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CI--IAPTEI~ - I 

INTRODUCTION 

In spite of being the largest producer in the \-Yorld, India has to irnport 

pulses to the tune of 2 l1"lillion tonnes every year to Ineet its dOll"lestic requireJllent. 

This is due to the fact that pulses are inseparable ingredient of vegetarian diet and 

one of the cheapest source of dietary protein in the country. On the other hand per 

capita availability of pulses has decreased fro]n 69 g in 1961 to 37 g in 2004, 

which is be 10\\'" than reco]l1mended 50 g pulses/capita/day, causing protein 

Inalnutrition in the country (Ali and Sh ivkul1"lar, 2005) 

Like any other pulses. supplenlentation of chickpea \,/ith cereal-based diets 

is considered one of the possible solutions to the problenl associated '\vith protein 

energy l1"lalnutrition. The daily per capita availability of 14 g chickpea is a source 

of approximately 2.3 % (56 K Cal.) energy and 4.7 % (2.7 g) protein to Indian 

population besides being a major source of calcillnl, iron and phosphorus (Ali and 

Shivkumar, 2003) 

Cultivation of Chickpea (C~icer arietinllrn Lo) \vas started in 2300 Be 

(Reddy and Reddy, 1997) and then it occupied proIllinent place alnongst pulses 

and is gaining incloeasing popularity da)" by day because of it's high nutritional 

value, lo\v cost of cultivation, capacity to \-vithstand '\vater-stl-ess condition, and 

ability to add nitrogen in the soil. It adds upto 108 kg nitrogen per hectare, thus can 

be suitably included in cropping SystCIll (Raldcv el al., (988). 

\Vorld\.vide,. chickpea is cultivated on 9.94 Inillion hectares an~a 

\-vith pJooduction of 7085 Inillion tones. Ho,\vevcr, India's share in its cultivation and 

production is 61.3 I % and 67.07 0/0, roespectively (Anonynlous, 2003 a). In 



Maharashtra, it is cultivated OYC)' an area of 7.56 Illilliol1 hectares \-:vith the 

production of 7.70 ll1illion tones, while in Vidarbha it is cultivatcd 011 1.<)4 lakh 

hectares area vvith production of 5.07 lakh tOiles (An, ,()lly!lnOUS~ 20(5). 

Chickpea is reported to be attacked by about 57 insect pests an10ngst vvhich 

graIn pod borer lIe/icoverpa arnligera is the only rnajor pest (Sarode and Sarnaik, 

1996). The investigation carried out at ICRISAT indicated that the pest cOInplcx of 

chickpea is the liluiting factor in its profitable cultivation Gausing average dmnage 

to the extent of 29.21 <Yo. I-Iowever dall1agc to chickpea by If. annigera alone 

varied both in space and tirne and the ex lent of danlagc has been 10 per cent to 90 

per cent with a crop dan1age of 20 per cent is not unCOlnnlon (Sing et af., 1983). In 

Maharashtra ~tatc about half a dozen of insect species arc found to fi.:ed on 

chickpea. Since 18.st 2 ~~ decades an increase in cultivation or hy'brids of crups like 

cotton, jovvar, sunflo'\.\rer etc. under irrigation has increased the availability of 

alternate and preterrcd hosts leading to increase in the population of II arrnigera 

(Mahajan et ul., 19~)O). 

Several che:-nical insecticides lunlc been found effective against this pest. 

I-iovvcver,.duc to overu~;c and rnisllse of these ChCt11!Cal insecticides nat.ural balanec 

has been disturbed lec~ding to enonnous probleln~; such as resistance, rc~,>idlles, 

rcsurgenc.co destruction <.)f natural enen1ie~;, pol1utiol1, health hazarcb etc. This 

enforced researchers to iuanage this pest by aitcrnatc. effcctive and eco··fricncily 

biological rncthods. 

Microbial control IS the ceo-friendly Inethod or insect pest contl·ol and i~> 

gaInIng 
. . 
lncreasIng popularity because of its cfTcctiveness. It refers to the 

exploitation of disease causing organlsnlS to reduce the population of insect-pests 

belo\.v the danlaging levels. So far over 3000 InicroorganisHls have been reported 

2 



to cau~e di~;ea~es in i;hL~cts (f)haliV\/ul and /\n.)ra, 20(1). Insecticides ct)ntaining 

disease causing n1.'croorgarllsrns as an active ingredient for the contr()) of inscct­

pests is caned as l11icrebia! !nsecticide~j. SOlne n1icrohial insecticides containing 

VIrus (He I icoverpa artni}.;e'O(! nuclear p() Iyhcdrosi s \' i r'.J '-», t3::~ctcr i a < B//( -il/:;,' 

thuringfensis) and fungus (,\/[etarhiziunl t;tnisoplhu;, Beauvc 1'ja has ... ·iana) <.U'C founc: 

effective jn controlling f-!elicoverpa arn1igera in Chickpea ccosystelTl. (Pharindera 

Yadav et al.~ 2004~ I'vlusa and Johansen, 2003 and Ranltekt~ et (Ii. ~20(J2.). I-Ioyvcvcr, 

efficacy of such rnic.robial insecticides in cOlnbination or in schedule application 

has not been fully exploited. Therefore in the present investigation efforts have 

been nlade to test SOl1le Inic!':'obial insecticides either alone o!' in cornbination and 

their schedule application for the control of I-Ielicoverpa orJnigeru in Chickpea 

ecosysteill. Beside this,. basic studies on biotic cornplex~ population dynanlics and 

effect of rnalic acid on larval and pupal developlnent of l-/elic()verpa {Il·tn(f!'era 

have been unclertak:~n. 
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CI-lAPTEI~ - II 

I~~I~VIEW OF l.JITEl~ArrU)~E 

The critical revie\-v fronl the available literature as regards various aspects 

of the pI'cscni investigations \-vas lnade and presented bclo\v. 

2.1 Evaluation of Hlicrobial pcsticides either alonc or in cOlnhination 

2.1.1 Efficacy of fungal pathogens against Fl. arlnigera 

IJuring the stuJics on the eOlnpartivc perfonnance of indigenous fungal 

isolates i.e. lVletarhizill111 anisopliae M 34412, Beauveria ba.s·.s·illna B 330 I and 

"lonluraea rileyi N 812 for the control of llelicoverpa artl1iger{l on chickpea 

under field conditions Pallavi Nahar e/ al. (2003) reported thut £11 I the trcatlncnts 

gave 50-80 per cent reduction in tbe 11. annigera population as cOlnpared to the 

control. The per cent cfficacy for lvfelarhizhnJ1 an i .... ' opi ioe M 34412 \vas XO ~~) 

\-vhile for /3aci/lu ... · lhllringiensi ... · f3 3301 \vas 52 0/c) and lVOlJlu/"(/(.:a rileyi N X I 2 \vas 

61 <Yc). Thcy also reported highest grain yield of 16.64 q / ha {"ron} l~fe/arhiziulJl 

anisop/iae {{_)llowed by cJ1dosulf~ln (15 q / ha) and I IaN PV ( 14.28 q / hay. The yield 

fron1 Beauveria bassiana treated plot was 1 1 .9 q / ha. 

Dhclnbare and Siddiquc (2004) evaluated fonnulation of rnycoinsccticidc, 

Beauveria has.s·iana in the labonltOl·Y against grmn pod borer ll. unnigera during 

2001-02. Thcy observed rnaxin1ulll reduction at 72 hrs post-trcatlllcnt \·vhcn larva 

and food treated togcther. They aLso reported that [st and Ilnd instar larvae vlcre 

1110rC susceptible to Beaureric; ba.s·siana than ,,)ther i1l3tars. 

Phadtare e{ (II. (2004) studied the c0111pati bil ity or the cntoillogcnous 

fungus Beauveria has.s·iana with chcl11ical and Inicrobial pesticides against 

f-lelicoverpa armigera. They reported that Beauveria bas.s·iana was less effective 

than HaNPV, Bt or their cOlnbinations \vitb Beauveria ba5,.,,>·iano at full doses. 
4 



Pharindera ':{adav el a/. (2004) tested the efficacy (ell bio-·pesticidcs against 

I!. urJJ!fgera on chickpea. They l'(.)und that lJe(luvl.:.riu ba'''''siul/u (~_lJ kg ; ha reduced 

the larval. population fn~nl 2.63 per plant h) 2.22. 1.54 and 1.43 pcr plant at 3,7 

and l4 ;jay~: after sprayings. 

