokent 3g + M 30000 i4.3 210.6 53.0 630
7 15.9) (14.7) (32,60 (190
Wheal (broken) |0g + Mi 49.0 BN 200.3 56.0 716
{7.0) (3.6) (14.5) (39.01 (27.0)
Rice 3g + M 78.0 554 260.0 39.0 513
(8.8) 17.4) (a1 (14.2) (12.4)
Rice 10g + My 71.0 333 2600.0 L 4ED 536
Mi alone 1514 95.0 42000 =
Cuoniral 0 (0 0.0
CD (P + (.05) 0.3 0.2 0.5 23 26

Mi = Melotdogvne meognita
Arc sintransformed values,

A significant inen

were in deereasing order of suitability as indicated b

(Table 48).

:* Figures in parentheses are n transformed valucs: ** Figures in parentheses are

case in arowth of tomato plants was observed in chlanivedosporinm reated
puts when compared 10 nermmtode alone treatment. Fungus coltured on sorghum grain and apphed
@ 10g/plant recorded significantly greater plant height (34 1cm). root length (31,6 cm} and root
weight (I8.82), The weatments viz., broken wheat, sorghum. wheat, broken maize and wheat bran
v their influence on root length and root weight

ny
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a4 Evaluation ol subsirates for growth of V. chlamydosporiunm and its effect on growth of
tomato and CFU of the Tungus
Plam Root Root Final CFU of ; I_:ung"“
Treatment height length weight the fungus 'hlmsﬁlhm
oy colonization
tom) |em) [§54] | Harvesting)® (CFU x 10+
Sarghum 5g + Mi il 202 174 33057 146 {3.8)
Sewghum g+ M1 34,1 il.o 18.7 44.3 16,71 293 154)
Maize {broken) Sz + Mi 206 24.9 16.] 12.6 (3.0) 9.3 (3.1}
Maize (hroken) g + Mi 315 250 6.6 203 4.3) 18.60 94.3)
Wheal bran Sg + Mi 0.2 T2 17.0 9.6 (3.1) 6.3.125)
Wheat bean [0g 4 Mf .0 224 1 7.0 14.6 (3.8) 1140 (3.3)
Whedt (broken] 3¢ + Wi 318 28.6 17.7 200 (54) 106 (3.3)
Wheat (broken ) [Og + Wi 330 20,5 180 40.3 (6.4) 6 (4.5
Rice Sg+ Mi 21,1 18.8 14.7 6.0 124 4.6 12.1)
Rice 10g + M: 223 19,1 157 1.8 (2.8) 93 (3.1)
N alone 18.9 17.3 7.8
Uninoculated Control 35,8 333 2122 . -
CD (P + 0.05) 0.3 0.2 .8 =3 4.6

Mi = Melotdngrne tncovigrtio, * Figures in purentheses are n transformed values

Generally V chlanvdosportun applicd @ |0afplant was found Lo be better than application
ol Sgiplant in terms ol nematode control, parasitization and rhizosphere colonization ol the lungus.
Final CFU and rhizosphere colonization ol lungus revealed that, all the substrates supported the
estahlishent of V chlamyelosporiunm in soil and tomato root system (‘Table 48). The superiority of
sorghum and wheat grain for V. chlamydosparium was confirmed,

4.14.  Survey, identification and utilization of plant pathogens for the biological control of
weeds
4.14.1. Studies on pathogens of parthenium

4.14.1.1, Lasiodiplodia theobromae

Lasivdiplodia theabromae (Pat) Grilfon, & Maubl. (=Barvodiplodia theobiromae Pat) [IMI
378019a: WF (Ph) 8] (ex Siddeswaranadurga, Chitradurga distriet, December 1997}, was studied
{or its mycoherbicidal potential towards Partheninm hysierophoris,
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The typical foliar disease caused by the pathogen was repeatedly observed in several districty
ol Karnataka State. especially in winter. The primary symptoms were circular to irregular, Tight brown
to grey leal spots, ranging between 2 and & mm in diameter. Careful observation of infected plants
revealed that the development of several lesions in close proximity resulted m rapid necrosis and
withering af the entire leal.

The durk chocolaw brown fungus grew well on potato dextrose agar (PDA) and produced
slowly maturing conidia, which were dark hrown, ellipsoid, thick-walled and single-septate, with
longitudinal striations. As a [irst step to sausfy Koch’s postulates, a dense conidial suspension (10*
per mly of the fungus (30 ml per leal) was evealy applied on detached. surface-sterilized, healthy
leaves (N =10, and infection was ascertained after four days of incubation in petri dishes lined with
muoist entton. Later, when 30-day-old pot-grown parthenium plants (N = 50) were similarly inoculaed
and mamtamed 10 a meisture-saturated condition (> 95% RH) lor at least 48 h, typical svmptoms
matching those in the field were visible on 88% of the plants within 3 weeks, The experiment was
performed thrice and the results were similar, The fungus was isolated consistently from diseased
leaves of inceulated plants with 80% frequency of reisolation, but uninoculated contrals neither
showed symploms nor yvielded the pathogen.

4.14.1.2. Nigeospora oryzare

The isolate, WFiPh) 11 (ex Harihara, Harihara taluk, Davangere district, Karnataka, 29 April
1498) of Nigrospore orvzae (Berk, & Broome) Petch (teleomorph: Khuskia orvzae H. 1. Huds.) that
was identified at CABI Bioscience. UK Centre (Egham) (IMI 379979) was swdied (urther 1o know
its suitability as o mycoherbicide for parthenium.

Natural syimptoms were circular or wregular, pale to dark brown foliar lesions (2-4 mm)
with diffuse margins encircled by light yellow halos. Infection was not restricted to leaves of any
particular age. Lesions in close proximity often coalesced, resulting in severe blighting of the leaves.

Pathogenicity and virulence lests were carried oul in the laboratory (26 + 2 °C) on detached
leaves (N = T0) maintaimed in moist chambers built with petridishes (15-cm diameter) and in the
greenhouse (28 + 2 °C) on 2-month-old plants (M = 50} of parthenium, which were maintained at
high humidity (= 95%) for the lirst 2 days of inoculation, These were sprayed with a conidial
suspension (2x10° conidia per mlj of the fungus at the rate of 300 ml per leal. Detached leaves (N =
10} and whole plums (M = 10) sprayed with only sterile water served as controls, Whereas the
symptoms on all the inoculated detached leaves appeared within 3 davs, it teok 10 days for the
appearance of disease symptoms on 809 of 1the whole planis within 14 days afler inoculation, The
Tungus was consistently retrieved both from the detached leaves and plants with @ frequency of Y6%
and 75% retsolation, respectively. Control plants did not express any symploms.

4.14.1.3. Phoma spp.

Phoma chrvsanthemieola Hollds isolate WE(Ph)2(: ex Alur, Hassan districl, Karnataka,
24 September 1998] and P copyrena Sace. [isolates WE(Ph)23 & 24 (ex Allampura and Aralaguppe,
respectively, Chikmagalur district, Karnataka, 25 September ]998) were studied in detail
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Single-conidial cultures of £ chrvsanthemicola produced colonics that were olivaceous grey
with dark and light patches. The aerial mycelium was felty and reverse dark brown. In culture,
numerous chlamydospores in various shades of hrown that were smooth, terminal or intercalary and
catenate could be observed. Innculation assays on detached leaves and on 45-day-old pot-grown healthy
parthenium plants with a conidial suspension of the pathogens produced symptoms iypical of those
found in field plants. On an average 80.0% and 76.3% of the reisolates of P chrysanthemicola and
P eupyrena, respectively, were able to cause disease on parthenium upon reinpeulation under similar
conditions.

4.14.2. Natural control of water hyacinth by Alernaria spp. and Cercospord spp-

Water bodies in and around Bangalore were surveyed Tor the occurrence ol pathogens on
water hyacinth (Efehkornia crassipes). Alternaria spp. (both A. eiccherniae and A, alternata) were
found 1o be dominant on the weed covering 60% area of the lamina on an average. In the Hehbal
lake the incidence of the species was up to 35%. Cercospora spp. were found to be the other dominant
fungi causing cxtensive damage to the water hyacinth stands in lakes in and around Bangalore.
Lasiodipladia theobromae und several Fusarium species were also frequently noticed infecting the
weed (Table 49).

Table 49, Natural incidence of some important pathogens of water hyacinih in water bodies in and around
Bangalore

Fungal species Water bady Incidence (7)
Alrepnaria siclthornide Hebbal 33

Yelahanka 12

Jakkar
A, alternata Hebhbal 23

Yelahanka 5
Cercospora Spp. Hebhal 25

Jakkur 1o
Lesiodipladia theobronae Hebbal 4]
Fuvariun spp. Hebbal 3

4.14.3. Host range testing of Afternaria spp. and Cercospora sp.

The pathogenicity of Alrernaria eichhornige. A. alternata and Cercospora spp. and
phyiotoxicity of their metabolites were tested for ensuring the safety of the organisms (o non-targets,

All the test plants were pot-grown in a mixture of soil and larmyard manure: Two methods
of screening iz, the detached leal techmque (in vitro) and the i vive method consisting of intast
plants were employed for studying pathogenicity as well as phytotoxicity,
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Pathogenicity: In the first method, 15-cm petri plates, containing u.]a_vt)r ol metst absorbent
cotton covered with a disc of aluminium foil in the lower dish, were used as moist chambers to
maintain 100% RH. Each detached leaf of the test plants was placed, one per plate, by insetting the
petiole through a hole made in the foil, so as to allow it to be in contact with the moist cotlon. A
concentration of %107 conidia/ml of the pathogens was used. The suspension was evenly brushed
on both surfaces of the leaves, All the plant species tested had 10 replicates of inoculated leaves.
Control leaves, also with 10 replicates, were applied only with sterile water containing the surfactant
(Tween 2{1). Observations were laken every day for any wvisible signs of infection for up o a week.
In the second method. intact healthy plants were sprayed with the conidial suspension and covered
with polythene bags Lo maintain high humidity for 48 h, Treated plants and control plants were
replicated 10 tmes.

Phytotoxicity: The same methods described above were followed for phytotoxicily assessment
as well, However, only metabelites from culture filtrates were used. The cultures were grown on
polato dextrose broth (PDI3) for 15 days and the culture filtrates obtained through filtration were
used without dilution. Observations were taken every day for any visible signs of phytotoxicity for
up Lo week,

All the seven different plant species tested, viz., sunflower {Heltanthus aninwus), groundnut
{Avachis hypogaca), chillies (Capsicum anreum ), cowpea (Vigna anguicwlaia), tomato (Lycapersicon
eserlentwm), bringal (Solapum melongena) and blackgram (Phasealus mungo var. radiatus) were
immune 0 A, efchhornioe. A, alternata and Cercospora sp. However, phytotoxicity of the culture
filirates of Afrernaria spp. was observed in the case of brinjal and cowpea. Similarly, the metabolites
from Cercospora sp. were observed to be phytotoxic o brinjal,

4.14.3.  Susceptibility of arthropod damaged water hyacinth plants to fungal pathogens

Alternaria eichifiorntae, A alternata and Cercospora sp. were investigated for their effect
an water hyacinth damaged by weevils (Neachetna spp.) and the mite (Orthogalumne terebrantis).
The combinations ied were weevil damage+A. eichliorniae (W+Ag), weevil damage+A. alrernata
(W+Aua), weevil damage+Cercospora sp. (WHC), mite damage+A. erchhornice (M+Ag), mite
damage+A. alternara (M+Aa) and mite damage+Cercospora sp. (M+C). All the three pathogens as
individual treatments were also studied with a suitable control,

Individual water hyvacinth plants were placed in plastic pots (5" diameter) containing
sufficient tap water. Mycehal inoculum was prepared by blending 5 g {wet weight} of the mycelium
in sterile water with the help of a mixer so as to get a concentration of 209 (w/v). The moculum
was applied to the tanunag until runoff occurred. Control plants were sprayed only wilh sterile waler,
There were three replicates and all the plants were put in a plant growth chamber (12 h photopenod-
TOLOOC Tuxy 28 “C-20 °C day-night cycle). The efficacy of different treatiments was determined from
the level of disease severity carea of foliage damaged by the disease) with the pictorial scale developed
by Freeman and Charudattan (1984 at the end ol 4 weeks of incubation,

73



PDBC - Annual Report 2000-2001

The highest disease sevenity (6.67) was achieved through the inoculation of mite damaged water
hyacinth leaves with A. eichhorniae (Fig. 11}, Even alone A eichharmiae performed very well with
4 disease severity of 3.33. The next best (6.00) treaiment was miie damage plus A, alresnata, which
indicates that apphication ol an ellective pathogen on mite injured water hyacinth plants could have
the desired effectl.

4.14.4, Interactive effect of three different pathogens on water hyacinth

The same procedure as mentioned above was followed for the experiment. However. five
replicates were maintained. The different combinations tested were A eichhorafaetA. aliernata
(Ag+Aad, A cichhornice+Cercospora sp. (ActC), & alternata+Cercospora sp. (Au+C) and A,
cichhiomie+A, altersara+Cervaspord sp. (Ac+Aat+C).

Disease severi

e c Wsha MAe MG

Fag 11 Susceptibiliy ol arthrapod-danased water
hyacinth o three pathogens

Sianificant differences were observed between different treatments, The most potent (disease
severity 8.0) reatment was the combination of all the three pathogens (Fig. 12), Among the pairs,
A, etehborniae and A, alternara were found 1o be the best with a score of 7.0, The results confirm
that better control of water hyacinth could be obtained by combining two or more pathogens. Sinee
the pathogens have been found 1o be compatible with each othet, coc ktails of different combinations
could be tried,
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Disease severity

Figo 12 Interactive elieet al three pathogens

on water hyacinth

415, Cultures of host insects/parasitoids/predators/nematodes/antagonists/ p athogens

4.15.1. Host cultures

Cultwres of Coreyra cephalonica, Spodoptera litura, Phthorimaea operculella, Opising
arenosella, Chilo pargellus, Agroris ipsilon, Sesamia inferens. Helicoverpa armigera, Earias viitelia.
Mythimnea separaia, Achaea janata, Lirlomyza trifolit, Plutella xylosiella, Aphis craceivora,
Alewrodicns dispersus. Fervisia virgota, Maconellicocous hirsutus, Planococeus i, P Ifetcimus,
£ominor, Dysnticocens sp. Hemiberlesia lataniae, Pinnaspis sirachani, Coceus sp.are being
matetamed on natural food or artificial diet

4.15.2. Parasitoids

Canipoleris chlorideae, Eriborus argenteapilasus, Copidosoma koehleri. Telenomus FERLS,
Lepiomasiiy dactylopii, Chelomes Mackbuerni, Cotesia flavipes, C. plutellae, Goniozus nephantidis,
Brachvmeria nephandidiy, 8. nosator, Adelencyriny mavarai, Coccidoxenordes peregrinus and eleven
species of Trichogramma and eleven of its siraing were maintained

4.15.3. Predators

Cherlomenes sexmuaideara, Coceinella septempunctaia, Ischiodon scutellaris, Crvpeolaemus
onirougtert, Seviunns cocvivora, Pharosevmmus hornl, Chilocorus nigrite, Clrysoperla carqeaq,
Muallaca bontnensis. M. astur, Apertochrysa sp., Cardiastethus exiguns, Oriny tantithes, Blapiostethus
putleseens, Bramaides sururaliy, Sticholoris cribellata, S, quadrisignara, Paragus serratus and
Curinus coerndens were maimtained. '

4.15.4. Insect pathogens

Nuclear polyhedrosis viruses of H. armigera and S. firre and granulosis viros of P wvlastella
are betng maintained on their host insects. A eulture of Nomuraea rilevi, a fungal pathogen s
maintained. Seven varielies of B thurtngiensis (aizavwai, emtomocidits, gallerte, fsraelensis, kurstaki,
sotte and Hawingiensis) are maintained on Nutrtent Agar and Paly mediwm Repository in the Division
of Entomalogy at TART New Dalhi.
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Antagonistic fungi maintained (with number of isolates in parentheses) are Trichoderma
harzianwn (520, T, viride (351, T. hamatum (6], T virens (22), T koningi (14), T, pseudokoningi (2),
T, piluliferum (8), T. citrinoviride (3). 7 longibrachiatum (2), T. polysporum (4}, Gliocladium
deliguescens (8), G. roseunr (21, G. catenulatum (1) and Chactomium globosum (1].

Bacterial antagonists (number of isolates in parentheses) maintained are flucrescent
pseudomonads (96). Pseudomonas fluorescens (24], Preudomonas spp. (4), Alcaligenes odorans (1],
Bactllus subtilis (4), Bacillus thuringiensis (6) and endophytic bacteria {35).

Entemopathogenic nemalodes maintained are Steinernema glaseri, 8. carpocapsa¢
(2 straing), S. bicornunmn (1 swain), Heterorhabditis indica (1 sirain). Nosema sp. has been added
{0 repository in Division of Entomology at IARL New Delhi.

The nematophagous fungi / bacteria maintained are A rthobotrys oligospora, Fusarium
oxysporum (4 1solates), F sporotrichoides, Paecilomyces lilacinus (5 1solates), Phoma glomerata.
Trichoderma harzignum (1), T viride, Verticitlium chlamydosporiem, Bacteria Pasteuria penetrans
(5 isolates) and Psendomonas fluorescens (3 isolates).

An isolate of parthenium leal spot disease WE(Ph)30 ol Fusarium pallideroseum (Cooke)
Sac, (=F semitecrum Auct.) is maintained.

4.16.  Shipments of host insects and natural enemies

During the reporting period, 68 cultures of various hosl insects and 135 cultures of natural
enemies were sent o coardinating centres and other research organizations as nucleus cultures to
fucilitate their multplication and establishment.

4.17. Software development for identifying and suggesting biological contrel measures for
different crops-pests using a PC
Basic structure of the software has heen prepared. Key preparation for identification of the major
pests of oilseeds and their damage symptoms in the {icld is under progress. Pictures of the pests and
the damage done are Lo be incorporaled in the software,
CD version of the expert system, ‘BIORICE’ [or suggesting biological control measures for
rice pests using 4 PC has been prepared.

4.17.1. Development of National Information system on Biological Suppression of crops-pests

CD version of the software “PDBC INFOBASE™ has been developed which can install the
software within 3 minutes in the computer. Several pictures have been collected to include n the
new version of the software

4.17.2. Knowledge Base System of Helicoverpa armigera and its Natural Enemies

A database has heen created in MS-Access for biology of H.armigera, its host plants,
distribution and natural encmies, Software developed for this purpose is in its {inal stage and ready
for serutiny. Records are being up-dated day to day by referring scientific journals and CABPEST
€D. The database helps the user to retrieve information based on user queries
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4.18.  Biological suppression of sugarcane pests

4.18.1. Survey and seasonal fluctuation studies on natural enemies of borers (PAU, Ludhiana)

Survey of and seasonal flucluation studies on nalural enemies of sugarcane horers were
carried out at farmer’s ligld ot village Behram i Nawanshahar district, The survey was carried out
av weekly imerval during April 2000 - March 2001, Egg clusters, larvae and pupae ol sugarcane
horers were collecled and reared in the laboratory until emergence of natural enemies or next stage
of the pest. The mean parasitisation in different months was recorded.

In case of Chilo infuscatellins, 52 egg masses were collected from the selected fields, Two
parasitoids, vz, Trichogranuna chidomes and T chilotraeae were recorded causing 7.6 and 5.8 per
cent parasitism, respectively. during May - July. The four larval parasitoids, wiz., Coresta flavipes
(10.4%) Srenobraceon niceviller (6.3%), Sturmdopsis inferens (7.6%) and Bracon sp. (8.3%) caused
32,6 per cent parasitism of the larvae, Bracon sp.and . flavipes were most commaon during May
and July, while S, miceviller was observed during July to September. 8 mferens was recorded during
September and Tanuary-February, Only ane pupal parasitoid, Tetrastichus sp. was observed causing
2.2 per cent parasitism.

Ego masses of Chiles auriciliug yielded only one parasitoid T chiloniy causing 7.1 per cent
parasitism. C. flavipes. S inferens and S, nrcevitlel were the most common larval parasitoids and
cansed 100 12,4 and 8.5 per cenl parasitism, respectively. Two unidentified parasitonds, a braconid
and an ichneumomid caused 2.4 per cent parasitism, The parasitoids were most active during
Seprember - Ocrober,

Egg masses of Senrpophaga excerpralis yielded Telenomus digneddes and 1t parasitised 43.0
per cent egg masses. Telenonues sp, T chilonis and T japenicum also parasitised 3.2, 2.4 and 1.6
per cent egas masses ol the top barer. Four species ol larval parasitoids were recorded causing 47.6
per cent parasitism. Rhaconotus scirpophagae, S. niceville! and [setima javensis caused 17.5, 14.3
and 15,0 per cent parasitism, respectively, while Topebracon sp. could parasitize only 0.8 per cent
larvae. The larval parasitoids were most active during August - October,

Trichugramma chitonis was recorded from the egzg masses of Acigona sterneffuy and caused
6.7 per cent parasitism during August. Three larval parasitonds 8. niceviller (4.7%), C. flavipes
(7.06%) and a hraconid (1.2%) were recorded. The larval parasitoids were most active during
September-October. Theee pupal parasitoids were recovered form 46 pupace with a total parasitism
uf 13,0 per cent during September, Terrastichus sp. wus most common (6.5%) followed by
Xanthopiopla sterimuter 14.3%) and Xanthopimpla sp. (2.2%). '

4.18.2. Studies on shoot borer and natural enemies (SBI, Coimbatore)

Shoot borer was active throughout the observation period (March 2000-Fehruary 2001), with
peak incidence durmg August 2000, Amongst the natural enemies the tachinid, Sturmiopsis inferermy
was active almost throughout the year, except in May, September and November 2000 and January
2001, The maximum incidence ol the parasitoid was noticed during July 2000 (23.3%); peak acuvity
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was also observed during March 2000 (16.7%. 18.4% ). Granulosis virus was similacly active
throughout the year with peaks in March (16.7%) and April (17.1%).

4.18.3. Ecological factors vs. shoot borer and natural enemies (SBI, Coimbatore)

The activity of 5. inferens or GV was not dependent on shool borer activity as was evident
from the non-significant correlagions between them (Table S0). Amongsi the weather factors, alternoon
RH had a significant posilive correlation with shoot borer and negative correlation with §. inferens
activity {Table 51).

Table 50, Correlation matrix for shoot borer and natural enemy incidence

G shoot borer % 8, inferens & GV
% shoot borer (050 0106
b S dnfereny (1.274

% GV

Table 51 Correlation matrix for shoot borer natural enemies and weather parameters

Maximum Mintmum Maorning Afternoon Rainfall
% Shoot borer 0,325 L0101 -0.067 D563 0.078
% S enfereny ISR {06 -0.074 -0, 488* (1,204
E ey 0.236 -1 161 0130 (0435 -0.195

4.18.4. Field studies utilizing Trichogramma chilonis against borers of sugarcane
(PAU. Ludhiana)

The experiments for the control of early shoot borer, Chilo infuseatellus, stalk borer, Chilo
awricilins and Gurdaspur borer, Acigona steniellus were conducted at farmer’s ficlds at Behram
village (Nawanshahar district) and Chak-Hakim (Kapurthala district). The plot size was 2.0 ha for
release and 04 ha for conrol. T ehilonis was released @ 50,000 per ha during April - October at
10 days interval. The incidunce ol early shoot borer was recorded in July, Gurdaspur horer during
October and stalk borer during November on the basis of 5 units of 100 canes each from cach plot.
Recovery of the parasitoid was also made at regular interval by collecting the egg musses of the
borers. The resulls ace presented in Table 52 and 53 and discussed horer-wise.
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Tahle 52, Evaluation of T. ¢hiloniy against different sugarcane borers at village Behram
[(Nawanshahar district)

S - A F, e OTCTS

) In¢idence of different tssue horers Pér cent recovery
Treatment . T chilonis

C. aurtcilig C. infuscarellns A sieniedlus y Rl
T chilanis release 4.8 6.4 2.2 58.0
Control (Untreated) 129 12.2 1.7 7.1
Reduclion in damage over 628 47.3 40.5
control (%)

Tahle 53, Evaluation of Trichgramma ehilonis against sugarcane borers at village Chak-Hakim
( Kapurthala district)

Incidence of different tissue borers »
Por cent recovery

Treatmenl 3 = T chilonis

C. anriciling C. infuscare(fus A, sienielfus Gy
T chilaniy release 5.2 4.4 =% | T 64.0
Control {Untreated) 124 9.2 I8 58
Reduction in damage over 38 H2.2 44,7 ”
control (%)

Chilo infuscatellus: The incidence of C. infiescarellus in the release ficld a1 Behram village
was 6.4 per cent as compared to 12,2 per cent in the control, which showed a 47.5 per cent reduction
in damage. At Chak-Hakim village the incidence in release field was 4.4 per cent as compared to
9.2 per cent in the control, showing a 52.2 per cent reducuon in damage.

Chilo auricilius: Relenses of T chilonis also proved very effective for the control of C.
anriciling. The incidence of stalk borer al Behram in the release field was 4.8 per cenl as compared
10 12.9 per cent in control, At Chak-Hakim, the incidence in release field was 4.4 per cent as compared
w 9.2 per cent in control, resulting in reducing the damage by 52.2 per cent,

Acigona stenieflus: The incidence of A. stenieflus was very low at both the locations. The
reduction in damage over control in release fields was 40.5 and 44.7 per cent aL Behram and Chak-
Hakim, respeciively

4.18.5. Field efficacy of T. chilonis against shoot horer and internode borer (SBL, Coimbatore)

In four trials against shoot borer carried oul in a farmer’s feld, the parasitoid was released
@ Zectac ol weekly intervals for six weeks and observations on the proportion of dead hearls were
recorded at weekly intervals. However, the general population of shoot borer was oo low Lo assess
the etficacy ol the parasitoid.
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Thirteen field wials were conducted against internode borer. The parasitoid was released @ Zec/ac
at lortnightly intervals and observations on the per cent incidence and per cent intensity were recorded
from 400-600 cancsfirearment at 30-45 days intervals as follows:

Per cent incidence = Total number of alfected canes in the sample
Total number of cancs in the sample

Per cent intensity = Total number of affected nternodes | canes in the s

Total number of nodes in all canes in the sample

The data for one such trial is presented in Table 54. Harvest data indicated reduction of
incidence in release plots (47.0%) compared to control (59.4%). The per cent intensity was ialso less
2.6%) in release plots compared 1o control (3,0%), Other trials also showed similar reduced incidence
and intensity in released plots as compared to control plots.

Tahle 54. Internode borer incidence in Trichogramma chilonis evaluation wial

Per cem incidence Per cent intensity

Oiservalion Treatment Control Trealment Control
Pre-release count 6.8 14.8 8.3 34

[ observation 195 245 34 5.7

[l observation 354 31.2 4.9 4.6

1 observation 40.0 47.0 2:8 3.8

1V observation 274 41.2 1.52 2,16

Al Harvesl 47.0 594 2.6 3.0

4.18.6. Field studies utilizing Trichogramma japonicum for the control of top borer, Scirpophaga
excerptalis (PAU, Ludhiana)

The experiment for the control of top borer, Scirpophaga excerptalis was conducted at
Regional Research Station. Jalandhar and at farmer’s field at Mehli village (Distt Nawanshahar ).
Eour releases of 72 japonicun were made during May - July @ 50,000 per ha. 1L was compared with
control and insecticide application (Carbofuran 3G @ 30 kafha). The plol size for all the treatments
wis 0.4 ha. The incidence af top herer (IT and 111 brood) was recorded from five units of 100 canes
each m each plob

The incidence of the 11 brood of top borer was in general low at hoth the locations. The
incidence ol the pest in 2 brood in different treatments at all the locations varied from 0.7 to 1.7
per cent (Table 551. In the third brood the incidence in release field at Jalandhar was 4.2 per cent as
compared o control (7.9%) and insecticide wreated (3.5%). Al Mehli. the incidence in relcase fields
was 5.4 per cent as compared [0 4.2 per cent in the insecticidal treatment and 8.8 per cent in control.
The reduction in damage in release fields over control was 46.8 and 38.6 per cenl as compared
55.7 and 52,3 per cent in insecticide weated plots at Jalandhar and Mehli, respecuively,
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Table 55. BEvaluation of Trichogrammea japoniciem aganst Scirpophaga excerpralis at RRS Jalandhar
and Mehli village (Distl. Nawanshahar)

Release! Incidence ol different broods of
applicaton date pest (7]
i prr et RRS, Jalandhar | Mehli
RES; Jalandhar Mehli {brood number) [(brood number)
il il I il
T japonicum relcases Q2-05- 2000 24-05-2000 0.7 4.2 0.8 5.4
{46.8] (38.6)
Z-05- 2000 29-06-2000
0 -07-20010 03-07-2000
O-07-2000 D6-07-2000
Carbofuran @30kg/ha 01-07-2000 03-07-2000 1.6 35 1.2 4.2
(535.7) | (52.3)
Cotitrol = 1.7 79 1.6 88

4.18.7. Field evaluation of Beauveria brongniartii against white grubs (SBI, Coimbatore)

A formubation of Heawveria brongniareii, mass cultured on molasses media and formulared
with press-mud al the labormory of M/s Bannari Sugar Lid, was evaluated in the factory area in two
field trials. The fungus was applied al 10" - 10™ spores/acre as a single weatment as well as in
combination with insecticides at Tull and half doses. Post-treatment white grub numbers in reated

Table 56. Field evaluation ol Bearveria brongfarrii and insccticides against white grubs

Treatment Mean number of grubs per plat
Fungus 10" spores/ay 40,33
Fungus 10" sporestac 51.00
Fungus 10+ sporesiae 5533
Fungus 10" sporesfac +full dose of chlorpyriphos 46.67
Fungus 10" sporesfac + Y2 dose of chlorpyriphos 34.67
01 5x10" sporestae + full dose of chlorpyriphos 28.67
1.5% 10" sporestac + 142 dose of chlprpyriphos 44.33
Chlorpyriphos alane 43,00
Regent 33.00
Control 73.33
CD {P=0.45) 2026
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plots were sigmificantly lower than in control (Table 56). A combination of fungus and chlorpyriphos
gave lower grub numbers than other trearments.

4.18.8. Studies on the egg parasitoid Trichogramima chilonis (SBI, Coimbatore)

4.18.8.1. Host-parasitoid relationship studies (Laboratory studies}

Haost prelerence studies indicated that when shoot borer and internode borer eges were
simultaneously offered, parasitisation and adult emergence rates were higher on shoot borer eggs
than on internode borer eges, When C, cephialonica, shoot borer and internode borer eges were
aflered, per cenl purasilisation was the highest on shoot borer followed by internode borer and €.
cephatonica (Table 57).

Table 57, Host prelerence ol Trichogramma chilonis

Hust % lertilized eggs o parasilisation % adull emergence
C. eephaloniva 938 B0 874
Inrernode burer g2l 440 8.9
Shaot burer 92.5 97.3 90.8

4.18.8.2, Orientation

When O cephalonica and internode borer eggs were exposed to T chilonis reared on C.
cephaloniva. the percentage parasitoids moving towards internode borer was slightly higher than
that moving towards €. cepfralonica. When shoot borer and €. cephalonica eggs were exposed, more
parasitoids moved towards shoot borer. When internode borer and shoot borer cggs were exposed,
more parasiloids moved towards shoot borer (Table 58).
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Tahle 38 Onentation of T chifonis adults as influenced by previous host

Per cent response of parasitoids 1w Perecent unresponsive
Choice
O cephalonica Inicrnode borer

Corevra-reared T 371 8.8 24.2
clirlonis
Internode borer — 6.4 45.3 20.1
passed T cfirlonis

C. cephalonica Shoot borer
Corcyrag-reared 26.9 337 39.5
T chilonis
Shivolborer passed 339 47.7 184
T chilones

Internode borer Shoot borer
Covevrea-rearcd 41.9 47.6 10.5
T clilonis 7. chitonis
Internode borer- 47.4 443 ®4
passed T, chilonis
Shoot borer- 374 449 17.7
passed T cfifonis

When the parasitoids reared on internode horer was exposed W €, cephalonica and internode
burer eges, more parasitoids moved wwards internode borer. When the parasitoid was exposed to
internode borer und shoot borer, more parasitoids moved towards internode borer eggs than towards
shoot borer. A greater number of the parasitords reared on shoot borer responded to shoot borer eggs
than C. ceplialonica eggs. When exposed (o shoot borer and internode borer eggs, more parasitoids
moved 1o shoot borer eggs than internode borer eggs,

4.18.8.3. Parasitization

-~

Trichogramma chilonts cultured on . cephalonica parasitised 92.9% of Chifo partelius
cges while that passed through € parteituy parasilised 93.8%. The parasitoid when passed through
C. partelluy parasiised 90:4% of Corcyra. Trichogranima chilonis passed through internode borer
cges parasitised 95.9% ol the same borer while that reared on C. ceplialonica parasitised 94 9% of
internode borer. The parasitoid passed through internode borer parasitised 92.7% of €, cephalonica
(Table 39,
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Table 59. Per cenl parasitism by T cfirionis as influenced by previous host

Per cent Per cent Per cent
a, On C. partellng fertilized parasiti- adult
sation cmergence

T, chiilonis (passed through C partelfus) on Cpartellus 818 938 90.3
T chilonis (passed through C. parteffis) on C. cephalonica 54,3 90,4 877
b. On internode borer

7 chitonis {cultured on O cephaionica) on internode barer B39 94.9 490.0
7. chilonis (pussed thrawgh internade horer) on internode horer 84.9 h5.9 439
7. ehilonis (passed through internode borer) on C. cephalonica R85.0 92.7 89.2

4.18.8.4. Dispersal studies

The ahility of the parasitoid ta disperse in the field was studied in a 45-day old crop. The
data indicated 67.7 and 89.7% parasitism and adult emerzence, respectively, on Coreyra trap carils
placed at Im distance and 1.2 and 81.1%, respectively on cards placed at 12m distance.

4.18.9. Laboratory parasitisation studies with Stermiopsis inferens (SBL, Coimbatore)

The sex ratio of leld populations in different months generally remained male biased with
mating rates of 20,0-55.6 (Table 60). In laboratory pepulations, however, the sex ratio tended to be
female biased with higher mating rates (Table 61}

Table 60, Sex ratio and mating rates of field populations of Sturmiopsis infercis

Muonth Male : Female Per cenl mating
July 2000 12 20.0
August D ' 55.6
September 1441 333

TFable 61, Sex tatio and mating rates of laboratory populations of Suminpsiy mfereis

Maonth Male : Female T mating
January 2001 e o 100.0
February DE8:1 62.9
March {4l 92.3
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Parasitisation rates hy Searamuzza technique varied from 2.6 1o 18.6 on shoot borer whereas
on Galleria larvae, it was nil (Table 62), When reared by the King's method, parasitisation rates
varied from zero to 11.8 on shoot borer whereas it was 10.5 on Galleria (Table 63).