Shi VLl.n1k:·ishn<.l (~~O()4) tested pcrfoflHancc of different Inicrobials against 

l::.'elicol'£!.1PO arn1igera on chickpea. They n:~ported lhat lv/clarhiziul}z anisopliae 

((l~' 1 Oll) spores .I Inl cf;. ..... !Se:·. 58.30 and 60.33 per cent reduction in larval population 

at 7 ::iild 14 days after ~:pra):iIlg. They also n .. 'ported higher grain yield and ITlOre 

cost benefit ratio fruIT1 A{ciarhiziurn anisopliae than Beauveria bassiana. 

Field evaluation of !\//e/arhiziu111 Clnisoplia(' against llelic(}verpa annigeru 

en plg~onpea vv'as carried out hy Unclirv·,tade el (I/. (2004). They rep()rted that 

Aleu.frhizizI111 anisopliae at lOx conidia .I Inl \va~: equally effective \\lith I laNPV (Ii';, 

250 LF / ha and 13t CfD 1000 g / ha in reduc.ing larval population. pod dallHtgc and 

also l1l'oduccd equal gr~\ill yield. The cost benefit ratio \.vas l110re ill IlaNPV 

(1 : 22.95) than Metarhiziurn anisopliae (1 : ] 7.13)" v./hile it \·vas least (1: 6.16) for 

Bacillus thuringiensis. 

Kulkarni et al. (2005) tested etlicacy of Beauveria ba.ysiana and iVollluraea 

rUeyi at 0 .. 5, 1.0 and 1.S g / lit against J-I. annigera in chickpea. They reported that 

botl'1 the fungal pathogens ,\vere el1'ective in reducing larval population at 3, 7 and 

15 days after spraying and also produced signi ficantly higher grain yield than 

untreated control but \verc proved less efficacious over chcrnical ins(";clicicies. 

Funher they also studied the perforn1ancc of IIaNP\! against II. onnigera on 

chickpea, and reported that. A1etarhiziunz anisopliae @ 2 g / lit has effectively 

reduced the larva! popuia.'i..ion i.lp to 23.33 ~ 38.50 and 43.88 per cent at 5,7 and 15 

5 



days after spraying and produced significantly higher grain yield (7.42 q / ha) than 

The effectiveness of oil-based conidia f(lrn1ulations· or indigenous fungal 

isolate~ _Metarhiziunz anisopiiae M43412, Beauveria 1 • oas.:.)/(/no B - 3301 and 

J\Tornuraea rileyi ]"J 812 \vere evaluated against llelic()verpa arn1igera infestation 

on PigeO:::-lpea under field conditions by Nahal' ef al. (2004). The /vielarhiziu!1/ 

al1i.S"opliac conidia i'n ojl forn1uiation \,,'ere found rnost elTective giving 66.74 _:_i_:: 

11.B6 and 75.11 ::.!::" 9_.t~·~ per cent cUI11uiative efficacy after first and secoIld 

:·;praying~ respectivelY. It also produced highest yield of 14.04 q I ha. Whereas, the 

conidia t:::>:rrnulaticns Dr Be(:'zl"veria basshH'<.l was less effective giving 5 i .25 + 

10.3'7 8nd 59.77 f- In. 16 per cent cUHlI.dntive . efficacy! afte1" first and second 

spraying and 10.1. 8 q .I ha yield of chickpea grains. 

Sidde C1o\-vda and Suhas Yelshetty (2005) evaluated SOBle 111icrobial agents 

against granl pod "borer during 1998 and 1999 at Gulbarga. They reponed that 

lap/HI populations v .. '-ere at par in all the trcatlllcnts at 3 days after first spray and 3 

and 7 days after second spray. The highest grain yield (10.26 q / ha) \.vas recorded 

frOIl1 HaNPV t!-eated plots \vhercas Beauveriu bassiana treated plot recorded 8.36 

q / ha grain yield. 

Slugh and Yadav (2005) tested SOlne 11licrobial agents against II annigera 

In (.~hickpe'l field_ .Results of t\VO years field ll·jals revealed that aI110ng lnicrobial 

control agents tested, Beanveria bassianG (1.0 X 108 spores ,I 1111) and HaNPV (250 

L .. E / ha) proved n-~Ol"C efficacious in reducing the pod dan1agc and enhancing 

producti·",'ity_ Buth t.hese bio-agents stood only next to cndosulfan (0.7 kg / ha). 

Afela;--hf:dzUl1 ani.s·opliae (1 .i) X 109 snores / ad) and Bacillus Ihuriengiensi.\· bas(-: 
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fOl:au)ations VIZ., ,jelfin, biobit and dipel each at 1.0 kg 01' 1.0 l, / h~l provcd less 

~flicaciolls than eithcl· /Jeauveria ba.",·siana or IlaN J>V.-

Study conducted ~l( coJ)cgc or I\gt-iclIltllrc, N:1F.IHIJ- for Ihn.'(._" )'l";lI-_', C~()() \ 

0(1) revcaied that. ,\//elarhiziIlIJl UJ1i."ioplitle at I C/', 107
, lOX, 10<) and 1 OJO spon:s / nIl 

\.vas effective in r<..~dllcing larval population or I/, (frJlligeJ"lI 011 pigconpca at 3. ·:1 

and 14 days after spraying. It also recorded signi fieantl), higher grain yield thall 

control. But all these concentrations of Jvlelarhizi'''11 anisopliae were proved Icss 

effective than endosulfan (An'donymolls, 2(06). 

2.1.2 Efficacy of nuclear polyhcdrosis virus a1~ai.r:lst II. arnligerll 

,1\ field trial to investigate the effect of nuclear pnlyhcdrosis VIrus on 

J-l. arlnigera infesting chickpea wa~ carried alit by Narayanan (1980). It "vas 

noticed by hin', that application of virus Uil; 250 LE and 125 I,E / ha; during 

c.venIng hours thrice at ·'.-v{;;ckly interval after th,-~ appearance of <:ariy instHrs. caus~d 

signilicC-:flt reduction in the larval population. 

Laboratory and pot experin1cnts were carried out by (.)dak el £II. (1982) tu 

Jef.o;;nnine the cfl"ecf.ivcness of various fonnulation~ of Bacillus lhuringicl1sis and 

cultures of NPV against lIe/iv/his arrnigera (l--Jb), a pe~t of chickpea. ()f variolls 

Vii-US cultures tested:. the local Jabalpur and l'Jarsingpul" \.vere 1110St effective, 

cal.·lsing 66.6 - 72.S ~'C , lTIortality in the iaboratory and 52.5-93.3 % in the pot 

experinlent. 

SantharalTI and Balasubranlanian <.1982)' found that three sprayHlgs of 

nuclcar po!yhedrosis \.·jru~) at 375 LE / ha gave ll1aXl111Ulll protection and produced 

higbc~;t graln yield than Chc1l1ical insecticides sprayed either alone or In 

cornbinatioDs \vith n:.lclear polyhedrosis virus al i'educed doses. 
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Effec.tiveness of ae indigenous nuclear polyhedrosis VIrus or !-Iebo/his \·vas 

t.ested against 11. (IrrJlig,:r,-, infesting chickp~(\ hy.' /\'lliul IVlistry ('/ ul. ill 1 <)X.:l ill 

Ci-ujrat. It ,\vas concluded thelt five spray.< appl ications of the vinls ((Ii 250 Ll·: / het at 

\\/cekly interval gave satisractoI'Y control of the pest c.ausing XlJ.SO per c~nt average 

Jl10rtality of larvae and produced increase gain yield of 2S pCI' cent in IlJSO-81 and 

83.05 per cent rnortality as \·vell as 47 pel' cent increase in yield during IlJ81-82 

over control. 

Dhamdherc and Khaire (1986\ tested nuclear polyhecirosis Virus at 150~ 

200, 250, 300, 350, 400 and 450 LE / ha against I-I. arn1igera on C'ic.:er arielinutJ1 

[11 Ivlaharashtra. T\iVO appLcations of NPY of Ii. arrnigera (~D 450 LE I ha at a 10 

day interval v,/ere Ill::-Jst effective H1 reducing daI11agc and resulted in the hig.hest 

yield. 

Field trials ,\-vere conducted by Jayaraj et al. (1987) to evaluate the efficacy 

of nuclear polyhedrosis virlls for the control of I-/. arnligera on chickpea. Overall 

perfonnance revealed that application of nuclear polyhedrosis virus (~l? 250 LE I ha 

gave significantly reduced larval count fro111 initial 18.8 to 15.8, 4.0 and ,3.0 pcr tcn 

plants at 5,,7 and 10 days after spraying, respectively. 

Pawar et al. (19g7)" evaluated I-IaN PV and cndosulfan against pod borer 

Heliothi.s· arn1igera (I--Iubner) on chickpea. T\i\'o sprays of endosulfan C?_lJ 0.05 (Yo 

applied at i 5 days iutcrval reduced per plant lar\/al population 1'1'On1 2.25 to 0.95 

and 0.65 and further up ((I 0.25 and 0.00 at 7 and 14 clays after first and second 

spray, respectively. 'NTherc as I-IaNPV ((iJ 250 LE ,I ha reduced per plant larval 

population from 2.65 to 2.40 and 0.85 and further up to 0.55 and 0.20 at 7 and 14 

days after first and second spnly, respectively. T\vo sprays of cnclosulfa.n also 

8 



pI"< H..i l!CCU highest gra d 1 Y iel d () f ()() 5 kg .I ha v"here as i t \\/~IS 1 3.4 kg / Ila III 

tl'~alnlcnt \\.!ilh lla>Jf>V. 

Pu\var el o/. (19{)O) had tcstcd efficacy or ll11ck·,I1· polyhcdn)sis virus against 

I-Jeliofhis on gl·an1 it.)1· three years. The Virus \:vas applied at 100, 250 and 500 LE / 

ha alone or '\vith e.1do:;ulfan. /\ll the treatrnents except the lo\.-vest concentration or 

virus alone and \.-vith endosulfan, signi ficantly increased grain :yield (14-31 0/0). 

I·Iighest grain yield (1379 kg / ha) \vas recorded vvhcn plots v..'ere treated \"lith tv..'o 

sprays of endosulfan alone or with highest concentration of virus. 

Efficacy of endosulfan, herbal products alone and in combination v..,jth 

nuclear polyhedrosis v'irus against I Je/iofhis arlniKera on gnull \vas tested by 

Suparc el of. (1991). Thcy reported that lIef icoverpa arrnigera nuclear 

polyhedrosis VIrus @ 2.50 LE / ha "vas as effective as endosulfan in reducing per 

cent larval populat!on 6 days after spraying and produced equal graIn yield (18.97 

q / ha) as that of cndOSlIll~tll. 

The interaction bet\veen chickpea gcnotypes~ cndosulfan and nuclear 

polyhedrosis virus \:vas studied by Bhag\vat (1992) and found that llefic()verpu 

armigera nuclear polyhc.:!drosis virus@ 250 LE / ha alone recorded signi ficantly 

higher per cent larval reduction i.c. 15.72~ 47.70 and 68.64 at 3,7 and 15 days after 

treatrnent and also higher grain yicld (14.54 q / ha) than control. 

Sarode e/ (1/. (19()3) had tested effect of various conccntrations of nuclear 

. polyhedrosis Virus (200. JOO, 400 and 500 1 J -: / ha) against II. (//"/}/igcra Oil 

chickpea. Thcy reported ~igllificantly higher grain yield (1.30 to 1.64 t.l ha) in all 

the trcatrnctns over C()lHl~ol (1 .OO't / ha). They also reported that tvvo sprays of 1'-..fPV 

at 15, days interval \vere l1H)I"C eflectivc than single Spr<.lY' application. 
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Field etTicacy of Helicoverpa arlnigera nuclear polyhedrosis virus alone 

and in combination with delfin was tested against I-f. arnligera on chickpea in 

Tamil Nadu, India by Srinivisan et at. (1994). After 6 spray application between 30 

to 90 days after so'\ving they found that I-IaN PV @ 250 LE / ha was statistically 

superior to endosulfan in reducing larval population in the first two sprays. 

l-Iowever, from the 3 rd spray on'\vards all the treatInents were on a par with each 

other. The cost benefit analysis indicated that l-IaNPV @ 250 LE / ha was the most 

effective treatment followed by endosulfan. 

Sarode et al. (1995) studied the perfonnance of Helicoverpa arlnigera 

nuclear polyhedrosis virus combined \vith neenl seed kernel extract against the pod 

borer on chickpea. They reported significantly higher grain yield of 1270 kg / ha in 

the treatlnent of HaN PV @ 500 LE / ha as against 892 kg / ha in controL 

Efficacy of different insecticides against pod borer on chickpea ,"vas tested 

by Datkhile et at. (1996) for three year (1989-92). Three sprays of insecticides 

were applied at 15 days intervaL Pooled data ot- three years revealed that nuclear 

polyhedrosis virus 250 LE / ha causes 48.6, 56.1 and 52.6 per cent reduction in 

larval population at 2, 7 and 15 days after treatlnent, respectively. It also produced 

14.0 q / ha yield of chickpea grains and cost benefit ratio of·, 1.:~·6: as against 10.7 

q / ha yield in control. 

Shukla et at. (1996) evaluated nuclear polyhedrosis virus (NPV) for the 

control of Heliothis ar111igera (Hubner) on chickpea under the agro-ecosystem of 

Satpura plateau of Madhya Pradesh, Ind ia. They reported that nuclear polyhedrosis 

virus applied at 250, 300 and 350 LE / ha produced significantly higher seed yield 

(1.26-1.33 t / ha) cornpared to untreated control plots (1.17 t / ha), but it was lo\vcr 

than plots treated \vith endosulfan (1.60 t / ha). 
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Vyas and Lakhchaura (1996) studied effects of nuclear poly'hcdl"osis virus 

of rJelicoverpa a:~}niger(/ on pod dalnage and yield of chickpea at Pantnagar 

(U.P.). They found that t",..-o spray ofNPV (~y 250 LE / ha produced statisticall)! 

equal grain yield (770 kg / ba) as that of single spray of cndosulfan (769 kg / 

ha) and ,vere significantl)' superior over control (622 kg I ha). 

Sharn1a el al. (1997) has tested bio-pesticides for n1anagen1cnt of 

IJelicoverpa arnligera In chickpea at Madhya Praclesh~ India. 'l\vo spray!s of 

insecticides wen: applied at 20 days interval. Data on Illcan l£.ll·val reduction 

sho"\.\'!ed superiority of NPV @ 300 LE / ha over other tl'catnlcnts vvhich also 

produced highest gnun yield 1.86 t / ha as against 1.07 t / ha in plots treated 

\vi th \vater. 

Effect of different insecticides and their con1binations on pod borer danlagc 

and grain yield of chickpea \vas studied by Ujagir et al. (1997) during 1993-94 ancl 

1994-95. I-IaNP\l @ 500 LE / ha recorded grain )"~icld of 1 71 0 and 1840 kg / ha as 

against 1120 and ] 260 kg / ha in untreated control during 1993-94 and 1994-95, 

rcspccti veiy. 

Wanjari et af. (1998) has evaluated sOlne herbal, chclnical and bio­

pesticides against j l. ([/"Jiligera on chickpea. They reported that l1aN PV (f_lJ SOO LE 

I ha produced 18.62 q / ha grain yield as against 10.19 q / ba in untreated control 

and gives increlncntal cost benefit ration of 1 : 8.4 I. 

Pavv'ar el al (19S9) harvested significantly nlore graIn yield (1366 kg / ha) 

than un.treated control 'vv'hen Helicoverpa arn2iger.a nuclear polyhedrosis virus \vas 

applied at 250 LE .I 113 ( 1 18<) kg / ha). 