Table 62. Parasitisation rates in laboratory rearing of Sturmiopsis inferens by Scaramuzza method

Number of larva :
Muarith Batch Number Host o Per cent parasitisation
inoculated
July 2000 ! Shoot horer 104 58
Algust | Shoaol borer 40 88
2 Shoal barer 91 132
September | Shoot borer 23 4.0
2 Shoot borer 39 26
January 2001 | Shool barer 43 8.6
2 Shoot borer 69 6.3
3 Cralieria 23 0

Tahle 63, Parasitisation rates in laboratory rearing of Stwrmiopsis inferens by King's method

Manih Batch Number Host i Per cent parasitisation
inoculated

January 2001 | Shoot borer 102 11.8
Z Shoot borer 104 3.5
3 Shoot borer 108 5.6

February | Shaot borer 75 o
2 Shoot borer T8 1.2
3 Shoot borer 25 {
4 Shoot borer 90 53
3 Shoot borer 51 7.8
fi Shoot borer 45 2.2
7 Shoot borer 44 0
b Galleria 200 1.5

4.18.10. Effect of sulphur and CaSo, on entomopathogenic fungi (SBL, Coimbatore)

Laboratory studies were conducted on the effect of sulphur or CaSo, added Lo molasses-
hased media at a concentration range of 0.05 - 0.5% on the growth of Beauwveria brongniarti and
two other species ol [ungi. viz. Beanveria bassiana and Merarhizium anisopliae. Radial growth,
biomass production and spore production of B, drongniardii were nol influenced by sulphur added
to the media (Table 64). Similarly, CaSo, did not affect radial growth and spore production, hut
biomass was significantly higher at higher concentrations.
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Table 64,  Effect of sulphur and CaSo, added to molasses media on growth parameters of Beauveria

brongiarii
Sulphur C‘nSO4
Conc. (90) Radial Biomass Spore no. Radial growth | Biomass Spore no.

growth (em) | () x 101% {cm) (g ix 1010
0.5 4,95 1.08 293 4.43 113 281
(.10 4.53 1.12 2.80 4,4l 1.23 3.00
0.20 5.05 .14 238 4,23 [32 298
0.30 4.20 1,12 2.27 4.33 1.49 2.21
0,40 440 .16 i 21 4.40 1.38 2,87
0.56 4.00 1.29 LG5 4.33 1.44 3.15
Control 4.0 1.10 2.29 4.48 1.10 2.29
F-test NS NS - NS NS il NS
cD - - - - 0.196

Sulphur at all concentrations significantly reduced radial growth of 8. bassiana compared
1o contral but did not atfect spore production (Table 65), Similarly, CaSo, reduced radial growth of
the fungus significantly but not spore production. Biomass and spore production of M. anisoplie
were not affected by sulphur content in the media (Table 66). However, CaSo, reduced radial growth
of the fungus significantly but not spore production and slightly enhanced biomass at higher
conceptrations
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Table 65, Effect of sulphur and CaSo, added to molasses media on growth parameters of Beauveria

bassiaia
S, Sulphur Cas0
- Radial Biomass Spore no, Radial Biomass Spore no,
' growth (em) | (g) ix 10'% growth (em) | (g) (x 109
.05 368 F04 2.36 4.05 1.04 3,56
010 353 1.08 2.53 4.08 1.12 313
0.20 3.18 1.05 20 390 1.08 3.37
0,30 3.35 1.07 Lk 3.95 1.08 328
0.40) i 3.63 1.7 2.65 3.38 1.14 333
.50 310 .10 2.87 398 115 3.33
Control 4.03 134X 347 4.03 1.18 3.39
F-test L NS NS NS e NS
(B B] 0.31 = #

Table 66. Effect of sulphur and CaSo, added 1o molasses media on growth parameters of Merarhizium

antsopliae

Cone. Sulphur CaS0,
(i Radial Biomass Spore no. Radial Biomass Spore na,

! growth (cm) | (@) x 10'% growth {em) | (g) (19"
0.05 3.90 1.08 2.05 4.30 1.08 1 .84
0.10 3.90 .04 2.00 4.60 117 1.72
0.20 4,00 .11 2.08 4.70 1.11 |94
L30 A1) L.b6 .84 4.80 1.35 1.68
(.40 3.90 1.07 1.73 4.50 - 1.31 | .60
0.50 4.10 1.08 L4 4.50 1.42 2.13
Conrrol 4.30 100 220 4.50 100 2.20
F-test b NS NS % » NS
CDh - - (.26 -

87



PDBC - Annual Report 2000-2001

4.18.11. Eftfect of herbicides on entomopathogenic fungi (SBI, Coimbatore)

Amongst the four herbicides evaluated for their effect on Metarhizium anisopliae, 2, 4-D
reduced the radial growth of the fungus at normal as well as one-and-half times the normal dosage
(Table 67). Amangst the other herbicides, paraquat showed some inhibitory effect at all the dosages
tested, When two herbicides, viz., puraguat and glyphosate were tested for therr effect on three species
of fungi (Table 68), the former gencrally showed higher inhibitory effect on spore production than
the latter. Paraquat was unilormly toxic (o the three species of fungi whereas glyphosate was more
toxic to Beatveria bassiang than the other two fungi, partcularly at higher dosages

Table 67. Effect of herbicides on radial growth (cm) of Metarhizium anwsopline

Herbicide Halt diosage Normal dosage Ong-and-half dosage

Paraguat 26 22 1.6

Glyphosate 16 38 37

24-D 3.3 0 0

Atratal 31 3l 31

Control 39 R 3.9

Table 68, Etfect of herbictdes on spore production (x10") of different fungi
Herbicide Dosase flin’an'.'r'.rta . Beautverm ."vi'r.’_far'.’rmum
7 f)i'iJ-’!IEHTHFEH bassiana {H[I.T(?jlhﬂ'{’

Paragual Halt dosage 0.7 0.8 0.02
Normal dosage 0.4 1.0 0.l
Omne-and-half dosage 0.6 0.4 {14

Glyphosate Hall dosage 2.4 2.4 2.1
Normal dosage 25 0.7 2.3
COne-and-hall dosage 23 0.3 1.7

Control 34 3.8 29

4.18.12. Demonstration of efficacy of Trichogramma chilonis releases against Chiloaurieiling
APALL Ludhiana}

Te demonsirate the efficacy of T ehifonis for the control of stalk borer, C awricilius, six
locations. viz., Khuban (Dist. Ferozepur), Karni Khera (Distt. Ferozepur). Khudi Kalan (Distl.
Sangrur), Behram and Mehli (Distt. Nawanshahar) and Chak-Hakim (Diswt. Kapurthala) were
selecred. In all the six locations 94 hectares were covered. The plol size for control was one ha at
cach location, T chidlonis was released @ S0,000 per ha during July - October at 7 days interval at
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Khuban and Karni Khera and at 10 days interval at all other locations. The incidence of the stalk
horer was recorded from 100 canes at five spots from all the locations,

The incidence of stalk borer in the release fields varied from 4.7 o 9.5 per cent in different
lacations as compared 1o 8.3 10 19.3 per cent in the control (Table 69). The mean incidence in release
ficlds was 7.1 per cent as compared to 16.4 per cent in the contrel, The per cent reduction in damage
in parasitoid released plots ranged 43.4 — 68.7 over control.

Table 69, Incidence of stalk borer in large-scale demonstration on sugarcane in different parts of Punjab

Location Plot size Percent incidence of stalk borer Per cent
(had reduction
Release field Control in incidence
Khuban {Ferozepur) 44 4.7 8.3 434
Karni Khera (Ferozepur) 9 6.7 18.1 634
Khudi Kalan (Sangrur) 16 7.0 16.0 8.7
Behram (Nawanshahar) o 82 187 56.1
Mehli (Nawanshahar) 10 93 9.3 5008
Chak-Hakim (Kapurthala} 5 6.8 17.9 62.0
ToralfMean 04 7.1 16.4 581

Recoveries from the demonstration plots were made at all the locations except at  Khudi
Kalan. T, chitonis parasitised the eggs of C. guricilins throughout the season at all the five locations.
At Behram, parasitism varied from 28.6 to 60.0 per cent (mean is 4] 9%). The parasitism at Mehli
was slightly higher as it varied from 40 w 66.7 per cent (mean=35.3%) duning different months. At
Chak-Hakim the mean parasilism was 53,3 per cent. The mean parasitism ol . auwricilins eggs was
67.6 per cent at Khubaan and 73.3 per cent at Karni Khera

Large-scale field demonstrations were also carried out in collaboration with three sugar mills
of the state. The ege parasitoid, 70 chilonis was released @ 50,000 per ha at 10 days interval during
July - October. Mechanical control measures were also undertaken at regular interval from April -
July, Using insecticidal spravs controlled sucking pests, wherever they reached the economic threshold
levels. However, no insecticide was applied between July, and October. The incidence of different
sugarcane horers was recorded at fortnightly interval from different villages in all the three sugar
mills. The mean incidence of the stalk borer in IPM fields and non — IPM fields were recorded
{Table 70).
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Table 70. Biocontrol based JPM in different sugar mills in Punjab during 2000

Name of the sugar mill Area Per cent incidence Per cent reduction
(ha) of stalk borer] 1n damage over
IFM Non - ITEM control

Morinda Coop. Sugar Mills Lid., Morinda BOO 136 6.3 T7.44

Dooba Coop, Sugar Mills Ltd., Nawanshahar | 600 4.10 11.20 63.39

Nahar Sugar & Allied Industrics, Amloh B0 12.50 20.20 38.11

Total/Mean 2000 5.98 12,47 52.04

The incidence of stalk borer was comparatively higher in Amloh Mill area as compared to
other two mills. The incidence of stalk borer in IPM fields was 1.36, 4.10 and [2.50 per cent as
compared to 6,03, 11.20 and 20.20 per cent in Non — [PM fields in Morinda Co —op. Sugar Mills
Lid., Doaba Co-operative Sugar Mills Ltd.. and Nahar Sugar and Allied Indusiries, respectively. The
mean incidence of stalk borer in IPM ficlds was 5.98 per cent as compared 10 12,47 per cent in non-
IPM fields, resulting in 52.04 per cent reduction in damage over non-IPM fields. The incidence of
early shoot borer, Lop horer and Gurdaspur borer was less than 5 per cent in the [PM ficlds.

4.19.  Biological suppression of cotton pests
4.19.1, Biointensive integrated management of cotton pests

4.19.1.1. GAU, Anand

An experiment was laid out on var, H 10 at Agronomy Farm, B. A College of Agriculiure,
Gujarat Agricultural University, Anand, with the following three treatments replicated 10 times.

Ti: (1IPM Module)
1. Hand picking of pest stages and putting them in wire screen cage twice during peak meidence
il. Interplanting with maize

iii Ome release of Chrysoperla carnea @ 14,000 larvae (2-3 days old)/h/week synchronizing with
the appearance of the pesis

v Releasc of Trichogramma chilonis @ 1,50,000 as per pest incidence

v Application of 1.0 kg/ha P2 when any one of the bollworms are seen. If Helicoverpa is seen
apply HuNPV@ 3 X 107 POB/ha. Apply systemic insecticide spray if necessary for sucking
pests
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T2 . Insecticidal control (Recommended insecticide)

T3 : Untreated control

The entire plot (0.2 h) was divided into 10 equal divisions. From each division 5 plants
were selected at random and tagged. The observations on the population of aphid, leafhoppers. and
whitefly were recorded from three randomly selected leaves of each tagged plant from lower, middle
and upper region at fortnightly interval. Healthy and damaged buds/bolls were counted from each
tagged plant and the extent of damage (%) was worked out for cach replication at fortnightly interval,
The eggs and larvae of bollworms were collected fortnightly covering the whole plot under different
treatments and were kept individually in glass vials to record extent of parasitism. The mummitied
larvae (due to parasitism by Aleiodes) observed in field were also collected and added 10 the number
of larvae collected while working out per cent parasitism. Number of other predatoss. viz.. Chrysoperla
carnea (eggs + larvae), Cheilomenes sexmaculata (eggs + larvae + pupae + adults), Geocords sp.
(adults), spiders and staphylinids, were also recorded on each tagged plant at fortnightly interval,
Yield was recorded and economics of treatments worked out,

The bud and boll damage was significantly lower in IPM module than control as well as
msectieidal treatments. The IPM module gave significantly better protection to buds and bolls. The
bud damage in IPM module was 5.01% whereas boll damage was 9.88%. The bud and boll damage
in unireated plot was 13.80 and 28.98%, respectively. The bollworm damage 1o the locules was also
significantly low in IPM block, The damage due to E. vittelia in the IPM, insecticides and control
plot was 6.80, 11.13, and 24.56%, respectively. Similarly the damage due 10 P. gossypiella in above
treatments was 20). 10, 29.97 and 40.08%, respectively. The population of sucking pests was also
significantly lower in IPM module as compared to conirol. The release of Chrysoperla gave
significantly better protection against aphid, leafhopper and whitefly. The population of aphid,
leathopper and whitefly in [PM module was 42.96, 2,65 and 2.76 per 15 leaves, respectively. The
population of aphid, leafhopper and whitefly was 49.84, 4.02 and 4.02 per 15 leaves, respectively.
in insecticide irealed plotand 191.65, 11.82 and 7.76 per 15 leaves, respectively, in untreated control.
Since IPM plots received less spray of chemical insecticides many of the bio-agents were conserved
as revealed by the parasitism levels recorded. The yield in IPM module was 2444 ke/h, which was
significantly superior to control (1278 kg/ha). (Table 71).
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Table 71. Incidence of pests in bicintensive IPM and ather treatments

Sucking pestsi13 leaves % Damage by boll worms
Treat - Yield
TSR Aphids Leaf White Bud Boll Ef’:‘;u{cs G (kgfha)
6.63 1.91 1.94 12.94 18.32 15.11 26.64 2444
1PN {42.96) (2.65) (2.76) | (5.0 (9.88) (6.80) | (20.10)
Insecti 7.13 2.24 2.24 15.72 2423 19.49 33.19 1667
cides (49.84) (4.02) {4,02) {7.34) (16.84) [¢11.13) |[(29.07
Control 13.88 3.58 2.96 21.81 32.57 29.71 3928 1278
(191.65) (11.82) (7.76) | (13.80) (28.98) | (24.56) |(40.08)
CD 118 .31 0.21 2.09 211 1.99 1.78 142

* N w1 transformation

** Arc sin transformation
Figures in parenthescs are retransformed values

Bollworm parasitoids, Aleiodes aligharensi, T. chilonis and Agathis caused 18 83, 25.07
and 31.13% parasitism, respectively, in IPM module (Table 72). Amongst the predators Chrysoperia,
Cheilomenes, Geocoris and staphylinids were 65.83. 50.00, 15.33 and 5.17 per 25 plants in [PM
module. On the other hand, population of these natural enemies was greatly hampered due to
application of chemical insceticide. The per vent parasiism by A. aligharensi and 7. chilonis and
Agathis was found to he 582, 6.14 and 21.08% only. The count of Chrysoperla, Cheilomenes,
Geocoris and staphylinids was 15.83, 16.67, 6.50 and 2.31 per 25 plants, respectively,

Table 72. Effect of biointensive TPM on parasitism

Parasitnid IPM Insecticide Controf —‘
Egg parasitism by T chilonis 25.07 . 6.14 13.63
Larval parasitism by R. atrgharensi 18.83 5.82 11.85
Larval-pupal parasitism by Agathis 31.15 21.08 2722

Further it was observed tha intercropping of maize with cotion enhanced the acuvity of C
sexmaculata (3.60/ plant) in cotton crop in TPM block, whereas. it was [.50/plant in control, Hand
picking of infested materials enabled mechanical removal of E. virtella from the cotton crop and
natural enemies like Afeiodes, Agarhis, Apanieles, erc,, emetged from them.
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4.19.1.2. TNAU, COIMBATORE

A field wrial was laid out on cotion variety LRA 5166 al Sarkar Samakulam. Coimbatore
district, o evaluate the efficacy of different Integrated Pest Management (IPM) modules. The
treatments included were IPM module, Tarmers’ module, bio-contral module and untreated check.
Plot size was 9.3 x 3.3 m/ with four replications.

IPM madule

i Hand picking of pest stages twice during peak incidence

L. One release of Chrysoperla carnea @ 14000 larvae/ha with the appearance of bollworm
1. Four releases of Trichogramma chilonis @ 1,50,000/ha/week (as per pest incidence)
v, Application of 81 @ 1.0 kg/ha when one of the bollworms s seen

HaNPV @ 3x 10 POB/ha was applied when . armigera was seen. Application of systemic
msecticide spray for sucking pests was carried out when necessary.

Farmers’ module

Eight rounds of insecticides were given without following ETL with recommended
insecticides.

Biocontrol module

Planting of maize @ 10 per cent of cotton plants, blanket application of dimethoate 0.05%
at 30 DAS, three releases of Chrysoperla carnea @ 10,000 larvae (2-3 days old) per week/ha viz.,
40, 47, 54 days after sowing (DAS), five releases of Trichogramma @ | 50.000/ha/week starting
frorm 70 DAS and one need based application of HaNPV 3x10" POB/ha on 110 DAS were given.

Biocontral module

The bollworm larval population and per cent square and boll damage were observed once
in 15 days starting form the 60" day of sowing. The cotton boll damage by H. armigera was the
lowest in the IPM module plots in the field experiment (Table 73). The overall mean damage in the
IPM module was 24.89 per cent compared 1o 49.94 per cent in untreated check. Maximum kapas
yield of 1632.2 kg/a was obrained from these plots as against 832.4 kg/ha from untreated plots
(Table 74).

Earias virtelia incidence was noticed between [05-150 DAS and the pink boliworm
Peetinophora goyyypiella incidence started around the |35 DAS (Table 75). Both the pests occurred
in significantly lesser numbers in the three pest management modules than in control. The oceurrence
of natural enemies 1s given in Table 76.

Regarding sucking pests, the lowest number of aphids and whiteflies were found in IPM
module. Farmers” module and untreated check did not differ significantly in the number of aphids
on 90 DAS and the number of whiteflies on 75 DAS. The application of insecticides without following
ETL basis was ineffectivé in controlling sucking pests (Table 77).
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Table 73. Helfcoverpa armigera larval population in the experimental plots

Mean of larvae on 15 plants
Treatments
75DAS | 90DAS 105 DAS 120 DAS 135 DAS | Mean
IPM module 26.2" 31.8° 15.3% 9.4° 13.1° 17.14
Farmers’ module 251" 3337 30.2° f3° 28.2° 24.96°
Bioconirol module | 203" 21° | A 16.3° 192" | 21.12"
Untreated control 26.1" 26.8% 3I.8b 4—2_3d 3].2d 3I.ﬁ4d

Data are means of four values; Means followed by similar letters are nol statistically different by
DMRT (P=0.03).

Table 74. Per cent boll damage and yield of cotton under different ireatments

Mean -per cent damage of bolls Yield (kg/hay
Treatments
75DAS | 90DAS | 105 DAS | 120 DAS| 135 DAS | Mean
IPM module 44228 35.46" 22.13% | 806" 24.10° | 24.80° 1632.2°
Farmers’ module | 42.68° | 60529 | s837® | 1606® | 52170 | 4303 1116.8°
Biocontrol macule] 48,117 4431k 2233 | 2800 | 3634° | 353" 1432,3P
Untreated conuol | 42128 | 48065 | ss.18Y | 70129 | s408° | 40049 | 83249

Data are means of four values; Means followed by similar letters are not significantly different
(P=0105} taken on 15-plants/replicate plot.
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Table 75, Incidence of bollworm species

Treatment Rollworm Mean number / 15 plants (days after sowing)
Eln} Los 120 135 150
IPM module Earias vittella 23 ab- | 2P 47 | 2
Pectinophora gossypiella - - - - 2.8% 2.8%
Farmers' module Earias virella - ]'[}.4|-I !S‘.lb 528 3.'3h
Pecnnophora gossypiella - - - 3.2* 2.6
Biacontrol module | Earias vigella : g7 16.6" 6.4° 52"
Pectinophora gossypiella . - . 5.2 ERE
.
Untreared corrol Earias vihella 19 193¢ | 132° 22 199"
Pectinophora gossypiella - - - 18.2% 16.2%

a-d: omparisons for E. Virella

x-z: Comparisons for P gossypielia

Data are means of 4 values. Means followed by similar letiers are not stanstically different by DMRT
(P=0.05).

Table 76. Occurrence of natural enemies and extent of parasitism of bollworms in different treatments

Treatments Per cent egg parasitism on | Larval parasitism (%) on I;E:]imr AR
Ha Ev Pg Ha Ev Pg Ha Ev Pg
IFM module 13.8 6.3 5.2 5.6 5.8 5.2 2.0 4.0 3.0
Farmers module 6.5 33 2.1 6.2 2.1 - - 1.2 2.1
Rigcontrol module 106 6.l 5.2 7.3 4.1 50 2.0 4.0 2.0
Control 1.5 pR: 48 g 31 2.6 1.0 30 1.0
CD (P=0.05) 1.2 Oz 4} L6 1.1 1.8 - 0.4 0.2

Data are means of four values
Ha - Helicaverpa armigera; Ev — Earias vittella, Pg — Pectinophora gossvpiella
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Table 77. Incidence of sucking pests of cotton in different reatments

Mean number!S plants

Treatments Aphids Whitellics Lealhoppers

GOTIAS | 7ADAS SODAS] 75 DAS O DAS 105 TIAS 30DAS A3 DAS | pl DAS
IFM module nez | eni® | 2020 | 163° 137 | 84 5.4% 4@ [ 32
Famersmodule. | 2203 | 802" | 1a09® | sz2f 50.3° ap,3® 163° | 187° | 262°
Biocontrol module | 1961 | ses* | 202® | 124? 161" 32% 47" 18 28"
Control a0z | Jeoa® | 1a28” | e 565 52:3° a3 | 13a® | oisa®

Data are means of 4 values
Observations taken on 5 tagged plants per replicate plot. 20 plantsfireatment

Means followed by similar letters are not statistically different (P = 0.05)

4.19.1.3. MPKY, Pune

The experiment on field evaluation of BIPM module in comparison with insecticidal control
and untreated contral was laid out at Cotton Improvement Project, MPKV, Rahuri, in RBD
with 10 replications. The treatments consisted ol

T1. IPM Module

i Hand picking of pest siages and putting them in wire screen cage twice during peak incidence
il Interplanting of mize

iii, One release of Chryseperla camea @ 14,000 larvae/ha

. Four releases of Trichagramma chilonis @ 1.5 lakh adults/ha/week as per pest incidence
Vi Application of 81 @ 1.0 kgfha at the appearance of Earias spp.

vi Spraying of HaNPY @ 3x10% POBs/ha against A, armigera;

T2. Insecticidal control {as per state recommendation)

T3, Untreated control

Cottan (var, NHH 44) was grown in plots of 0.20 ha size at 90x90 cm, which was further
divided into 10 equal blocks. Fram each block, § plants were selected at random and tagged.
Ohservations on population of aphids, leafhoppers and thrips were recorded form three randomly
selected leaves of cach tagged plant from lower, middle and upper regions at fortnightly interval, To

96



PDBC - Annual Report 2000-2001

record the incigence of bollworms, healthy and damaged bolls were counted from each tagged plant
fortnightly and the extent of damage (%) was worked out.

The number of eggs. larvae, pupae and adults of coccinellids and Chrysoperta carnea were
recorded on each tagged plant at fortnightly interval, Yield data were also recorded.

Results indicated that the population of sucking pests, viz., aphids, leathoppers, and thrips
was significantly low in the treatment plots of IPM module and insecticidal application, Bolls and
locules damaged by bollworms were significantly low in the insecticidal treatment. followed by IPM
module. The population of Chrysoperfa carnea and coccinellids per 25 plants were maximum (56.87
and 43.50) in the plots of [PM module and minimum (11.62 and 10.87) in insecticide treated plots.
Chryvsoperla and coccinellids were ohserved to be more on cotton crop (26.90 and 22.74) than on
interplanted maize (21,00 and 12.23). The vicld data from IPM module and insecticidal treatments
were on par but significantly higher than that in untreated control (Table 78).

Table 7%. Efficacy of BIPM module against sucking pests and bollworms in cotton

Suckitg pests/15 leaves™ Per cent damage by
Treatment boll worms*®* Yield in kefha
Aplid Leaf-hoppess | Thrips Boll Locule
IPM Module 8.50 3.04 218 3354 33,06 1096.67
(72.27) (9.04) (4.57) [35.36) (35.06)
Insecticide 10.0% 311 225 25.73 25.55 1154.67
(1(3.97) {9.68) (4.72) (30,13 {30.35)
Cuontrel I1.34 389 3.23 3095 41.74 769.11
1136.29) 1489y (10.07) (39.28) (40.22)
CD (P=0.03) (1.23) (0.55) {049} (3133 (290} 8470

Figures in parentheses are “\ 0+0.5 and ** angular transformed values.

4.19.1.4. ANGRAU, Hyderabad

An experiment on biointensive-mtegrated management of cotton pests was laid out at Agricultural
Research Station, Warangal, with the following treatments.

Ti IPM module
Hand picking of pest stages and putting them in wire screen cage
Sowing of maize as an intercrop
One release of Chnsaperla carnea @ 14,000 larvae/ha synchronizing with the occurience
ol bollworms
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Eight releases of 7. chilonis each @ 1 50,000/ha/week synchronizing with the appearance
of eggs of bollworms

" Need based application of HaNPV @ 3 x 10 POB/ha (500 LE/ha) and systemic insecticides
against sucking pests

T2 Tudicious use of insecucides (JUT)

Monocrotophos, chlorpyriphos, endosulfan, quinelphos, triazophos and acephate were
sprayed as and when needed

3 Untreated control

Observations were recorded in all the treatments on sucking pests by observing the number
of leafhoppers and white flies on lower, middle and upper regions on 5 randomly selected plants at
101 spots and also per cent aphid infested plants. Presence of bollworms in different treatments was
recorded by counting the number of H. armigera eggs and larvae per plant basis. The damage
percentage was calculated by recording squares damaged by Earias sp. and bolls damaged by H.
arniigera, Data on natural cnemies were collected by counting the number of coceinellids, spiders
and Chrysoperla per plant basis. Yield in different treatments for kapas on g/ha basis was recorded.
Finally the inputs and outputs were pooled to calculate and compare cost-benefit ratio.

The resulls revealed that leathopper and aphid incidence was low in all the treatments as
compared to control (Table 79). The damage by H. armigera was lowest in JUT and closely followed
by IPM module. whereas in control higher damage levels were recorded. Coceinellids, spiders and
lacewings were more abundant in [PM module and control, but in less numbers in JUL The kapas
yield was highest in JUI method followed by TPM moedule and lowest in control. Cost-benefit ratio
was highest in IPM module followed by JUL
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Particulars 1PM Insecticides Control
Sucking pests

Leathoppers (MNa/leal) 3.75 4.50 9.80
Whiteflies (No./leaf) 54.40 BE20 63,80
Aphids (% infested plants) 4.00 6,00 7.00
Baollworms

Eggs of M. armigeraiplant |44 246 54
Larvae of H. armigeralplant 224 1.20 0.68
Damage (%)

Squares 46.15 36.22 4388
Bolls 30.26 1950 32.35
Number of natural enemies

Coccinellidsiplant 1.89 0.63 1.32
Spiders {par plant) 1.98 (L85 474
Lace wings eggs/plant 2.60 (.55 3.30
Lace wings adults/plant , 165 0.23 212
Yield

Kapas (Q¥ha) 15.25 18,02 10.86
Rewsms from cotton (Rs.) 33550.00 39644.00 23760.00
Returns from intercrop (Rs.} H500.00 - =
Total returns (Rs.} 42050.00 3964400 23760.00
Net returns (Rs) 3R350.00 A3dadd 00 2376000
Cost-benefil ratio 1:3.94 1:2.10 -

4.19.1.5. PAL, Ludhiana

The experiments for the management of cotton pests were carried out at Dangar Khera (Dist.
Ferozepur) and Khuban (Distt.Ferozepur). At Dangar Khera in the IPM module, 12 releases of T
chiloris were made at weekly interval @ 50,000 per ha during July-September. Two sprays of
imidacloprid were given for the control of sucking pests. It was compared with the farmers’ practice
The nlot size was 6 ha (2 ha each for three varieties) each for both the treatments. At village Khuban,
releases of T chilonis were integrated with insecticides and compared with PAU spray schedule and
control. The plot size for integrated use of parasitoid and insecticide was 10 ha, for PAL spray schedule
2 ha and for contrel 0.2 ha. One spray of imidacloprid was given [or the control of sucking pests.

The inaidence of bollwerms m shed fruiting bodies (58.0%) and mature bolls (42.29%) was
very high in biocontrol as compared to farmer’s practice (9.7 and 8.7 per cent), The parasitisation
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of eggs of H. armigera in biocontrol varied from 2.4 to 9.4 per cent, while no parasitisation was
observed in farmer’s practice. The yield was very high (18.50 g/ha) in farmer’s practice as compared
te biocontral {18.50 g/ha) (‘Table 80).

The integraton of 7 chiloiis with imsecticides proved more effective than insecticides alone and
untreated control. The incidence of bollworm in shed fruiting bodies was 16.7 per cent in PAU spray
schedule and 13.3 per cent in T chilonis + insecticides as compared Lo 36.1 per cent in control. The
bollworm damage in insecticides (4.8%) and insecticides + T, chilonis (3.3%) was lower than control
(17.6%). The per cent parasiisation of H. armugera in release ficlds varied from 2 1o 5 per cent. No
parasitisation was observed in control and PAU spray schedule. The yicld in PAU spray schedule
(18.90 g/ha)y and T0 chilonis + insecticides (20.50 q/ha) was higher than that in control (Table 81).

Table 80, Biocontro] based management of cotton bollworms at Dangar Khera (Distt. Ferozepur)

Incidence in shed Per cent Per cent parasitisation of H,
Tralbatt fruiting bodies (%) boll Armigerd cEes Yield
Lartgysp. | H crmigera | damage 1492000 21.9.2000 28.9.2000 6102000 (g¢ha)
Biocontrol* 9.7 48.3 42.9 2.8 38 94 24 .80
Farmer's
Practice** 3.0 6.7 8.7 9] 0 L 0 18.50

Table BI. Integration of Trichogramma chilonis releases with insecticides for the control of hollworm
complex at Khuban (Distt. Ferozepur)

Incidence in Per cent Per cent parasilism )
Treatment shed fruiting ball Yield
FEarias sp. | H armigera| damage | 14.9.2000 29.9.2000 | 6.10.2000 | {a/ha)

T Trichogramma
chilemis +

Insecticides 3.7 9.6 33 2.0 4.0 S0 22.50
T, PAU spray

schedule 5.0 11.7 4.8 0 0 o] 18,90
T, Control 83 27.8 17.6 0 0 0 12.63

4.19.2. Field evaluation of inundative release of T. chilonis in combination with Chrysoperia
carnea against cotton pest complex (GAU, Anand)

The efficacy ol mundauve release of T chilonis in combination with Chrysoperla carnen against

cotton pest complex was cvaluated at Agronomy Farm, B. A. College of Agriculture, Gujaral

Agricultural University, Anand. The following three treatments were replicated 10 times.
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Tl T chilomis @ 1,50.000/ ha/week. releases synchronized with the appearance of bollworms
and €. carnea @ [.000/Ma twice a week

T2 Insecticidal control (Recommended insecticide)
T3 Untreated control

The bud and boll damage was significantly lower in release plot than control and insecticidal
treatments (Table 82). The bud damage in release plot was 539 per cent whereas boll damage was
10065 per cent. The bud and boll damage in untreated plot was 13.80 and 28 98 per cent, respectively.
The bollworm damage to the locules was also significantly low in release plot. The damage due 1o
£ vittella in the release plot, insecticides and control plot was found to be 819, 11.13. and 24.56
per cenl. respectively. Similarly the damage due 10 P gossvpiella in the above treatments was 22.80.
29.97 and 40.08 per cent, respectively. The population of sucking pests was also significantly lower
in release plot as compared 1o contrel. The release of Chrvsoperia gave protection against aphid,
leathopper and whitelly. The population of aphids, leathoppers and whiteflies was 45.79, 3.04 and
300 per 15 leaves. respectively, in release plot, 49.84, 4.02 and 4.02 per 15 leaves. respectively, in
insecticide treated plot and 191.65, 11.82 and 7.76 per 15 leaves, respectively, in untreated control
(Table 83),

Table 82. Effect of inundative release of T chilonis in combination with ' cariea

Treatment Sucking pesis/15 leaves Damage by boll worms (%) Yield
tkg/ha)
| Leaf While Locules
fpmIas hoppers flies Fod Boll BV, P.G

Te+ 6.84 2,01 2.00 1342 19.05 15.63 28,53 2278
e (45.79) | (3.04) (3.0 (5.39) (10.65) (3.19) (22.80)
Insec! 713 24 224 15.72 24.23 19.49 33,19 1667
teides {4984 (4,023 14023 17.34) {16.84) (113 (20.27)
Control 13.88 3.54 2496 21.81 32.57 29.71 39,28 1278

(191:65) | ¢11.82) (7.76) (13.80} (28.08) (24.56) (40.08)
L8{B) L.16 0.24 018 |88 L.O7 1.63 L3S0 1z
(P=0.05)

*Nx+0.5 transformation ** Ave sin wansformation
Figures in parentheses are retransformed value
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Table 83, Effect of biointensive [PM on prpulation of hiocontrol agents

Soniths Clinvesiyn . sovrinividutn CFeaicory 4p Sraphylinid
Ciuiral 1Pn | nsecs | Conol 1M fusect | Control IPM | laseen | Conmol 1P Insect | Conwol
s cides cliles

Aagust 1 ) 15 10 S5 | S0 i2 f 1] [t} o 1]

Angast 11 &) b 25 L] 19 L) 19 s 18 ] [} 4}

Sejpemiber [ 5] 15 in G iy 8 a5 9 15 i} ] 0

Seprember 11 135 20 32 42 15 A2 15 7 12 18] 3 5

Dctaber | i . X 14 B I8 L 5 9 12 El 4

Qutaber 1 3l n 18 5 i 17 1l 4 3 i 1 Pl
§583%] 1583 R a0 ih6T 4250 1533 | 650 12461 547 Ll 333

Since release plat received no spray of chemical insecticides many of the hio-agents were
conserved. Bollworm parasites Aleiodes aligharenyi, T chilonis and Agathis caused 17.60. 25.50
and 30,32 per cent parasitism, respectively, in release plol. Amongst the predators Clysoperta,
Chetlomenes, Geogoris and staphylinds were 70,67, 45.17. 13.50 and 4.11 per 25 plants in the release
plot. On the other hand population of these autural enemies was greatly hampered in chemical
insceticide plot. The per cenl parasitism by A. aligharenst, T. chilonis and Agathis was found to he
5.82, 6.14, and 21.08 per cent only, The count of Chrysoperla, Chellomenes, Geovorty and
slaphylinids was 1583, 16,07, 6.50 and 2.31 per 25 plants, respectively.

The vield in release plot was 227% ka/h was significantly superior to control (1273 kgfha)
4.19.3. Impact of inundative release of Chrysoperla carnea against €otton pest complex

({GALU, Anand)

The cfficacy of inundative release of T chilonis v combination with Chrysaperla carnea
against colion pest complex was cvaluated with three treatments replicated [0 imes.

F1 Single relense ol € carmea @ |4.000/Ma
T2 Two releases of C carea @ 14, 000/ha
154 Unireated control

The bud and holl damage was signiticantly lower in release plots than control. Both the
release plots guve siznificuntly better protection to buds and bolls (Table 84). The bud damage in
T) and T2 was 1084 and 7.0 1%, respectively and boll damage wis 21,45 and 17.16, respectively.
The bullworm dumage o the locules was also significantly low in bath the release plots. The damage
due Lo E. vitrella in the releise plots T1, T2 and control was 14.95. 11.83, and 24.56%, respecuvely.
Similarly the damage due 10 £ gossypiella in (he above treatments was 35,13, 3056, and 40.08%,
respectively, The pupulation ol sueking pesls was also significantly lower in release plots as compared

102 3



PDBC - Annual Report 2000-2001]

Lo cantrol. The release of Chyvsoperla gave significantly better protection against aphids, leathoppers
and whiteflies. The population of aphid, leathopper and whitefly was 56.30, 4.57, and 4.66 per |5
leaves, respeetively, in T1, 48,28, 3,49, and 3.37 per 15 leaves, respectively in T2 and 191.65, 11.82
and 7.76 per 15 leaves, respectively in untreated control, Since release plots did not recerve any
chemical imsecticide spray muany hioagents were conserved. Bollworm parasites Aleiodes aligharensi,
I. chilonis and Agarhis caused 1266, 8.04 and 27.50% parasitism, respectively 1n T, whereas the
sume in T2 was 14.78, 13.69, and 28.10, respectively. Chrysaperta, Cheilomenes, Geocoris and
staphylimids were 60.00. 43.00, 11.00 and 3.83 per 25 plants, respectively, in T1, whereas the
cortesponding values i T2 were 69.83, 45.33, 13.17 and 4.00, respectively. The per cent parasitism
by A. aligharensi, T. chiloniy and Agathiv was 5,82, 6.14 and 21.08% only in contral. The count of
Chrvsoperla, Cheilomtenes, Geacons and siaphylinids was 15.83, 16.67. 6.50 and 2.3 per 25 plants,

respectively,

Table 84, Impuct of inundmive release of C. carnea

Sucking pests /15 leaves Per cent damage by boll worms
) Yicld
Treutmen ]
Aphicds | leal White Bud Boll Locules thedthay
happers fTaes E. ¥ PG
C. carinei 7.02% 2,12 2.09 15,46 2447 2012 3356 1833
2 releases [ (48281 | (349 13.37) [7.31) L17.16) (1183 (30.36]
. carnra 7.57 236 2.38 1922 27.94 22.75 36.35
| Release | 156303 | 4,57) 4.66) (1084 (21.95) [ 14.95) [35.13) 1556
Caontrol 138X 3.58 2896 2181 32.57 2871 39.28 1278
(191651 | 011.82) [(7.76) (13.80) 128.448) 124.56) (40.08)
cD 1E3 34 .21 0.84 e ) 277 1 46 EY
(P=0105)

- .
BN+l ansformation ** Arc sin transformation

Figures in parentheses are retransformed values

The vield in release plot was 1556 and 1833 kefha in T1 and T2, respectively, and
significantly superior to control (1278 kg/ha),

4.19.4. Evaluation of Bt products on Helicoverpa armigera in cotton { TNAU. Coimbatore)

A field wial was conducted at Puthur village near Coimbatore on variety LRA 5166, Totally
tour sprays were given and ohservations were recorded a1 weekly intervals on per cent boll damage,
lacval population of bollworm complex, number of natral enemies and yield. Four B products
(Deltin, Biolep. Spicturin and Spic-Biw) were evaluated @ 1 kg/ha with endosulfan 0.07% as standard.
The ebservations were made on 5 randomly selected plants,
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All the treatments gave elfective control of hollworms throughout the treatment period, when
compared Lo control, In the pre-treatment count per cent boll damage ranged between 3.21 and 6.91.
On 7 DAT of [irst spray, all the Br products were significantly superior to control and on par. A
cimilar trend was observed on 7 DAT of third and fourth sprays. On 7 DAT of second spray, Delfin
and Spic-Bio recorded less boll damage (7.03 1o 5.98), and were significantly superior to other Bt
products but on par with endosulfan (0.07%). All the Br products reduced boll damage and were on
par with endosulfan (0.07%). The yield data recorded also showed an increase in all the ueated
plots when compared Lo control (Table 83).