- Efficacy 0 f biG-p~sticides against lIe! ic()verpa arrnigera on chickpea ,\vas 

tested by Loganathan e! al. (2000) at I<:.urU111papalayanl and Sarvananlpatti In 
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1 0 L~ P()B ,/ ha n.:coi'ded significantly lo\ver lar\/al populatioll of II. uJ"IJligeru 

than untreated check. At Klll'ulllpapal~IY~II11 Ltrval population ill I LINJ>V trc<lled 

plots \vas reduced fro 111 initial 2.00 Iar'vac per pl<.!l1t to 0.99 <'HH.i I. I O~ ().X6 clJH.1 

I .20 ~ 0.79 and 0.65 larvae per plant at 3 and 7 days aftcr 1 ~;t_ 2IJd and :;rd 

spraying, respectively. \.Vhereas at Sarvanalnpatti larval population \vas reduced 

frOln 1.30 larvae per plant to 0.89 and I.09~ t.05 and 1.09 ; 0.82 and 0.79 larvae 

I 2 17 ' 1- 1st 2 nd 1"'LI . I \.1-per p ant at ane Clays a tel' ~ anc _,' spray. rcspectl've y. Iter trcatnlcnl 

of chlopyriphos the cost benefit ration \vas highest in HaNPV tn.::atlnc"O-t I.C. 

] :3.32 and 1 :4.04 at K.urU111papalayanl and Sarvanalnpatti., respectively. 

Bio-efficacy of '\lariolls insecticides against /-/elicoverpa arrnigera on 

chickpea ,vas t~stcd by Bhatt and Patel (2002). Tvv'o spray's \vc'£~ gIven \vhen 

population of J-/. arrnigera crossed the ccononllC thl'csholcl leveL lvlcan 

pCITentagc tal'val l'nortality at 72 hrs and I \\leek after application or IlaNPV (ci) 

250 LE I ha \.vcre 29.73 and 38.68 per cent after first spray and 31.77 and 38.10 

per cent after sec<.'nd spray, rcspecti vcly. This tn:atn"lent also n~co .. dcd yield or 

820 kg / ha and c\..)st benefit ratio '. of 1 : 2.14 as against 445 kg / ha in plot~: 

sprayed \.vith \.vatet. 

Rarntekc e! al. (2002) has tested the efficacy of neC111 seed kerncl extract 

!n cOlnparison to Bacillus thuringiensis L. and l·IaNPV against I/e/ ic()verpu 

arm_igera (HUB.) on ch!ckpea. The plots treated vvith I--laNPV ((__lJ 250 LF ! ha 

\vith lJV protectar:t rec.~)}"dcd significantly' lc)\vcr Inc-an 1<1I'val pt)pulalioll I.C. 

12.72,6.27 and 2.99 per ten plants after 3, 7 and 14 days of spraying as against 

18.0.9, 18.10 and 1 ~'.99 per ten plants in plots trc,ltcd '\vith \VatcL 
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t\,1usa and Johansen (2003). tested the efficacy HaNP\,' on pod borer 

ian.' a L" i I) C It i c k p~' ~ I ~ 11 ! ~ a Il g I ad L" s h . T it L Y n: P l )J -l L" d s i gil iii C d Jl l J Y I u \',. c r I ~ II \' • II 

popUlation of 15.2 / len plants in plots treated \-vith I-IaNPV as against 53.2 I tell 

plants ,11 llntn:aled plo~s. 

Pharindcra Y(:"l.da v e/ (I/. (2004) eva} ualcd different 111 icrobial bioagcnts 

a g a ins t /1. (l rill (1!, C ,. (/ d u )" i 11 g } <) <) 8 - <) <) and I <) <) <) - 2000 at J\. nan d , (j uj rat. The y 

reported signific<:!ntly lo'\\!cr larval population of II a""'/li~era in plots treated 

\.-'\lith I·IaNPV ({i) 25U LL / ha i.c. 1.69, 1.65 and 1.56 on five plants at ), 7 and 14 

days after spraying. rc~;pectivcly as against 2.45. 2.06 and 1.95 PCI' riv(.~ plants 

in untreated contl-o}. It also produced significantly higher yield, (1 340.2X kg / 

ba) than control (<>37.50 kg / ha). 

Efficacy OJ:" nc\ver insecticidcs along ,vith biorationals In chickpea \\;as 

evaluated by Ohonde e/ a!. (2005). Tvvo sprays of I IaNPV ~& 250 LE / ha 

caused 62.59 and 68.78 pcr cent reduction in larval population at 72 hours and 

7 days after trcatll1ent. respectively. It also gives 17.69 q / ha yit:ld and 

incren1.ental cost benefit ration of 1 : 6.59 as against 12.20 q I ha yield in 

untreated control 

Nilll.balkar ei al. (2005) cOlnpiled the infornlation of bioefficacy of 

J-IaNPV against I-I. arfl1igera on various crops during last decade based on 

research ,\\lork carried out in Dr. PfJKV" Akola. They have reC0I11I11.CIH.ied the 

usage of I--IaNPV (([!, 250 LI": / ha for effective 111anage111cnt of II. (/rf}li~era on 

chickpea" pigconpca and cotton. 

Field efficacy as .:.iiJTercnt Illicrobial agents \vcre tested against graIH pod 

borer by Sidde Go\\/da and Suhas Yelshetty (2005). Tvvo sprays at seven days 

interval vVt~rc appli.::;d. r:1CY recorded significani. rcduction of larval population 
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of H. arll1if{cra fro 111 13.33 'to 8.00 and 8.66 larvae per rneler n)\v at ~ ~Ind 7 

days aftcr first spray <l!1d 1'1'0111 3.66 to 4.00 and 1.66 la"vaL' PL'I' 111CICI" n)\:v at 3 

and 7 clays afrcl- s~c()lld spray. I'cspecti vely. 

2.1.3 Efficacy of Illicit/us thurillgiellsi.\· against II. IIr/1liger" 

Diffcrent doses of dipcL {-IO-] strain of Bacillus Ihuringien! ... i .... · Berliner 

,\vcre evaluated against 3.-.1 and Slh instar larvae of Ileliolhis urlnigera IIubncr on 

graIn. '\n application of 12.00 X 109 III i ha (700 g / ha) against 3 rd instar and 

16.00 X 10'" I U / ha .( 1 000 g / ha) against 5 1i' instal' \vas found cflcctive causing 

100 % control of test insect '\vithin 96 hours after treatn1enl (Oabi e l al. 197(». 

Pathogenicity of various fonnulations of Bl and cultures of NP\I against 

Ileliothi.\· (lI'IJligera (I Ih.) \V<.lS tcsted by ()dak el ([/. ( 19X2) Oil chickpea. Baclospinc 

(Bacillus Ihuringien.'·;is) and thuricidc ,--'vere highly pathogcnic lo larvae~ causing 

70-10 % ITIortality in the laboratory and 20-65 (Yo n101·tality in the pot experinlcnt. 

A laboratol')' expcrilnent '-vas conducted by Dabi el (//. (J 9~8) to dClennine 

the pOh.:ntiality of lo\v rate of Bacillus thllril1}.!.iensis \vilh sublethal dOSL or 

insecticides against fifth instar larvae of II arJJ1igera on graIn. Sublethal dose or 

insecticides (0.02 ~» and f)ipel (8000 HJ / Jng) gave less than 50 per cent kill at 72 

hours after trcatn1CI·\t. 

In field _ tri<d Kulkarni and r-'\.rnonkal· (1998) studied n.:lative toxicity of 

Bacillus rhuringiensis 'v'ar Kcnyac (ISPC'- I). Bacillus Ihuringiensis var Kurslaki 

(ISPC-4) and Ba'ci//us ihuringiensis 'val' K.cnyae (I SPC-7)~ each at a dose of 10 ') 

spores / Inl against na{urill infestation of If. arnligera In Bengal graIn tickl. First 

spray of /3aciflll.<.,· Ih111-i;!gien.')·is varieties '-'ias glven 37 days after SO\VIIlg. 

Subsequently, three 11101"C sprays \vere appl ied at an interval of 1 5 days. The results 
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indicated definitc decrc.:nse in the larval counts aftel' every trcahnenl. indicating that 

isolates ,\verc elTl:t;livc in supprcssing the larval population in lilt.: tieh.1. 

The efficacy or t,\\,.-o bio-insecticides eclar (nuclear polyhecirosis virus or 

IIelicoverpa spp and dipel (spores of Bacillus liluringiel1.'·;i,.,,·) '\vas evaluated by Ali 

et £1/. (1993) along \vith the ChCIl1ical insecticide C),pcl"lllelhrin (1 [nl ! lit) against 

1-1. arIJlixera in chickpea, The bio-insccticides ,vcre not as effective as chclnical 

insecticide in contro 11 i ng 1-1. arn1igera in rcstation, flovvever. they signi ficantly 

reduced II. arlnigcrll nunlber as C0111pare to control plot. The yield of chickpea \,1,/aS 

significanly greater in bio-insecticide treated plot and \-vas statistically siluilar to 

that of plot treatcd \-vith cypennethrin, 

Field effic.:lcy '-11' J-IaNPV alone and in cOlnbinatioll \vilh del fin for lhe 

control of grarn pod borel', on chickpea \vas tested by Sl'inivisan el o/. (1994), 

Follo'\ving 6 spray appl ication bet\-veen 30 to 90 days after so\vi ng they fOllnd that 

fi'0111 the 3 1d spray onv·;ards all the trealJl1cnt on per vv'ith each other. The cost 

benefit analysis indicated that 8t either alone or in cOlnbination \vith NPV proved 

unccononlical due to its high cost. 

Tustin el a/. (1994) studied the int{.':raction of nuclear polyheclrosis virus and 

B II I b " 2 nd ' I ~ 1"J I' aci us t luringielv;is as actospell1C against Instar arvac of Ie lcoverpa 

arllligera arid revealed that Ht at 300 Ing / L produced 32,5 o/c) Inol'talit)', 

Field efficacy <)f t\'v'O C0l11111crcial 111ixed fOrlnulatiol1s, spark and 

po'ytri~l-C as vvell as i.ank lnix fonllulation of cyperrnethrin and dclfin (E. 

Ihuringel1sis va" kurstak.i) (~!} 1 kg / ha \""ere evaluated by Pal el (I/. (19<)()) for 

conti'olling 1-1. arlliiger{l 011 chickpea, They I'eported that Ht applied alone \-vas 

found t<"> be effecti'':c against this pest and caused reduction in larval I1l11nbcr to 
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the extent of 3-4 larvae / plant upto 8 days ot- treatment~ cOlllpared to the control 

plots~ where larval nun'1bers ,"vere very high (8-10 larvae / plants). 

Bacillus thuringiensis at different doses in cOlnparison with other 

chemical insecticides were evaluated by Mathur et al. (1997) tor the control of 

H. arnligera in chickpea. rl~he results indicated that t'Wo sprays of Bt krustaki 

(delfin @ 1000 g / ha) at fortnight interval brought effective reduction in pod 

dalnage and enhanced grain yield (9.25 q / ha). 

, Ujagir el al. (1997), studied the effect of di ffcrent insecticides and 

insecticide cOlnbinations on pod borer dalllageo and grain yield of chickpea 

during 1993-94 and 1994-95 at Uttar Pradesh~ India. ~I'hey reported that 

treatment of Bt @ 1 Lit / ha produced significantly higher grain yield 1330 and 

1290 kg / ha than untreated control ,"vhich produced I 120 and ) 260 kg / ha. 

during 1993-94 and 1994-95, respectively. 

A field experiment for the evaluation of Bacillus Ihuringiensis (Bt). 

nuclear pOiyhedrosis virus (NPV) along ,"vith neenl seed kernel extract and 

recolnmended insecticide, endosulfan ,"vas conducted by Sanap and Sarode (1938) 

for the control ot- H arl11igera infesting chiCkpea. The result indicated that 

treatment with Bacillu.<;· thuringien.s·is @ 1000 g / ha recorded nlinitnum larval 

population of 1.66 and 2.0 larvae per five plants at 3 and 7 days after applications~ 

respectively. Ho'Wever, highest grain yield (20.65 q / ha) ,"vas harvested from the 

plots treated with endosulfan (0.07 %) follo\.ved by Bt. 

Effect of- various plant protection chemicals was tested by Saxena et al. 

(1998) against H. arnligera infesting chickpea. They reported that treatment of 

endosulfan @ 0.07 % produced highest grain yield (1890 kg / ha) and was 

followed by HaNPV @ 500 LE / ha (1710 kg / ha) and Bacillus Ihuringiensis @. 
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1 lit I ha (1405 kg / ha). Whereas. thl: lo\.,\.:~st gralll yield or 11 os k!'. I 11" \V:IS 

harvested [ronl cDntroi plot. 

Field expcriIn~nt on lnanagelllent or 11.· ar/J1igero (1Iub.) Ull chickpl:<I 

'\vith sorne herbal, che~l1ical and bio-pcsticides \vas conducted by \Vanjari £'1 01. 

(1998). It ,\vas re','caled that Bt kurstaki (dipel) (c{) 0.75 lit / ha) "vas effective in 

reducing larval population of fl. {IrJnigera to the extent of 80.84 and 83.29 pcr 

cent at 2 and 7 days alter spraylng~ respectively. Sirlli lady this treatll1ent 

produced higher graIIl yield (18.95 q / ha), but proved econolnically less 

cffecti ve than the other treatlnents. 

Pa,\var el al. (1998) evaluated tVv'O fornntlations of Bt along \~/ith I IaN flV 

and three reCOll1111Cnded chernical insecticides against II. o/"IJ/igera ill chickrccl. 

They reported that both the Ht fonnulations viz, Ht halt (750 and lOOn gnl I ha) 

and 8t delfin ~y 750 gm I ha produced significantly higher grain yield of 

chickpea i.e. 13gB" 1600 and 1255 kg I ha., respectively than untreated control 

( I 1 89 kg / ha). 

Efficacy of bio-pesticides against 1-1. arfnigera on chickpea \vas tested 

by Loganathan e{ (//. (2000) at K.Urtlll1papaIY<lll1 and SaravanaInpatti In 

CoiIl1batore district during SllITllner 1997. The tl'eatrnents \vas applied 3 tinles at 

7 days interval. A~ Kun.1111papalayatl1 they reported thaL after appl ication of Ht 

(spicturin @ 1 I I ha) the larval population vvas I·educed rroln initial 1.50 larvae 

per plant to 1.10 and 1.26 and 0.96 and 1.26,0.86 and 0.96 at 3 and 7 days after 

I·· t- 1 ~I ') nd I ~ rd . I -. . . I IS' app lcatlon 0 " _ alK _) spray, respectIve y. SIlllI ar y at . araV'-lJ1tlrnpatll 

the initial larval population of 1.20 per plant vvas reduced to 0.97 and 1.20: I.OJ 

and 1 .. 26 and O. S'O and 0.96 per plant at 3 and 7 days after trcatlllcnt. 

respectively. 
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The bin-efficacy or HNPV and Bacillus I hllringie}lsi .... · 'var K \Irst.lk i. 

individually' and ill cOlnbination '\vith insecticides vvas evaluated 011 chickpca 

against IIe/ico\'('I"')(/ !/I·'J1i.t~(,"(/ (I iubncr) II;In.hvick dUI'ing 1"0l1i SC'<lSOII I ()()X-')() 

by Bhatt and Patel C~(02). They n:poi"lcd that Bocillu ..... lhuringiensis va)' 

kurstaki @ 1 kg / ha C~HI~~CS 2X.67 and :18.50 per cent 111Can larval 11lorlality 72 

hrs and '\veck after application of first spray ... respectively. Silnilarly after 

applica.tion or second spray the rn.can per cent larval nlol·tality \-vas 28.76 and 

34.86 pcr cent:- rcspecti\"cly. 'rhcy also reported yield of 830 kg / ha and eBR of 

1 : -0.74 in the plo~s trcatl'llcnt '\vith 131. 