Among the natural enemies, the coceinellids, € sexmaculara was observed because of which
the sucking pest population was kept under check. The range of mean population observed was 0.4
_ 9.2, Dther natiral enemies like Chrysoperia carnea and spiders were also observed. The application
of B formulations did not have a deleterious effect on coccinellids.

Table 85. Effect of Br and insecticide on colton bollworm complex and yield

Per cent boll damage
1eld

Treatments Pre- T DAT e

treatment | | Spray 1l Spray M Spray | 1Y Spray | Mean tkg/ha)
Delin 1000 4.5 318 7.03 §.52 14,52 582 1656%
afha o | (1526 | clesar | 1211y | (1355
Biolep 1000 6.80 3.00 884 7.54 6.18 641 1544"
aihi aood” | 7" | as7ey | (1425 | (1433)
Spictarin 5.25 351 v.10 .80 4.98 6.60) 1600
10600 gfha aoen”™ | arm™ | arag’ | Qe | (044
Spichio 6.91 222 5.98 10.23 6.29 6.18 1632"
500 mifha a0y | ason’ | g3z’ | o4z | 0378
Endosulfan 3.21 2.00 8.1 7.97 451 5.65 1736™
0.07% wior | aean™ | veze)’ | (200 | (1322
Untreated 72 198 1135 13.11 17,37 10.20 1088P
conerh azso® | aeery | i | asew’ | usan

I

Means followed by a common letter are not significantly different by DMRT P = (L03.
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4.19.5. Identification of alternate hosts for natural enemies

4,19.5.1.TNAU, Coimbatore

Coceinefla transversalis grub was collected and reared from the grass on the bunds,
Chrvsoperfa carnea was observed in nearby red gram and sorghum fields feeding on aphids and H.
drmigera egos,

4.19.5.2. ANGRAU, Hyderabad

Survey of colton fields around cotton growing areas of Mahaboobnagar, Warangal and Ranga
Reddy districts was carried out to record the host plants that harbour arthrepod natural enemies.
Eges and caterpillars of different pests of cotton were collected from allernate hosts such as Earias
sp.on bhendi, H. armigera on tomato, chickpea, pigeon pea and sorghum, 8 firera on cabbage and
castor, but none was found parasitised,

4.19.6. Studies on the natural enemy complex of Helicoverpa armigera (PAU, Ludhiana)

The eggs and larvae of H, armigera were collected at regular intervals from different parts
of the state and reared in the laboratory until the emergence of parasitoids or the next stage of the
pest,

No larval parasitoid of H, armigera was collected, However, Trichogramme chiloniy emerged
from 990 eggs collected from the second fortnight of September to first week of October. The egg
parasitism in dilferent fields varied from 2.4 1o 13.6 per cent and only in 9 samples parasitism was
seen out of 20 samples collected and these were from release plots.

4.20.  Biological suppression of tobacco pests

4.20.1. Testing of talc based formulation of Steinernema carpocapsae against Spodopiera litura
in tobacco nursery (CTRI, Rajahmundry)

Tale based formulation of entomopathogenic nematode (EPN) Sreinernema carpocapsae at
three doses, viz., @ | lakh 1] (Infective juvenile), 2 lakh 11, 4 lakh [J/m* and SINPV alone @ 1.5 x
10" PIB/ha were evaluated in comparison with chlorpyriphos (0.05%) tor their efficacy against late
second instar larvae of Spodoptera litra in tobacco nursery,

Nursery beds of | m* were prepared and six-week-old seedlings of variety VT 1138 were
transplanted @ 400 on cach bed. The experiment was laid out in a randomized block design and
the treatments were replicated thrice. At 10 days after transplanting, the EPN, @ 1 lakh 17, 2 lakh
11 and 4 lakh 1J were broadcast with 250 g of sand and watered. In case of combination treatment,
the EPN @ | lakh 1J was applied and thereafter SINFV @ 1.5 x 10% PIB/ha was sprayed on the
same beds, Chlorpyriphos alone at 0.05% was also sprayed as separate treatment. After application
of nematodes and hefore spraying of SINPV and chlorpyriphos, laboratory reared late second instar
larvae @ 30 per | m* bed were released, All the treated beds were caged with nylon nets to avoid
predation,
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Ohservations were recorded on number of seedlings damaged/m' bed at 2 and Y days after
treatment. The nunther of surviving larvae was also recorded in each treated bed and untreated control
al 2 days afler treatment.

The resulis indicated that all the doses of EPN. EPN + SINPY, SINPV alone and
Cchlorpyriphos gave superior protection to tobaceo seedlings from damage caused by S, lintra over
untreated control at 2 and 9 days alter treatment, Significant reduction of S finea larvae was also
recorded in all the wearments as compared to control {untreated).

AL 2 days alter westment, chlorpyriphos (0.05% ). while remaining on par with combination
treatments of EPN @ | x 100 LI/ | m* + SINPV @ 1.3 x 10" PIB/ha, was significantly superior 1o
the rest of the treatments. However, combination of EPN, SINPV alone and EPN @ 4 x 117 [I were
equally effective and significantly superior to EPN @ 1 x |07 ITand 2.x 10° LT m*.

Even though EPN at higher dose, combination of EPN with SINPYV and SINPV ulone
significantly reduced the number of seedlings damaged, they could not protect the tobaceo seedhings
helow the threshold level of 6 seedlings/m’, Chlorpyriphos could keep the damage below the threshold
level.

ALY days ufler spraying chlorpyriphos recorded less seedling damage and was significantly
superior to the rest ol the weaments. The combination treatment of EPN with SINPV while not
differing from SINPV alone was significantly superior to the rest of the EPN lrealments,

With increase of FPN doses there was a significant reduction in population of 8. fitwra. However,
EPN @ | x 10¢ 1/ | m" in combination with S{ NPV @ 1.5 x 10" PIB/ha was significantly superior

Tahle 8. Effect of EPN on seedling damage and survival of 8. finea larvae

Mean number of seedlings !
Treatment damaged '\;161n .nqn?:e r1\d>r
2 dﬂ}-’S ] d'd)'n Arvae SuUrvive
5 carpocapsae @ | x 105 1) 26.33 3567 2067
K carpocapyae @ 23 105 1) 17.3 333 1533
8 carpocapsae @ 4 x 1031 1.6 20,67 11.33
8 carpecapsae & 1% 1051 + SINFV 1.5 .67 1467 5.00
x 1012 PIB/ha
SINPV 1.5 & 1012 PiBfha 1000 1547 10,00
Chiorpynphos @ (.05% 4.00 5 0.0
Corrol 91.67 121.33 2767
CD (P=0.05} 3.94 5.8 (.37
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to all the doses ol EPN and S/ NPV alone in reducing the larval population. None of the larvae
survived in chlorpyriphos treated plot (Tahle 86).

4.20.2. Evaluation of FCV germplasm for pest incidence and natural enemies (CTRI,

Rajahmundry)

FCV germplasm acecessions raised in CTRI nursery and Katheru farm were screened for
incidence of S limra and M. armigera and their natural enemies, The nursery beds of 0.5 m? size
were given non-chemical plant profection measures. In wobaceo field, microplots of 20 plants each
were matntained likewise.

Observations were recorded on the incidence of S, fitwra in the nursery and H. gravgera in
the field. The incidence was seored as low, moderate and severe based on number of second instar
larvae present in 0.5 m’ bed or per plant, In case of S, fitira below 5 larvae as low, 5-10 moderate
and ubove 10 severe and in case of M, armigera 2 as low, 2-5 as medium and above 5 as high. The
presence ar absence of natural enemies was hased on collections per 0.5 m- or per microplotl of 20
plants.

Out of 400 accessions sereened. the incidence of S, fitwra 2nd H. arntigera was high in
several accessions of Bell and Cocker series. It was also observed that presence of natural enemies
like Campoleris chlerideae. Peribaea sp., Chelonus sp.. reduviids, syrphids, ete., were high in the
nursery while Camporletis chitorideae, Carcelia sp.and Apantetes sp. were high in the field,

4.21.  Biological suppression of puise ¢rop pests

4.21.1. Riological control based management of pod borer complex in pigeon péa
{GATL Anand)
Anexperiment was laid oul o study the biocontral based management modules (or the
control of pod borer complex in pigeon pea using variety BDN 2, There were six trealments with
sy replications.,

T Bt - HaNPV - Br- [{{aNPV

T2 Bi - HulNPV - Endosulfan - Bt

T3 Endosulfan - Br - HaNPV - By

T4 NSKE - Br- HaNEV - By

T3 Endosulfun 3 sprays at 15 days interval

Ta Comntrol

Initial population ol pod horer complex was recorded on [0 randomiy selected plants/plot
and on three branches per plant. Subsequent observations were recorded after 7 days of each spray.
One more observation was taken 1o adjust even number of observation in ¢ase of T3, Seed damage
at harvest on 10 randomly selected plants per plot and 3 branches per plant was recorded, Blister
beetle was also monitored. *ield record was taken at the Lime of harvest
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The population of H. armigera was low. However, all the treatments were significantly
superior to control. Amengst the treatments, Bt - HaNPV - B- HaNPV and endosulfan three sprays
at 15 days interval (1.96 & 1.89 larvae/10 plants, respectively) were found superior to control (6.13
larvae/ 10 plants) which also reflected in per cent pod damage (6.36 & 6.61 per cent, respectively)
and yield (1376 & 1339 kg/h, respectively) (Table §7).

Table 87. Efficacy of different modules for control of pod borer complex in pigeon pea

Periods (mean larval population Per cent | Per cent Yield
Treatments per 3 branchesd 10 plants pod grain kg/h
damage | damage
Fl Pl Pi P4 Mean
Bi - HaNPV - 1.49 2.06 1.93 1.39 1.72 14.61 1040 1376
Bt- HaNPV (1.96] (6.36) 3.26)
Bi - HaNPY - 1.57 2.12 222 1.93 1.96 6.29 12.57 1071
Endosulfan — Bt (2.84) (7.87) | (4.74)
Endosulfan - Bi | .57 .12 2.0 2.05 1.96 6.68 12.68 1010
HaNPV - Br (2.84) (8.24) 4.82)
NSKE - fi1 - |63 A 1.90 170 1.86 16.28 12.78 1081
HaMPV - Bt [2.46) (7.26) {4.89)
Endosultan 1,49 205 1.87 1.39 1,70 14.90 10,99 1339
3 sprays al (1.589) (6.61) (3.63)
15 days interval
Control 223 2.55 3.03 2.87 2.67 7.45 1521 T&O
(6.13) (8.99) 16.88)
CD (P=0.03)
T 017 0.72
P .16 - 2.51 293
TxP NS

- ; o
Figures in parenthesis are ¥x + | transformed values

A survey in and around the fields of pigeon pea was done to sec the association of natural
enermies on weed and other hosts. Table 88 gives the host plants and the natural enemies harboured
by them.

BIPM of pigeon pea with special reference to pigeon pea pod borer complex (TNAU, Coimbatore)

A field wrial was conducted at Puthur, Coimbatore district, to evaluate TPM sirategies for
pod borer complex. The treatments were HulNPV — NS KE — HaNPV — NSKE alternate sprays: Br —
NSKE — B — NSKE; NSKE 5% (4 rounds); Endosulfan and control
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Table 88. Host plants harboring natural enemies

Host plant Mamral enemies
Rustica tobacco Mirid bug., Rhiiocoris, Bracon sp., Geocoris sp.
Bidi tobacen Mirid bug. Rhuocoris, Bracon sp., Geocoris sp.
Sunnhemp Gevcory sp.
Marigoid Trichogrammie, Geocaris, Nabis, Rhinocoris, Spider-crab
Maize C. sexmaculata, Xanthogramma, Geocoris sp, Anthocorid,
C. carnea. C. hebrcna,
feed hosts - Matsagandha, Cassia, Trichpgranmme, C. carnea, eic,
star burr, Parthenium. Durania

Spraying was initiated when the pest appeared on the 70" day and subsequently at 15 days
interval. Larval counts of Helieoverpa armigera and plume moth were taken from 3 branches of 10
andomly selected plants per plol 7 days after each spray. Pod [y and pod wasp infestation was
recorded Lwice [rom 100 pods of 10 randomly selected plants once al maturation and later at harvest.
The larval populations of H. araiigera crossed ETL on the 70" day of sowing, the highest being on
85 DAS inall the plots. The pod borer damage at full maturation was the lowest in endosulfan weated
ploes (4.1 %, followed by HaNPY — NSKE — NSKE veatment (5.19%) (Table 8%). Besides H. armigera,

Table 89, Ocourrenie ol various pod borers al pigeon pea experimental plots.

Treatments T DAT (RS DAS} Numbers/ 10 plants at AL harvest time
maluration (135 DAS)
Hu Pt P Fin Ha Pi 'w Pm Ha PP Pw Pru
maNpvoNsKE: | 272 | mzst | it | eo® | irex®| oee® | noo®t | 0.48® 1404 oae® {uor® | 036
HaNPV - NSKE
Hi-NSKE- se | ome® [rast [7s® L oss®] 1ad® Lise® [osot [t Jros® [t | oas
H-NSKE
NSKE wa | 157 Jos® a5 | ea® | 1P oo | oad® 72 oo o | 03
) ; - Al ol - i ool ol 2 il 4 - a
Enduosulfan (R3] 7.3 [ f 058 005 0615 |6 16 h43" | 043 A
35U giha
Cantrol 2 | ores? Lozt [ st [isa® [ e Liaes | os® [ e [ e | o
NS NS

Ha — Heliveverpe armizera: P - Pod [y Melanagromyza spp. Pw — Pod wasp, Pm — Plume moth
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pod [Ty, pod wasp and plume moth were the pod pests recorded al maturation and ‘at harvest time.
All the pests were n significantly lower numbers in the treatments than in control plots Pigeon pea
yield was highest in NSKE treated plots (997 kg/ha) followed by endosulfan (1164 kg/ha), compared
16 939 kafha from untreated check {Table 90;

Table 90, Elfect of IPM weatments on Helicoverpa arnigerd, total pod borer damage and yield of
pigeon pea (€O 5]

Pre-treptmen . armigera larval population Peak pod borer | % pod borer Giraun yield
Treatments H dranigera dumeage (%) damage at (kegdhap
= RS z i
Eges Larvag = tag A 130 mataration T
HaNPV-NSKE- 14 1.7 a3 | waf |1rest | 43t Ao° s 14? 1077
HaNPY-NSKE
B NSKE-fr- 19 it | oae | ed® |ursst | sa© 2" 550" 10550
NSKE
NSKE EE] FEid g0 | 62% |raant | 21® 42" 7.38% ag7"
*| Endosulfun a1 [ooa® g5 | 78 |70 | 28 sis 420" Lg4®
330 2/hi
Control 2% e | oial 2aee | | et 1719 1247 3¢
N§ NS
L

Means [ollowed by simalar fetlers are not aatistically different by DMRT (P = 103)

4.21.2. Effect of entomopathogenie nematode Heterorhabditis sp. on Helicoverpa armigere in
pigeon pea (ANGRAL, Hyderabad)

An experiment was carried out Lo tesl the efficacy of different doses of entomaopathogenic
nematode, Heterarhabditis sp. against Helicoverpa armigera in randomized block design (RBD) with
& treatments including control and replicated 4 times. Pigeon ped variety “Asha” was used and plat
size was 25 m°. Spray application of three dilferent doses of nematode, viz. 0.5, L0, and 2 hillion/
ha was implemented with two more freatments with endosulfan (0.07%) and HeNPV {250 LE/ha)
and control for comparisons, The sprays were siven during evening hours at 0% flower mitiation
stuge of the crop, Pre-count of the larval population was recorded prior to administering the treatiments,
A post-treatment irrigalion was piven to maintan humidity levels in the field, Larval populatons
were counted on 10 randomly sclected plants per plot before and 7, 10 and 15 days after the sprays.
For computation ol per cent pod damage. total number ol pods and damaged pods were counted on
[0 randomly selected plants per plot.

All the nematade treatments were superior o contral as well as endosulfan and NPV
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reatments. The lowest larval populations (9.75, 6.75 and 2.0 on 7th, 10th and 15th day, respectively)
were recorded in the treatment where 2.0 billion nematodes/ha were used followed by the treatment
where 1.0 billion nematodestha were used (11.25, 7.50, and 3.5 on 7th, 10th and 15th day,
respectively). Similar trend was reflected in case of pod damage also. Least damage (12%) was
recorded in the treatments where nematodes were sprayed at the dosages of 1.0 and 2.0 billiontha
whereas it was 40.58% in control. In the weatments where endosulfan and NPV were applied, the
damage was between 30 and 40%.

The overall results suggest that treatments where nematodes were sprayed at 1.0 billion/ha
and 2.0 billion/ha were on par in mimmizing the larval populations of H. armigera and pod damage
and increasing the yield n pigeon pea and significantly superior 1o other treatments {Tahle 913

Table 91, Effect of entomopithogenic nematode Heterorhabditis sp. against H, armigera in pigeon pea

Pre-caunt Larval population (10 plants) after Per cent poil Yield
Treatme: arval - famage
Treatment I . 7 days 10 days 15 days FRTAgE (kgfha)
population =
(1.5 billion 260006514y 2225 {4.76) A1.25 1563) 1675 {4.15) | 23.33(28.84) 365 00
nematodes / ha
1.0 billion 21,50 14.68) 11.25(3.42) | OTS04281F | 0350 (2.000 | 1124 ¢19.55) 78250
nematodes / hi
2.0 billion 23,50 (4,89} V.75 ¢3.20) 0675 (2.69) (12,00 (1.56) II P71 (19.99; 77500
nemuatedes ¢ ha
HaNPVY 26.50.(5.17) 5001595 | 30.504557) | 2225 (4.76) | 36.78 (37 29) 00,0
@ 250 LE/ha
Endosulfan (0.07%0 | 27.00 (5.22) 3125 {563 31.30 (5.03) 27253 (5.26) | 31.09 (33.8T) 41250
Control 2575 (5.11) 34,50 (5.91) F3FS(58d) | 3375 (5.85) | JO5B (39.5T) 37250
CD (P(.05) NS ilh43) (0.40% 10.19} {3.08) 5812

4213 Large-scale demonstration of Bi-HaNPV-endosulfan-B¢ in pigeon pea for the
management of pod borer complex in farmer’s field (ANGRAU, Hyderabad)

A demonstration trial was conduicted in a Faurmer’s field 1o see the efficacy of sequential
spray application of B-HaNPV-endosulfan-Br with an interval of 10 days between gach spray by
administering the first sprav at 30% flowering ol the crop. An area of lwo acres (ane for adopting
the treatment and the other for Farmer's practice) with pigeon pea (variety " Asha’y was selecied from
the farmer’s feld at Sangamkurdu village near Tandur. The 1otal number of larvae on 10 randomly
selected plants at five locations before and 7 days after cach spray was counted. Similarly counts
were Laken in the plot where farmer’s practices like hand shaking, application of insecticidal dust
and spray application ol endosulfan were followed.
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The pre-treatment larval population ranged from 25-27/10 plants. The larval population in the weated
area started diminishing with the admimstration of each spray of spray schedule. However, in the
field where farmer's pracuce was followed, the Jarval population remained higher. The sequential
spray application was equally promising in terms of per cent pod damage with least damage of 22%,
whereas in farmers’ practice 1L was as lugh as 44%, Similarly the yield was 733 kgtha in weated
area and as low as 310 kgha in farmer’s practice (Table 92). The cost benefil ratio based on plant
protection inpuls also was higher in treatment plot (1:3.29) as compared to farmer’s practice (1:2.51).

Table Y2, Ellect ol 87 ~ HaNPV — Endosulfan — Bt spray schedule against H. AFMUEer N pigeon pea

Pre-count | Average larval population seven days _
i Lurvat alter spray Mean larval Per cent pod | Yield
) pupulation | It 1 v population damage (kythal
Br— HaNPY- | 27.00 TR0 | 12.00 T.00 | 3.00 10.50 2203 725
Endosulfan-Ay
Farmers’ 25.00 34.00 | 4500 38.00 | 22.00 37.25 43.80 30
[)I'.’JL'[H.)L‘

4.21.4. NPV based management of Helicoverpa armigera in chickpea (TNAU, Coimbatore)

A feld trial was carried out at Sarkar Samakulam, Coimbatore district 1o evaluate the NPV
based management of Helicoverpa armigera on chickpea. The following treatments were given
o HaNPV (1.5 x 10" POB/ha (250 LE)) + 10% crude sugar + 10% cotton seed kernel exiract +

). 1% ege yolk + 0,14 ranipol

b, HalNPV (|5 x 10" POB/ha {250 LE}) alane + ().5% teepol adjuvant
& HaNPV (1.5 x 10" POB/ha (250 LE)) — NSKE (5% alternation
d. HaNPV (1.5 x 10" POB/ha (250 LE)) — endasulfan alternation
c, Endosullan 350 g/ha
. Control

The plot size was 100 m* with four replications under RBD. While sowing, Trichoderma
@ 4 glkg of sced was used as seed reatment. Starting with initial outbreak, three tremtments were
given at |5 days interval. Firsi treatment started when the mean larval population exceeded 2/plant.
A cloth sereen was placed all around the plot to prevent spray drift 1o adjacen plots. The damage
caused by Helivoverpa armigera in untreated and treated plots was recorded. Three Sprays were given
and all the reatments were effective 1 reducing pod borer damage compared to unireated plots,
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Pad damage was significantly less and yield higher in plots sprayed with HaNPV —
endosullan alernation (5.00%) and HaNPV — NSKE (5.11%) alternation. These two lreatments
yielded 1182 and 1201 kefha, respectively (Table 93 ).

Table 93, Effect of bioconwol treatments and insecticide alternations on Helicoverpa armigera and
chickpey yield

Per cene pod Mean per cent pod borer damage Seoil di -
Treatments borer dimage afier 7 days post treatment x ‘;L;l' damage \L“'E:
preirestment ISpray 1 Spray I Spray k¥ tepeha)
HaNPV +CS + CSE 22y 1357 1n.s1® gt 7,28" 1ozl
0. 4% egu + ranipol
HaNPY alone + 23t jn32t 138" 7420 gt 1ozl
0.5% reepol spray
HuNPVINSKE 23.2%" 702" g 12" 682t 560" gzt
4% ahernation
HuNPVfendosubfan 31" 758" 3t 7.02° s.1® 1201®
alternation
Endosulfan 350 gfha 73" 152 13.42¢ 182" 7.507 au0°
Control 2533 036" 2831° 1631° 14319 585"

Means followed by similar letters are not staustically different (P = 0.05)

4.21.5. Helicoverpa urmigera and its natural enemies (DnYSPUH & F, Solan)

Campoleris chilorideae (189 ) and an unidentified encyrtid parasitoid were recorded on /.
armigera during the studies.

4.22.  Biological suppression of rice pests

4.22.1. Field evaluation of integrated use of Trichogramma japonicum, T. chilonis and
Bacillusthuringiensis against rice stem borer and leaf folder

The following treatments to evaluate the use of Trichogramma and Br againsi rice stem
horer and leaf folder were tested in TNAU, Coimbatore, MPKV, Pune, PAU, Ludhiana and AALL
Jorhat centers. The differences amongst different centers in method of ohservation, plot size and
other paramelers are given against each centre.

U= T japonicwn @ 50000 parasitoidstha and 7. chilonis @ 50,000 parasitords/ha, simultaneously
at weekly mierval. Three releases were made with the first release commencing on 20 DAT
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T.- 7 japonicumn @ 100,000 parasitoids per hectare and T. chilonis @ 100,000 parasitoids per
hectare simultaneously at weekly interval. Three releases were made with the first release
commencing on 20 DAT.

T.—  Brapplication (Dellin} at | ke/ha based on ETL was made two times on 40 DAT and S35
DAT.

T,- Need based msecticile protection. Monocrotophos @ | lit/ha — Two rounds were given on 40
DAT and 55 DAT for leaf falder and one spray of phosphamidon 300 ml‘ha on 70 DAT was
given,

T, - Unireated check

4.22.1.1.TNAU, Coimbatore

The plot size was 2 cents/replication in RBD design with five replications. All other
recommended cultivation procedures for ADT 36 were followed and the field trial was laid out al
Puthur village. Coimbatare district. Pretreatment observations for stem borer were recorded on 3
lills in each subplol, Second and subsequent observations were made at weekly intervals, on 30, 37
and 44 DAT and on 80, 87. 94 DAT, Dead heart and white ears were counted in all subplots on five
hills. Ege masses were collected on observation dates and per cent parasitism was observed by
maintaining them in the laboratory, On five plants/plot the number of healthy and damaged leaves
by leaf folder were counted on 30, 37, 44 DAT. Yield data was recorded,

The stem horer incidence was lowest (10.9 per cenl al 44 DAS and 5.8 per cent dead heart
on 94 DAS ] in plots where T2 chilonis and 7, japonicum were released @ [00.000Ma. More damage
due to stemn borer (14.8 per cent 94 DAS) was ohserved in insecticide treated plots whereas 11 was
36.4 per cent in untreated check. Thus parasite releases were superior 1o B applications or insecticide
in contralling the stem borer. Rice yield was highest in parasitoid released plot (5692 kg/hat compared
10 3529 ko/ha in untreated plos. All the treatments led to significant control of stem borer and leal
roller, compared 10 untreated plots (Table 94), Similar effects were observed on per cenl parasitism
ol stem borer cggs by Trichogramma chilons and T faponicunt. The per cent parasilisation was
737 in Trichagramma plols compared to 2.8 per cent in control and 1.9 per cent in insecnicide plots
(Tahle 95).

4.22.1.2. MPKY, Pune

The experiment was conducted at the Agricullural Research Station Farm, Vadgaon Maval,
Pune District. Releases of parasitoids and sprays of Bt and insecticides were commenced 25 days
after transplanting (DAT) of the crop. Observations on white earheads per m” and yield per plot at
harvest were recorded. For leaf folder. healthy and folded/damaged leaves per m row at 5 places n
cach treatment plot were recorded at weekly interval during 30 to 50 DAT and agamn from 80 to 110
DAT.
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Table 94. Effect of biocontral methods and insecticide applications on stem borer damage

% Damage by stem borer
Treaiments Dead hearts White ears Yield
I0DAS | 37DAS |44DAs | s0DAS | 87 DAS [ 04 pag | (keha)

T eledenris 50.000¢ha + .
T japanicum 50,000/ 1630 238" 129" 700 69" 90" s407"
T chilonis TOGD00Ma +
T japenicans 100000 | 114" 23.1% 109" 617 5.2" 58 s692°

v ) i © a i B b b =
8t = Two rounds | kglhy 2.3 221 11.2 7.2 6.8 7.0 5247
Monacrotophos 1 litfha —
2 younds + phosphamidon

b "

300 mlfha 20 L’d 281 |3.lh [.2" 14,2% |4_R\d 1] 32d
Untreated check, 25.3% 2680 | 22.2° 2289 | 3439 | 3648 3529°

Table 95. Per cent damage by leaf folder and per cent parasitism of stem borer eggs by Trichogramma

spp.
} Per cent parasitism on stem borer egus by
Per cent leaf folder damage | .. P : RO
Trearments " Trichogramma spp.
NDAS | 3TDAS | 44 DAS 37 DAS 44 DAS HODAS
. ' : b
1 chilimis S0.000ha + LAL TP 9.2, 34,2 39,87 42,1
T feyrondven SO000¢ha
T ety 100,000/ + 16.8% | 142® 8P 55,7 681" T3
T paporfcum 100.000hs
Br ~Twao rounds | kgfha 138" &1t 42" oo 61° 42"
Manoerataphos | livha - 14t | g2? 6.1¢ 459 1138 1.0¢
2 ypunds+phosphomidon
S mlha
Untreated check 5285 | 5045 62,19 304 4 24

The treatment with three simultaneous releases of T japonicum @ 1,00,000 adulis/hafrelease
+ T chilonis @ 100,000 adults/hafrelease al weekly interval recorded minimum white carheads
(4.789) due to stem borer and it was on par with chemical control schedule and Br @ 1.0 ke/ha.
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The weatmenl with chemical control schedule was found effective showing mimmum leal folder
infestation (3.92%) as against 10,685 in the untreated plots, Maximum yield (32.0 g/ha) was recorded
in the treatment plots with three simultaneous releases of T japonicunt + T chilonis @ 1.00.000
adults/ha/release, followed by chemical controt schedule (29,8 g/ha) (Table 96).

Tuble 96, Evaluation of efficacy of Trichogramma spp, for the control of stem borer and leal folder

on rive
oy White earhcads Leaf fulder Yield
L due 1o stem borer | infestation (%) o/ha

T jupontcwn @ S0.000 adulishatrel. +

T chilonis @ SO.000 adulisthafrel. - simultaneous 610 677 22

releases at weekly interval (1430} (15.04)

T joposicien @ | OO0 adulisfhadrel, +

T chifonis @ 1000 adultsthairel, - 3 simultaneous 4.78 438 320

releases a1 weekly mterval (12,63 {12.08)

B @ | kgfha (Dellin WG) 5.00 4.60 24.0
(12.%2) (12.36)

Chemical control: Two sprays of monocrotophos

@ | liLfha and one spray of phesphamiden 4.90 392 29.8

i@ 300 mliha {12.78) (11.42)

Unireated check 10037 10.68 140
(18,74 (19049}

C0 (P=0.05) (1.05) 10,12} 2.3

Figures in parentheses are angular tansformations

4.22.1.3. PAU, Ludhiana

The experiment was caried out at village Khudi Kalan (Distt. Sangrur). The plot size was
0.4 ha fer each treatment, Per cent leaves Tolded and per cent dead hearts were recorded on the
hasis of 10 hills each from 3 spots from 75 DAT, Per cent white ears were recorded near maturity on
the basts of 10 hills each from 3 spots in 4 plot. The vield was recarded on whole plot hasis,

The per cenl leaves [olded were significantly lower (1.64 10 4149 in treated / release plots
(han control (6485, The leaves folded in insecticidal spray were Towest (1.64%) and were at par
with higher dose of parasitoid (2.08%) but were significantly lower than lower dose of the parasilond
(4.14%), The per cent dead hearts and white ears were sigmficantly Tower in all the treatments than
control. Tnsecticidal spray and the higher dose of the parasitoid were on par, but were significantly
hetter than lower dose of the parasiioids. Similarly. the yield in all the treatments (52.40 10 62-24 g/
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ha) was signilicantly higher than thal in control, with insecticidal spray and higher dose of parasitoid
on par with each other Table (97).

Table 97, Elfectuvencss of Trichogramma chilonss and T, japonicum tor the conirol of siem horer
and leal” folder in rice

T chitonis + T fapanicivm Percent leaves folded | Percent dead hearts | Per cent Yield

[ Posigehat white gurs Lephiay

S0.000#= 4.14 4.34 4,74 32,40
(1] .69 (11.95) {12.54)

1001000 108 |98 2.00 6178
(.13} (8.00) (8.02)

Insecticidal spray#* 1.64 .62 |.86 2.4
(7.20) (7.17) (7. 70y

Untreated check .44 .40 628 48.71
14.67) 113:35) {1444

CD iP=0.05] 11.96) £2.24) (2.18) 3.06

T Six releases were made at weekly interval, starting 30 days alter transplanting
- One spray ol monacrotophos @ 1.4 ha {August 16.2000)
Frgures in parentheses are arc sin transformed values

4.22.1.4. AAU, Jorhat

The experiment waus conducted in a farmer's field al Alengmora, Jorhat (Assam) during
lharil 2000,

The incrdence ol stem borer was significantly less in hiocontrol treatment as compared to
untreated control, The incidence of dead hearl was 3.32% i Trichogranuna released plot of 1,00.000/
ha followed by 4.00% dead hewet in the released plot of S0.000/Ma against 10.31% dead heart in the
unreleased plot. 5" week alter the lield release of the parasiioid. Per cent white ear head was recorded
near maturity. Per cent white ear head was 4.69% in the released plot of T, faponicum+ T, chilonis
] 00000 agamst 1LE8% i the unreleased plot and the mcidence of white car head was at
par with the release vate of T japonicam + T chilenis @ 50,000/a. The highest gram yicld (4200
kefha) was obtained in the plot where Trchogramma @ 1 00.000/ha was released and was on par
with the releasc.of Trechogrommen @ 30.000/ha (Table 98). Field recovery of T japenicum as estimated
by placing Corevea cge cards during khant 20000 was 25,09, The per cent infestation ol leal folder
was Jowest 1429 in the 3" week after lield rclease of the cgg parasitoid against 5.74% in Lhe
unreleased plot (Table YY),

(N
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Table 98. Evaluation of Trichegramma japonicum and T, chilonis against rice stlem borer {kharif)

Pre Per cent dead hearts at weekly intervals | Per cent Yield
Treatment release white ear kglha
1 11 1 Y v )
heads
1. japenicum + T. 801 1046 | 7.74 | 676 | 5.63 4.00 4.89 4104
chilonis @ 50,000
/ ha
T japonicum + T, 8,32 10,32 | 6.68 | 6.41 5.95 3.52 4.69 4204
chitonts @ 1,00.000
fha
£ (Delfing 8.43 991 | 624 | 658 | 7.32 438 588 3415
Fusecticide 9.19 968 | 827 | 618 | 3.535 5,06 519 391
Untreated check R.45 10.14 | 7.65 | 6,18 [10.65 | 10.31 11.58 3391
CD (P=0.03) NS NS | 054 | NS | 042 0.49 .43 473.76

Table 99 Evaluation of Trichogramma japonicum and T. chilonis against rice leal folder (kharil}

Treatment I're Per cent leaves damaged by leaf folder

release | 1 11 11 v v V1
T japonicum + 1. 3.7 339 312 2.76 214 ].42 |.67
ehitonis @50,000/ha
T Japonicum + T 3,40 274 2.53 2.46 2.63 [.41 1.58
ehilonis & 1,00,000/Mha
A (Delfin) 3.56 388 2.92 2.95 242 227 .64
Insecticide 3.57 3.99 z 2,74 2.38 241 1.69
Untreated check 3.64 3.41 322 2.84 5.83 5.74 561
Coroar P=0.03 NS (133 0.57 NS 0.59 (164 0.57

4.22.2. Evaluation of Biocontrol based TPM in rice

4.22.2.1. PAU, Ludhiana

The experiment on evaluation of biocontrol based IPM in rice was conducted at farmer’s
ficld at village Kami Khera (Distt. Ferozepur). The plot size for IPM was 20 ha and for control 1D

hi. The ohservations were recorded as in the previous experiment.

The incidence of leal folder and stem borer was low, The per cent leaves folded was 2.0 in
bioconiral as compared (o 3.8 in contral resulting in 47.6 per cent reduction in damage over contral,

108




PDBC - Annual Report 2000-2001

The dead hearts in biocontrol were 2.7 per cent as compared to 4.9 per cent in control, which resulted
in 45 per cent reduction in damage. Similarly in biocontrol, the reduction in white ears was 40 per
cent. The yield in hiocontrol was 58 g/ha as compared to 52 gfha in the control and the increase in
yield over control was 12 per cent (Table 100},

Table 100. Evaluation of biocontrol based IPM on rice

Per cent incidence of
Trcatiisthi stem borer___ Per cent leaves | Yield
Dead White folded fg/ha)
hearts cars
Bioconurpl* 23 5.1 2.0 58.0
Control 4.9 B.5 3.8 520
Reduction in damage over control (%) 45.0 40.0 476 12.3

Six releases of 7. efilonis and T. faporicum each @ 1.00.000 per ha ar weekly inlerval, starting
30 DAT.

4.22.2.2, AAU, Jorhat

Binconurol based [PM was evaluated in comparison with chemical conwol in the [armer’s
ficld at Kakadonga during rabi 2000, The release of each of Trichogramma japonicun and T. chilonis
@ 1.00.000ha at weekly intervals could check the formation of dead heart significantly. The
oceurrence of dead heart due 1o stem borer in the released plot ranged from 2.82% 10 3.84%, whereas
the per cent dead heart in the unreleased plol ranged from 3.80% to 8.13%. The white ear head
population was also low (2.25%) in Trichogramata released plot as compared 1o unreleased plot
(6:33% ] (Table 101}, The leaf folder population was lowest (1,64%) in the released plot against 6,90%
in the unreleased plot 4" week after the release of the parasitoid (Table 102).