Pharindera Yadav el 01. (2004) tested ';1 efficacy of 111icrobial bio­

pesticides against fJeli .. :·overptl arlnigera on chickpea. They reponed that. 

freatnlcnt of Btk (ciclfin \\l(i (tf; 1 kg / hal V\"<lS .effcctive III reducing the lal"\,.d 

popUlation frorn 2."76 I=,·e!· fi vc plants to 1.52, 1.25 and 1.57 PCI' fi ve plan Ls at 3, 

7 and 14 days after application of trea1lnent, l·espec1ivcly. They also recorded 

signi ficantly highcr gl"aill yield of 15 13.89 kg / ha as against 937.50 kg / ha in 

control. 

Dhonde el al. (2005) tested the efficacy of ncv/er insecticides along \vith 

bio-rationals against Flelicoverpa arlnigera (I-Iubner) 111 chickpea. They 

!-cported that treatlnent o!- Btk 1000 g / ha ,vas Illodcrately effccti ve agai llst 11. 

arl11igera and cause~; 74.27 and 71.89 per cent larval I'eduction at 72 hOlll'S and 7 

da.ys aftcr trcatillclli. n.::spcct i vc Jy. It a Iso pn)(.Iuced si gn i fican t ly hi gilci' gr~li n 

yield (17.98 q / ha) than untl'catcd con11"<)1 (12.20 q I ha) ,-,vith ICBR of 1 : 3.07. 

Effect of lllicl'obia! insecticides on the larval popUlation of II. arnligera 

during 1998-?9 \-vas sludi(:d by Sicldc (iovvda and Suhas Yclshctty (2005). They 

l'cportcd that diff<.:.Tcnt sc·urces of Bacillus lhuringien.\·is (delfin~ biolcp. halt anJ 
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13t val' kenyae) :.;ignil"i<':<'ln1ly n:duccd 1 hI..' lalo ... :ai pl)Plal~lti(')1l at ., ~lIH.1 7 d.1Y:'; ,ll"ll..·' 

application of fir.:;t spray than untreated check. But the larval population in all 

the tn.:~atnlents \.-VCIT at pal" \.-vith untl'eated check at ~ and 7 days aftcr applicalioll 

of second spray. /\n10IJgst the various Ht fornll11ations 131. Var kcnyac recorded 

highest grain yield (9.40 q / ha) follo\.-ved by halt (X.70 q / h(1). 

2'.1.4 Efficacy of biopesticidcs in cOlnbination ,,,ith other biopcsticides 

A field trial to in·vestigate the efficacy of HaNPV alone and in cOlnbination 

\\lith deltin for the control of granl pod boer, Ileliolhis arnligera (Hubner) on 

chickpea \vas conducted by Srinivisan el {II. ( 1 (94). They I<'Hlllci that. cOlnbined 

treatn1cnt of HaNPV ((I), 125 LE / ha + Bucil/lIL\ Ihuringien .... ·i . ..,· (cl} 1 kg / ha \·vas as 

effective as individual application or HaNPV ((/~ 250 LF: ! ha, but statistically 

superior 10 endosul fan in the fil'st tvv'O sprays. 

Tustin el at'. (1994) studied the interactioll of nuclear polyhcdrosis virus 

(NPV) (0.3 X 10 =' P()B / 111.1) and Bacillu.y Ihuringiensi,s' as bactospcinc (300" 600 

lllg / I) against 2 nJ instar larvae of 1-1. arnligera. 'rhey revealed that Bacillus 

IhuringiensiL\' at 300 11lg / 1 produced 32.5 <Yo 11101·tality and in c011.1bination "vith 

NPY produced 25 (~o lllurtality. 

Loganathan el (il. (2000) evaluated variOUS doses of spicturin either alone 

or In cOlllbinatio;;1 \vith I-IaNP\f against II arl11igera on chickpca at 

Kurull1papalayanl alld SaravuIlan1patti in (~Oi111bat(')1'e district. /\t KUl"ll111p<:tpalayan1 

cOlnbined application of spicturin (j"y 1.00 lit I ha -; HaNPV ~~l) 1.5 X 10
12 

P()B / ha 

I'ecordcd less larval COUilt i.c. 0.06 and 1.07 and O.()O and 0.<)0 pel' plant at :1 and 7 

days aner first and second spray, respectively than their individual applications. 

But cost benefit ratio of this tn:atInent vvas less (1 : 2.(7) than the tl'catll1enls ",vith 

their individual ap!'lications. Silnilar type or results \vt.:rc also I'ccordcd al 
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Saravanall1patti \ViH:n' O.XG and 1.01 and O.X() and I .()O 1~lrvaC' per pl~1I11 \\'ere 

recorded at :1 and 7 days after first and sccond spray, respectively. 

Bhatt alld Patel (~(){)2) rc.:vcakd that. the cOlllbinc ~lpplication oj" llaNPV '.U 

125 LE / ha -I- Bacillus lhuringiensi .... · var kruslaki C{I} 0.5 kg / ha vv'as l110re eflcclivc 

than individual application of I (aNPV (if) 2~() 1.1·: / ha and /]o('illll .... · llillriJlgiensis 

'var' krustaki @ 1 kg I ha. Cornbine application of HaNPV + Btk produced 42.71 

and 50.02 per cent 1l1Can larval Il101'laiily at 72 hr and I \vcek after first spray. 

The corresponding 1n<':<.111 percentage larval lnortality after 72 hr and 1 vvcck 

aftel' second spl'ay \vas 43. 16 and 51.12 per ccnt. respectively. Thc cOlllbinc 

application of treatn1cnt, also produced higher 'grain yield of 980 kg / ha and 

cost benefit l'ation of I : 0.69. 

Phadtare e/ al. (2004) tested the cOlnpatibility of entol11ogcnolls fungus, 

Beallveria bassiana \.vith I11icrobial pesticid~s against 11elic()verpa lIrllligera 

under laboratory condition. They found that application of HaNPV (0 2 X 10 <) 

spores / 1111 and Bacillus Ihuringiensis (if) 2 g / ! either alone 01' in cOlllbination 

\vith Beauveria bassion.·[ (ijJ 1.2 X 10 5 spores I 1111 produced significantly higher 

(nean pel' cent IUI'val ll~ot'lality than Beallverill hassialla alone ( I .2 X 10 :' spores 

/ Inl) . .t-\.pplication of Bacillus lhuringiensis either alone or in cOlnbination vvith 

Beau\'erill bassiana and produced cent per cent l11ol'talit)· at 10 days after 

lrcatn1ent. Whcrea~: individual application of' IIaN]>V \·vas I1h)l"e cfTcctivc than 

its cOlllbination ''lith Beal/veria hassianll. 

2.1.5 Efficacy of spiJ1()s!ul against /-1. lIrll1igera 

Dandalc el 0/. (2000) tested the efficacy of spinosad against the colton 

boJhvorIns in cOll1parisioll \,vith S0111C synthetic pyrethroids dUI'ing 1995-99 <Inti 

1999-2000. ~~tTicacy of spinosad 48 SC @ 50 and 75 g a.i. / ha in cOll1parisoi) \\'i1h 
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t\\/o nc\.ver synthetic PYlethl·oids. i.e dcci!~ (dec"lI1H:thrin) tablets. 1 () alld 1 ~.:=; g ~1.1. " 

ha and bulldock ,bcU.lc),'iluthrin) 2.5 EC' 12.5 and 18 g a.I. I ha against colton 

bolhvorl11S. Spino:-;ad 4R S( '. 75 and 50 g a.1. I ha \vas found 1l1osl effective in 

controlling the int~;::statif)n of //. arlnigerll In green fi·uiting bodies on plant 14 days 

after treatlnent. 

V~ldodaria el ClI. (2001) studied bio-c fficacy of ncvver insecticides against 

bolh-vonus of cotton. rrhrec years pooled results indicated that the spinosad 48 SC 

at 75 g a.i. / ha and bull dock 2.5 SC at 18 g a.i. / ha recorded lO\~ler larval 

population. rnininlUI11 dal11age to squares. bolls and locules vvith higher seed cotton 

yield. 