Table 101, Effect of biocontrol based [PM on the incidence of rice stem borer (Rahi)

Per cent dead heart at weekly intervals

Treatment Pre release White ear
I I i v e
Biacontrol 2.62 3.84 3.70 284 2.82 225
Chemical control 277 378 3.72 303 2.58 224
Control 270 3.80 3.83 815 7.60 6.53
CD at P=0.05 NS NS NS 0.78 .71 (1.83
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Table 102, Effect of biocontrol based IPM on the incidence of rice leaf folder (Rabi)

Fer cent leaves damaged by leal folder at weekly intervals
Treatment Pre- retease

1 1 1] 1V
Biocontrol 230 245 2.16 1:92 | .64
Cherrucal contral 236 2.35 237 1.89 1770
Control 2.40 2.50 371 5.02 6.90
CD (P=0.0%) NS NS 158 0.38 040

The same cxperiment was also conducted in two villages during kharif 2000 in the farmer’s
field located at Alengmara. Jorhal as well as a1 Kakadonga, The results of the IPM trial conducted
al Alengmara (Table 103) revealed that the release of both the species of Tricheogramma @ 100,000/
ha could check the formaton of dead heart from 4% week onwards, The lowest incidence of dead
heart was recorded (3.36%:) in the released plot against 11.92% in the unreleased plot 7" week alter
the release of the parasitoid. The white ear head population was also Tow (3.46%) in the released
plot against 12.02% in the unreleased plot. The release of the parasitoid could check the leaf folder
papulation lrom the 4" week onwards. The lowest incidence of leaf folder damaged leaves (1.23%:)
was recorded in the released plot of T japonicwn +T, chilonis @ 1,00,000/ha against 6.52% in the
unreloased plat (Table |04) The yield was highest (4354 kgfha) in the Trichogeamna released plot
as compared 1o that in the unreleased plot (3101 kgdha),

Table 103, Effect ol biocontrol based IPM on the incidence of rice stem barer (Kharif)

Pre Per cent dead heart at weekly intervals Per
rete cent Yield
Treatment s ! Il 11 v v VI VIl white | kg/ha
ear
heads
Biu-conirol 7.25 3.79] 6.85 985 | 4.68 3.63 370 | 356 346 4354

Chemical control Y 842 6.4 10.16] 6.604 505 3.68 | 508 7.32 3926
Conwrol 5,53 706 845 10.36] 9.67 09 ) 200 e ] 1202 | 3
CD (P=0.03) (78 [ 048 N5 Ly 0.91 113 ] D3 107 43793

Tahle 104, Elfect of hiocontrol based [PM on the incidence of Jeat folder (kharif)

Fer cent leaves damaged by leal lfolder at weekly intervals

Treatment Pre

release | 1i 111 v v Vi Wil
Buocontral 334 2.43 229 | 241 1.62 1.77 2.03 1.23
Chemeal conlrol .72 2.69 2.81 2.24 230 2.34 204 | R}
Control 139 2:20 70| 468 3.60 5.90 6.8 h.52
CD (P=0.05] NS NS NS 1oy 057 050 0.a7 7l
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The results of the similar experiment conducted at Kakodonga during kharit 2000 revealed
that the per cent dead heart in the released plot was 3.03% as against 6.10% 1n the unreleased plot,
3 week after the field release of Trichogrammea and 3.59% dead heart in the released plot as against
8.603% in the unreleased plot, 41 week after the field release of the parasitoid (Table 105), The
incidence of leal folder was very low (1.11%) in the released plot against 5.29% in the unreleased
plot 4% week after the release of the parasiloid (Table 106).

Table 105, Eftect of hiocontral based IPM on the incidence of riee stem borer (kharil)

Pie Per cent dead heart at weekly Per cent Yield

[reatment releuse intervals white kefha
I 1 111 v ear heads

Biocontrol 2.47 2.64 2.08 3.03 359 2079 4050

Chemical control 237 2.84 3.08 3.26 3.53 3.02 3780

Control 2.31 317 LR 6.10 8.63 9.26 3204

CD (P=).015) NS NS 0.39 0.59 (.82 1.13 41538

Table 1040 Effcet ol bocontrol based [PM on the incidence of leal folder (kharil)

Per cent leaves damaged by leal folder at weekly intervals
| reatment Pre release
! [§] I v
Biocantrol 2.08 239 3.04 1.22 1.11
Chemical control 215 2.16 307 1.41 1.46
Control 209 3.12 35 512 3.29
Ch (P=0.05) NS NS NS 0.33 0.74

4.222.3. KAU, Thrissar

The experiment was laid out in confounded block design during December 2000 with three
treatments and eight repheations in the farmer’s field at Koorkkenchery panchayath. In the hiocontrol
plot six releases of T chifones and T, japonicum were done al weekly intervals starting from 13 DAT
on observing stem borer adults and egg mass. Need based chemical application was given in the
chemical contral plot with monocrotophos at tillering stage and methyl parathion at ear head
Formation stage, Observations were recorded on leaf folder and stem borer infestation and vield.

Leal lolder infestation was significantly high in untreated control on 20 DAT (8.975) and
on 35 DAT (2.325) when compared 1o biogontrol and chemical control (Table 107). However.
brocontrol and chemical control were on par on these days. On 30 DAT, leal [older infestation was
low and all the rearments were on par.
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In the case of stem borer significantly higher incidence of dead hearts was observed in
untreated control (1,700 and 0.625) as compared to chemical conteol (0,050 and 0.350) and biocontrol
(0.325 and 0.35(}) on 20 DAT and 50 DAT, respectively (Table 108). Biocontrol and chemical control
were on par on these days. On 35 DAT, number of dead hearts per hill was comparatively high and
all the treatments were on par. The occurrence of white car heads was low and all the lreatments
WEre on par at 65 DAT.

The yield parameters like grain weight and the number of white earheads were recorded
from the harvesied samples taken from one m! (Table 109). No significant differences in the case of
gram weight as well as white ear head incidence were noticed,

Table 107, Leaf folder infestation in evaluation of biocentrol based IPM

! No. of infested leaves/hill
Treatments
20 DAT 35DAT S0DAT
Biveontrol |.025 &0 0.425
Chemical control |.875 [.050 0.225
Control 2075 2.325 0,100
CD 0.05 3.534 0.861 0.337

Table 108. Stem borer infesiation in evaluation of biocontrol based IPM (Mean number / hill)

Treatments 20 DAT (DH) 35 DAT(DH) 30 DAT(DH) 65 DAT(WEH)
Biocontrol (325 1.400 0.350 0.300
Chemieal control 0,050 1.575 0.350 0.425
Control 0.700 1.430 0.625 0.325
CD (1.03) 0.289 0.564 0.256 0.262

Table 109, Yield parameters recorded in evaluating biocontral based TPM

il Crrain weight Total ear heads White ear |1C‘.ag.‘i
(ka/ha) (Number /m~) {Mumber / m~}

Bincontrol S170.00 420.750 9.750

Chemical control 5235.00 466.00 7.875

Control 5151.25 414.63 7.250

CD (P =10.05) 530.59 77.65 4.385
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4.22.3, Survey and quantification of natural enemies

4.22.3.1.KAU, Thrissur

Twuo plots each in two locations of Avinissery, Koorkkenchery and Mannuthy panchayats
of Thrissur district were selected for the study. Sweep net samples were taken from the selected
plots at weekly intervals (five samples) from six locations during October 1999 1o January 2000,

The population of leafhoppers was found 10 be high in all the locations. The mean number
of lepidopteran pests was significantly high at Mannuthy T location (8.2} and Koorkkenchery 11 (7.8)
as compared 10 a population of 1.4 recorded at Avinissery I The population of total pests was highest
(14881 at Mannuthy 11 and lowest (64) in Koorkkenchery 1,

Hymenopteran parasitoids were the most abundant, the mean number of which ranged from
21.8 to 57.4 (Table 110). Among the predators, spiders were found to be high in number in all the
locations, There was no significant difference in the population of spiders and mirid bugs (Cvrtarhinus
lividipennis) in the six locations, Coccinellid predators were found 1o be significantly high at
Avinissery panchayath as compared w0 the low densitics recorded al Koorkkenchery panchayath, In
the case of Odonata a significanty high population (10.8) was recorded at Mannuthy I1 location as
compared to the other locations except in Koorkkenchery 1T (4.8).

Table 110, Mean number of natural enemies at six locations (Mean of five samples)

Ldisicis Sty Coccine | Odonata | Cyrier | Other Tatal Hymene D )
HELO BiipEs ids hingis predators predators oplera tpters
Avinissery | 12.2 6.0 1.8 3.0 7.4 31 23.6 218
Avinissery 11 |2 6.8 4.4 5.8 6.2 3.2 57.4 356
Koarkken 16.4 1.6 4.8 9.2 34 354 21.8 | 166
chary |

Koorkken 258 0.2 1 L8] 74 +4.4 Sl6 0.2
chery 1T

Mannuthy [ 388 3 Ly L& &2 34.8 38 258
Matinuthy 11 5 2.2 108 4.6 8.8 51.4 51.4 43.6
CD (P=0005) | 29.437 4.607 6.188 9.052 9,425 35.208 34.211 | 33.988

4.22.3.2. TNALU, Coimbatore

The survey was done in three locations in Coimbatore district. A 20 cent unsprayed arca
was selected and the samples of natural enemies were collected ar weekly intervals with five double
sweeps using sweep net in a4 m' area. The predators included coleopterans, spiders, dragonflies,
damselfly, crickets, grasshoppers and preying mantids: parasitoids comprised Terrasiichus, Telenomus,
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Coiesia and Trichogramama at Agricultural College and Research Tnstitute, Coimbatore and Puthur,
Predators consttuted between 16.72 — 21.0 per cent of all arthropods and parasitonds 11,38 — 3.1
per cenl and phylophagous insccts the rest. The phytophagous insects, in the order of oceurrence
were leal folders, stem borers and to a lesser exient, leal hoppers.

4.22.3.3. PAU, Ludhiana

The survey of natural enemies of rice pests was carried out at tarmer's field at village Behram
(Diste. Nawanshahar) at weekly interval during July o October 2000, The population of spiders was
recorded by double sweeps. The immature stages of different pests were collected from the Tields
and hrought to the laboratory for emergence of parasitoids or next stage of the pest,

Seventeen species of spiders belonging to seven families were recorded | Araneidae (Araneus
pnestus, Neoseona theisi, Argiope catennlara), Clubionidae (Clubiona sp.), Meldae (Lewcanuge
devorata, Loocelebesiana). Oxypidae (Oxvopes javanus), Sallicidae (Plexippus sp., P opavkulli),
Thomstdae (Runcinia atbosiriata, R sangasanga, Runeinfa sp. Thomisus sp.) Tetragnathidae
(Terragnatha javana, T, virescens, Teiragnatha sp.i], The spiders were available throughouot the crop
seuson. Tetragnatha fovana was most commeon tollowed by A prestus, T virescens and O, javanus.
Maximum population was recorded durmg second fortnight of July followed by first fortnight of
September

4.22.3.4. AAU, Jorhat

The survey for natural enemies of vice pests was carried out at farmer’s lield in villages of
Kukadonga, Alengmara and [CR farm (District-Jorhaty at weekly intervals from Scptember to
November 2000, From cach location one 20 cent plot was identitied for taking observations and the
larmers were requested not o apply insecticides. The egg masses of stem borer and larvae of leaf
folder and rice stem borer were collected and reared in the laboratory unul the emergence of natural
cncmics andd for the next stage of the pest. The samples were collected at weekly intervals with 5
double sweeps in each subplot (4m°) at three locations,

The extent ¢f parasiism ol leaf Tolder by larval parasitoid Bracon sp. during Khanif season
varied from 15% to 209 and the extent of parasitism of Awlosaphes sp. varied from 109 1o 16.6%.
Trichogramma was recorded during the last week ol September and the extent of parasitism was
23.3% . Ameng the spiders. Lyeosa psewdoanmelata, Oxvepes javanus and Tetragnatha sp. were
dommant during kharil.

4.23, Biological suppression of oilseed crop pests

4.23.1. Biological control of mustard aphid, Lipaphis erysimi (PAU, Ludhiana)

The experiment was condueted in o randomized block design with live replications in a
plot of 100m*. The population of the mustard aphid was recorded from 1) plants (10 cm central
shoot) selected al random lrom each plot Two releases of [vehiodon seutellaric and two sprays of
Verticillinm decanii were given at 20 days interval in biocontral plots. In imsecticide treated plots
two spravs of ogydemelon methyl were given at |5 days interval,
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The population of the mustard aphid in insecticide sprayed plots (48.44) was significantly
Jower than that in control and biccontral plots (1467 - 16.64) on 22-02-2001 (Table 111). Similar
trend was observed on (02-03-2001 and 12-03-20001. The yield in insecticide sprayed plots (496.5
ket was significantly higher than that in all other treatments, Both the bibagents did not prove effective
for the contral of mustard aphid and were on par with untreated control.

Table |11 Biological conwrol of mustard aphid

Population of mustard aphid /£ 10 ¢m shoot Yield

Treatinent Pre-treatment Posl treatment (kglha)
16-02-2001 22-02-2001] 02-03-2001 | 12-03-2001

Iveliodon soutellariy 120,00 218.68 206,46 3116 2]
adults @ 100/ha (14.67) (17040} (5.31)

Vierticitfivmi fecanii 12784 211.92 293,88 2116 268
e I conidialml {14.38) (17.12) (4.17)

Oxydemeton methyl 136.32 et 4 109,52 296 4965
@ hl5ce (ha (3.97) cnzn [1.89)

Caontrol 135,68 284.04 67,60 298,68 18.9
[ 16,64) (17.28) 17.34)

CD (P=0.05) ™S 14.55) 13,25} (343 5l

4.24.  Biological suppression of coconut pests
4.24.1. Evaluation of *Mycohit’ for the management of coconult eriophyid mite

4.24.1.L.LPDBC, Bangalore :

‘Mycohit’, the mycoacaricide formulation of Hirsutelld thompsonii developed at PDBC was
evaluated agamst the cocenut eriophyid mite (Aceria guerreronis) under field conditions. The
tredatments cansisted of "Mycohil', two and three sprays al [4-day intervals, a chemical {DRicofol)
control and an untreated contral. The percentage of dead colonies was recorded at weekly intervals
for up to 70 days alier treatment (DAT).

Although. Dicofel could bring about 12,94 per cent death of mite colonies by the 7 day of
spraying, comparable results with "Myeohil' were obtained only after a fortmght. Maximum (60.47%)
dead colomes were noticed at 49 DAT in trees sprayed with ‘Mycohit’ twice and Lhereafter. there
wag adecline in mortality. In contrast, there was a steady icrease in the percentage of dead colonies
m trees treated thrice with “Mycohit’, indicating the usefulness of an additional spray 10 sustain the
martality for moere than 1 months, The highest mortality (75.00%) was realized a1 63 DAT
{Table 112},
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Table 112, Effect of *Myeohit® on coconut mite

Per cent death of mite colonies (days alter treatment)
BS 7 14 21 23 35 42 49 56 63 i)
‘Mycoht” 200 | 519 18.62% [20.00 | 30,58 |42.01 | 50.47 | 6047 A0L00 | 6000 | 60.00
1Wo sprays”
Mycoht' 0.00 | 550 15.13% |25.04 | 316295038 | 64.70 | 7240 | 7431 [75.00 | 7500
three sprays™

Chemical 2.00 1294 | 4421 [57.91 | S4.16 |56.42 | 60.27 | 3850 4%.60 |40.30| 4000
comirol
{Dicafol}

Untreated (.00 2.00 5.00 5.00 | 500 3.00 4.60 7.00 500 6.50 .00
control

Treatment

Note:  DAT- Days after weatment: BS- Before spray
# 14 days interval between sprays
“ Sampling done just before spraying

Unlike in "Mycohit’ sprayed trees, in the case of Dicofol. maximuin lill (60.47%} of the
colonies was recorded at 42 DAT and from then on the dead colonies started reducing dramatically
suggesting the need [or more sprays [ keep the mite in check, In unsprayed trees, maximum natural
mortality was 7.00 per cent and no clear trend was noticed because of the fluctuations in the number
ol dead colonies. [t is concluded [rom the experiment that though two sprays of ‘Mycohit' are sufficient
10 check the mite numbers, an additional spray can give more stable control for a longer period.

4.24.1.2. Regional Station, CPCRI, Kayangulam

Mycohit (a formulation of Hirsutella thompsonii) was applied in a farmers” garden 7 km
east of Kayangulam. Two teatments of Mycohit two sprays al 14 days mterval and three sprays at
14 days interval were taken up and compared with untreated control. A maximum of 63% dead
colonies were ohserved after seven days of the first spray and they came down to 25% after 28 days
of the first spray or 14 days of the second spray. [nterestingly, after seven days of the third spray
only about 14.8% dead colonies were noticed, The experiment was incomplete and thevefore another
irial with all the reatments (including the wettable sulphur treatment, which was not taken up in
the present trial as chemical control) needs to be laid out.

4.24.1.3. KAU, Thrissur

A field experiment was Jaid out for the management of the coconut mite with the following
four treatments. with ten trees in cach replication

T1 Dicofol - single spray

T2 Mycohil — Lwo sprays at 14 days interval
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T3 Mycohit — three sprays at 14 days interval
T4 Untreated control

Spraving of Dicote
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and first round of Mycohit was done in the second fortnight of Febroary
2001 followed by second amd third sprays. Nut samples collected one week after ‘Mycohit® apphication

farisolation of the fungus revealed no establishment of M. thompsonii in the sites.

4.24.2. Seasonal fluctuations of natural enemies of Opisina arenoseila (CPCRI, Kayangulam)

The scasonal (luctaation of Opésina arenosella and its natural enemies was studied in a
coconut garden comprising one hundred 8 - 10 year old palms at Ayiramthengu (Kerala), Twenty
palms were marked as sample palms and 20 leaflets of 20 leaves observed at monthly intervals.
Maximum pest population was observed during April-June  (Table 113). The major parasitolds
observed were Brachvineria spp, Gonfozus nephantidis, Elasmus nephantidis and Apanteles

farageine.

Table 113, Seasonal fluctuations of natural enemics of Qpesing arenosella

Paper card hits (1.0 em’) containing aboutl 400 UV exposed Corcvra cephalonica egps were
cxposed o 10 Temales of T clulotraeae Tor 24 hoin a glass vial (3 x 1 cm) and kepr at 10, 15, 20,
15, 3. and 35°C separately, Number of adults emerged and duration of development from egg to
adult were recorded. Fitty newly emerged 7. chiletraeae were selected and released into a ulass vial

Month Chpiying population Parasites recorded
April, 2000 5450 Brachymeria, Gomozus & Elasmus
May 67.15 Brachymieria
June 44 -
July 22.11 Elasnius
August 37.40 Elarmus, Apanieles
September 26.20 “
October 21,28 -
November T.55
December 6,36 -
January, 2001 16 Apanieles
February 24.12 Elasniuy
March 24.1 Goniozus & Brachvineria
4.25.  Biological suppression of fruit crop pests
4.25.1. Development of Trichogramma chilotraeae at different temperatures (ILHR, Bangalore)

(15 % 2.5 em) with honey and mainiained at the above temperatures o record adult longevity

=

-
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The rate of development of T, ehilorraeae at different constant lemperature regimes
accelerated with inereasing temperature, The overall development period decreased [rom 36 days at
100 1o 7.2 days al 35°C. Emergence ol progeny accurred in all the temperature regimes. Higher
progeny production eccurred at 15 and 20°C and very low production of 51.76 progeny was observed
at 100C. Temperature regimes 25 — 35°C affected the progeny production. Adults survived for 3.1
days at 1€, 8.05 days at 13°C and decreased Lo 1,74 days at 353%C (Table 114).

Table 114. Effect of lemperature on the development, progeny production and longevity of T: chilotracae

Temperature: (°C) D;‘\'L‘lﬂp;]’:;:;ll:;l period !\Iuml;s: Itjlll g:lngeny AduI:JZ:flcvtLy
|0 3640 51.76 3.0
15 2480 534.40 #.45
20 10,75 550,25 316
25 §.24 24775 2.85
3 732 i54.42 275
15 T.20 165.80 .74

4.25.2. Residual toxicity of botanicals and conventional pesticides to Trichogramma chilotracae
(IIHR, Bangalore)

T chilotragae was obtained from the eggs of Deudoriy isocrates and mamtained on rice
moth in the laboratory. Thirteen chemicals were lested [ot their residual toxic elfects on T chilotraeae
(Table 115). Potted pomegranate plants were sprayed Lo run-off level with different chemicals. The
eated Teaves after drying were kept individually in glass vials and 20 adults of ) chiloiraeae seleased.
A streak of honey on the mner walls of the tube served as food for the parasitoids, Mortality was
tecorded after 24 hours ol exposure, The toxic effect of chemicals was studied by exposing the adults
at O, 1, 14,21, 28. 35 and 42 days after application.

All the botanicals and conventional pesticides caused martality but the extent of mortality
varied considerably with different ireatments. There was a dramatic drop in the mortality of parasitoids
when exposed 1o botanicals one day afler application. They proved nontoxie to the parasitoids within
a day after application, Both carbaryl and monocrotophes proved highly toxic, causing 1009 mortality
exen alter 42 days.

4.25.3. Evaluation of Trichogramma chilotracae to control the pomegranate frait borer (ITHR,
Bangalore)

Releases ul T, chilotracae were initiated in February and continued up to Aprik. A total of
35,000 parasitoids were released during the study period. The data on the number of healthy and
damaged fruits were recorded at regular intervals. The results indicated that the fruit damage due o
D, isaerates was less on parasioid released plants than control. A pooled mean of 14.15 % fruil
damage was recorded in the parasite 1e leased prehards as compared o 24.24% damage in the cheek
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Table 115, Toxicity of botanicals and conventional pesticides to 7. ehilotrasae

TeagfEh] Per cent mortality of adults {days afier application)
leoncentralion | 0 | 7 14 3] a8 35 42
Nimbicidin 0.3% ETIR, 0T b 0 0 i 0 ] 0
Neem gold 0.3% 2300 | ‘0 1] 0 0 [t} 1] 0
Meem azal 0L3% 16,00 [} b} 0 0 0 0

Neemark 0.3% 2200 0 (8] 0 i} (0] 0 0
Rakshak 0.3% 6,00 { o i 0} 8] 4]

Neem guard 0.3% 4150 1 0 4] 0 0 0 i} 4]
Econeem (+3% 41.50 0 0 0 1] ] 0 i
Mivaar 0.3% 0315 [t} 0 o] ] 1] o] i]
Neeny Rich (135 24,00 i t] ] 0 { 0 {}
Neem oil 2% 1 Q0L 300 1] {l M ¥ 0 1]
NSKE 4% 30,50 ] ] 0 0 0 0 3]
Carbary| 0. 10% 100.0 | 000 100.0 100,40 100.0 100.0 100.0 1000
Muonocrotophaos 0.05% 0.0 100.0 1000 100,00 L0 10D.0 100.0 100.0
Check (Water) (.08 .00 100 (L0 .00 0.00 0.00 0.00

4.25.4. Pomegranate fruit hborer and its natural enemies (Dr.YSPUH & F, Solan)

Cumulative incidence of pomegranale fruit borer, Deudorix epifarbar increased from 5.5%
ol bored fruits in second hall of June 1o 31.6% in first half of August 2000, Only egg parasiloids
were observed and parasitisation varied from 47.1 to 75% with a mean of 59.2%, Amongst the
emerged parasitoids, 93, 1% were the scelionid Telenomus (T, Pcyrus) and 6.9% were the eupelmid
Antastains sp. e kashmivensis.

4.25.5. Efficacy of Trichogramma chilonis against the ber fruit borer, Meridarchis seyrodes
(ITHR, Bangalore)

The tricho cards were tied to ber shoots from the time of fruit set and releases were initiated
from mid July and continued up 1o first week of August 20000 The data on the number of healthy
and bhored fruits were recorded at regular intervals. About 100 fruits were sampled in the release
and eheck plots ata piven tme, Mean [ruil damage was 22.33% on the released plants as compared
o 34.95% in check.
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4,25.6. Tield evaluation of Crypftolaemus montrougieri in the suppression of striped mealy bug,
Ferrisia virgata on custard apple (IIHR, Bangalore}
€ montrouzieri was evaluated for its efficacy against F virgata infesting custard apple in
two locations around Bangalore. The predator was released @ 3(0/plant, The population of the mealy
bug was recorded on 10 randomly selected plants at regular intervals,

In the orchard 1, the mealy bug population appeared in June (2450/plant) and the predator
was released on 10-06-2000. There was a continuous reduction in the population of the mealy bugs
following the release of € montrouziert and a mean of 5.20 /plant was recorded an 14" August

2000.

In the secand orchard, the pest appeared in the last week of October ( 1400/plant) and releases
of the predator were made on 2 November. By 30" December, a very low population of 4.00/plant
was recorded.

4.25.7. Survey for the natural enemies of spiralling whitefly

4.25.7.1. ITHR, Bangalore

Surveys for the natural enemies were carried out in Karnataka, Kerala, Tamil Nadu, Andhra
Pradesh and Maharashira. A total of 25 natural énemies were collected on different host plants m
different areas (Table 116).
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Table 116, Natural enemies of the spiralling whitefly in peninsular India

Family & Order Natural enemy recorded

PARASITOIDS

Aphelinidae. Hymenoptera Encarsia guadeloupae Viggian
Encarsia sp. ur. haitiensis Dozier

PREDATORS

Coccinellidae, Coleoptera Axinoscyvmnus puttarudriche KapurdMunshi
Cryptelacmus montroazier Mulsant
Cheilomenes sexmaculata (Fabricigs)
Chilocorus nigrira (Fabriciug)
Anegleis cavdoni (Weise}
Scvmtaus nuebilies Mulsant
Serangium parcesetosum Sicard
Crrinus coernlens (Mulsant)
Javravia sp.

Nitduliclae, Colesplera Cvlracephiatus sp.

Drosophilidac, Diptera Acleroxenis tndica Malloch

Cecidomyiidae, Diptera Trivmenaia coccidivora (Fell)

Chamaemyiidae, Dipters Leucopis sp

Chrysoprdae, Neuroptera Mallada aster (Banks)
Chrysoperla carnea (Stephens)
Mallada boninensis (Okamoto)
Nobilinus sp.
Apertochirysa sp.

Hemerobiidae, Neuroptera Natiobiella sp. 8¢ Henmerobius sp.

Lycaemidae, Lepiduptera Spralgéy epewes (Westwood)

PATHOGEN

Deureromycetes. Moniliales FPaecilomyces farinosus (Holms, )

£ Thairiensis was recorded a1 Sirsi, Hessaraghatta, Puttur, Hebbal, Hosallipalaya, Yelahanka
and Kadur {Karnataka): Thiruvananthapuram and Thrissur (Kerala) and Krishnagiri (Tamil Nadu),
while E. guadelowpae was collected from  Hessaraghatia, Hebbal, Linganalli, Hosallipalaya and
Yelahanka (Karnataka).
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4.257.2. KAU, Thrissur

A survey for the natural enemies of spiralling whitefly was carried out during October 2000
- February 2001 m Thrissur district. Whitefly infested leaves of guava, chillies, ceara rubber. tapioca.
brinjal. peinsettia, rose, bulsam and Hébiscus were collecied from the fields and observed for
parasitistn.  Parasitisation by the aphelinid parasitoid, Encarsia sp, was noticed on the last stage of
the whitefly nymphs on all host plants. The extent of natural parasitism on different host plants
ranged from 0-66.6 per cent. Maximum parasitism was observed on chillies (66%) during October.
Though pest population way maximum in Ceara rubber, parasitism was less.

4.25.8. Colonisation of Encarsia spp. on spiralling whitefly (TTHR, Bangalore)

Encarsia §pp. were nol present in several areas. The adult parasitoids that emerged [rom
the field samples collected m the colonized areas were released n the areas where Encarsia spp.
were not Known o aeeur.

E. guadeloupae was released at [varakandapura from 14.2.2000 to 28.3.2000. A total of
271 adults were released during this period on guava. A mean of 1447 % nymphs were lound
parasitised by E. guadeloupae on 23-(13-2000, The parasitism by E. guadeloupae gradually increased
to 62.74% in June 2000,

A wotal of 77 E. hattiensis adulls were released on guava al Hesgaraghatta [tom 16-02-2000
1o 31-03-2000. Samples were collected from al monthly interval. Parasitoid aclivity was first noticed
in the samples collected on [§-02-2000. A maximum of 47.83 nymphs were found parasitised by E.
Phaitiensts on guava al Hessaraghatta in the second week of June 2000,

I addition, E. gradeloupae was also released in Mysore. Sirsi, Shimoga, Kolar
Chickaballapur, Madikeri, Kadur, Bellary. Puttur, Mudigere, Mandya, Davangere, Belgaum and
Dharwad (Karnataka), Trivandrum and Thrissur (Kerala), Coimbatore {Tamil Madu), Pune
(Maharashtra), Hyderabad and Madanapalli (Andhra Pradesh).

4.25.9. Encarsie guadeloupae on spiralling whitefly infesting banana and guava (ITHR,
Bangalore )

Banana plants (var. Mondan) were found infested with the spiralling whitetly in December
1999 Samples were collected at fortnightly intervals and the number of healthy and parasitised
nymphs recorded in a marked area of 4 e from April 2000 to March 2001 The parasitism ranged
from 8.60 to 66.04% and only E. guardeloupae was found. Similarly the incidence of spiraling whitefly
in relation 10 E guadeloupue was studied on guava and parasitism by E. guadeloupae ranged from
27 62 1o 92.60% from June 2000 to March 2001,

4,25.10. Safety of botanicals to Encarsia euadeloupae (ITHR, Bangalore)

Polted guava plants were sprayed to run-off level wilh nine botanicals. The weated leaves
after drying were kept individually in gluss vials. In each vial. 10 adults of E. guadeloupae were
reledsed. A streak of honey on the inner walls of the (ube served as food for the parasitoids. Mortality
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was recorded 24 hours after exposure, The toxic effect of chemicals was studied by exposing Lhe
adults at 0. land 7 days after application,

Neem gold. Econeem. Nimbicidin all at 0.03 % and NSKE 4% were nol loxic 1o the adult
parasitoids soon afier application, The other botanicals, viz., neem oil, Neem azal, Neem mark were
found to be toxic, causing 20-40% mortality of the parasitoids, but g drop in the mortality of
parasitoids was seen one day after application. Neem guard proved to be highly toxic causing 100%
mortality on the day of application and 20% one-day after application and none on the 7 day afier
apphcation.

4.25.11. Tield evaluation of Bt commercial formulations againsi Papilio demoleus on citrus (ITHR,
Bangalore)

Commercial formulations of Bacillns thuringiensiz var, kurstaki (Br), vz, Delfin, Dipel,
Biobit and Hall @ 1.0 kg/ha were evaluaied along with ¢ypermethrin. Five sprays were given at
weekly interval. Results showed that all the Bf formulations tested were highly effective in controlling
the larval population of P demolens on citrus and comparable o cypermethrin. The mean larval
count was the lowest in B¢ sprayed plants (0.13 — 0.20 larvae/plant), a reduction of 93.4 to 95.7%
over control (Table 117

Table 117, Effect of B¢ formulations against Papilio demoleus on citrus

Treatment Mean larval count Per cent reduction over control
Halt @ 1.0 g/ 0.13 95.7

Dellin @ 1.1} gl 0.20 934

Biobit @ .0 g/ 0.15 850

Dipel @ 1.0 g/ .20 934
Cypermethrin @& .5ml/| 0.20 93.4

Contral 3.03 =

4.25.12. Field evaluation of commereial formulations of Bacillus thuringiensis var. kurstaki
against pomegranate fruit borer, Dendorix isocrates (ITHR, Bangalore)

Commercial lormulations of Bacillus thuringiensis var. furstaki (Br), viz., Delfin, Dipel,
Biobit and Halt were evaluated for their field efficacy in cont rolling Dewdoris isocrates and compared
with deltamethrin and unsprayed control. 8¢ commercial formulations were sprayed @ 1.0 g/l five
times at weekly interval. Dellamethrin @ 0.5 ml was sprayed thrice at ten-day interval, Observations
werte recorded on the per cent bored fruits at the time of harvest. Results showed that there was
signilicant reduction i mean fruil damage in all the Bt formulation treated plants, (0.5-1.1% damage/
tree) as compared Lo tntrealed control (2.95% damagefiree). Br was as good as delamethrin which
recorded a mean percentage fruit damage of 0. 90/ree.
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4.25.13. Seasonal abundance of woolly apple aphid in relation to natural enemies {Dr.YSPUH
& F, Solan)

Monitoring of the woolly apple aphid (Eriosoma lanigerum) population throughout the year
at weekly intervals along with their natural encmics revealed that mean colony number/replicate
increased from 1.6 to 31,7 during April - May. The mean colony size and aphid coverage on the
marked infested twigs increased from 0.19 to 0.3 cm and 0.343 10 9.843 cm, respectively, The count
of mummified aphids by Aphelinus mali also inereased from (16 to 18.6/replicate and continued to
be higher till Tuly l-week, though by then aphid activity was declining. The aphid population (colony
number 0.3, size 0.04 and voverage 0,09 cm) and parasitization (0.1 mummy/freplicate) declined 1o
inimum in the second week of August, During mid-August 1o September-end, aphid population
was low (1.6-7.4 colonies of 0.16-0.34 cm size with coverage of 0.6-2 em) and mummified aphid
count was 0.1 1o 2.3, In Ovtober-November. the aphid activity increased Lo attain second peak (in
the third week of November: ¢colony count 24, with mean size of 0,395 cm and coverage of 13.13
em) when 24,1 mummified aphids were counted/rephcate. Although high aphid activity continued
lill December end (21.1 colonigs, 0.348 cm size and 10,81 ¢m coverage), mummified aphid count
was below 4freéplicate. During January - March 2001, population count of the aphid declined (151
1o 1.1 colonies, size 0.29 1o 0,101 em and coverage 4.52 to (L.23 em),

Among nateral enemies, the activity of Aphelinus mali persisted almost throughout the year.
Chrysopids and coceinellids were frequently encountered during April - Jung, and syrphids during
June, November and February.

4.35.14. Effeet of insecticides on natural enemies of woolly apple aphid (DrYSPUH & F. Solan)

Chrysaperta carned

Chlorpyriphos (0.04%, endosulfan (0.054) and methy] parathion (0L.05%) are often used
for suppression of apple pests, To find out, the waiting period for commencing releases ol €. carnea.
an experiment was planned in October-November, From sprayed apple trees, leaves were periodically
brought to the Jabaratory. Eggs of Corcyra cephalonica were sprinkled on lcaves, transferred to
petriplates and an these, 2-3 day old C. carmea larvae were released. Maortality was recorded at 24
fir intervals.

Chlorpyriphos continued to resull in 100% mortality on three-day-old deposiis within a day
of release and 24 b mortality dropped to 20% on f-day old deposits. On 8-day old deposits, mortality
was 20% 2-days after release. From surviving larvae. adull formation, survival and egg laying were
normal. However, on 10-day old deposits there was no mortality, Methyl parathion gave complete
mortality in 24 h up o 3-day ald deposits and was reduced to 75-78% in 4 and S-day old deposits.
Mortality ¢eased on 7-day ald deposits. Endosulfan on the other hand provided 100% mortality anly
on fresh and 1-day old deposits, On 2-day old deposits, mortality was 72% one day after the release
of Tarvae, which did not increase, in subsequent ahservations. On 3-day-old deposits. larval martality
wits reduced o 6% 1-day after the release, 17% 2-day after release and increased to a maximum of
224 f day-alter release, Surviving larvae developed to normal adults,
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It can be concluded that in chlorpyrifos, methyl parathion and endosulfan weated orchards, C. carnea
can be safely released 10, 7 and 5 days after the spray.

Aphelinus mali

Insecticides chlorpyrifos (0.04%), endosulfan (0.05%), methy] parathion {0,05%),
imidacloprid (0.01% and 0.02%) and thiamethoxam (0.013 and (0.0063% ) were sprayed in the firsi
half of November 2000 and 10 days after the spray mummified aphids were collected from the spraved
trees Lo observe Tor emergence of Aphelinus mali. Adult emergence commenced in mid-February
2001 and continued till March 10. None of the insecticide treatments affected the over wintering
population of the parasitoid.

4.25.15. Impact of parasitoids of San Jose scale at already released sites (SKUAS & T, Srinagar)

The impact of parasitoids released during previous years at different locations in the valley
was studied in five districts. Four twigs from each tree measuring 12 - 15 em were taken randomly
and brought to the faboratory and maintamed at 22 + 2°C for emergence of parasitoids and
parasitisationfem’ was counted and recorded. The results showed parasitisation from 20 10 54% in
Anantnag, Pulwama, Budgam, Baramulla and Srinagar districts. Both Aphviis sp. and Encarsia spp.
have established well at the released sites.

4.25.16. Incidence of San Jose scale, woolly aphid and their natural enemies at different
altitudes (SKUAS & T, Srinagar)
San Jose scale

Extensive survey was conducted n the valley and scale infested twigs collected from different
locations al different altitudes were brought to the laboratory to estimate the population of the pest
and their natural enemiey (Table 118},

Table 118, Quaniitative estimation of San Jose scale at dilferent altitudes

Dristrict Lacation Altitude d?:llell‘l:y Live Parastiised
Srinagar Gulabagh 4512 168 48 126
Budgam Wagoora 44a0 132 30 93
Pulwama Ladon 4225 87 3 5l
Budgam Wadwan 4200 (R14] 82 108
Baramulla Pattan 4120 173 pe3t] 54
Ananinag Awantipora 4300 95 46 44
Ananlnag Bejbehara 4210 118 43 73
Baramulla Putkhak 4000 96 Eh] 68
Mugam

Srinagar Ganderbul 4450 177 57 60
Baramulla Singoo 4430 89 25 64




PDBC - Annual Report 2000-2001

Woolly aphid

Srinagar, Baramulla, Pulwama, Budgam and Anantnag districts were surveyed o ascertain
the woolly aphid infestation in fruit orchards. Woolly aphid samples from cach experimental site
were collected and brought 1o the laboratory for further observation.

Parasitism by A. mali 10 the extent of 20-34% was recorded from May-September. The

predators recorded were Chilocorus infernalis, Coccinella septempunctaia, Pharoscymnus baiteatue.
Chrvspperla confrator.

4.26.  Biological suppression of vegetable erop pests

4.26.1. Management of tomato fruit borer Helicoverpa armigera with Trichogramma pretiosum
and HaNPV

4.26.1.1. IIHR, Bangalore

Tomato var, Pusa Ruby was planted in 300 m* during Ociober-March 2001 for trials against
hioeontrol of H. armigera using ege parasitoid Trichogramma pretiosum. HaNPV and Br (Halt), The
[ollowing six Lreatments were used,

i Trichogranma pretiosut alone @ 50,000 adults/halrelease five times from flower initiation
period, Tricho cards were cut into bits and tied in every plot in the middle (5 m apart}

i, HaNPV alone was sprayed @ 250 LE/ha (1.5 x 10¥POB). A wotal of 5 sprays were made at
weekly intervals

il Trichogramma previoswm @ 30,000 adults’ha/release five times at weekly intervals + HaNPV
@ 250 LIE/ha — 3 sprays; first spray 5 days after release of parasitoids and subsequently ai
weekly intervals

f Trichogranina pretiosum was released as above and HalNPV was sprayed twice al the above
concentration. (st spray 3 days after release and second one: 10 days later
v, Halt (Br) @ ] .0/l was sprayed at weekly interval from the day of observation of larvae and a
total of 3 sprays were given
Vi, Caontrol
Observations were made on 5 plants in each plot at weekly interval on the level of parasitism.
Per cent frunt damage was recorded at the time of harvest. The data revealed no natural parasitism

in the field. Wherever parasitoid was released, per cent parasitism was more, ranging from 53.65 -
59,50 {Table 119)
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The larval population was ranged [from 0.28 - 0.90 per plant. The increase in larval
population was steadily observed in control compared to treatments throughout the cropping season.
The mean larval population was 0.48 per plant in HaNPV sprayed plots and 0.56 in parasitoid released
plot. Among treatments with parasitoid & HaNPV 2 and 3 sprays and Halt (Br), there wag not much
difference (0.50, 52, and 0.51). Hence, inlegrating sprays with the parasitoid appears 1o be better
than parasitoid alone and control, but per cent reduction was almost uniform in all the treatments
except contral,

Per cent borer damage was more during early harvests than the rest of the harvests. The
mean Fruit borer damage was between 8,12 and 10.08% in various treatments compared to control
{27.64%). Thercfore, damage reduction over control was 64.00%, 68.34% and 70.30% in parasitoid
release, in parasitoid + two sprays of NPV and parasitoid + three sprays of NPV reatments,
respectively.

The data showed that parasitoid released plot recorded 39.45% yield increase over control,
Other treatments recorded 40.31 % - 46.25% increase in yield over control, Yield-wise the treatment
with parasitoid and 2 sprays of NPV was found better (Table 119,

4.26.1.2. ANGRAU, Hyderabad
A trial wag laid out with var. Pusa Ruby with 5 treatments including control and each
reatment was replicated four limes.

i Release of Trichogranma pretiosum alone @ 50,000 adulis/ha release § tmes with observation
of eggs in the licld (Release of Tricho bits 5 ot apart). )

i, Sprays of HaNPV alone @ 250 LEfha (1.5 x 10" LE) 5 sprays at weekly interval.

il Trichogramma preriosym @ 50,000 adults/hafrelease 5 times al weeklyiinterval + HaNPY @
950 LE/Ma (1.5 x 10" LE) 3 sprays — First spray 5 days after release of parasitoids and
subsequent sprays at weekly interval.

v, Trichogramma pretiosam 50,000 adults/ha/release five times with weekly intervals + fa NPV
@ 250LE/Ma 2 sprays - First spray 5 days after release of parasitoids and subsequent sprays
at 10 days nterval.

v, Caontrol

Observations on larval population were recorded on 5 randemiy selected plants in each
ireatment al weckly intervals. At each picking percent bored fruits were also recorded along with
yield data in each treatment. The data revealed that all the treatment combinations were significantly
superior Lo the control. The Jowest mean larval population (1.75) and the lowest fruit damage {3.87%)
were recorded in the treatment where T preriosum was released @ 50,000/Mhalrelease Lor 5 times
witl 3 sprays of NPV @ 250 LE/ha and proved to be significantly superior o others. The highest
yield of 130,50 Qrha was also recorded in the same treatment (Table 1201).
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Table 120, Biocontrol based management of tomato fruit borer, H. armigera.

Pre count of T Per cent
Treatment larval : bored Yield {(g/h)
: populéation g
papulation fruits
T prestioswn @ 50 000Mha/week for 5 limes 11.00 4.70 6,80 100.25
13.38) (2.28) (15.06)
HaNPV @ 250 LE/ha 5 sprays at weekly interval 12.50 4.75 s5.24 103.75
(3.59) (2.29) {13.15)
T prestiosum @ S0,000/haatweek for 5 times + 12.50 475 5.24 1013.75
HaNPV @ 250 times + NPV {3.60) (1.48) (11,21}
T prestiosum @ 50.000/Ma‘week § times + 9.75 395 .56 TR.50
HaNPV @ 250 LE/ha 2 sprays (3.200 (2,54} (14.81)
Control 12.00 11.15 21,02 5325
D (P=0.05%) NS 0.27 2.84 19.83

Fragures in parentheses are transformed values

4.26.1.3. MPKY, Pune

A field trial was conducted on the Research Farm of Entomoiogy Section, College of
Agrigulture, Pune, on tomato (var. Pusa Ruby) in 20m® plot at 60 x 30 ¢m plant spacing. The trial
was laid out in RBD with four replications and five treatments similar to that given under ANGRAL.,
Hyderabad.

Application of treatments i e. velease of parasitoids and sprays of HaNPV were carried out
at flowering stage of the crop. Observations on larval population from five plants/plot were recorded
as pre-count, cne day before initiagon of treatments and thereafter at weekly interval. Al each fruit
picking, number and weight of healthy and infested fruits/plot were recorded for computing per cent
[ruit infestation and yield of marketable fruirs,

The results of the trial indicated that 5 releases of T, pretiosum @ 50,000 adults/ha/release+3
sprays of HaNFV @ 250 LE/ha was the most effective treatment against /. armigera on tomato in
respect of Muit infestation (12.73%). However, minimum surviving larval population (2.77 larvae/s
plants} and maximum tomato yield (338.6 g/ha) were observed in the treatment with 3 sprays of
HaNPV @ 250 LE/ha (Table 121),

139



PDBC - Annual Report 2000-2001

Table 121, Efficacy of Trichogramma against Helicovera armigera on lomato

Larval population / 5 plant * |Per cent fruit | Yield Vield-of
Trea tment marketable
Pre-count Average infestation®* | {gfha)
surviving fruits {g/ha)
population
T pretiosum @ 50000 adults / 11.80 4.12 20.23 281.6 279.0
ha / release as 5 releases (12.42) {2.15) (26.70)
HaNPV @ 250 LE/ha as 5 12.42 277 16.42 338.6 340.6
sprays (3.60) (1.81) (23.90)
T prestiosum @ 50,000 adulis / 13.40 X2 1273 297.8 293.3
ha / release as 5§ releases + (3.73) (3.73) (20.88)
HaNPV @ 250 LE/ha as 3 sprays
T. prestiosum @ 30,000 adults / 13.27 3.57 16.92 293.8 288.9
ha / release as 5 release + (3.70) (2.02) (24.29)
HaNPV @ 250 LEfha as 2 sprays
Untreated control 12.59 7.50 33.38 138.2 136.7
(3.62) (3.62) (35.28)
CD (P=0.05] (N.5)) (0.19) (1.54) 66.50 17.43

= Figures in parentheses are ® Nn+0.5 and ** angular transformations; Surviving population of
larvacare averages of five observations  N.5. = Non-significant

Additional receipts due to reatments were maximum (Rs.1,22,340) in the veatment with 5
sprays of HaNPV and Rs.93.960/- in the treatment with T pretfosum + HaNPV 3 sprays (Table 122).

Five releases ol Trichogramma pretiosum @ 50.000 adults/hafrelease + 3 sprayvs of HaNPV
@ 250 LE/ha or 5 sprays of HaNPV @ 250 LE/a were found 1o be the most effective and may be
recommended against H. apnigera on tomato.

4.26.1.4. GAU, Anand

The experiment was laid out with a plot size of 25 m® and five treatments with four
replications similar (o that given under ANGRAU, Hyderabad.

Larval counts were made in five plants per plot per treatment at weekly interval. Per cent
bored Fruits during each harvest and yield were recorded. The population of A armegera was low.
However. it can be seen from the data that T. presiosum + Ha NPV 3 sprays. was superior 1o control,
Per cent parasitism ranged from 20.16 to 22.65 per cent in the release plots whereas the control
exhibited 7.93 % parasitism (Table 123).
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Table123. Effectiveness of different treatments against H. anmigera on tomato
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Treatmen Eges/ Larvae/ Fer cent Parasitism Yield
B 5 plants 5 plants damage (%) kgfha
TP+NPV 3 sprays 1.48% 2262 10.60** 22.65 1588
£1.18) (0.5%) (3.38)
TP+NPV 3 sprays 1.7d 1.43 1518 21.37 1553
(1.89) [1.04) (6.86)
TF alone 189 1.52 10,97 216 1458
237 (130 (3.62)
NPV alonc 212 1.58 10.26 T.76 1406
(3.49) (1.9 {3:17)
Control 232 | ) 8.99 7.93 1212
{4.38) (1.96) (2.44)
CD (P=0.015) 0.20 0.1 3.26 15204

#% Are sin transformation, figures in parentheses are transformed values

To test IPM module against tomato fruit borer H. armigera, an experiment was lad out at GAU,

Anand in a plot of 25m?® size per each treatment with two treatments and four replications.

Tl
1,

1

T2

Muodule

Interspersing marigold with tomato

Inundative release of Trichogramma chifonts @ 50 000/week synchromizing with H. armigera

oviposition in tomato

Hand picking of . armigera at weekly interval and placing them in cages installed in the
field which will facilitate escape of parasites like Campoletis chlorideae, Eriborus sp.,

Apantetes sp., ete,

Perchimg sites for msectivorous birds (50perches/ha)

Need hased application of Hae NPY @ 1.5 x 10'%ha

Control

Observations were recorded on H. armigera larval population, and extent of fruit damage in 20
randomly selected plants al weekly interval. Estimation of egg parasitism was done by collection of
at least 25 eges of M. armigera from all over the field,

The results presented in Table 124 indicate that IPM module was superior 1o insecticides as well as

control
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Table 124, Effictiveness of different treatments against H. armigera on tomato

Treatment IFM Conirol
Bags ¢ 20 plamts 325 [B.50
Larvel / 20 plants 250 B.13
Per cenl damage 1.59 10.64
Per cent parasitism 24.43 7.93
Yield (giha) 1670 1212

4.26.2. Evaluation of Trichogrammatoidea bactrae against Pluteflla xylostella on cabbage

4.26.2.1.11HR, Bangalore

Cabbage (var. Krishna) was planted in 100m?area. A total of 5 plots were made each with
20m* area. The entire area was subjected to parasitoid release. A separate 100m?® area was held at
an isolated distance for both chemical (endosulfan 3 sprays at weekly interval) and control treatments.
Egg parasitoid, Trichagramnatoidea bactrae was released @ 2.5 lakh adults per hectare right before
primordial formation ( [0 days from transplanting). A wtal of 5 releases were made at weekly
intervals, Every week prior 1o 1he release of egg parasitoids, observation was made on larval population
trom 10 heads per plot

The larval population gradually reduced to 1.0/plant by fourth week from 5.10 and almosi
maintained the same trend in parasitoid released plot (Table 125). In endoesulfan ireated ‘plot a mean
of 18O larvae per plant was recorded which was however lawer than that in control (3.80 per plant).

Table 125, Elfect of egg parasitoid, Trichogrammatoidea baetrae against Plurella xvlostella on

cabbage

Treatment Larval population Mean Reduc- Yield Increase
Before After release larval tion over | (kg/plog aver
release I I nmf w| v |popula control control

tion (Fo) {%)

TI 5.10 2.10| 1.90 | 140|100 1.00 [1.48 61.05 | 76.20 56.15
T2 4.60 2.00( 220 | 2.00(1.20| 1.60 |1.80 52.63 68.00 39.34

T3 360 4.80] 310 | 4.50 |13.50] 3.10 | 3.80 - 48,80 -

Tl Trichogrammatoidea bactrae @ 2.5 lakhs ha
T2 Endosulfan @ 2.0) ml/]

T3 Control

* Mean of 10 plants, excluding parasitised ones
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A reduction of 52.63% and 61.05% in larval population in endosulfan and parasiteid released plots,
tespectively, over control was observed. Yield daia revealed that there was 56,15 % increase in yield
in parasitoid release treatment over control,

4.26.2.2. ANGRAU, Hyderabad

The experiment was conducied with cabbage var. Golden Acre. Two 100 m- plots were
prepared with a separation distance of 150 m to act as parasitoid release plot and contral plon The
release plot was again subdivided into 5 equal parts of 20m? for recording observations. Tr bactrae
was released ten days afier transplanting @ 2.5 lakh/ha and thereafter at weeldly mtervals. A total
of five releases were made. The efficacy of the parasitoid was determined on the basis of larval
population. Establishment of the parasitoid in cabbage cvosystem was ascertained on the basis of
recovery of the parasitond from the released plot.

The number of P ovlostelier larvae per plant in released plot started declining (rom 3.2 per
plant 10 058 per plant whereas in control it was 4.8 larvae per plant and remained 4-5 larvae pes
plant. The recovery af Ti: bacirae from the released plot suggested suceesstul cstablishment of the
parasitoid in cabbage ccosystem

4.26.2.3. MPKYV, Pune

The trial was laid cut on the Research Farm of Entomology Section, College of Agriculure,
Pune, on transplanied seedlings of cabbage (Golden Acrel. The plot size was H00m?, divided into 5
subplots of 4 x 5 m'. The treammenls were:

Tl Trichagrammatoidea bactrae @ 50,000 adulis/ha/release-live releases at weeldy interval
T2 Untreated control

Release of parasitoids was commenced 25 days after transplanting of the crop. Observations
on number of larvae per 10 plants from each subplot were recorded a day before initiation of release
and thereafter at weekly interval. Yield of marketable cabbage heads per plot was recorded, and
converted mto g/ha.

The releases of T buectrae @ 50,000 adults/hafrelease 5 times af weekly interval
commencing 25 days alier planting was found signilicantly superior o control, The average surviving
population was 9. larvae/ 10 plants and yield of 363.3 g/ba as against [ 2,86 average surviving larvae/
10 plants and 233 3g/ha yield in control, The additional receipts due to this treatment were worth
Rs.39, 510/ with 1:35.04 ICBR.

4.26.3. Evaluation of Trichogramma chilonis against shoot and fruit horer, Leucinodes orbonalis
on brinjal (ITHR, Bangalore)

A field wial with egg parasitoid T cfiitonis was conducted Lo evaluate il performunce against
shoot and fruit borer Lewcinodes orbonalis on brinjal var, Kalpatharu. Parasitoids were [irst released
15 days alter transplanting in 625m* area and continued till tenth harvest @ 40000 to 70,000 adults
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per ha per release, A total of 5, 00, 000 adults /ha were released, The fruit borer damage was
considered fon assessing the potential of the parasitoid. The borer damage was gradually reduced o
SU0% in purasitoid release plot, whereas in control damage was between 8.1 and 28.5% Mean
borer damage in parasitoid release plot was 12.65% as against 23.10% in control, Cypermethrin
treaiment recorded a fruit damage of 14.704%. The vield data showed that there was 57.08% and
35645 merease in yield in parasitord and cypermethrin weaiments over the control {Table 126),

Table 126. Effect of egg purasitoid, Trichogramma chilonis against Leucinodes orbonalts on bringal

Treatment Meun per cent Per cent reduction Tortal Per cent inorease over

hared Iruils over control marketable cantrol
vield/plot

Trichogramita 12.65 45.24 26.75 37.08

clilonis

Cypermethrin 1476} 1636 23.10 3564

@ (.5mlf]

Cuntral 2310 17.03 -

4.26.4. Evaluation of different formulations of Baeillus thuringiensis against Plutella xylostella
in cahbage

4.26.4.1, ANGRALU, Hyderabad

An cxperiment with cabbage var.Golden acre was conducted to evaluate the efficacy of
differem By formulations against Diamond Back Moth (DBM), A total of 7 B¢ formulations. viz.,
Dipel. Spicturin, BTK-L BTK-I1. Biohil, Delfin and Halt were tested and the dosages for treatments
were kept as 10 Kg/ha except for endosulfan ((L07% ). Each treatment was replicated thrice and the
plot size 25 m*' was maintained. The treatments were administered during evening hours starting
from peak primordial formation stage. A total of § sprays were given with 1) days interval,
Ohservations were recorded on number of P xvlosrella larvae on 10 randomly selected planis from
each plot at weekly inlerval

The results presented in table 127 revealed that all the Bt formulations and also endosulfan
were effective in reducing the larval build up on cabbage over the control. Among the various B
tormulations tested. hiobit proved 10 be effective in keeping a check on DBM with least mean number
ol larvae (17.00) followed by Dipel (21.93), Endosulfan was also equally effective (18.67) and was
on par with biobit. Overall phservation ol data also suggested that, there was no much difference in
treatments in the mitial spray a;ﬂplimlumx but with the mcrease in the number of sprays. the
differences among different treatments started fooking prominent, Yield of marketable cabbage heads
was determined ar each harvest in each weatment. There were significant differences among the
treatments. OF the Br formulations, biobit yielded maximum markerable cabbage (56.00 g/ha) and
pertormed equally with endosulfan (53,00 gfha),
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Table 127. Evaluaton of different Bt formulations for their effectiveness against £ xylestella in

cabbage
Dosage Pra Mean larval population (10 plants) at 10 days Mean Yield
{per ha) | count interval larval {q/ha)
Treaiment
of population

larval 1 I 11 v v
pop.

Dipel I kg 7.33 | 2267 | 3200 | 3500 | 15.67 434 21.93 3167
(2781 | (4800 (5.69) | (5.96) | (4.02) (219 473

Spicturim | kg 1000 | 24.67 44.67 | 37.33 | 1733 5.67 25.93 36.00
(3.24) (5.01) (6.72) | (6.14) | (4.21) (2.48) (5.14)

BTR-I | kg 11,33 | 25.00 3767 | 39.33 | 1400 6.67 24.54 4067
(3.43) | (5.03) (6.7 | (6.31) | (3.E1) (2.67) {5.00)

BTK-I1 | kg 10.33 22.00 4500 | 4567 | 1133 5.67 25.93 3633
(3.29) (4.73) (6.74) | (6.09) | (343) (2.45) {3.14)

Biobit | kg 1167 14.33 30000 | 2833 10,00 2.33 17.00 56.00
(3.48) | (3.84) (5.52) | (537 | (3.233 | (1.68) (4.18)

Delfin | kg 14,00 19.33 31000 | 367 9,00 3.33 18.67 3233
(3.24) (4.45} (5.61) | (5.58) | (3.08) {1.99) {4.38)

Endasulfan | 0.07% L33 19.33 3100 | 30.67 3.00 3.33 18.67 53.00
(3.24) (4.45) (5.61) | (5.58) | (3.08) (1:93) {4.38)

Halt 1 kg 1033 25.00 37.33 | 40.67 14.67 6.00 24.73 3867
(3.27) (5.05) (6.14) | (6.41) | (3.89) (2.534) {(5.02)

Control - 9.67 4167 56.67 | 5B.67 | 33.33 19.67 41.80 23.67
(3.13) | (641} | (755 | (768) | (5.81) ] (454 {6.50)

D NS 0.37 0.57 045 047 .44 0.2 5.89

(P=0.05)

Figures in parentheses are transformed values,

4.26.4.2. MPKY, Pune

The trial was laid out on the Research Farm of Entomology Section, College of Agriculture,
Pune on cabbage (Golden Acre). The plot size was 5 x 4 m”, There were seven treatments in three
replications (RBD). Five Br formulations, viz., Delfin WG @ lkg/ha, Dipel 8L @ 1 livha, Biolep
@ lkga, Biohil @ lkg/ha, Hall @ Ikg/ha and endosulfan (0.07%) were compared with untreated

control,
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Application of treatments was initiated from one month after transplanting of the seedlings
and five sprays were given at 10 days interval. Observations on number of larvae/plant were recorded
from 10 heads in each plot, a day before initation of sprays and thereafter at weekly interval. Yield
of marketable heads/plot was recorded at harvest and then converted into g/ha.

The results showed that all the treatments were significantly supertor @ control in respect
of larval population and yield of marketable cabbage heads. Spraying of Delfin WG @ 1kg/ha recorded
minimum surviving larvae/plant (2.00) and maximum yield (314.7 g/ha) and was found to be most
effective. It was however on par with Halt @ lkeg/ha for vield parameter (Table 128).

4.26.4.3. Dr.YSPUH & F, Solan

A lield 1rial was laid out on cabbage in a farmer’s field at village Bagairi, (Shimla district)
in May 2000, with live Tonnulations of Baeillus tharingiensts var, kursraki, viz., Biobit DF (32000
[U/mg). Biolep (16000 [UAmg), Halt (55000 TU/mg) and Hill-BTK (32000 TU/mg) each @ 1.0 kg/
ha taking 32000 IUfing potency as base, to suppress lepidopteran larval complex. Pretreatment larval
count on 15 marked plants / replicate (3 replicates/treatment} revealed that only larvae of cabbage
butterlly were predominantly present on the crop and their count was 10-28 (mean 18.3) per infested
plant. The count of other larvae. viz. Helicoverpa armigera (1-4 larvae with a mean of 2.1/15 plants),
Plutella xylosiella, Plusia orichalcea and Spodopiera litura (0-2 lavae, mean 0.7/15 plants) was
very low. Larval counts taken 5 days after the spray revealed that these formulations brought about
85 10 97% reduction mn larvae of Rhrassicae, but the larvac that had hatched from eggs oviposited
before or after the spray were leeding on the plant and no residual effect of the treatment was apparent.
There was no reduction in other lepidopteran larvae.

4.26.5. Control of Leucinodes orbonalis on brinjal using Bt commercial formulations

4,26.5.1. IIHR, Bangalore

An experiment was conducted on the field efficacy of Bt commercial formulations (Dipel,
Delfin, Biobit and Halt) against brinjal shoot and fruit borer, Leuctnodes orbonalis. Regults showed
thal there was no significant difference in percent bored fruits among the treatments including
cypermethrin and untreated control. The mean per cent bored fruits in Bt reatments was 9.0-13.5%
on par with that obtained in cypermethrin (14.2%) and control (13.5%), respectively (Table 129),

4.26.5.2. ANGRAU, Hyderabad

Two Br formulatioms, viz,, Dipel and Delfin, were tested with control and insecticidal
(endosulfan) treatment for their effectiveness against brinjal fruit borer. Each treatment was replicated
5 limes and the sprays were given during evening hours at 10 days interval starting from flower
initiation stage. Per cent fruil damage was recorded. Observations were made seven davs after the
spray with precount of damiged fruits taken before the 1st spray application,

The effect of Br formulation on L. orbonalis population was not very encouraging when
compared with control and insecticidal treatments. Although the mean per cent damage by
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Table 129, Effect of formulations against larval
£
populations of Plietella xviostella

Treatment Larval count
(mean of ten plants)
Delfin @ 1.0 gl o7
Halt @ 1.0 g/l .00
Dipel @ 1.0 gl 0.74
Biobu @ 1.0 g (hu4
Endosulfan @ 2.0 mif] (99
Control 0.98

L. orbopalis showed significant difference with control, much variation among the treatments was
not seen,

4.26.5.3, MPKY, Pune

A field wial was conducted on the Research Farm of Entomology Section, Agricultural
College, Pune, on transplanted brinjal seedlings (variety Manjart Gota). The plot size was 5 x4 5m’
and plant spacing was 60 x 45 cm, The trial was laid out in RBD with five replications. The Bt
formulations, Dipe! 8L @ | hittha and Delfin Wg @ lkg/ha were compared with endosulfan 0.07%
and untreated control. 3

Apphication of treatments was started al flower nitiation stage of the crop and five sprays
were given at weekly interval. Ghservations on per cent fruit infestation and yield of marketable
fruits were recarded by counting.and weighing healthy and infested fruits from the treatment plots
al each picking.

All the treatments were significantly superior to untreated control in reducing fruit infestation
and mcreased vield of marketable brinjal. The treatment with five sprays of Delfin WG @ lkg/ha

recorded least [ruit mfestation (8.93%) and maximum yield (136.5 g/ha) and proved to be the best
It was, howewver, om par with the rest of the treatments except untreated contral (Table 130}
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Table 130, Efficacy of T. chilonis and different B. thuringiensis formulations for the control of
L. orbonalis on brinjal

Trestmen! Fruil infeslation (%) Yield of marketable fruits (gfha}
Dipel 8L @ 1 lit fha 036 (17.76) 134 4

Deliin WG @ [ kgfha 8.93 (17.36) 136.5

Endosulfin (.07% 1044 (18,771 164

Untreated Contral 2890 (32.40) Bl

CD (P=0.05) (3.29) 2518

¥ Figures m parentheses are angular transformed values

4.26.6. Control of Helicoverpa armigera in tomato using oil formulations of Nomuraea rileyi
(IIHR, Bangalore)

To increase the field efficacy of N, rilevi against H. armiigera on tomato, dilferent ol
Formulations of the funeus were evaluated, Application of 5 sprays of gingelly oil formulation of
the fungus at weekly mterval right [tom flowering recorded least borer damage (1,68%) followed by
groundnut o1l and coconul oil formulations. Significant increase in yield (43.8-65.5%) was observed
in oil formulation treated plots when compared to control plot (Table 137).

Table 131, Effect of various oil formulalions of Nomuraea rileyi against tomato {runt borer

Y

o Mean per cenl bored Total yield tkgfplow Per cenl increase
[ruils aver control

Fungus + Coconut oil 335 15,94 4497
Fungus + Ground nut oil 189 16,76 524
Fungus + Gingelly ol | .68 18,29 56.5
Fungus + Sunflower o1 3.56 14,23 43.8
Fungus + Water 3.78 13.05 38.7
Enclosulfan 0.07% 4.08 12,31 331
Control 1973 758

4.26.7. Ewaluation of Spic-bio (Bacillus thuringiensis var. kurstaki) against Helicoverpa
arnugera, Spodoptera [itura, Plutella xylosielle and Crocidolomia binotalis (11HR,
Bangalore)

Spic-bio, the new #r commercial formulatton of Tuticorin Alkalr Chemicals and Fertilizers
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Limited, Chennai. was evaluated for pathogenicity against second instar larvae of Helicoverpa
armigera, Spodoprera linera. Plurella xylostelia and Crocidolomia binotalis in the laboratory. Results
showed that Spic-hio was eftective against H, armigera, P svlostetla and C. hinotalis and not effective
against S litwra. P xvlosrella and C. binatalis were highly susceptible when compared o H. armigera.
Cent pereent mortality 1o 1 instar larvae of P vlostella was obtained after 48h at Lml/] concentration
af Spie-bio. [n the case of C. binotalis, cent percent mortality was observed at ].5ml/l concentration
of Spic-bio after 48h. In the case of H. armigera, cent per cent mortality was observed at higher
concentration of 1.75ml/l Spic-bio in an extended period of 120k,

4.26.8. Survey of natural enemies of vegetable crop pests

4.26.8.1.ANGRAU, Hyderabad

The vegetable growing areas in and around Hyderabad were surveyed [or natural occurence
of bioagents against major pests of cabbage and romato, Diamondhack moth, Plutella xylostella larvae
were parasitised by Cotesia plusedlae 10 an extent of 29%. Helicoverpa arntigera n tomato recorded
no natural parasitisation,

4.26.8.2. MPKV, Pune

The PTM leal minmg larvae were found 10 be parasitised by indigenous parasitoids,
Apantetes sp. and Bracon sp. to the extent of 2.95 - 7.50 and 3.50 - 7.85 per cent in kharif and 8.50
- 13.45 and 6.65 - 10,75 per cent in rabi seasons. respectively. Maximum parasitism was recorded
alter 70 days. The coccinellid predators, Cheilomenes sexmactulata and Coceinella septempunciata
were abundanl, recording average 2.6 grubs/plant and 2.5 adults per plant afier 60 days of planung.
Adults of fsehiodon scutellaris were recorded in 50 days old erop. S. litura was very serious during
kharef on potato. However. epizootics of Nomuraca rilevi was noticed in September and an average
of 4.3 infected larvae/plant were recorded during the lasi fartight of the crop.

In cabbage lields, parasitism by Coresin plutetlae (6.80 - 14.25%) was recorded in
diamondback moth larvae. The syrphid, [ sewtellaris was noticed during February-March in cabHage
fields. The spiralling white fly was very serious on guava, papaya and other ornamental plants.
Mallada spp. and Encarséa spp. were recorded i guava and papaya orchards.

4.26.8.3, Dr.YSPUH & F, Solan

All eggs collected from tomato field on May 10, were parasitised by Trichogramma chtilonis.
A week later. each of 60% infested wmato plants had density of 2/plant and from 20 collecied eggs
T chilonty and T achaeae emerged (10:1 ratio), In secand hall of May. 90% of lomato plants bore
eggs (2.6 eggsfinfested plant) and 41.3% were already blackened (parasitised). Among 44 field-
vollected eggs, 21 were parasitised (87.5%), Hardly 4 larvae were noticed on 30 plants. In the first
fortight of June, egg infested tomato plants fell 10 409 and only 2 larvae/30 plants were found.
Among 10 collected cggs, § were parasitised by T, ehilonis.

At Solan, mcidence of the green house whiteflies, Trialetrodes vaporartoram on ormnamentaly

151



PDBC - Annual Report 2000-2001

and vegetable crops is on increase, French bean crop in some fields was severely attacked by the
whitefly during July - October. On one leaflet up to 200 nymphs and pupae were counted. Pale-
yellow grubs of a coccinellid predator, Serangium monfazeric were observed feeding on larvae and
pupae of whiteflies, Average number ol grubs recorded on a leaflet was 9 in late July, 16 in August
and 16 in mid-September. The predator activity continued up to October. The number of larvae was
more on alder leaves than on the younger leaves.

The aphelinid endoparasitiod, Encarsia transvena parasitised 2-8% of the whitefly pupae.
Both these natural enenics are heing reported for the first time from Himachal Pradesh. The impact
of natieal enemies was not sufficient to suppress the population build up of the whitefliex.

4.26.9, Studies on the biology of Hemiptarsenus varicornis, an indigenous natural enemy of
serpentine leafminer, Liriomyza trifolii (IIHR, Bangalore)

Field collections of serpentine leafminer (SLM) from ficlds of french bean, tomato, ele, wers
made. Field eollected SLM infested leaves were kept in wooden cages of 247 x 157 x 157 with sliding
front glass toor for emergence of natural enemies. During the period under report a total of 1816
adults of SLM and 112 adults Hemuptarsenics varicarsis were collected [rom the field. Field parasitism
thus was found to be 6.62%

A stock culture af L. mrifolfi was maintained in the glass house, on french bean seedlings
carthen pots. A plastuc jar (15 cm dia, 20 em ht) with wire mesh ventilation on one side was used
for expasing H. varicornis 10 L trifolii. French bean twig with 2 leaves and 2 inslar farvae of L.
trifolii (3-6 days after exposure to L frifolii adults) were kept in a conical flask with water and the
mouth plugged with cotton, This cenical flask with the twig was kept in a wide Petri-plate and the
plastic jar was kept inverted over the flask. Ten H. varicornis adults were eollected in a small vial
and released into the jar, by slightly lifting the jar, Honey streaks were provided inside the jar [or
I varicornis adults, After 24 h the exposed twig was taken out and kept in a jar for further
ohservation. This procedure was repeated 4-5 days 1o ohserve the leaves after different days of
exposure to H. varicornis. The exposed leaves were observed every 24 h for number of living larvae,
dead larvae and parasitised larva. The leaves with parasitised larvac were maintained to observe
the different larval instars and pupae of H. vartcornis.

Twenty-four hours after cxposure 10 H, varicormis, parasitism of L. trifolii was indicated by
the presence of light brown mark on the larval body. The larvae used for host feeding by H. varicorits
adults were considered as dead. The egg stage of the parasitoid was nol clearly visible. There are
four larval instars with a larval period of 4-3 days, The pupa was naked and black and the pupal
period lasted 5-6 days. The adult was a small, shiny, metallic green coloured insect, 1-2 mm in
length. The adull longevity was 7-8 days.

4.26.10. Studies on stage preference of serpentine leaf miner by the parasitoid H. varicornis
(ITHR, Bangalore)
All the four instars of the leat miner were exposed separately to the adults of the parasitoid
for 24h for parasitisation. The first instar of L. trifodii was least preferred with 3.03% parasitism,
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whereas the second instar was the most preferred with parasitism ranging from 25% to 61%. The
third instar was parasitised to the extent of 0 % to 36%.

4.26.11. Studies on the progeny sex ratio of Hemiptarsenus varicorais (IIHR, Bangalore)

A preliminary study was conducted to study ‘the sex ratio of the progeny of Hemiptarsenus
varicornis when exposed to Lirowmivza trifolin. One or two twigs of french bean seedlings with 2
mstar of L. #rifolfi (with 2 - 4 leaves) depending on the number of H. varicornis adults, was exposed
W H. varicornds adulis in a ventilated plastic jar. The twig was exposed to parasitoids for 24 h.
After 24 h, the twig was removed and when the leaves started drying. they were stored in ventilated
plastic jars till adult emergence. The total number of H. varicornis adults emerging and the number
of male and female Ywere recorded separately and the male:female ratio ranged from 1 . 0121t 1 :
(144 with-a mean of 1°: (.25, '

4.26.12. Potential of Hemiptarsenus varicornis in controlling serpentine leaf miner, Liriomyza
trifolii (ITHR, Bangalore)

A single female of H varicomiy could parasitise up to 11 larvae in 24 h which means that
the parasitord could produce up to 30 per cent mortality of larvae df L. trifelii due to parasitisation
and up o 15 larvac could be killed either Tor feeding or feeding and parasitisation (Table 132) Thus
up to 75% mortality due 1o feeding and parasitisation was observed, Total death due to parasitisation
and feeding and parasitisation varvied from | to 20, Thus, the mortality due to feeding and feeding
and parasitisation together ranged from 323 1o 100 per cent of the exposed larvae, Forty five per
vent of oviposional attempts vielded parasitoids besides feeding on leaf miner indicating that the
remaining 55 per cent mortality of leaf miner was exclusively contributed by freding only. Recovery
of parasitoids from fed and parasitized leal miner larvae (presented as per cent shift m parasitism)
was in the range of 30 to 100 per cent with a mean of 58.88 per cent, On an average 25 per cent
increase in mortality was cbserved due to feeding. However, there was no significant correlation
between per cent parasitism and the leaf miner population and leal miner population and the per
cent mortality due to feeding and parasitism.