Insect gro\.,,··th r~gulatc..)rs and l11icrobial insecticides \vas evaluated by 

Saindanc (2002) against cotton bollwornls. All1c>ngst the different insect gnnvth 

regulators and nlicrohia! insecticides spinosad 50 g a.i. / ha t·ceorded I1l1nlI11Unl 

infestation in green fi'uiting bodies due to bolhvonn cOl1lplex at 7 and 14 days ancr 

sprayings. 'rhis treatnlcnt also recorded highest yield of seed cotton, 

SiInilady. 1 )honde el aI, (2005) tested neWCI' insecticidcs (.dont-~, Vv·itil 

biorationals against f/. {/i.,nigera in chickpea. They reported that spinosad 0} 75 g 

a.i. / ha causes 83.1"7- and 81.18 per cent reduction in larval population at 72 hours 

and 7 days after appl !cc::ttion of trcatlTICnt. 'rhis trcatnlcnt also :·cc()I"cied n10I"C grai 11 

yield (19.00 q I ha~. as a.~ainst 18.27 q .I lla in endosulfan @~ 350 g a.i. I ha and 

12.20 q / ha in ul1trc:lted control and gave IC:13R. of 1 : 3.66. 

Sin1ilarly, Je:5l1li Vijayan (2005) evaluated SOtllC I1e,\vcr insecticides and bio­

agents tor the rnanagenll~nt of rnajor pests of to[11ato. Sonle ne\ver insecticides such 

as ilnidacloprid 17.8 EC (~LJ 0.004 (X,. thiCtll"lcthox.anl 25 \V(; (if] 0.00] (Yc)" 

quinalphos 25 EC 0-;: 0.05 0/0. spinosad 45 SC~ CiY 0.01 0/0, Bt (delfin) @ 1000 g / ha, 
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n~Cln oil I o/t,. NS;·-: ~ 'Y.., IIaNPY 'ii/ 250 r ,I-: ! hel. 1'11(.loSllll~111 1<;:; 1,:<' .'(/' ().()~ (L~, alld 

bioagcni~; viz., 'l'riclio}-,ralJ1nu.J chi/oni,,' (ii;, 1.5 lakh parasitizc(.! eggs ./ ha and 

C'JlIysoper/a cc:rI1C(I ~(;.':~ 10000 eggs / ha. She reponed I<nvcst rruit bOI'er ini(_·stali(.)11 

011 nlll11b(.'1' and \veighl basis and highest tOlllalo fi'uits \.vith 1 : 4.8X ICHI< in 

trcatn1<::nt \viih spinosad. 

v/ C.iaik\vad <"dld Bhanlare (2006) tested ellicacy of newer insect gro\vth 

regulator and insecticid~s against cotton bolhvonns during 2002-03. The results 

revealed that spinosad 45 SC ([_i] 50 g a.i. / ha, betacyfluthrin 2.5 EC' (if) 12.5 g a.i. ! 

ha and indoxacarb 14.5 SC at 50 g a.i. / ha \vere found Inost effective in rcducing 

bollworIn dalnage and producing highest yield. 

2.1.6 Efficacy of ("ndosulfan against II. 1I1'Jlligera 

Field trials "":as conducted by Singh c! (II. (1 ()73) for the ~hcnlical control of 

gnlln pod borer. IJe/icoverpa arlJ"ligera (Ilubner) on gnull during 1970-71 In 

Punjab. Thcy found that all the insecticides tl'CatJllcnts viz .. cal'baryl (1.75 kg 

a.i. / ha)~ Of)T (J. 75 kg a.i / ha), endosulfan 0.49 kg a.i. / ha and DDT + 

endosul fan (1.75 .:- 0.49 kg a, i, / ha) \JI,lCI'C equally errecti ve in J'cduci ng pod 

borer infestation <:~s \-vell as in produci ng higher gr'ain yield. Hc)\vcver. cost 

bcncfi t analysis 0 f tht:!'c treatlllcnts sho\vcd that endosul fan and J) I)" r v" .. crc 1l1<>sl 

cconoIllical over oth~I' C~lelllical insecticides. 

The cOlrqxnaliv(" cfTlcacy or di!Ten:ni pesticides was t:valuatcd by 

f\gnnval el ai. (1 C_'77) against graIn p0d borer. II. urIJlixera on gnllll. Their 

results indicated tha: thc spnl)"s or 11lnllocrolophos ((_,~ X7S nIl ha. 

chlol'pyri 1 ;phos ~g} litn:! ; ha and cndosulfan ((D 1.4 litrc I ha \verc 1l10st 

effective in reducing the danlagc due to 1-1. arlnigera and incrcasing the yield. 
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Mish!-a and Saxella (i 081). studied the efficacy or SOllle 1)I"(lI11IS!llg 

insecticides VIZ., 111onocrotophos (0.04 0/(1),. endosulfan to.07(Yc» and quinalphos 

(0.050/0) against II. arnligera on grarn. They' n.!po.·ted that tn:atlllcnl or 

cndosulfan pn)d~.1ced significantly highc.· graIn yield (1964 kg I hal than 

untreated cO.ntrol (982 kg / ha). 

While evaluating cornparativc efficacy' of vanolls insecticide 

fOrInulations against /1 arnliRera on chickpea in Jlarayana. f)ahiya el al. (1983) 

found that the plots treated ,,\lith encloslll fan (0.07 o/c)) recorded signi ficantiy 

io\,vel' pod chullagc and InaxinllllH grain yield (24.99 q I ha) than 1IIllr~'ated 

control. 

-rhe effccti VCIl"::-,~ 0 r six insect ic idl..:s \vas evaluated by Yadav and Yada v 

(1983) against If. (lrnliger(/ on kabul i () l'an1 
~ 

In Haryana. AppJ ic£Hion of 

endosul fan (0.07 Yo)~ phosalone (0.07 <Yo) qui rial phos (O.OS(Yo), ch!OI'P~ljphos 

(0.040/0), fcnitrothion «L05%) and fenvalerate (0.04 %) """cre Inade at 50 per 

cent pod formation stage. Th(; result sho\·ved that endosulfan (0.07 <Y<) \vas 

pn)'\:~d to be I110st effectivc in rcducing pod (l<lInage and incrcasing gr<lin ).'i~id 

(11.30 q / ha) as cOlllpar::;d to other trcatrllents. 

Bio-cfficacy of ·variolls chcrnical insecticides \vas tested by Chari el (//. 

( 1(85) against II (.lrrnigera on chickpea. Thc r'cstdts indi(;atcd that all the 

insect ic ides v,,'erc e lTcCli vc ill reducing lan/;lI po pul ation of thc pest. I I O\VL' vcr, 

endosulfan 1]2 2000 rnl / h~! effectively lo\,vcred cknvn the larval population froH1 

initial 2.53 pCI' piallt tG ~ .27, ) .25 and 1.1 I per plant after 3, 7 and 14 days or 

sprayi ng, respective I y. 

Chhabra and Kocner (1985) tested t\VO different doses of pyrcthroicls 

·VIZ., cypcrrnenthrin. dclt3.Illethrin, fenvalcrate and pennethrin in cOlnparis:on 



with endosulfan against H. annigera on gram. rl~hey found that suprelnacy of 

the test chetnicals was consistently better than control throughout the three 

cropping seasons of 1980-83. However, they concluded that on the basis of 

efficacy and grain yield levels, perfonnance of fenvalerate~ cypennethrin (both 

@ 60 g a.i. I ha) deltamethrin (@ 15.9 a.i. / ha) and endosulfan (@ 262.5 g a.i. / 

ha) was the best. 

rrhe field trials were conducted during 1978-79 and 1980-81 by Rizvi et 

af. (1986) to evaluate the efficacy and economic of six insecticides viz., 

chlorpyriphos., phosalone, fenitrothion" quinalphos, diazinon and endosulfan at 

a concentration of 0.05 per cent for the Inanagement of H. arnligera on graIn. 