4.26.13. Studies on the toxicity of pesticides to H. varicornis (ITHR, Bangalore)

A study was carried out 10 evaluate the safety of pesticides to the larval parasitod, H.
varteornis. French $ean seedlings at two-leal stage with L. rrifedii mines were transplanted in small
plastic cups ol 8 cm dia (@ 2 seedlings/cup). The pesticide solution at the recommended dosage
was prepared and sprayed on the seedlings with a glass atomizer, A conirol was also maintained
where only water was sprayed. The scediings were shade dried. Ten freshly emerged adults of .
varcornis were released into a glass vial { 11 x 4.5 em). A piece of leaf from weated seedlings after
shade drymg was placed inside the vial, Observations on the mortality of adults were recorded at |
h. 3 h, 6 h, 24 h and 48 h after exposure,
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Table 132, Feeding and parasitism of L. trifelii larvae by H. varicorniy

- Number of L rifofi Number of L trifoli
Replication N_L.Jmt?‘.:“‘.r ) larva killed due to larva killed due to Total death
Etefortd mities parasitism feeding and parasitism
| 17 4 3 7
& 39 2 4 6
3 &) 4} | |
4 20 h 15 20
3 (] 0 1 |
& ) 11 12 23
7 26 | - 5]
5 12 2 2 4
@ 42 | 2 3
10 15 0 10 10
11 10 t] 0 3
12 44 I 5 i)
13 9 1 5 f
14 10 1 4 3
15 46 L 2 3
16 31 ] 1 |
17 27 3 10 b=
& 20 2 2 4
14 10 Q 2 g’y
20 12 i 2 2
I value 0.247 184 (1.225
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Among the pesticides 1ested, inseclicides imidacloprid and cypermethrin, pongamia oil and
NSKE and fungicides like chlorothalonil, mancozeb and copper oxy chlovide were found safe 10 i,
varicornis, Monocrotophos and phosphamidon were moderately toxic after 6 h of exposure. but
recarded 100% mortality after 48 h, Metalaxyl, mancozeb and carbendazim recorded 20% mortality
alter 48 b and dinocap recorded 40% martality after 48 h (Table 1333,

Table [33.Toxicity of different pesticides to M, varicornis

Muortality after
Treatment [Hoise
L h Jh & h 24 h 48 h

I Insecticides
Monocrotophos 1.25 mi 0.0 10 60.0 0.0 100.0
Phasphamidan 0.5 miA 0.0 0.0 4000 800 100.0
Imidaclopricd 4 mi/l 0.4 0.0 .0 0.0 0.0
Cypermethrin 0.3 ml/l 0.0 0.0 0.0 (o 0.0
[L. Botanicals
NSKE A0 0o 0.0 0.0 0.0 o
Pangamia oil 200 mift 0.0 00 {841 0.4 (hO
1. Fungicides
Chlerothalom) gl 0.0 0.0 0.0 .10 0.0
Manocoreh 2 0.0 (.0 (.0 0.0 R1]
Metalaxyl manocoreh | 2 g/l 0.1} .0 0.1 0.0 204
Copper oxy chloride | 2 g/ 0.4 0.0 0.0 (0K} o
Carbenduzim | gl 0.0 0.0 10.0 - 20.0 2.0
Karathane I mli 0. o.n 10,0 20.0 40.0

l_w Water {Check - 0 0 i 0 0]

4.26.14. Residual toxicity of monocrotophos and phosphamidon to H. varicornis (ITHR,
Bangalore)

Residual toxicity of monocrotophos and phosphamidon o A varicaris was studicd. French
bean seedlings at two-leal stage were transplanted in small plastic cup (8 cm dia) (@ 2 seedlings/
cup). The pesteide soiution at the recommended dosage was prepared and sprayed on the seedlings
with a glass atemizer, Leaves from the treated seedlings were removed and caposed to adults of H,
varfeeniy on 3% 70 14, 219 and 280 day after spray, Mortality after | h, 3h, 6 h, 24 h and 48 h
was recorded. A leal sprayed with water was used as check.

Moderaie toxicity of monocrotophos was observed for up 1o 21 days after spray and thereatter
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it was least harmful o the parasitoid. Phosphamidon showed least toxic effect for up w14 days
after treatment and became Lotally sale o the parasitoid when exposed for 24 h (Table 134).

Table 134, Residual toxicity of monocrotophos and phosphumidon 1o adults of H. varicornis

Treatment ) Per cent mortality (Days aller application)

3 7 14 21 28

24 h 48 h 24 h 48 h 24 h 48h | 24h | 48h | 24k 4d b

Monocrotophos | 40.0 100.0 40.0 | 1000 | 200 800 | 10.0 | 500 [ .00 10.0

Phosphamidon 0.0 30.0 20,0 0.0 1.0 2000 | 0.0 20,0 0 ([eX1]

4.26.15. Leaf-miner on pea and tomato and their parasitisation { Dr.YSPUH & F, Solan}

Incidence of pea leafminer, Chrontomyia horticola was moderate. Tn secongd haff of March,
total miner population was 0-10 (mean 5.8) per leaflet. Larval and pupal population was 0-5 (1.7)/
leaflet, while [-10 {mean 4.1) larvae and a fow pupae were found dead due lo one or other cause.

Larval parasitization was 31.3% (47.9% by ectoparasitic and 3.4% by endoparasitic eulophid). In
the first hall of April, 41.7% larvaes were patasitised.

On tomato. serpentine leaf miner, Liriontyza trifodii incidence prevailed from June ' Amomg
the samptled leaves, 28.9% leaflets exhibited infestation and in these infested leaflets, on an average.
1.8 larvae were present. Among these, 17.49% were alive. 39.1% had died due 10 unknown reasons
and parasitisation was 43.5%. In July and August, infested leaflets were 56,3 and 75%, with a mean
populaiion of 0.9 and 0.5 {arvae/leallet. The live maggot population was 353 and 24%., while dead
maggots were 52.9 and 71.7%, tespectively, in these two months, Parasitisation was of Tower
magnitude (11.8 and 4.3%} in Tuly and August.

4.27. Biological suppression of potato pests (MPKYV, College of Agriculture, Pune}

4.27.1, Standardization of mass release techonology for parasitoids Copidosoma koehleri and

Chetonus blackburni against PTM under field conditions

The experiment was conducted in farmers’ field at village Peth (Dist.Pune) during rabi
season 2000-2001. The potato variely Kufri Jyoti® was raised in 20 x 10 m* plots with spacing of
45x30 em, The trial was laid out in RBD with hree replications and seven trealments including
control. The parasitoids were released 4 limes in equal doses al weekly interval starting fiom 43
days after planting. Recovery of parasitoids through retrieval was done by displaying egg sheels cach
containing 50 eggs at 3 different spots for 48 h in each rreatment plot after second release Recovery
of parasitoids (% parasitism] was also recorded by collecting 20 - 30 leaf- mining larvae from each
treatment plot after four releases of the parasitoids, The cggs and larval stages were further reared
in the labordtory on punclured tubers and potato leaves till formation of PTM pupae or mummies/
pupae ol the parasitonds. Al harvest. tuber samples from 2x2m? area from each plot at 3 places were
collected to record tuber infestation. Vield data were recorded on per plot basis and further computed
to g/ha.
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Releases of C koehleri @ 50,000 mummiesfha in four equal doses al weekly interval in
perforated plastic vials hung 5 m apart in the feld 45 days after planting recorded minimum leaf
mines {0.33-0,80 mines/m row) during 3 and 4" weeks, wher infestation of 5.86% and maximum
luber yield af 235.7 g/ha and proved to be the best treatment. 1t was however, on par with C. koehferi
@ 2 lakh adults/ha and €. blackburni @ 60,000 pupae/ha released in perforated plastic vials hung
in the field. and € blackbumni @ 60,000 adults/ha released in four equal doses. Maximum parasitism
through retrieval (65.08% ) and recovery from leal mming larvae (200.25%) were recorded in the
treatment plots where €. koehleri mummies were released in plastic perforated vials.

4.27.2. Large scale evaluation, recovery and carryover of parasitism of Copidosoma koehler
and Chelonus blackburni against PTM from field to storage

The experiment wis conducted in farmers® field using potato var. Kufr Jyoti at Malegaon
(Dist, Pune) during kharif 2000. The plot size was 0.20 ha, divided into 7 subplols and the spacing
was 45x30 cm. Inundative releases of €. koefderi @ 50,000 adulisfhafrelease and C. blackbierni @
15.000 adults Mhafrelease were followed four 1imes at weekly interval commencing from 45 days after
planting, Ohservations on leaf mines, wber infestation, yield of marketable whers and recovery al
parasitoids through retrieval and eollection of leal mining larvac were recorded. The carryover
parasitism from feld o storage was recorded by callecting 20 kg infested twbers from the treatment
plots at harvest, which were then brought 1o laboratory for observatons, The potatoes were placed
separately in plastic baskels on a layer of coarsely sieved soil 1o record number of PTM pupae and/
or mummies ol C. knehieri and pupae of C. blackburnt.

Releases of adult, € koehleri and C. hlackburni were found to be significantly superior 1o
control in reducing leal-mining after 2%, 3" and 4" weeks afier initiation of their releases and tuber
infestation and increased yield of marketable potatoes (Table 136). Four releases of €. keehler @
50,000 adults/ha/release at weekly interval recorded minimum of 0.34-0.57 Teaf mines/m row, 6.32%
tuber infestation and maximum of 215.7 g/ha twber yield and proved to be the best treatment. Tt
was, however, on par with C. koehleri @ 15,000 adulisfhalrelease 4 tmes at weekly interval. The
parasitism through retrieval (63.64%) and recovery through leal mining PTM larvae {13.79%) was
also higher, Carry over was higher in case of €. blackburni (6.74% ) than € koehleri (5.94%%),

4.27.3. Evaluation of release methods of Copidosoma koehleri and Cheloaus blackburni and
microbial agenis against PTM in country stoves [(Arnies)

An experiment was conducted by preparng seven miniature Apies, each ol 20 kg capacily under
shade in screen house, Potatoes harvesied from rabi crop were obtained [rom larmers helds, sorted
out to separate infested tubers and only healthy marketable potatoes were used for setting up Arnfes.
Two applications of GV and B. thuringiensts were given, first one before arranging the Arnies and
second one month after, whereas the parasitoids were released five times at 15 days interval starting
from setting up Arnies. All the Armes were covered with double layer of grass and paddy straw as
per the local practice.
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Twenty-five newly emerged pairs of PTM were released in the vicinity of Arnies for creating
artificial infestation. Observations on per cent tuber infestation were recorded | and 2 1/2 months
(al termination) after application of (reatments,

All the treatments were significantly superior to control in reducing tuber infestation at |
and 2 172 months from initiation of treatments (Table 137}, Release of C kpehlert @1 mummy/4 kg
tubers was most effective and recorded minimum of tuber infestation (1 |.36%) in slorage alter one
month and was on par with C. blackburni @2 pupae/kg tubers. After 2 1/2 months af termination
of Armies, the treatmen! with releases of C. blackburni @ 2 adults/kg tubers recorded minimum of
infestation (25%) as against untreated control (55.03%). The rest of the weatments except GV @
1.0 g/kg tubers were on par with these treatments,

Table 137. Elficacy of release method of parasitoids and microbial agents against PTM in country
stores (Armies)

Tuber infeslation (%) aften

Timabienis I month 2 ¥ months
€. koehleri @ 5 pairs of adults/| kg tubers af
fortnigtly miterval 1461 { 22.46) 2568 (30.41)
¢ koetderi mummy (4 kg tubers at fornightly
imterval 11.36 (19.70) 25,74 (348)
O Blackbrn @ 2 adults /1 kg wbers at formghtly
interval 14.9] (22.70) 25.00 (2%.99)
¢ blackberni pupse @ 2 per kg tubers at fornightly
interval 12,89 (21.04) 20,10 (32.62)
GV @ 1 2 at momhly interval 15.42 (23.13) 37.14 (34 54}
8. thuringiensiy @ | kg al monthly interval 13.50 (22.55) 25.68 (31.27)
Untreated control 3485 (36.19) 53.03 (47.8Y9)

P
CD {P=0.05) (1.79) (2.15)

4.27.4. Evaluation of the safety of different foliage powders to parasitoids of PTM in storage
conditions

Laboratory experiments were carried out by directly exposing 10 pairs of C. keoehleri adults
and 10 adults of € Mackburni o finely ground foliage powders of seven plants (Nirgundh, Lanlana,
Ocimum, Custard apple. neem, Eucalyptus and Karanj) kept in glass vials plugged with cotton. A
separate experiment was also carried out by placing two kg potatoes dusted with 100 g foliage powders
(59 wiwy of eight plants in bell jars, Then, egg sheets with 100 cggs of PTM were placed in each
jar and 10 pairs of C. koehlert und 10 adults of €, blackburni were released. Data on per cent mortality
ol the parasitoids, parasitism and emergence of PTM adulis were recarded.
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spray each of SINFV @ 500 LEfha (3x 10" PIB/ha), Nomuraea rileyi @ 10° conidia/ml (100 conidia/
ha). endosulfan {(L07%) and untreated contral. The application of treatments was given 52 DAP
when an average of 2.04 larvae/plant were recorded.

The ohservations on per cent larval mortality were recorded by collecting 10 larvae from
cach treatment plot one hour after spray and reared in the laboratory on treated foliage collected
from respective treatments till mortality and/or pupation. Tuber damage at harvest from unit area in
cach treatment plot and yield of marketable tubers/plot were recorded.

The data indicated that spraying of STNPV @ 500 LE/ha recorded maximum larval mortalicy
(859 and minimum tuber infestation (8.83%) with higher marketahle tuber yield of 209.1 g/ha
(Table 1407, This treatment was most cffective and was on par with B. thuringiensis (Delfin WG)
@ 0.5 ka/ha.

Tahle 140, Efficacy of different entomopathogens against S, litwra on potato

Treatmet Larval Tuber Yicld of
mortality infestation marketable
(G () tubers (g/ha)
SINPV @500 LEAa (331012 POBS/ha) 34500 B.B3 2091
(67.50) (17.18)
B, thuringtensiy (Deltin WG) @ 0.5 kgfha 75.00 1081 | 946
{60.64) (19.16)
B hassiana @ 250 LEMa (Ix] 012 conidiatha) 42.50 1650 1 88.1
(40.61) (24.19)
AL rileyi @ 109 comdialmi %1012 conidiafha 52.50 1545 B
(4644 (23.1H)
Endosulfan (.47% 72.50 14.58 1BO.S
(58.61) (22.46)
Untreated contral 1250 25,47 139.9
(20.47) {32.54)
CD (P=0.05) (9.74) (3.21) 1 7.45

Figures in parentheses are angular values

4.27.6. Studies on recovery and establishment of parasitoids of PTM

During rabi season (Nov.2000 to Jan. 2001), the potalo tields where earlier parasitoid releases
trials were conducted, were sampled for leal mining larvae of PTM. The farvae were collected at
fortnightly interval starting from 40 days afier planting of the crop, brought to the lahoratory and
reared 11l pupation/mortality. The infested tubers after harvest of the crop were collected from different
lields and reared for recovery of the parasitoids,
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Parasitoids, €. koefieri and C blackburni were not recovered from the leaf mining larvae collected
in parasiteid released fields. However, one adult of ¢ blackburni was recovered from the infested
tuber samples collected at harvest. The indigenous parasitoids, Apanieles spp. and Bracon spp. were
recorded from PTM leal mines after 70 days of planting.

During the year, large scale demonstration of parasttoids against PTM in potato fields at
village Peth (Tal-Amgegnon) and Cripiolaemi beetles against grapevine mealy bugs at Narayangaon
(Tal-Junnarj in Pune district were conducted, Besides, “Trichocards™ (530), Cryptolacnis beetles
((9.500), HalNPY (117 Iy, SINPV (10 it} and SeNPV (24 1it) were mass produced in this laboratory
tor distribution to farmers.

The natural enemies recorded in the potato fields included parasitoids, viz., Apantetes spp,
Bracon spp. Erviborus spp. predators Chrvsaperla carnca, Ischiodon sewtellaris, Cheilomenes
sexmaculata and Coccinella seprempunctata,

4.28.  Biological suppression of weeds
4.28.1. Monitoring and evaluation of Neachetina eichhorniae and Orthogalumna terebrantis

4.28.1.1. KAU, Thrissur

Water hyacinth plants from Alappuzha, Kottayam, Thrissur and Ernakulam were sampled
and observations recorded on number of Neocheting weevils and grubs per plant and score values
tor weevil and mite infestaton (Tables 141 & 142). The weevils were recorded in greater numbers
during Tuly in all lpcations. while mites were more during November,

Table 141 Populution of Neochetina eichhorniae and morphological parameters of water hyacinth

g Sampled Mumber of Number of Scarfleaf
RN during weevils/plants** | grubs/plant® [score)r™
April 3.6 1.4 29
Alappuzha Tuly 4 08 3
November .0 1.6 1.6
April 3.l (.3 24
Koutayam July 0.9 0.1 1.6
MNovember 0.8 1.6 14
2 &
Thrissur 11 ittt 2 ok i
) }L
{Karuvannur) July = et o
Novemhber 2.2 0.5 23
Erakulam April 3.5 2.4 3.6

* Average number from [0 plants samples
e Seorng was done fraom 25 leaves
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Table 142. Population of Orthogalumma terebrantis in Kerala

el Ohservation Nw_umhcr qt’ Mines/leaf (score)™
mites/Teaf*
Apn! 70.12 2.84
Alappuzha July 3292 2.52
Novembet 63.649 3.6
April 59.70 2.68
Kotlayam Tuly 5628 344
Novemnber TH.84 32
April 83.00 2.64
Thissur Il July 72.24 328
November 93,16 2,76
Ernakulam November 163.44 3.68

# Mean of 25 leaves
4.28.1.2. AAU, Jorhat

Suceessful control of water hyacinth has been achieved in Assam by the exotic weevils
Neochetina eichhorniae and N, bruchi, The dispersal of the weevil has taken place in eight districts
of Assar, viz., Sonitpur, Lakhimpur, Dibrugarh, Sibsagar, Torhat, Golaghat, Nowgaon and Kamrup
through aerial migeation in Brahmaputra river and its tributaries. Stunted growth of water hyacinth
accompanied by less flowering was abserved in all the eight disiricts. The presence of the weevils
was noticed in Kamrup district about 300-330 km from Jorhat (where initial releases were made),
The adult count varied from (.16 1o 1.80 and damage scars from 14.40 1o 20796, The population
huild up and intensity of leaf damage were recorded in all the migrated areas (Table 143)

Table 143 Establishment of Neocheting eichhornige and N, bruchi in Assam

Locations MNumber of adults per Intensity of leaf damage * Number of scars/leal
plant

July Dec March July Dec March July Deu March
Alengmuora 144 1.35 1.80 1.96 |.87 148 1.47 59.40 2608
Marian 016 - 0.28 1.36 - 0.96 18.72 - 14.40
Disangmukh (68 - (.88 1.72 - 2.72 36.68 - 2007 96
Samuguri .52 048 0.25 128 1.50 1.4 53.44 3515 2348
Selenghal (136 0.37 0.56 0.76 .27 1.30 21.00 28.15 2563

D=Nil: 1=25 leal arca damaged; 2=50% leaf area damaged; 3=73% leaf arca damaged and
4= Above 75% leaf arca damaged
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Samples of salvinia were collected from Thrissur and Kottayam districts during the peried
1o assess the field population of the weevils. Samples were taken from | m® area and healthy buds,
weight of plants. number of weevils and per cemt plants affected were recorded. The weevils and
their damiage could he noticed in almost all the locations though the field population of the weevil

varied (Table 144

Table 144 C valveiea mestation in different areas of Thiissur and Kottayam districts

Laogation

Sampled during

Healthy buds

Number of weevils /

Weight of plants

sample (514}

Vellanikkara April 11.00 2.0 h.33
July 5.30 2.0 5933

November 56.66 - 633
Palkulam April 14.67 2.67 396.67
July 11.60 1.6 4600

Muvember 23.00 .66 720.0

Marappatli- April 17.67 4.67 410.0
kutam Juty 20.60 6.3 536.6
November 0,60 9.33 42%.33

Trinijalahuady 1 April 0.67 154 3830
Tuly 3.60 9.0 G100

November 3.60 9.0 6100

Irea ks {1 April 10:33 7.67 633.3
Puuiuihba April 19 b S61.6

Tuly 9.6 5.6 510
November 16 R3 5433
Kottayam April 18.3 3 517

Tuly 14.3 7.33 61833

Novemlier 453 23 416:6

All Tigures are means of three samples
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4.28.3. Parthenium control with Zygogramma bicolorata under mid-hill conditions
(Dr.YSPUH & F)

The chrysomelid beetle is spreading very stowly from the esiablished site. The diapausing
females started Taying eggs in the last week of April. In the field, larvae were noticed for the first
tme in the first week of July (2 larvae/50 plants). By August end, their population had increased o
0.5 adults, 0.9 eggs and 0.1 larvae per plant. Further observations could not be recorded at the site
as the weed was eradicated manually. Al another site, about one kilometer away. the beetle activity
was found Lo be 0.2, 0.2 and (.06 adult. eges and larva per plant by August end. There was no
significant increase in the population thereafier at that location,
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5. TECHNOLOGY ASSESSED AND TRANSFERRED
5.1. Technology ‘assessed

3.1.L. Mass production of Hirsutella thompsonii and Steinernema carpocapsae

Technology lor mass production of Hirsmella thompsonii for the control of coconut mite, Aceria
guerreronty on coconut was assessed and standardized.

A mass multiplication lechnique for the entomopathogenic nematode, Steinerneme carpecapsae was
developed.

5.2, Technology transferred

521 Psendomonos isolales

Antagonistic strains ol Prevdononas fluovesceny (PDBCAB2) and P pusida (PDBCAB 19) for the
control of wilt and root rot pathogens Sclerotium rolfsii, Rhizoctonia solani, Muacraphomina
phaseolina, Fusaviim oxysporam £ sp. cicert, £ axvsporum I, sp. udum and Pyihinem spp.

522 Nueleopolyhedrovirus for the control of Spedoprera exigua

A multiple embedded nucleopolyhedrovirus (NPV) for the control of beel ATTYWOTm,
Spodoptera exigua. (SeMNPV) is highly effective @ 2 x 10" PIBs/ml and safe to the mulberry
silkworm, Bombyx nori and the predator Chrysoperla carmea. It is highly cross infective 1o 8. limura,

523, Granulosis virus for the control of Plutetla xylosiella

A potential granulesis virus (GV) identified for the control of diamondback moth, Pluretla
avlostella s ready and is safe to Cotesia pluteliae, Chryvsoperla carnea and Bombyvy mori. Tt is not
cross infective to other lepidopteron pests.

6. EDUCATION AND TRAINING

6.1. Education

Mr.B.S.Bhumannavar, Senior Scientist was awarded Ph.D. for his thesis entitled, “Studies
on the fruil prercing moths (Lepidoptera: Noctuidae), species composition, biology and natural
enemies” from the University of Agricultural Sciences, Bangalore. on 10-11-2000.

Mr. S.K. Jalali, Scientist (S8) was awarded PhD. for his thesis entitled, *Studies on the
management of borer pests of fodder maize with special reference to Chile partellus (Swinhoe)
(Lepidoptera: Pyralidae)™ from the University of Mysore, Mysore, on 18-12-2000.

6.2 Training

Dr.(Ms.)C.R Ballal, Scientist (SS), attended a programme on “Management of Development
Programmes for Women Scientists” from 1 May to 6 May 2000 at National Academy of Agricultural
Research Management. Hyderabad.

167



PDBC - Annual Report 2000-2001

Ms. M. Pratheepa, Scientist, attended a training programme. “Advanced Techniques in
Geographic Information System” from 7 August to 1H" August, 2000 at Centre for Development of
Advanced Computing, Pune.

Dr S S Hussaini, Senior Scientist attended a training programme on “Mass production and
quality conteol ol entomopathogenic nematodes™ [rom 1 to 307 September 2000 at Rutgers University,
New Jersey, USA.

DrN.S Rao, Senior Scientist was deputed to All Russia Biological Contral Tastitute,
Kiasnodar and All-Russian Research Institute of Plant protection, Moscow. Russia. from September
18-27, 2000). for study im the field ol “Biotogical and microbiological Control of Pests and Discases”.

{18, P.Singh. Project Director, atlended a course on “Tpformation Communications
Technolagy [or Agriculiural Research and Extension” from 04-12-2000 to (191 2-2000 a1 National
Institute of Agriculural Extension Management, Hyderabad.

Dr. P.L. Tandon, Principal Scienlist, altended an interaction meet on “Intellectual Property
Rights and s Linplications for Industry. R&D and Consultants” on 26" March, 2001 at Indian
Institute of Technology, Chenrnal.

Mr.J.J Tani. Assistant Research Assistant, Gujarat Agricultural University, Anand. attended
a refresher course on “Plant Sciences” at Academic Staff College. University of Hyderabad, Hyderabad
from, 18-08-2000 to 07-09-2000 and « e fresher course on “Emerging Trends in Microbial Control
of Crop Pests™ al Department of Entomology, Tamil Nadu Agricultural University, Cormbatore, from
[4-11-2000 1 13-12-2000

Dr.D.S Pokharkar, Assistant Entomalogist (Selection Grade), College of Agricullure
Mahatma Phule Krishi Vidyapeeth). Pune, attended a training course in “Diploma in Computer
Application” organized by MITCON, Computer Training Centre, Pune from. September 11-09-2000
1o 10112000 :

Dr(Ms.) Chandrika Mohan, Scientist (85}, Regional Station, Central Plantation Crups
Rescarch Tnstitute. Kayangulam, attended a refresher course on ™ Emerging Trends in Micrubial
Control of Crop Pests™ at Department of Entomology, Tamil Nadu Agricultural University.,
Coimbatore, from 14-11-2000 to 13-12-2000,

T AWARDS AND RECOGNITIONS

DS PSingh was eleeted Fellow, Indian Society for Advancement of Insect Sciense weed,
October 2000; Fellow of National Academy of Agriculwral Sciences, w.e I, January 2001,

My 1. Srikanth, Scientist (Senior Scale) was awarded [he Best Oral Paper presentation for
the research article presented at the National Symposium on Wistas ol Entomelogicul Research for
ihe New Millennium. G.8, Gill Research Institute, Chennai, during December 28-30, 2000,

|68



PDBC - Annual Report 2000-2001

9. AICRP / COORDINATION UNIT / NATIONAL CENTRES

With a view to fulfil the mandate given, the Project Directorate has divided the workload
hased on infrastructural facilities and expertise available among gix ICAR Institute based and ten

State Agricultural University (SAUs) based co-ordinating centres and

allotted.

Head quarters

Project Directorate of Biological Contral, Bangalore (Karnataka)
ICAR Institute based centres

Central Plantation Crops Research Institute, Regional Station,
Kayangulam (Keralal

Central Tobacco Research Instilute, Rajahmundry (Andhra Pradesh)
Indian Agricullural Research Institute. New Delhi

Indian Institute of Horticultural Research, Bangalore (Karnataka}
Indian Institute of Sugarcane Research, Lucknow (Uttar Pradesh)
Sugarcane Breeding Institute. Coimbatore (Tamil Nadu}

State Agricultural University based centres

Assam Agricultural University, Jorhat [ Assam)

Acharya N,G.Ranga Agriculwral University, Hyderabad

{Andhra Pradesh)

Govind Ballabh Pant University of Agricultural Sciences and
Technology, Pantnagar (Utiar Pradesh)
Gujarat Agricultural University, Anand (Gujarat)

Kerala Agricultural University, Thrissur (Kerala)
Mahatma Phule Krishi Vidyapeeth. Pune (Maharashtra)
Punjab Agricultural University, Ludhiana (Punjab)

Sher-E-Kashmir University of Agriculiural Sciences & Technology,
Srinagar (Jammu & Kashmir)
Tamil Nadu Agricultural University, Coimbatore (Tamil Nadu)

Dr ¥.S.Parmar University of Horticulture & Forestry, Solan
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the following are the crops

Basic Research
Coconut
Tobacco

Basic Research
Fruits and vegetables

‘Sugarcane

Sugarcanc

Rice and weeds

Pulses, cottomn,
vegelables,

oilseeds and coconul
Plant diseases

(pulses & oilseeds)
Cotlon, pulses, oilseeds
vegelables and wce‘ds
Weeds, rice. fruils

and coconul

Potato, vegetahles and
cotton

Sugarcane, collon,
pulses, rice and il seeds
Temperate fruits and
vegetables

Rice, cotton and pulses
Temperate fruils,
(Himachal Pradesh}
vegetables and weeds
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GENERAL / MISCELLANEOUS
10. LIST OF PUBLICATIONS
10.1"  Publications in scientific journals

Project Directorate of Biological Control, Bangalore

Bakthavatsalam, N, Singh, S.P., Tandon, P.L_, Chaudhary, M. and Preethi. S. 2000.
Electrophysiological responses of Chryseperta carnea (Stephens) (Neuroptera: Chrysopidae)
to sume patental kairomonal substances. Jouwrnal of Entomological Research 24 (2): 109-
[ 14

Ballal, C, R. and Ramani, 8. 1999, Fertility table for an exotic parasitord, Telenontus remus Nixon
(Hymenoptera: Scelionidae). Journal of Biological Contrel, 13 - 25-31,

Ballal, C. R and Ramani. §. 2000, Cocoon production by host-deprived parasitoid. Insect Environment
6¢l) 7-8,

Ballal. C. R.. Ioshi, 8. and Rao, N, S. 2000. Technique for segregating male and female Campoletis
chlorideae at cocoon stage. Pest Management in Hortienlral Eeosvstems. 6 (2); 106-109,

Hussaini, 8.5., Singh, S.P, Parthasarathy, R. and Shakeela, V. 2000, Infectivity of native populations
of Steinernema spp. and Helerorhabdiris indicus in sand and sandy loam soil columns against
Agrois tpsifon (Hufnagel}. Annals of Plant Protection 8(2): 200-205.

Hussaini, 5.8., Singh. S.P., Parthasarathy, R. and Shakeela, V. 2000, Virulence of native
entomopathogenic nematodes against black cutworms, A grozis ipsifon and A. segetim, Indian
Jowrnal of Nemarology 30(1): 102-104,

Hussaini, §.S.. Singh, S.P. and Parthasarathy, R. 2000. Storage effects an activity of native
Sretnerneme and Heterorhabditis spp. Indian Jowmnal Nematology 30 (1): T6-81.

Talali, S.K.. Singh. S.P. and Biswas, S.R. 2000, Parasitisation behaviour of Leptomastic dacrylopis
Howard (Hymenoptery: Encyrtidae) at various densities of Planococcus cirri Risso, Journal
of Emmmological Research 24 (2); 159-162.

Jalali, S.K., Singh. 8.2 and Biswas, S.R. 2000, Population dynamics of Aphis gossypii Glover
{Homoptera: Aphididae) and its natural enemics in the cotlon egosystem.  Journal af
Aphidology 14; 25-32.

loshi, 5. Ballal, €.R. and Rae, N.S, 2000, The age-specific life-table of Paraguy serrarus (Fabr.)
and Fearagus yerburiensis Stuck. (Diptera: Syrphidac), predators of Aphus eraceivora Koch
(Homoptera: Aphididae). fournal of Aphidology, 14: 67-72,

Joshi. 5., Ballal, C.R. and Rao, N. &, 2001, Influence of temperature on biological, predatory and

reproductive attributes of Sticholoric evibellata Sicard (Coleoptera: Coccinellidae) on
Melanaspis glomerara Green. Annals of Plant Protecrion Seienices. 9: 26-3 1
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Joshi. S., Ballal, C.R. and Rao, N.S. 2000. Elfect of low holding temperature during adult stage on
biolagical attributes of Brumoides suturalis (Eabricius). Indian Journal of Ecology, 27: 136-
141,

Joshi, §., Kumar, B, S, and Singh, S. P. 2000 Occurrence of Fusarium coceophilum (Desm.) Wollenw,
& Reinking on sugarcane whilefly. Alewrotobus barodensis (Maskell) (Homoptera:
Aleyradidae). Jowrnal of Biological Control, 14¢1); 49-50,

Kumar. P §. 2000, A new disease of Parthenium kysterophoras incited by an undeseribed species of
Cryptosporiopsts. Plant Disease, 80(10): 1151,

Kumar, P. S. and Singh. §. P. 2000, First Report of Lasiodiplodia theobromae as a fohar pathogen
of Pearthenium fvsterophors. Plant Disease, B4{12): 1343,

Kumar, P S. and Singh, §. P. 2000. Hirsurella thompsonii: the best binlogical control option for the
management of the coconut mite in India. Indian Cocanut Journal, 313y 11-17

Poorani, 1. 2000, First record of the genus Microserangiium Mivatake (Coleoptera: Coccinellidae)
from India, with description of a new species. Jourmal af Riological Control, 14: 45-47.

Poorani, .. 2001 A review of the genus Pseudaspidimerns Kapur {Coleoptera: Coccinellidae) from
India, with description of a new species. Orfental Insects 35:299-310.

prasad, B. D and Rangeshwaran, R. 2000 A modified liquid medium for mass production of
Trichoderma by fermentation process. Plant Diseare Research 15: 209-211.

Prasad, R. D. and Rangeshwaran, R. 2000. Effect of soil application of a granular formulation of
Trichaderna harsianum on seed 1ot and damping-off of chickpea incited by Rhizoctonia solant.
saprophylic growth of the pathogen and bioagent proliferation. Journal of Myveology and Plant
Pathology 30: 216-220

Prasad, R, D and Rangeshwaran, R. 2000, An improved medium for mass production of the
hiocontrol fungus Trichoderma harzianunt, Journal of Mycology and Plant Pathology 30: 233
235.

Prasad, B, D, and Rangeshwaran, R. 2000, Shell life and biceflicacy of Trichoderma harzianum
formulated in various carrier materials. Plam Disease Research 15! 38-42,

Ramani. 5. 2000, Fortuitous iniroduction of an aphelinid parasitord of the spiralling whitelly.
Alewndicus dispersus Russell (Homoptera: Aleyrodidac) into the Lakshadweep islands with
notes on host plants and other natural enemies. Journal of Biological Caontrol, 14: 35-60.

Rangeshwaran, R, and Prasad. R, D. 2000, Isolation and sereening of rhizobacteria for control of
chickpea diseases, Jaurnal af Biological Control 14: 9-15

Rangeshwaran, R. and Prasad, R. D. 2000 Biological control of Sclerotium rol of sunflower. Indian
Phyvtopatiology 53 444-449,
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Sankaranarayanan, C.. Hussaini, S, S., Kumar, P. §. and Rangeshwaran, R, 2000, Biclogical control
of Melnidogvie incognita (Kofoid and White 1919) Chitwood 1949 on tomato by Verteerlfim
chitamvdesporing Goddard cultured on different substrates. fowrnal of Biological Control,
14(1): 39-43

Sankaranarayanan. C.. Hussainl, 8. 5., Kumar, P. S. and Rangeshwaran, R, 2001, Evaluation of
substrates for the multiplication of Vervieilium chlamydosporion Goddard and its biocontrol
efficacy against Heterodera capans Koshy on pigeonpea. Annals of Plam Protection Sctences
9(1): 73-76.

Venkatesan, T, Singh, S5.P and Jalali, 5. K. 2000, Rearing of Chrysoperla camea (Neuroptera:
Chrysoprdae) on semi-synthetic diet and 1ts predatory efficiency against colton pests. Entomion
25 (2): B1-84.

Venkatesan, T Singh, S P and Jalali, S K. 2000, Effect of cold storage on cocoons of Goniozus
nephanticdis Mucsebeck (Hymenoptern: Bethylidae) stored for varying periods at different
temperature regimes. fowrnal of Entomological Research 24(1): 43-47.

Central Plantation Crops Research Institute, Regional center, Kayangulam

Chandrika Maohan, Sathiamma. B, and Sabu. A.S. 2001, Observations on laboratory mass
multiplication of braconid endoparasitiod, Apanteles taragamae Wilk, on carly instar
caterpillars of Opising avenoselfa Walker on coconul. Entomon 25 (4): 261-268.

Gopal, Murali, Gupta, A, Nar, K.R.C., Sathiamma, B. and Radhakrishnan Nair, C.P. 2000, Studies
on cross infecuvity with entomofungal isolates of Aspergillus flavas Link. against Srephanitis
typrica 3 and Opising arenosella W, two pests of coconut. Tndian Coconur Sournead 31070
12-15.

Gopal, Murali, Gupta, Ao Sathiamma, B., Mohan, C.. Nair, K.R.C. and Soniya, V.P. 2000. A fungal
pathogen of lace bug and leal cating caterpillar, two insect pests of coconut palm. CORD
(APCC, Indonesia) 16 (1) 49-60

Gopal, Murali and Gupta, A. 2001, Has Hirsurella thempsanii the wherewithal 10 counter ¢oconut
eriophyvid mite scourge! Currenr Science 80 (T): 831-836,

Gopal, Murali and Gupta. A, 2001, The green muscardine fungus Merarhizium ansoplioe as
myeoinsecticide For control of thinoceros beetle of coconut palm. fndian Coconur Sourna! 31
(1L} 46

Gopal. Murali, Gupta, A, and Sathtamma, B, 2000, Baculovires Oryvetes for controlling rhinoceros
beetle of coconut palm. Indian Farmung. S0(4): 17-19,

Gupta. A.. Gopal. Murali, and Iyer, R, 2001, Need for introducing the concept of “PGPR™ in coconut
crop production system for improved plant growth and establishment. Tndian Coconnt Jouwmal
30110 12-14
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Ponnamma. K.N.. Gopal, Murali, and Sharmila. 5. 2000, Record of Aspergifius flaviy (Link) on
the plant hopper Prousistn moeste Westwood (Hemiptera: Derbedac) Jowrnal of Plantanon
Cropy 28 (3): 231-232.

Indian Institute of Horticultural Research, Bangalore

Muni, M., Dinesh, M S, and Krishnamoorthy, A, 2000, Prescnce of Encarsia spp. on the spiraling
whitefly. Aferrodicus dispersus Russell in peninsular India. Insecr Envirormieni 6 (310 100

Mant, M. Gopalakishnan, C.and Krishnamoorthy, A 2001, Natural incidence of Nanthopimpla
spoand Pacciformees farinesus (Holms.) on pomegranate hairy caterpillar. Trabala vishnon
(Leteverey. fnsecr Environment 6 (4); 161-162,

Mani. M. Gopalakrishnan, €. and Koshramoortly, A, 2000, Natural parasiism on the pomegranate
hairy caterpillar Trabala vishnou Lelebvre (Lepidoptera: Lasiocampidae) in Karnataka,
Entonmean 25: 241-243

Mani. M. and Krishnamoorthy. A, 1999, Development and predatory potential of the green lacewing.,
Mallade astur (Banks) (Neuroptera, Chrysopidag) on the spiraling whitefly Aleerodicus
dispersy Russell (Homopterar Aleyrodidae). Jowrnal Biological Control 13:45-49

Mani, M. and Krishnamoorthy, A. 2000. Population dynamics of spiraling whitetly, Adewrodicus
dispersis Russell (Aleyrodidae, Homoptera) and its natural enemies on guava in India.
Entomon 25 (1) 29-34,

Mani, M. and Knshnamoorthy, A 2001, Suppression of Maconellicoconus fursutes (Greeny on guava,
Inxect Envirnnment 6 (43 152,

Guopalakrishnan, C. 2000, Susceplibility of Spodoptera litura (Fab.) 1o different isolates ol the
entomuopathogenic fungus Momuraea rileyi (Farlow) Samson. fnsect Environment 6 (2):

52-55.

Gopalakeishnan, C. and Mohan, K.S. (2000} A simple and cost effective i vitro method for the
mass production of conidia of Nemwraea rifeyi (Farlow) Samson. Pest Management in
Haorticalteral Ecoyvsterms 6 (1): 36-39.

Gopalakrishnan, C.ound Mohan, K.S. (2000). Effeet of certain insecticides and fungicides on the
conidial germination ol NMomuraea rilevi (Farlow) Samson. Entomon 25 (3): 217-223,

Gupalakrishnan, C.. Anusuya, D, and Narayanan, K. 2000, Susceptibility of Plutella vvlosiella 1.
to the entomopathogeme fungus, Paecilomyees farvinosus (Holmskiold) Brown and Smith.
Indian Jowrnal of Agricultnral Sciences 70 (5): 341-343

Sugarcance Breeding Institute, Coimbatore

Faswaramoorthy, 5. and Santhalakshmi, G, 2000, The granulosis virus of the sugarcanc borer, Chife
infiscaretlus snellen, Sugarcane bternational pp, 3-8,
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Easwaramoorthy. S Kurup. N.K.. Santhalakshmi, G. and Shanmugasundaram, M. 2000, Effect of
low temperature storage on the viability ol puparia of Sturmiopsis inferens Townsend {Diptera
Tachimdae). a larval parasitoid of sugarcane moth borers, Journal of Biological Contral 14
G3-65.

Ehlers, B.U.. MNiemann.. L. Hollmer, 8., Swauch, O.. Jende. D., Shanmugasundaram, M., Mehta,
UK., Easwaramoorthy, S, and Burnell, A.NM. 2000. Mass production potential ol the bacto-
helminthic hioconiral complex Heterarhalbditis indica- Photorhabdus luminescens, Biocentrol

Science & Technolapy 10: 607-616.

Karunakar. G.. Easwaramoorthy, S, and David, H. 2000. Pathogencity of steinernematid and
heterorhabditid nematodes 1o white grubs infesting sugarcane in India, fnternaitonal Jowrnal
of Nenatelogy 10:19-26,

Srikunth, J.. Easwaramoorthy. 8. and Kurup, N.K. 2000. Borer and predator incidence in ‘sugarcane
intercropped with pulses. Sugarcane Technology 2(1&2) 36-39.

Srikantl, J.. Easwaramoorthy, S and Kurup, N.K. 2000. Behavioral response ol Cotesia flavipes
Cameron (Hymenoptera: Braconidae) 10 frass extract of Chilo partellys Swinhoe (Lepidoptera:
Crambidac), fnseet Envireoment 6{2); 75-76

Spikanth. J.. Easwaramoorthy. 8., Kumar, R, and Shanmugasundaram. M. 2000, Panerns of Coesia
flavipes Cameron (Hymenoptera: Braconidae) parasitisation rates in sugarcane and sorghum
horers in labaratory rearing. fnsecr Science and irs Application 21 (3): 195-202.

Stack, C.M., Easwaramoorthy 8., Mehta, UK., J.Downes. M., Griffin, C.T. and Burnell, A M. 2000.
Maleeular characienzation of Heterarhabdiiis indica solates from India, Kenya, Indonesia
and Cuba. Nemuatofopy 2- 477-487.

Assam Agricultural University, Jorhat

Bhattcharya, B., Dutt, P.. Basit, A. and Das, B.C. 1998, Compatibility of some commaon pesticides
W Bacillus thuringiensis. fowrnal of Agrmculire Science Society, Novth East Indic 11 {2);
[127:130.

Bhatracharyya, B., Basil. A. and Saikia, K. 1998, Records of predatory spiders in sugarcanc ccosystem
of Assam. fosecr Environment 4 (3): 89-90

Sarmu, M., Busit. Ao and Hazarika, LK. 1999, Effect of Polvgonem fvdrepiperl. and Lantano
camara L. on 1ea red spider mite. Oligonvehus coffeae. Two aned o Bud 46 (1) 2-22.

Gujarat Agricultural University, Anand

Pathak, 8K, and Yadav, DN 2000, Biology of Exblenyma scinele Ramb. (Lepidoptera: Noctuidae),
a predator of brown scale Saissetia coffeae Wik, (Homoptera: Coccidac) infesting pointed
sourd. Trichovanthes dioica Roxb, Jowrnal of Entomological Research 24 (2): 167-175.
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Yadav. DN Jha, A and Komla Devi, P 2000, Trichogramma chiloniy Ishit (Hymenoptera:
Trichogrammatidae) from the eges of Plerella xvlostelia (Lepidoptera; Plutellidae) [rom
Gujaral. Indian fewrnal of Agriculioral Sciences 70 (1),

College of Agriculiure {(Mahatma Phule Krishi Vidyapeeth), Pune

Pokharkar, D.S, and Kurhade, V.I2 1999 Cross-infectivity and effect of environmental factors on
the infectivity of granulosis virus of Phthorimaea operculella (Zeller) (Lepidoptera:
Gelechiidae) Journal of Riological Control 13: 79 - 84,

Kerala Agricultural University, Thrissur

Beevi, §.P. Beena, S Lyla, KR, Varma, A.S., Mathew, PM. and Nadarajan. L. 1999, Hirvurella
thompsonii var, syunematose  Samson, McCoy & O'Donnell on coconut mite Aceri
{Eriophyes) guerreronts (Kiefer) — a new report [rom India. Jowrmal of Tropical Agriculuere
37, 91-93.

Beevi. S.P, Beena. S. Lyla, K.R., Varma, A.S., Mathew, PM. and Nadarajan. L. 2000. Report of
pathogen, Hirsutella thompsonii var, synrematosa Samson, MeCoy & Q" Donnell on coconul
mite Aceria (Eriophves) guerreronts (Kiefer), Insect Enviroament, 5(4); 190-191,

Beevi, S.P. Lyla. KR and Narendran, T.C. 2000 Hymenopteran diversity 1n single and double-
crapped rice ecosystems in Kerala, India. IRRN 1/325: 280-21.

Lyla. K.R.. Abraham. C.C. and Joy, BI. 2000. Biology of Pareuchaetes pseudoinsulara Rego Barros
(Lepidoplera: Arctiidac)-a biocontrol agent of Chromolaena advrata. Insect Enveronment S(4);
lal-162:

Punjab Agricultural University, Ludhiana

Kumar, A.. Shenbimar Maninder and Brar, K.5. 2000. Develepment of Corcyre cephatonica (Stainton)
on different food materials. Jowrna! of Research, Punjab Agricultural University (Accepled).

Singh, 1., Singh, 8.2 Brar, K.S. and Shenhmar, Maninder, 2000, Natural Control of sugarcane pyrilla
in Morinda (Ropar) Mill area of Punjab. lnvect Environment 6 {3): 128-129

Snchdeep Kaur, Brar. K-8, Sekhon. B.S., Joshi. N., Shenhmar, Maninder and Singh, J. 2000. Role
plaved by Campole s chiorideae Uchida in nataral mortality of Helicoverpa armigera (Hubner)
on chickpea in Punjab, Jowrnal af Biclogical Control 141y 51-54.

Snehdeep Kaur. Shenhmar, Maninder and Brar, K.S. 2000. Parasitoids of insect pests ol nee m the
Punjub. fnsect Environment 6 (2); 83-84,

Sher-e-Kashmir University of Agricultural Science & Technology, Srinagar

Zaz. G.M., 1999, Incidence and biology of black cutworm, Agrotis ipsifen (Hufnagel), Applied
Bivlogical Researchy 1: 67-70.
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DreY.8.Parmar University of Horticulture and Forestry, Nauni, Solan

Swod, A, Sharma, K.C. and Sharma. D, 2000, Biology and predatory polential of Eupeodes fiequens
Matsumuras on Aphis fabae infesting Solanum nigrum L. Pest Management in Horticuliural
Ecosvstenys & (1) 55-56.

10.2  Papers presented in Seminars/Symposia/Workshops/Meetings/Training
Project Directorate of Biological Control., Bangalore

Ballal, C.R.. Joshi. 8., Jalali, S.K. and Rao, N.8, 2001 . Quality control parameters in mass produced
bioagents, In Augmentative Biocontrol, Proceedings of the ICAR-CABI Workshop on
Augmentaiive Bloconrrol, 8. P Singh, §. T. Murphy and C. R. Ballal (Eds.).

foshi 5., Ballal, C.R. and Rao, N.§. 2000, Comparative analysis of two rearing procedures for Curinus
coerlens (Mulsant) (Coleoptera; Coccinellidae). Presented ar Entomocongress 2000;
Perspectivey for the New Miltennium, held at Trivandrum from 5-8 Nevember, 2000,

Hussaini, S.5.. Singh. §.P. and Nagesh, M. 2001, In vitro production of entomopathogenic nematodes
in different artificial media. Presented at the Nematology Symposivm, Orissa University of
Agriculture and Technology, Bhubaneswar, Nov, 23-25, 2000 rabs.).

Hussami. 5.5 Singh. 5P and Nagesh, M. 2001, In virro and field evaluation of some indigenous
isalates ol Sremernema and Heterorhabditis indica against shoot and fruil borer, Lencinodes
orbonalis. Presented al the Nematology Svmposium, Orissa University of Agnculture and
Technology, Bhubaneswar, Nov, 23-25, 2000,

Kumar, P, 8. and Singh, S, P 2001, Development of ‘Mycohit', the first mycoacaricide based
exclusively on Hirsitella thompsond, for suppressing the coconul mite in India. Paper presented
at the 23" Annual Conference of the Indian Society of Mycology and Plant Pathology & the
National Symposium on “Biomoculants for Sustainable Agriculture & Foresiry” ai Kakaliva
University, Warangal, from [6-18 February 2001,

Kumar. P. 5. Singh. 5. P, Marulasiddesha, K, N. and Anuroop. C. B 2001, Rele of the
acaropathogenic lungus, Hirsutella thompsowii Fisher, in the natural suppression of the coconut
eriophyid mite, Aceria guerveronts Keifer, in Andhra Pradesh, India. Paper presented at the
253" Amnual Conference of the Indian Society of Mycology and Plant Pathology & the National
Symposium on “Bioincculants for Sustainable Agriculture & Forestry” at Kakatiya Universily,
Warangal. from 16-18 February 2001,

Narayanan. K, 2000, Generie Engineering of insect pathogens: Novelty or necessity?. In the
Conference om Biopesticides. Emerging trends, Chandigarh February 7-9, 2001

Narayanan. K, 2000 Cross infectivity and safety of nuclear polyhedrosis virus of Spedoptera exigua
(Hubnery. Paper presented in the Conference on Biopestcides: Emerging Trends BET 2001,
February 7-9, 2001, Chandigarh.
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Narayanan. K. and Tandi. B, L. 2000. A new record on the occurrence of enlomepoxvirus on
whitegrub, Holomrichia consanguinea Blanchard (Coleoptera: Scarabaeidae ). Paper presented
in the Biopesticide Conferénce on Biopesticides: Emerging Trends BET 2001, February 7-9.
2001, Chandigarh:

Prasad, R. D and Rangeshwuaran, R. 2000, Dose-response studies in biologieal control of fusarial
wilt of pigeonpea. In: Abstracts of papers presented in “3" International Crop Science
Congress” held at Hamburg, Germany, from August [7-22, 2000,

Prasad. R. D. and Rangeshwaran, R. 2000}, Biocontrol potential. production, lormulation of
Trichodernia species and their genetic improvement. In proceedings of "Symposium on
Biotechnology of Plant Proteetion™ held at Banaras Hindu University, Varanasi, Indta [rom
February 24-27. ( Abstract)

Ramani, 8. and Singh, S.P. 2000. Registration, importfexport including quarantine of mulberry
silkworm (Bombyx mori L) germplasm. Base paper presented during the National Workshop
on Management of Sericultural Germplasmy for posterity held at CSGRC. Hosur, from July
26-27, 2000

Ramani. S und Singh. S.P 2001 Quantification of Natural Enemy Biodiversity. Lead paper presented
during the Workshop and Collaborative Project Planning Meeting on Biological Control of
Pests and Weeds for sustamnable development from January 17-20, 200H . Bangalore.

Rangeshwaran, R, and Prasad, R, D. 2000, Role of antagomistic rhizobacterta in inhibition ol
pathezens invilved in chickpea wilt complex. In proceedings of “Symposium on Biotechnolog
of Plant Protection™ held at Banaras Hindu University. Varanasi, India. from February 24-27.
2000,

Rangeshwaran, R.. Prasad. R. D. and Anurocp. €. P. 2000, Field evaluation of two bacterial
antagonists against wilt and wet root rot of chickpea. Presented in national symposium on
“Eeo-friendly Approaches in Plant Disease Management” held at Chennai, during January,
2004

Sidde Gowda, ). K. Kumar, P. 8. and Singh, 8. P. 2001. Evaluation ol oil-based formulation ol
Nomteraea vilevi (Farlow) on feeding potential and morality of Spedoprera liture (Fabricius ),
Paper presented at the Conference on Biopesticides: Emerging trends (BET 2001), organized
hy Punjab State Council for Science and Technology (Chandigarh) Socicty for Biopesucide
Sciences. India {Jalandhar) and Indian Ecological Society (Ludhiana) duving 7-9 February,
2001, Chandigarh. India.

Sudde Gowda, D. K., Kumar, P. 5. and Singh, $. P. 2001. Compaubility of entomopathogenic lungus
Naonmraea rifevi (Farlow) with selected pesticides. Paper presenled at the Conference on
Biopesticides: Emerging trends (BET 2001), organized by Punjab State Council for Science
and Technology (Chandigarh), Society lor Biopesucide Sciences, India (Jalandhar) and Indian
Ecological Society (Ludhiana) during 7-9 February. 2001, Chandigarh. India.
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S.P 2000, Biocontrol agents in pest management. Presented at One Dav Seminar on Biocontrol
of Pests at PAU, Ludhiana, on 111 April, 2000,

8.2 2000, Present Status of hinlogical control research in the country. Presented at the
warkshop on Bielagical Conrrol of Mites held at KAU, Thrissur, on 17" April, 2004

S.P 2000, Role of Biocontrol in Pest Management. Presented during National Conference on
Plant Protection at Vigyan Bhavan, New Delhi, on 19" May, 2000.

S.P 2000, Biclogical suppression of coconut pests using parasitoids and predators - current
status and future thrust. Delivered during the Group Meeting of Researchers and Development/
Extension Officials working om coconut pest problems at CPCRE, Kayangulam, on 25" May,
20000,

S5.P. 2000. Biological conteal of crop pests, Presented during the National Conference on Plant
Protection vrgamsed by Directorate of Plant Protection, Quarantine and Sworage. Faridabad,
on 250 and 26" May, 2000,

S.P2000. Bioagents in commerdial harticulture, pp. 133-134. In: “National Seminar on Hi-
fech Hortiendie. Organised by National Academny of Agricultural Sciences, New Delhi, and
Horticaltural Society of India, New Delhi and Indian Institute of Horticultural research.
Bangalore, (June 26-28, 2000).

5.1 2000 Indian scenario of biological control and future of bioeontrol in the new millennium,
pp. 15-17. In: National Conference on Recent Trends on Biotechnology and Biocontrol
Approaches of the New Milleqnion (July 18-20, 2000). Indian Institute of Chémical
Technology, Hyderabad,

- 8.P. 2000, Biological conirol of mealy bugs, pp. 163167, In: Drakshavrath, Smaraniba—(N.B,

Mahatrai (Ed)). Maharashtra State Grape Growers Association, Pune, Maharashta, Pune
{Aazust 15 2000,

S.B 2000, Prospectives of biological control, pp.35-36, In: Entomocongress-2000- Perspectives
for the New Millesnivn (an International Meet) abstracts (November 5-8. 2000). Trivandrum.
Kerala, India. 229 pp. '

S.F. 2000, Microbial control of crop pests. Presented (o the participans in the valedictary
Tunction of Winrer Schoal at TNAU, Cuoimbatore, on December [3, 2000,

S.P2001. Predators and parasitoids and their role in BIPM as biocontrol agents. Presented
m the deliberations of Biopesticide Conference BET 2001 at Chandigarh, on February 8, 2001,

S.P. 2001, Biological control as a wal in pest management. pp 54-63, In: Sute leve! werrkshop
on Resource managenment for sustamable Agriculture, (Feb. §-9) University of Agricultural
Sciences. Bangalore,
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Singh. 5.P. 2001. Perspectives of bio-control agents in futore, pp. 47-52. In: Plamt Protection - New
Horizons in the Millennizm (5.C. Bhardwaj. R.C. Saxena and Swaminathan (Eds.)) (February
23, 2001}, Department of Entomology. Rajasthan College of Agriculiure, Udaipur. India, 163
pp-

Singh. 5. P. and Foorant. I, 2001, Biological Control-Prospects of International Collaboration. 41
pp. Bookler released on the oceasion of the Workshop and Collaberative Project Planning
meeting on Biocontrel of pests and weeds for Sustainable Development held at Bangalore,
during January 17-20, 2001

Subba Rao. M. Mallikarjuna Reddy, Padmalatha, Y. Prasad. R.D,. Ramachandruy Rao. G.. Rajasckhar,
P. Ramani. S, Vittal Reddy. T. and Dauathreya. G5, 2001, Incidence of bud necrosis discase
in Kalyandurg division ol Ananthapur district of Andhra Pradesh and its impact on yield, In;
Seuvenir o National Sympasium en “Eco-friendly Approaches for Plant Disease Management”
held at Chennai from 22% to 24 January 2001. p 24.

Suscelendra Desal. Prasad, R. D, and Ghewande, M.P.2000. Trichoderma vis-a-vis Eco-friendly Plant
Discase Management, In: Souvenit of National Symposium on “Eeo-friendly Approaches for
Plant Discase Management” held at Chennai from 224 1o 24" January 2001, p 5-6,

Central Tobacco Research Institute, Rajahmundry

Gunneswara Rao and Sitaramaiah, S. Application sirategies on microbial pesticides in the
management of Spedoptera fira and Helicoverpa armigera in tobacco. National Sympeosium
on Tobaceo “Together we Sustain”, December 13 -16", 2000 Souvenir.Pp-29. Indian Sociely
of Tobacco Science, Rajahmundry (AP India.

Indian Tnstitute of Horticultural Research, Bangalore

Gopalakrishnan, €. 2000 Ficld evaluation of Paecifomyces farinosis (Holmskinld) Brown and Smith
for (he contral of Plarella xylostella L, on cabbage. Paper presented in “National conference
on Recent Trends in Biorechnology and Biocontrol approaches of the new millennim™ . July
18-30, 2000, Indian Institute of Chemical Technology, Hyderabad,

Gopalakrishnan, €. and Moehan, K.§. 2000, Nemuraea rileyi: A potential entomopathogenic fungus
tor control of Helicoverpa armigera on tomata. Paper presented i = Entomnocong ress-2000,
Perspectives for the new millenninm (An Lirernational Meet)”. 3-8 November, 2000,
Trivandrum.

Gopalakrishnan, C. Prasad. T., Anusuya. D, and Narayanan, K. 2000, Biochemical changes in the
larvae of Plazetla xylostella dwring in fection by Paecilonyces farinasis. Paper presented in
“Epromocongress- 2000, Perspectives for the new millenniunt (An International Meer)”. 3-8
Navember, 2000, Trivandrum

Krishnamoorthy, A. and Mani. M, 2000, Future pest management praciices i fruit crops with special
reference Lo citrus and grapes. In Indo — UK Workshop on Innovative Pest and Disease
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manigement in Hortseullural and Plantation Crops: Technology Improvement, Yalidation and
Transter. SPIC Science Foundation, Chennai, March (0 —11, 2000

Krishnamoorthy. A. and Mani. M. 2000. Innovative pest management approaches with special
relerence o tomato and cabbage. In Indo — UK Workshop on innovative Pest and Disease
management m Horticultural and Plantauon Crops: Technolagy Improvement, Validation and
Transfer. SPIC Science Foundation, Chennai. March 10 11, 2000.

Krishnamoorthy. A Mani. M, and Gopalakrishnan, C. 2000, Microbials in msect pest manzgement:
prospects and limitations, In @ National Symposium on Microbials in Insect Pest Managemen,
Entomology Research Institute, Chennai, February; 24 -23,

Krishnamoorthy. A and Mani. M. 2000, Development of g sustainable integrated management of
tomato fruit borer using eco friendly components, Paper presented m Netionad seminer on
Hiteeh Hortficniture. June 24-27, 20010,

Krishnamoorthy, A, and Mani, M. 2000, Biology of Aphyils melinus DeBach {Aphelinidag:
Hymenoptera), a parasitoid of Calilornia ved seale. Aonidiella anranti (Maskell) (Diaspididae:
Homopteray. Paper presented in Entormocongress 2000, Nav, 5-9, 2000, Trivandrom.

Mani, M., Dinesh. M.S. and Krishnamoorthy, A 2000, Biological control studies on the spiraling
whitelly Afewrodicns dispersus Russell {(Aleyrodidae. Homoptera)y, Paper presented in
Entomocongress 2000, November 5-9. 2000, Trivandrum, Indiy,

Mani. M. 2001, Recent trends in biological control of tropical fruit crop pests in India. Lead paper
presented in the Notional symposium on Inscet Pest Management strategies-Current trends
and future prospects. Loyola college, Chennai, Feh. [-2. 2000,

Mani. M., Krishnumoorthy, A, and Gopalakrishnan, C, 2000, Biocontrol within vegetable IPM. Paper
presented in [CAR-CABI workshap on Auzmentative Biocontrol, Bangalore, on 29 june |,
Tuly 2000 al Bangalore.

Sugarcane Breeding Institute, Coimbatore

Easwaramoorthy. S, Srkanth. I, and Santhalakshmi, G, 2000, Laboratory and [ield evaluation of
Bacilly thuringiensis Berliner formulativns against sugarcane borers. Proceedings of the
National Symposium on Biological Contral of lnsects in Agricufrure, Forestry, Medicine and
Vetermary Scierice, Bharathiar University, Cotmbatore, India. pp. 112-116. :

Srikanth, J.. Easwaramoorthy. 8. and Samhalakshmi, G.2000. Seasanal fluctuations of natural chemies
af sugarcane shoot haver Chilo infuscareling Snellen. Abstracis af ENTOMOCONGRESS 2000
peespeciives for the New Millenmiun, Association (ot Advancement ol Entomology. University
ol Kerala. 5-8 November 2000, pp. 78,
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Srikanth, 1. and Salin, K.P. 2000. Effect of group size on movement pattern of Cofesia flavipes
Cameron (Hymenoptera: Braconidae) adults. National Sympusivm on Vestas of Entenological
Research for the New Mitlennnen, G.S. Gill Research Institute, Chennai, December 28-30,
20000,

Srikanth. I Geetha, N., Kurup. N.K. and Santhalakshmi. G, 2000. Density-dependent natural control
of sugarcane shool horer Chile infuscateflus Snellen {Lepidoptera; Crambidae). Mational
Svmpesitun o Vistas of Entomotogical Research for the New Millennium, G.S. Gill Research
Institute, Chennai. December 28-30, 2000,

Gujarat Agrienltural University, Anand

Bindu B. Mehia. D.M. and Godhani, PH, 2000, Seasonal abundance of diamond hack moth Plutelle
wlastella (Linnaeus) inlesting eress Lepidium sativam Linnaeus and its larval parasitoids
Cotesio plutelfoe ( Kurdj. ). V National conference of AZRA, Dept. of Zoology, Madras
Christiun Callege, Chennai. December 27-29, 20000,

Tadav. HR.. Mehia. D.M. and Jant, J.J. 2000, Evaluation of hic-pesticides against Helieoverpa
armigera (Hubner) infesting Kalmegh Androg raphis paniculaia Nees, V National conlerence
of AZRA. Dept. ol Zoology, Madras Christian College, Chennal, December 27-29, 2000

Tadav. HR.. Mehta, D.M. and Vashnav, PR 2000. Seasonal abundance of Heticoverpa armigera
(Hubner) infesting Kalmegh Andrographis panicalata Nees and its larval-pupal parasite
Carcelio sp. N National conference of AZRA. Dept. ol Zoology, Madras Christan College.
Chennal, Degember 27-29. 2000,

Tha. A Yadav, DN, and Komala Devi, P. 2000, Re-introduction of Geoearivo chroprerus Fieber
(Hemiptera: Ly gaeidag). an important predator of cotton pests in Gujarat ¢India). ¥V Natonal
conference of AZRA. Dept. of Zoology, Madras Christian Callege. Chennai, December 27-
29, 2000).

Komala Devi, P, Yaday DN, and Tha, A. 2001, Biology o Paederns fuscipes Curtis (Coleoptera:
Staphylinidae) National conference. Plant Protection — New Horizons in the Millennium,
Entomalogical Research Association, Udaipur, February 23-25, 2001

Yadav, DN, 2001, Present séenario of biological control of IPM with speciul relerence Lo parasites
and predators. National conference, Plant Protection-New Horizons in the Millenmium.
Entomological Research Association. Udaipur, February 23-25, 2001,

Kerala Agricultural University, Thrissur

Abraham, C T.. Soniya. NI and Lyla, KR 2001. Problems of alien weeds in the Southern wesl
coast and Western ghal regions of India. Conference on Management of alien invasive species
al MSSRE Chennai. December 2% to 4% 2000,
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Beevi, S.P., Abraham, C.C. and Peter, KV 2000, Biodogiced conmol of crop pests in Kerala, Kerala
Agricultural University, Vellanikkara, Thrissur. Kerala. p 1035

Joy. B, Lyla. K.R. and Satheesan, N.V. 2000, Biological weed suppression. [n: Brological comtrod
af crop pests in Kerata (compiled and edited by S, Pathummal Beevi, C.C. Abraham and
K.V, Peter) Kerala Agriculiural University, Vellantkkara, Thrissur, Kerala. pp 51-76

Lyla. K.R.. Abraham.C.C. Joy. PJ and Ranpjith, AM., 2000, Feeding behavior of Pareuchaetes
paendoinsilate Rego Barros (Aretiidae: Lepidoptera).  Published in Abstracts of Fifth
international workshop on biological contral and management ol Clromolaena odorata al
Durban, South Africa. on 23-25. October 2000 organized by the Plant Protection Research
[nstitute, Agriculural Research Council, p.26.

Punjab Agricultural University, Ludhiana

Brar, K.D.. Singh. 1. Sekhon, B.S.. Shenhmar, Maninder and Singh, J. 20000 Role of Trickogramma
chilonis 1shin in the itegrated management of cotton bollworms, Paper presented al National
Conference: Plant Protection — New Hortzons in the Millennium. Udarpur, Feh.-23-25, 2000

Jagmuohan Singh. Brar, K.S. and Shenhmar, Maninder, 20000, Integration of Trichogramma chilonis
Ishii and Trrchogranmie japoriewn Ashmead against feal folder and stem horer of rice. Paper
presented at “Nanonal Cenference: Plant Protection — New Horizons in the Millennium,
Udaipur. Feh. 23-25,

Tagmaohan Singh. Snehdeep Kaur and Brar, K.D, 2001, Effect of cold storage on emergence and
parasitisation ol diflerent populanions of Trichegramma chifonds Lshin, Paper presented at “4™
Punjab Science Congress”, Punjab Agricultural University, Ludhiana, Feb. 9-10, 2001.

Lingappa. S., Brar. K.5, and Yadav, D.N. 2000. Augmentative biological control within cotton IPM-
Indian Scenario, ICAR-CABI Warkshop on “Augmentative Biological Control”. Bangalore,
June 29— July 1. 2000

Shenhmar Maninder, Brar. K 8. and Singh, J. 2001. Combined effect ol Coresia flavipes Cameron
and Trichegramma chiloniy Ishii against sugarcane stalk horer, Chifo auerredling Dudgn. Paper
presented at “National Conference on Plant Protection-New Horizons in the Millennium™,
Udaipur, Feb, 23-25,

Singh. 1. Sohi. AS., Brar. D.5.. Kapoor, S.K. and Brar, K.S, 2001, Integrated Pest Managcment
far sustwining cotton productivity in Punjab. “4% Punjab Science Congress™, Punjah Agriculiural
University. Ludhiana. Feb, 9-10, 2001 p. 194,

Snchdeep Kaur, Brar, K.5.. Sandeep Kaur. Singh. J. and Shenhmar Maninder. 2001, Role of
Bivconirol based mtegrated pest management of tomata fruit borer in Punjab, Paper presented
al 74" Punjab Science Congress™, Punjab Asnicultural University, Ludbiana. Feb, 9-140, 200].
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10.3  Popular articles/Books/Bulletins/Book chapters/Reviesws

Ballal. C.R. and Singh. S.P. 20000 Critical issues in mass production of parasitoids and predatoss,
ppd-14. In: Critical Issues in Produciion of Bivagents and Transgenies. (S.P. Singh and
Chandish R. Ballal (Eds.)), Project Directorate of Biological Control, Bangalore. 66 pp

Kumar. P S. and Singh. §. P. 200). Jeeva nivanthrana paddhathidhwara kobbanpai eriophvid nalli
nivarana (Biological control of the covonut eriophyid mite; in Telugu) Anmadate. 3H2): 58,

Singh, S.P. 2000 Biological control in hortieuliural erops. Indian Hortrewlture 4501 ) 54-660,

Singh. S.P. 2000, Augmentative biolegical control in India, pp. 118, In: Angmentalive Biacentiol-
Proceedings of ICAR-CABI Workshop (June 29 to July 1. 2000) (S.P. Singh. S.T. Murphy
and C.R. Ballul (Eds. ). CABI Bioscience. UK. and Project Dircclorate of Biological Control
(ICAR 1, Bangalure, Indi, 240 pp.

Singh. $.P 2000, Application of biotechnology in biointensive integrated pest management, pp. 200-
228, In: Biotechnology in Horticwdture and Planration Crops. (K.L. Chadha (Ed.1). Malhotra
Pubhlishing House. New Delhi, India,

Singh, $.B. 2000. Biological control of mealy bugs, pp. 163-167. In: Drakshvruria Seuvenir August,
2000 (N.B. Mahatra (Ed.)). Maharashtra State Grape Growers Society, Pune, 212 pp.

Singh: $.B and Ballal. C.R. 2000. (Eds.) Critical fssues in Production of Bioagents and Transgenicy.
Projeet Directorate of Binlogical Conlrol, Bangalore, 66 pp.

Singh. S.P. and Joshi. ~ 2001, Annoteted Bibliography of Biotegical Control of Polare Pexts. Project
Direclorale of Bielogical Control, Bangalore, 98 pp.

Central Tobaceo Rescarch Institute, Rajohmundry

Sitaramaiah, S., Guuneswararao, S., Rama Prasad. G, and Sreedhar, U, 2000. Bio intensive
integrated mauagement of  budworm Helicoverpa armigera in FCV lobacco. CORESTA
Information Falletin, 2000 CORESTA Congress, pp. 143 Lisbon, Portugal.

Sitaramaiah, § Gunaeswara Rao, S, Rama Prasad, G. and Sreedhar, U. 2000 “Bio-control potential
and its exploration in sustamable Agriculture”. Vol. T and I being published by Kluwer
Academie/ Plenum Publishers, USA,

Indian Institute of Horticultural Research, Bangalore

Krishnamoorthy, & and M. Mani; 2000. Parasitoids and predators as components in TPM of vegetable
crops. [n “I'est management in Horticultural Ecosystems {eds.) PP Reddy, Abraham Verghese
and Krishna Komar, NJK.) Capital Publishing Company, New Delhi, ppl181- 194,

Krishnamoorthy, A and Mani, M. 2000, Biological Control of vegetable crop pesis: Potential and
its exploitation. In Biological control potential and its exploitation in sustainable agriculture,
Kluwer Acidemic / Plenum Publishers, TSA.

|84
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Rajagopal, D. and A, Krishnamoorthy, 2000, Chapter 3. IPM strategics for the scales and mealybugs
in [PM systems in Agriculture. Vol VI teds. b Rajeev K. Upadhyay, K. G. Mukerji and O.P.
Dubey. Aditya Buoks Pvt. Lid., New Delhi, India. pp. 53-76.

Sugarcane Breeding Institute, Coimbatore

Earwaramoorthy. 5. Sirkanth, J.. Geetha: N. and Santhalakshmi. G. 2000, Beaveria brongniartii
formulatien for white grub control. Sugarcane Breeding Institute News letter 19 (4): 1,

Punjab Agricultural University, Ludhiana

Brar. K.S.. Darshan Singh. Maninder, S. and Singh, I. 2000, Role of bio-agents m [PM ol sugarcane,
Presg, Frvg. 37 16 15-17,

Brar. K.5.. Darshan Simgh. Maninder, S, and Singh, I, 2000, Mittar Kirian Dag Garnae Dee
Sarbpedhn Vienthandi Wich Yogdaan. Changi Kheti 36 (6); 20-22.

Brar. K.5.. Darshan Singh, Maninder, 8. and Singh, I 2000, Mirrer Kirian Da Gane De Sarbpakhi
Vienthandi Vich Yogdan. Kheti Dudian 18 (27): 7.
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LIST OF APPROVED ON-GOING PROJECTS

Basic Research

Project Directorate of Biological Control, Bangalore

%
Pl

oy

e

=1 = Lh

Introduction and stedies on the exolic natural enemies of some lepidoplerous inscel pests
Introduction and studies on the exotic natural enemies of some dipterous and homoepterous
msect pesls

Biosystemnatic studies on predatory coceinelhids

Biosystematic studies on Indian Tachinidae

Development of mass production techniques for parasitoids

Development of viable mass production technigues for predators

Development of mass production lechniques for cecidomyiid and acarine predators for use in
biological contrel programmes

Behaviowr ecology of the potential parasitoids 1o enhance thenr efficiency in hiological
suppression of key crop pests

Use of semiochemicals w improve the efficiency ol important predators

Studies on insect pathogens

Bicontrol of inseet pests using entomopathogenic fungi and development ol mycoinsecticides
Studies on haculoviruses of arctiid hairy caterpillars.

Survey, wdentification and unlization of entomophathogenic nematodes agamst some important
lepidopterous and coleoplerous insect pests

Biological control of plant parasitic nematodes with fungi and bacteria with special reference
1o Paecilomyees Mlacmus and Pastenria penetrans

Biological suppression of plant parasitic nematodes exploiting antagonistic fungi and bacteria
in spectiic Cropping sysiems

Biologmecal contral of soil borne and other plant pathogenic fungi by antagonistie fungl and
development of lnofungicides

Biological control of soil borne plant pathogens by anatagonistic bacteria and development
ol bacterial biocontrol agents

Survey, identification and utilization of plant pathogens for the hiological control of weeds
with particular reference to parthenium and water hyacinth

Evaluation of improved and selected species / strains of cgg parasitoids

Evaluation ol artiticial diel, release rates and genetic improvement of important predators
Evaluation and develtopment of artificial diet for important lepidoeplerous pests

Soltware development (o identifying and suggesting biocontrol measures for different
crop pest using PC

LBa
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Development of national information svstem on biclogical suppression of crop pests -
Knawledge base system of Heficoverpa armigera and its natural enemies

Decision support system ol saler pesticides and s natural enemes.

NATP Funded projects at PDBC, Bangalore

5]

4,

i

Team of Excellence for HRD in Brological Control

Conwrol of leal curl virus in cotton and development of protocels for mass multipheaton
Development of biointensive 1IPM Modules in chickpea against Helicoverpa armigera, wilt,
and dry vool rot

Development ol IPM maodules in pilseed based criopping system

Development of ntegrated pest managemen! [or erophyiid mite of coconut i southern states

Indian Agriculiural Research Institute, New Delhi

I

&

Basic studies and maintenance of Bacillus thuringiensts strains
Studies on formulations of microbial pesticides - based on baculovituses and Beedllus
thitring iensiy

G.B.Pant University of Agriculture and Technology, Pantnagar

1

2
i A

4,
¥

Testing of Teichaderma freerzienmon, T vipens and Pseudomonas fluorescens against Karal
bunt of wheat and rool knot of vegelable crops

Demonstration of the above bioagents in various crops like chickpea (100 ha), field pes (20
hay. lentil (20 ha), tomato (10 ha). Capsicam (10 ha) and vice (200 ha)

Development of mixed [ormulation of fungal and bacterial antagonists

Relative elhcacy of conidia vs chlamydospore based tormulations of Trichoderma

Seed and root priming 10 mprove cfficiency of binagents

Al Co-ordinating centres

Biological suppression of erop pests and weeds

Sogarcane

Survey ol and scasonal fluctnation studies on natural encmics of borers (PAU, SBI and [1SR}
s of sugarcane (PAU, SBI, [ISR)

Field swdies on Trichagramma chifoniy against bor

1 Freld siudies on Coresta favipes against early shoot and sialk borers (PAU, SR
- Freld evaluation of Epovearma melanofenca against Pyrilla perpusilia (11SR)

i Evaluaion ol Reanverta brongniarid agamst white grubs (SBI)

Caotton

Biomlensive mtegrated pest management of cotton pests (GALD, MPKY, ANGRAL, TNALI
BALH



PDBC - Annual Report 2000-2001

2, Field evaluation of inundative releases of 7. chidonsy in combination with Chrysoperla carmea
against volton pest complex (GAU)

i Impact of inundative releases of Chirvsoperta carmea against sucking pest complex (GAU)

4. Identification ol host plants which harbour arthropod natural enemies (ANGRAU, TNALU)

3. Studies on the natural enemy complex of H. armigera (PAU)

G, Evaluation of different 87 products for efficacy agamst cotton bollworm complex (TNAU)

7 Colonization and establishment o Chelonus blackburni in cotten (GAU, TNALL ANGRAT)

Tobacco

1. Testing of a spriyable formulation of EPNs in wbaveo nursery against Spodoptere fitwra (CTRIL
Rajahmundry)

2 Screening whavco germplasm for ineidence of pests and natural enemics

Pulses

L Large-scale demonstration of Bt-HaNPV-Bt-HaNPV in pigeonpea for the management of pod
borer complex in farmers” field in | ha area. (ANGRAU, GAU)

2 NPV based muanagement af A armigera (TNAU, PAU)

3 Eifcet of entomopathogenic nematode.  Heterprhabditiy  sp. against Mylehris pustideto and
Helicoverpa arniigere in pigeon pea [ANGRAL)

4. Incidence ol Maruca testulalis and other pests and their natural enemies in pigeon pea i
relalion W crop phenology (ANGRAU, TNAU, GAU)

5 BIPM ol pigeonped with special reference to pea pod horer complex (ANGRAU. GAUL TNALL

6. NPY based management of Helicoverpa armigera on chick pea (PAUL TNAL

Rice

1 Survey and guamtification of natral enemy complex in rice (AAU KAU, PAU. TNAU}

2, Field evaluation of intezrated use ol Trichogramma japenicum, T chifonis and Bacilius
thuringiensts against rice stem borer and leaf folder (AAU, KAU, PAU, TNAU)

3 Ewvaluation of hiocontrel hased TPM in Rice { TNAU. KAU, AAU, PAU)

4, Evaluation ol Beauveria bassiana agamst rice hispa (AAU)

Oilseeds

. Testing of Merariizinnr aniseplioe and Bacillis popillice against white grubs in groundnut
(GALU, NRC for groundnul & ANGRAU)

2. Biolugical control of mustard aphid, Lipaphis erysimi (PAL)

(B3]
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Coconut
I Field testing ol Hirsutelice thompsonii formulations (CPCRI, KAU, PDBC, ANGRALU, TNALU)
2 Studies on seasonal incidence of Opisving arenosella and its natural enemies (CPCRI)

Fruit crops

1, Survey [or the natural enemies of spiralling whitefly (ITHR, KAU, TNAU)

2. Predatory potential ol chrysopids on spiralling whitefly under field conditions (TTHR)

3 Evaluation of Cryptolaemus montrouziers against spiralling whitefly on guava (ITHR)

4 Seasonality of natural enemies of spiralling whitefly in guava (ITHR)

5. Seasonul incidence of San Jose scale and tis patural enemies at different altitudes (SKUAST,

Dr.YSPUHA&F)

. Seasonal incidence of woolly apple aphid and its natural enemies at different altitudes
(SKUAST, Dr.YSPUH&F)

T Collection of local Trichogramma spp. from apple orchard ecosystem (D YSPUH&F)

8 Release ol local Aphyiis spp. parasilizing the San Jose scale in apple orchards of Himachal
Pradesh (Dr.Y SPUH&F)

Vepetables

Iy Survey lor natural enemies of vegetable crop pests (IIHR, ANGRAU, MPKV. SKUAS & T,
GALL D YSPUHE)

% Evaluation of Trichegrammatoidea bactrae against Plutella xylostella on cabbage (ITHR,
ANGRAU, MPKV, GALL DrYSPUHF;

3. Evaluation of dilferent formulations of Bacilluy thuringiensis against Plutella vviostella on
tabbuge (MHR. ANGRAU, MPKV. GAU, Dr.Y SPUHF)

4 Control of Lencinodes orbonalis using Bacillus thuringiensis an brinjal (IIHR, ANGRAU and
MPKV)

= Control ol Helicoverpa armigera using Nomuraea rileyi (ITHR)

[+ Integrated Management of tomate fruit borer (ITHR, MPKV, ANGRAU, GAU, Dr. YSPUH&F)
Potato

1l Standardization of mass release technology for parasitoids Copidosoma koehileri and Chetonus
blackburai against FTM under field conditions (MPEV

7 Evaluation ol release methods of parasitoids Copidosoma koelileri and Chelonus blackburni
and microbial agents against PTM, Phthorimaea operculella on potato in country stores
(MPKV)

3 Effect of plant products on parasitoids of PTM (MPKV}

4 Studies on recovery and establishment of parasitoids of PTM (MPKV}

189
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3. Evaluation of different entomapathogens for the contrel of Spodoptera liture on potato (MPEV)

Weeds

b Assessment of impact of Neochering cichhorniae, N. bruchi and Qrthogalumna revebrantis
in suppressing water hyacinth (KAU, GAU, AAU)

2 Evaluation of fungal pathogens in combination with the weevil Neochetina ctchfiorniae and
the mite Qrrhogalumna terehraniis in suppressing water hyacinth (KAU)

3. Assessment of impact of Cyrtobagouns selviniae in suppressing Salvinia molesta (KAL)

4. Parthenium control with Zveagramma bicolorata, a case study under mid hill conditions
{Dr Y SPUH&F)

12.  CONSULTANCY, PATENTS, COMMERCIALISATION OF TECHNOLOGY
Consultancy service was provided io M/S DENOCIL; Mumbai, in evaluating Spimosad and
Magister apainsl natural enemies (2000-01),

Consultancy service was provided for and identifying pheromones/kairomones of insects and
realized an amount of Rs.36.000/-,

Biocontrol agents were supplied to dilfferent Research and Development Departments ol Centre
and State Governments, Multicellular tray unils were supplied to various State Agricultural
Universities [or rearg Helicoverpa armigera.

An amount of Rs.1.75,311/4 was ohtamed from sale of technical bulletins.

Training was given Lo various plant protection specialisis on the mass production of biocontrol
agenls. Durmg 2000-01, 10 trainees were rained.

13,  MEETINGS HELD AND SIGNIFICANT DECISIONS MADE

13.1 Significant decisions and recommendations made in the Fifth Research Advisory
Committee Meeting held on 12-05-2000
Tt was ahserved that the cost of production of predatory coceinellid beetles is ona little higher
side und elforts have 1o be made to reduce the cost of production as far as possible.

2 [ was sugeested that feed back should be collected from various agencies Lo wham hiocontrol
agenis were supplied for further planning in biocontrol programmes in different crop
eCivslems.

3 It was advised to supply L-Tryptophan to other centres including UAS. Dharwad, for evaluation
or eotton crop in different agroclimatic conditions,

4 Collsboration with Indian Institute of Chemical Technology, Hyderabad. or similar

organizations may be explored with regard to formulation of kairomones,

190
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Production of® Helicoverpa armigera nuclear polyhedrosis virus (HaNPV) and Spodoprera
listerar nuclear polyhedrosis virus (SINPV) should be scaled up as there is a lot of demand for
these,

Cross infestation studies on granulasis virus (GV) of Chile infuscatellus may be taken up at
the carliest.

Allempts may be made 10 start production of powder form of nuclear polyhedrosis virus with
necessary collaboration from other organizalions,

Observations may be taken up to verify the consistency of heal tolerance in Trichogramma
chifonts sirain by crossing the tolerant strain with susceptible ones.

The durauon of the new project proposal “Deeision support system on identification of potential
natural enemies and pesticides safe to them™ may be reduced 1o two years as most of the
mformation is already available.

Collaboratimn between PDBC and SAUs may be further strengthencd especially in the leld
of Post-graduaie research work as PDBC has qualified persons and the hest available
infrastructural facihies.

Meeting beiween RAC members and scientists twice a year may be ideal rather than once in
o Yedr

Duration ol the nominated RAC Members may be increased from three to five years (Plan
period),

Efforts should made to popularize the viable biocontrol technologies through Krishi Vigyvan
Kendras,

In view ol more insight that the RAC Members will have had in their tenure. they may be
ineluded i the QRT to assess the progress made by PDBC.

13.2  Significant decisions made in Management Committee Meetings

Meeting held on 20-12-2000

ol

The committee recommended the proposal of filling up of vacant pests for Techniweal Officer
{Estate/Farm Officer) (T-6), Technical Assistant (T-11-3) for Pathology Laboratory and
Technical Assistant (T-11-3) (Computer) hy circulating among the ICAR institules in view ol
the urgency.

The names of the two private doctors Dr.(Ms )P V.Mahalakshmi. Sanjaynagar, Bangalore, and
Dr. Vishwanath N Patil, Ganganagar. Bangalore, were approved for appointment as authorized
medical attendants for the period of one year from 01-04-2001,

The proposal of fumishing Trainers Hostel at institute level afier obser ving the codal formalities
has heen approved.

Replacement of the old BOD Incubator and Hot Air Oven was recommended.
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The proposal of upgrading existing Image Analysis Systems could not be recommended,
however the Committee requested to project it in X plan EFC,

Proposal ol replacement of five Typewriters with  with five computers has been approved
subject to the availability of funds under Non-Plan,

The proposal of replacing the old and unserviceable Gestetner duplicating machine with a
serox machine his been approved subject 1o the availability of funds under Non-Plan

Approved for importng Columns and detectors chromatography.

Approved for the proposal of procuring Donewell Floor cleaning, polishing machine and hand
operated cleaning toilets etc., at a otal cost of Rs.29 490/- + taxes from M/s. Donewell Rotaries,
New Delhi as it i a proprietary item

Past facto approval has been given for consultancy service rendered as a part of Institutional
project and approval to dishurse the consultancy fee to the Scientists and other staff members
of the Directorate after observing the rules and guidelimes preseribed by the ICAR,

The Commiltee recommended to convene a meeting between PDBC, Bangalore and UAS,
Bangulore for imer-institutional collaboration for binlogical control methods,

Monthly Staff Research Council Meeting

Monthly scientific, technical and administrative stafl meetings were held separately on every
third Friday of the month and the detailed proceedings were sent (o the Council for information.
During the meetings discussions were held on the work done 1n different projects, general
difficulties faced and solutions for the same.

PARTICIPATION OF SCIENTISTS IN CONFERENCES, MEETINGS, WORKSHOPS,
SYMPOSIA, ete. IN INDIA AND ABROAD

Project Directorate of Biological Control, Bangalare

Dr.S.PSingh, Project Director participated in

One Day Seminar on Biocontrol of Pests at PAU. Ludhiana, on 11% Agpril, 2000,

Workshop on Biological Control of Mites held at KAU, Thrissur, on 17" April. 2000.

National Conference on Plant Protection at Vigyan Bhavan, New Delhi, on 19" May, 2000

Group Meeting of Researchers and Development/Extension Officials working on coconut pest
problems at CPCRI, Kayangulam, on 25" May, 2000.

National Conference nn Plant Protection organised by Directorate of Plant Pratection, Quarantine
and Storage. Faridabad, on 25" and 26" May, 2000
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National Seminar on Hi-tech Horticulture, organized by National Academy of Agricultural Sciences,
New Delhi and Horticulwral Society of India, New Delhi, and Indian Institute of Horticultural
Research, Bangalore. (June 26-28, 2000

Matonal Conference on Recent Trends on Biotechnology and Biocontral Approaches of the New
Millennium (July 18-20. 2000), Indian Institute of Chemical Technology. Hyderabad

Entomocongress-2000- Perspectives for the New Millennium (an International Meet) (November
S-B. 2000) Trivandrum, Kerala

Biopesticide Conference BET 2001 at Chandigarh, on February 8, 2001.

State level workshop on Resource management [or sustainable Agriculture. (Feb. 8-8) University of
Agricultural Sciences. Bangalore

Plant Protection - New Horizons in the Millennium (February 23, 2001), Department of Entomology.
Rajasthan College of Agriculture, Udaipur

Dr.5.P5ingh. Dr.P L Tandon, Dr.K. Narayanan, Dr.N.S Rao, Mr.S.R.Biswas, Dr.S.S.Hussani,
Dr.B.S . Bhumannavar, Dr.N.Bakthavatsalam, Dr.S . Ramani, Dr. (Ms.) Chandish R.Ballal,
Dr.S.K.Jalali, Dr R.D. Prasad, Mr. Rangeshwaran, Mr, 8, Joshi, Ms. M. Pratheepa, Dr. T. Venkatesan
and Dr.(Ms ). Pooran atended the

Ninth Biocontrol Workers” Group Meeting held at PDBC, Bangalore, from 4" to 6% Qctober 2000,

Dr K Narayanan attended a conference on Biapesticides: Emerging trends held at Chandigarh.
February 7-9, 2001,

Dr.N.S.Rao Senior Scientisl. attended
ICAR-CABI Worlshop at PDBC, Bangalore, between 29" June to 1% July, 2000,

Workshop on Technolegy Mini Mission on Cotton for finalizing the technical programme at CICR.
Nagpur, on 19 und 20" December 2000

.

Workshop and collaborative Project Planning meeting on biocontrol of pests and weeds for sustainable
Agricultural Development during January 179 to 200, 2001,

Review nreeting of Mini Mission I ol Technology Mission on Cotton on 23™ and 24% February 2001
it NCIPM, New Dell organized by CICR, Nagpur.

Mecting for the formulation of technical programme under Technology Mission on Cotton (MMET )
on 7" and 8% March 2001 at NCIPM, New Delhi.

Dr.S.S Hussan:, Seniar Scientist, attended

Nematology Symposium, Orissa University of Agrieulture and Technology, Bhubaneswar, Nav.
23-25, 2000
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DS Ramani attended  the
351 Annual Rice Group Meeting at DRR, Hyderabad, from April 9 - 12, 2000,

National Workshop on Management of Sericuliural Germplasm for posterity held at Central
Sericultural Germplasm Rescarch Centre, Hosur, from July 26-27, 2000 and presented a hase paper.

Waorkshop and Cellaborative Project Planning Meeting on Biological Contol of Pests and Weeds
for sustainahle development from January 17-20, 2001

DST sponsored methodology workshop cum brainstorming on Bioresource Mapping at Jawaharlal
Nehru Centre [or Advanced Scientific Research, [18¢ campus. Bangalore, [rom January 23-25, 2001,

Brainstorming workshop on “Integrated sustainable farming systems approach in Kodagu distriet”
organized hy Coffee Board held on Feb. 4, 2001

Dr.(Ms.)Chandish R.Ballal attended the

“Entomocongress 20007 at Trivandrum from 5 November 2000 o §n November, 2000 and presenled
a poster,

ICAR-CABI Workshop at PDBEC. Bangalore between 29" June. 10 1" July. 2000.

Workshop and Collaborative Project meeting on biocontrol of pests and weeds for Sustainable
Agriculwral Development during January 17 to 200, 2001.

NATP Annual Workshop at PDBC. Bangalore between 7" to 8 March, 20011,

Dr.S K Jalal anended the

Warkshop and Collaborative Projeet meeting on biocontrol of pests and weeds for Sustainable
Agriculiural Development during January 17" to 207, 2001,

ICAR-CABI Waorkshop at PDBC, Bangalore between 29" June. to 1+ Tuly, 2000,

Dr.(Ms.)] Poorani attended the

Workshop and Collabarative Project meeting on biocontrol of pests and weeds for Sustainable
Agricultural Development during Ianuary 17" o 200, 2001,

Workshop-cum-training on Mapping Biodiversily resources of India (sponsored by the Department
of Seience & Technology) held at Jawaharlal Nehru Centre for Advanced Scientific Research (T18¢
Campus), Bangalore. during January 237-25% 2001

DrPSreerama Kumar attended the

Group Meeting on Recent Advances in the Management of Coconut Pests (RAMCOP 2000) at Central
Plantation Crops Research Institute (CPCRI), Regional Station. Krishnapuram, Kayangulam, Kerala,
from 24-25 May 2000,

ICAR-CABT Workshop on Augmentative Biocontrol organized by CABI Bioscience and PDBC from
29 June Lo 1 July 2000, at Bangalore.
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Review meeting on coconut eriophyid mile and horticulture development in Kerala, convened by
the Secretary (Agriculture and Cooperauoen), Government of India (GOL) and to discuss the
horticulture development aspects in KeralaThiruvananthapuram, on | July 2000.

Akhilo Bharata Kobbari Rvthula Sadhasy” (All-India Coconut Farmers’ Meeting) conducted by the
Bharathiva Kisan Sangh {BKS) al Ambajipeta, Andhra Pradesh, on 4 October 2000

Anntal Meeting of the Indian Phytopathological Society and Symposium on Emerging Trends in
Plant Discase Management,” 7-8 December 2000 al University of Agriculural Sciences, Hebbal,
Bangalore.

33 Annual Conference of the Indian Society of Mycology and Plant Pathology & the National
Symposium on “Bioinoculants Tor Sustainable Agriculture & Forestry” at Kakatiya University.
Warangal (rom 16-18 February 2001

Dr.R 13 Prasad and Mr.R Rangeshwaran attended the

National Symposium on “Eco-friendly Approaches in Plant Disease Management” held al Chennai
during February, 2001,

Central Plantation Crops Research Institute, Regional Station, Kayangulam

Dr(Ms. Chandrika Mohan, Scientist 88, and Dr.Murali Gaopal, Scientist, attended the Minth
Bivcontral Workers” Group Meeting held at PDBC, Bangalore from 4" to 6" October 2000.

Central Tobaceo Research Station, Rajahmundry

DS Gunneswara Rao, Scientisi, attended the Ninth Biocontrol Workers' Group Meeling held at
PDBC, Bangalore, from 4" to 6" October 2000,

Indian Agricultural Research Institute, New Delhi

Dr K L Srivastave, Senior Scientist, atiended the Ninth Biocentrol Workers® Group Meeting held at
PDEC, Bangalore, from 4% to 6" October 2000.

Indian Institute of Horticultural Research, Bangalore

Dr M. Mani. Dr A Krishnamoorthy and Dr. C. Gopalakrishnan participated in

Narional Seminar on High Tech Horticulture at Bangalore, June 26-28, 20000,

Ninth Biccontrol Workers” Group Meeting held at PDBC,Bangalore, from 4" to 6 October 2000.
DM Mani and Dr. € Gopalakrishnan participated in

Entamoeongress-2000-Perspectives for the New Millennium {An International Meet) held from 5-8,
Novernber, 2000 at Techno Park, Trivandrum,

ICAR-CABI workshop on Augmentative bioeontrol, Bangalore on 29" June 17, 2000 at Bangalore.

Participated in the National symposium on Insect Pest Management strategies — Current trends and
future prospeets, Loyola college, Chennai, Feb. 1-2, 2000,
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Dr. €. Gopalakrishnan participated in

National conference on Recent Trends in Biotechnology and Biocontrol approaches of the new
millennium held from July 18-20, 2000 at Indian Institute of Chemical Technology, Hyderabad.

International conference on Microbial Biotechnology, Trade and Public policy held from July 14-17.
2000 at Osmania University, Hyderabad.

Biopesticide conference BET 2001 held during February, 7-9, 2001 at Chandigarh
Sugarcane Breeding Institute, Coimbatore
Dr§ Baswaramoothy. Sentor Scientist and Mr.] Srikanth, Scientist participated in

ENTOMOCONGRESS 2004 Perspectives lor the New Millennium. held at Trivandrum, Kerala,
during 3-8 November 2000,

National Symposium on Vistas of Entomological Research for the New Millennium, held at the G.S,
Gill Research Institute, Chennai, during December 28-30, 2000.

Assam Agricultural University, Jorhat

Dr.A.Basit, Senior Entomaelogist attended the Ninth Biocontrol Workers' Group Meeting held al
PDBC Bangalore from 4" to 6™ October 2000,

Acharya N.G.Ranga Agricultural University, Hyderabad

Dr.A.Ganeswara Rao, Sr.Scientist and Dr.S.J.Rahman. Scientist participated in

LX Biocontrol Workers Group Meeting held at PDBC, Bangalore from 41 to 6% October 2000,
National Agricultural Fair organized by ANGRAU ai Rajendranagar from 14 o 4% March 2001,
Gujarat Agricultural University, Anand

Dr.D.N.Yadav attended the

Entreprencur’s workshop on Ecofriendly Technologies of Biopesticides and Bioferiilizers for crop
management held at Delhi on 16" April 2000.

Nartional conference held at Vigyan Bhavan Delb and presented a paper on stalus of IPM in Gujarat
during 25-26 May 2000.

National conference on taking Biotechnology to the Indian Farmers held a1 Ahmedabad from 259 1o
26" June 2000.

INDO-CABT workshop on Augmentative Bio-control held at Bangalore, 29-06-2000 1o 01-07-2000

Workshop on collaborative project planning meeting on biocontrol of pests and weeds for sustainable
agriculiure development held at Bangalore during Fanuary 17-20,2001,

National conference on plant protection: New Horizons held at Udaipur, February, 23-25,2001

DN Yadav, Dr.D M. Mehta and Shri. LLJani attended
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Ninth Biocontrol Warkers” Group Meeting at PDBC, Bangalore from 4" to 6" November 2000.
G.B.Pant University of Agricultural Sciences & Technology, Pantnagar

Dr,U.S.Singh. Associsgte Prolessor, attended the Ninth Biocontrol Workers” Group Meeting held at
POBC Bangalore From 4% 1o & October 2000,

Kerala Agricultural University, Trichur

Dr.iMs.)8. Pathummal Beevi. Associate Professor and Ms. K.R.Lyla, Assistant Professor attended the
Ninth Biocontrol Workers' Group Meeting held al PDBC Bangalore from 4" 106" October 2000,

Mauhatma Phule Krishi Vidyapeeth, College of Agriculture, Pune

Dr D)8 Pokharkar, Assistant Entomalogist, participated in Ninth Biocontrol Workers” Group Meeting
held w PDBC, Bangalore from 4" 1o 6 October 2000

Punjab Agricultural University, Ludhiana

2r.K.5. Brar, Dr.Maninder, Sh, Jagmohan Singh and Dr.Snchdeep Kaur atiended a seminar on
Bincontrol of Crop Pests at PAUL Ludhiana on L1-04-2000,

DR KE.S Brar and Dr.Maninder participated in [CAR-CAB] Workshop an “Augmentative Biological
Control at Bangalore [rom June 29 w0 July 1. 2000,

D K5 Brar, DeManinder and ShJagmohan Singh participated in

Ninth Biocontrol Workers' Group Meeting held at PDBC, Bangalure from 4" 1o 6 Ociober 2000,
Mational Conference: Plant Privection — New Honzons in the Millennium™ at Udaipur, fram 23 1o
25" Fehruary 2001,

Sher-e-Kashmir University of Agricultural Sciences & Technology, Srinagar

DrG.M. Zag, Entomologist. atlended the Ninth Biocontrol Workers” Group Meeting held at PDBC,
Bangalore from 4% o 6% October 2000

Tamil Nadu Agricultural University, Coimbatore

De PSivasubramanian, Associate Professor, attended the Ninth Bioconirol Workeers”™ Group Meeting
held st PDBC, Banzalore from 4" 1o & October 2000,

Dr Y.5.Parmar University of Horticulture & Forestry, Nauni, Solan

Dr PR Gupta, Entomadlogist, and DrAnil Sood, Assistant Entemologist. attended the Ninth Biocontral
Warkers” Group Meeting held st PDBC, Bangalore from 4% to 6" October 2000,
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15. WORKSHOPS, SEMINARS, SUMMER INSTITUTES, FARMERS’ DAY, etc.,
ORGANIZED BY THE PROJECT DIRECTORATE

15.1. Organized
[CAR-CABI Workshep on augmentative biocontrol — 29" June to 1% July 2000
Ninth Biocontral Workers” Group Meeting — October 4-6, 1999,

Annual Workshep of the NATP Project on control of cotton leaf curl viral discases and mass production
protocols — 7" and 8" March 2001

PDBC-NAM § & T Centre-Waorkshop and Collaberative Project Planning Meeting on Biological
Control of Pests and Weeds for Sustainabte Development for Non-Aligned and Other
Developing Countries — January 17-20.2001,

15.2. Celebrated

“Rajbhasha Hindi ka Swarna Jayanthi Varsh” through scientific seminars in Hindi every month up
1o September 2000

ICAR Foundation Day on 17-07-2000 and presented awards to 4 staff members for their valuable
contribution.

World Food Day on 16-10-2000

Anticorruption week from Octeber 3th to 4th November 2000
Quami Ekta Week from 19th 1o 25th November 2000

16. DISTINGUISHED VISITORS

Project Directorate of Biological Control, Bangalore

Dr R.S.Paroda, Director General. ICAR, New Delhi. on 26-06-2000

D Sushil Mohan, Sceretary. Finance (APC Wing) U.F. Government, Lucknow, on 08-07-2000
Dr.Prem Nath, Former Assistant Director General, FAQ, Bangalore, an 10-07-2000

Prof. Amerika Singh, Director, NCIPM, New Delhi. on 06-10-2000

D Darshan Singh. Prolessor and Head. Department of Entomology, PAU. Ludhiana. on 06-10-2000
D1 M Veerabhadra Rao, Deputy Director (PP), NPPTI. Hyderabad, on 14-11-2000

DrSamudra Lal Joshi. Senior Scientist (S4). Entomology Division, NARC, P.O. Box 976, Kathmandu,
Nepal, on 26-12-2000

Dr Oscar B.J. Mlugale, Biocontrol Scientist, Plant Protection Division, Dar-cs-salam Tanranta on
20-001-2001

Dr.C Regmi. Chiel, Science Faculty, RONAST, P.O. Box. 3323, Kathmandu, Nepal, on 20-01-2001
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Dr.Yakub 2. Deedat. Senior Lecturer, School of Agriculture, TUNZA, Box 32379, Lusaka, Zambia,
o 20-011-200k]

Dr Dekek. Abedallah, Plant protection Advisor, Ministry of Agriculture and water, Saudi Arabia,
on 21-01-2(H}

DrAS Khera, Ex VC (PAU) and Chairman, QRT cotton on 02-02-2001

Dr S.PS.Ahlawat. Director, CARL Port Blair, A&N Islands on 27-02-2001

Gujarat Agricultural University, Anand

Dr.AK Sharma (IAS) Jr, Commissioner, S S P A Vadodara, Gujarat on 19-04-2000

D S.Lingappa, HOD. Entomology. UAS, Dharwad , Karnataka on 21-6-2000

D C R Hazra, Agri.commissioner, Govtaf India, New Delhi on 07-11-2000

Dy R.K.Khetarpal, Head, Plant Quarantine Division, NBPGR, New Delhi on 29-12-2000

Dr.John Witconle. CAZS, University of Wales, UK. an 05-03-20001

Dr.S.PSingh, Praject Director, PDBC, Bangalore an 24-03-2001

Mahatma Phule Krishi Vidyapeeth, Pune

Shri S.K.Chakraworty, M.P. State Agriculture, Mancept Board on 14-05-2000

Dr.5.P.Singh, Project Divector, PDBC, Bangalore on 18-08-2000

Punjab Agricultural University, Ludhiana

Dr.S P.Singh. Project Director, PDBC. Bangalore on April 1. 2000

DS H.Sinha, Principal Scientist and Head [ARL Regronal Research Station Karnal on May 19, 2000
Dr.Scoma Wahab., Director, Department of Science and Technology, Govt. of India, New Delhi, on
September 12, 2000

Dr.D.R.Yadav, Head, Depl. of Entomology, HAU, Hissar on Nov. 23, 2000

Dr.O. P Dubey. ADG (FP). ICAR, New Delhi on Feb. 4, 2001

Assam Agricultural University, Jorhat
De.S. Jayaraj. Former Viee-Chancellor, TNALL Commbatore
Dr.D.Raychaudhurt. Prol. of Zoology, Caleutta University.

Kerala Agricultural University, Trichur
Dr. Mangala Rai, Deputy Director General (Crop Science), ICAR New Delhi on 20-9-2000

Dr. O.P. Dubey. Additional Director General (Plant Protection) ICAR, New Delhi on 28-9-2000,
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17. PERSONNEL

Project Directorate of Biological Control, Bangalore

Dr.S.P.Singh Project Director
Dr.P.L.Tandon Principal Scientist
Dr. K. Narayanan Principal Scientist
Mr.S R Biswas Principal Scients!
Dr.N.S. Rao Senior Scientist
Dr.S.S Hussaini Senior Scientist
e B.S. Bhumannavar Senior Sclentist
Dr.S Ramanujam Senior Scientist
Dr,N.Bakthavatsalam Senior Scientist
Dr.S. Ramani Senior Scientist
Dr.(Ms. )Chandish R Ballal Senior Scientist
Dr.§.K.Jalali Scientist S8

DM Nagesh Scientist 8§
Mr.Suml Toshi Scientist 55

D (Ms. )] Poorani " Scientist SS
Dr.P.Srecrama Kumar Scientist 8S

Dr R.D.Prasad Scientist 8§
Mr.R. Rangeshwaran Scientist

Dr T Venkalesan Scientist

Ms.M. Prathecpa Scientist
Dr.(Ms.)P.Sadhana Scientist

Central Plantation Crops Research Institute, Regional Station, Kayangulam

Dr.{Ms.) Chandrika Mohan Scientist (85)
Dr.Murali Gopal Scientisl

Central Tobacco Research Institute, Rajahmundry

Mr.S.Sitaramaiah Senior Scientist
Mr. S, Gunneswara Rao Scientist SS

Indian Agricultural Research Station, New Delhi
Dr.K.L Srivastava Sentor Scientist

Indian Institute of Horticultural Research, Bangalore

Dr.M.Mani Senior Scientist
Dr.A Krishnamoorthy Senior Scientist
Dr.C Gopalakrishnan Scientist (SS)
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Indian Institute of Sugarcane Research, Lucknow
DN K. Tewari _ Senior Scientist
Dr.R. K. Tanwar Scientist

Sugarcane Breeding Institute, Coimbatore

Mr.J.Stikanth Scientist 8§

Assam Agricultural University, Jorhat

Dr A Basit Principal Scientist
Dr.D.K Saikia Senior Scientist

Acharya N.G.Ranga Agricultural Univeristy, Hyderabad

Dr A Ganeswary Rao Senior Scientist

Dr.S.J. Rahman Scientist

Govind Ballabh Pant University of Agricultural Sciences & Technology, Pantnagar
Dr.U.S . Singh Associate Professor

Gujarat Agricaltural University, Anand

DrD.N. Yadav Principal Research Scientist
DD .M. Mehta Associate Research Scientist
M 11 Jani Assistant Research Scientist

Kerala Agricultural University, Thrissur

Dr.(Ms.) S.Pathummal Beevi Associate Professor
Dr.(Ms.) K.R. Lyla Assistant Professor
Mahatma Phule Krishi Vidyapeeth, Pune

Dr 8. A .Ghorpade Entomologist

Dr.D.S Polharkar Assistant Entomologist

Punjab Agricultural University, Ludhiana

Dr. Maninder Entomologist

Shri. Jagmohan Singh Assistant Entomologist
D Neelam Joshi Assistant Microbiologist
Dr (Ms.)Snehdeep Kaur Assistant Entomologist
Mr.Navdeep Singh Assistant Entomologist

Sher-e-Kashmir University of Agriculture and Technology, Srinagar

Dr.G.M Zaz Head
Mr R K Tikoo Junior Scientist
Dr.Ab.Majid Bhat Junior Scientist
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Tamil Nadu Agricultural University, Coimbatore

Dr P Sivasubramantan Assoclate Professor
Smi. K Bhuvaneswari Assistant Professor

V.S.Parmar University of Horticulture and Forestry, Nauni, Solan

Dr.P.R.Gupta Senior Entomologist
Dr.Anil Sood Assistant Entomaologist

18. ANY OTHER RELEVENT INFORMATION SUCH AS SPECIAL
INFRASTRUCTURAL DEVELOPMENT

18.1.  Equipments

The laboratories were Further strengthened during 2000-01 with the acquisition of incubators
and hot air oven as replacement for the old ones, pelletizer, wind-tunnel olfactometer, columns and
detectors, hardware and software for behavioural analysis, Insect sampler, elutriator, mullitemperature
thermostatic water circulation, vaccum filleration unit, balance, computers (Pentium 4), wooden
cubinets for storing insect boxes, upgraded server in ARIS cell and statistical package SPSS 10.]

VEIrsIon.

18.2. Library

The library has a collection of 1,592 books, 940 volumes of journals, 43 bulleting and several
miscellafieous publications including several reprints on various aspects of biological control. Nine
foreign and fifteen Indian Journals have been subscribed. CABPEST CD upgraded up Lo Februaryv.
3001, New CDs on World Chaleidoidea and AGRIS were procured.

18.3. Aris Cell

After installation of VSAT, some of the computers were further upgraded with Pentium IV
and old server was upgraded with the latest version.

18.4.  WNational Insect Reference Collection

The PDBC has 3,441 authentically identified species belonging to 216 Families under 16
orders. The collection includes representatives of the orders Hymenoptera, Coleoplera, Hemiptera,
Orthoptera. Strepsiptera, Thysanoptera. Neuroptera, Diptera, Lepidoplerd, ele. encompassing crop
pests, parasitoids und predatars. The information is available in the form of a catalogue.

18.5.  Buildings

An amount oF Rs.37.836 lakh was deposited with CPWD, Bangalore [or construction of hostel
facility including training hall and [urniture and fixtures. Also the first installment of Rs.13.35 lakh
was deposiled with CPWD, Bangalore for construction of Quarantine laboratory with glass house
and net house [acility.
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Dr. S.T. Murphy, CABI BIOSCIENCE. UK relcasing a book on
production of bioagents during the ICAR-CABI Workshop on
Augumentative Biological Control

ICAR Foundation Day



Shri. T. B. Jayachandra, Minister of Agriculture, Govt. of Karnataka
al the PDBC stall during a coconut farmer's meet at Tiptur

‘Rajbhasha Hindi Ka Swarnajayanthi Varsha' celebrations



Participants in the Workshop and Collaborative Project Planning Meeting
on Biological Control of Pests and Weeds for Sustainable Development
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