The results sho\,.ved that all the insecticides were found etTective. Ho\vever, 

three sprays of endosulfan and quinalphos at 15 days interval commencing at 50 

per cent flowering of granl gave the most etTective control of graIn pod borer 

and proved to be tnore econOlll ical treatInent than other. 

Gunasekaran and Balasubramanian (1987) evaluated ditlubenzuron 

(@200 to 600 g a.i. / ha) and endosulfan (@525 a a.i. / ha) for the control of 

H. armigera on chickpea. They reported that endosulfan causes 75.26, 87.60 

and 98.15 percent reduction in popu lation of larvae after I. 3 and 7 days of 

spraying, respectively. 

Different doses of nuclear polyhedrosis virus (I-1NPV) in comparison 

'\.vith endosulfan (@ 0.05 %) were evaluated by Pawar el al. (1987) against H. 

ar111igera on chickpea. They reported that application of endosulfan reduced 

larval population ot' H. armigera frolll initial 2.25 to 0.95 and 0.65 at 7 and 14 

days after first spraying, and further to 0.25 and 0.00 at 7 and 14 days after 

second spraying. respectively. They also reported significantly higher grain 
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),'icld In plot~·; tn~alcd \.-vith endosulfan (1605 kg / ha) than plots trented \·vith 

",late) (I 146 kg I h~l) 

Sanap and Deshlllukh (1987) h .. ~~;;tcd 'v'anous insecticides against II. 

arllligera on chickpea and obseI'vcd that tvv'o applications or endosulfan (O.07(X» 

at 50 per cent n()\vering and 15 days thereafter proved to be Inost cfTcctive In 

reducing pod dc.lI11agc and producing highest gnlin yield (1209 kg / ha). 

A field trial Vias conducted by Thak lIr e/ (//. (1 988) in Madhya Pradesh, 

India to deterInine the cOIl1parative efficacy of nCCI11 seed kernel extract. neenl 

leaf extract both at 5 pCI· cent concentration and son1C. cOl1nnonly llsed 

insecticides VIZ., endo~;ulfall (0.07 %)~ 111onocrotophos (0.04 (Yo) carbaryl (10°/() 

dust). f3I-IC (1 0 ~~) du~;t). quinalphos (1.5 (Yc) dust) and 111cthyl parathion (~ (~,-;, 

dust) against 1-/. ar!nigera on gram. The results indicated that all the chenlical 

insecticides were InOI""':: effective than ncen1 ronnulations in I·educing lan/al 

population. I-Iov\lever, ull10ng all the treatlnents endosul fan recorded Illuxirnunl 

increase in grain yield (45.5 0/0) over control. 

l'he efficai:;y of six insecticides was e·valuutec1 by IJcka e/ (II. (19S9) 

against II. arnligera In chickpea. They reported that endosulfan (CiJ.) 500 g a.i.! 

btl) vv·as 1110s1 effective In reducing the larval population and producing higher 

graIn yield than ulltreat,:cl control. 

Kanl el 01. (1989) carried out investigations on the chen"lical control of 

gnun pod borer 1-1. lIrrnigera on graIn vvith some synthetic pyrclhroids 

(fenvclcrate 0.0 J and 0.02 <Yo, cypennethrin O.p06 and 0.009 '?~), dccarnethrin 

0.002 and 0.0(4) in coraparision 'vvitb endosulfan (0.07 %). They ObscI·ved that 

trcatlncnt of endosulfan was Inore effective in Jl1inilnising pod darnagc and also 

recorded ,highest y)cld of 1100 kg / ha. 
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The comparative efficacy and econom ics of eleven pyrethroids and non­

pyrethroid insecticides were studied by Parsai et al. (1989) against II arnligera 

on chickpea. The results showed that among the various treatlTlents endosulfan 

(0.07 0/0) and monocrotophos (0.05 0/0) \.-vere found to be effective. l-Io\.-vever, 

highest economic returns were obtained froln endosulfan with cost benefit ratio 

of 1 : 5. 15. 

Gupta and Thakur (1990) studied the bio-cfflcacy and econoluics of five 

insecticides viz., monocrotophos, endosul fan, fenvalerate, decan1ethrin and 

cypennethrin along with two non-edible vegetable oils, viz., neelu and karanj 

oil against fl. arlnigera on chickpea. 'rhey observed that plots treated '\vith 

endosulfan (0.08 0/0) reduced larval population at 2 and 5 days after spraying 

'\virh a mean of 0.9 larvae per meter ro'\.v length and recorded highest grain yield 

(2220 kg / ha). Ho'\.vever endosulfan (0.06 0/0) proved to be the most 

economical treatment follo'\.ved by endosulfan (0.08 0/0) '\vith a cost benefit ratio 

of 1 : 14.4 and 1 : 12.1:> respectively. 

Efficacy of nuclear polyhedrosis virus and endosulfan 0.05 % were 

compared for the control of J-f. arl11igera on chickpea by Pawar et al. (1990) for 

three years (1984-1988) in Maharashtra, India. Virus \NaS applied at 100,250 

and 500 LE / ha alone or \-vith endosulfan. All the treatn'lents, except the lo\vest 

concentration of virus alone and \.-vith endosulfan, significantly increased grain 

yield. The lo\.-vest pod damage (3.84 0/0) and highest yield (1379 kg / ba) were 

observed in plots treated '\vith tv~tO sprays of endosulfan alone. 

Rabindra el al. (1991) reported that endosu I fan ({j) 350 g a.1. / ha was 

significantly effective over individual application of NPV @ 250 LE / ha. They 
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reported significantly less larval population 4.7 and 4.7 3.3 and 3.0 at 3 and 7 

d t- 1 <.l I ...... Ild . I ays a ter . ant..!.. spnty. rcspecll ve y. 

The efTie.lc)' or eight difTercnt iJl~ecticidcs VIZ., clldosllJrall (0.07 (~/(). 

nl0nocn)tophos (0.05- 'Yo). quinalphos (0.07 'Yo), uecall1ethrin (O.OOJ 'Yc», 

fenva_lerate (0.005 (~'o) cypcrnlethrin (0.004 (X,), carbaryl (0.10 (Yo) and 111ethyl 

parathiop (0.05 <Vo) \vc:s detennined by Mehta el 01. (1991) against f f. arlnigera 

on gnlll1. The results indicated that all the chelnicals ,,·vere effective in reducing 

the pod borer dcllTIage as COlnapre to untreated control. \Vhereas. endosulfan 

recorded 13.93 per cent pod dan1.age as well as produced yield of 853 kg / ha. 

\Nhile the control plot recorded 32.06 per cent pod oc.lJnagc and lo\vesl yield or 

597 kg / ha. 

Field tri<Ll \.vas conducted to test the efficacy of endosul fan and herbal 

products alone and in c:0111.binat10n with nuclear polyhedrosis virus against gran1 

pod borer, 1-1. annigcra (I-Ib) by Supare el (II. (1991). They observed that 

cndosulfan alone (0.07 <Yo) and its cOlllbination ",/ith I IN PV «(~_l) 250 I.E! ha) 

,\-vere equally effccti~"'''E: in reducing the larval population and produced higher 

yticld of grains {18.97 '.1 / ha) as cOlnaprc to llntn~atcd control (G.X7 q / ha) 

i-\ field e>:perin.lent was carried out by Vernla el al. (1992) to kno\·v the 

optin1UlTI til11e and nUlllbcr of spl'ays of cndosulfan 1'01' the contrcd of JI 

arnligera infestirtg chickpea. Tv,,'o sprays or cndosulfan (35 Fe (ij) 1200 Illl / ha) 

at llowering and podding stage of crop exhibited better results vvith Inllll111UITl 

pod dalnage (2.62 lYo) and higher graIn yield (798.39 kg / ha). This spray 

schedule also pro'lcci cconolnically effecti vc against pod borer \vith a cost 

benefit ratio·. of L 3.7. 
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Sinha (1993) tested the field efficacy of diflubenzuron, neern oil and 

neem seed kernel extract in comparison with endosulfan (0.07 0/0) against 1-1. 

arnligera infesting ch ickpea during two years. I-Ie observed that treatn"lents with 

endosulfan causes highest reduction in pod borer infestation i.e. 57.6 and 52.8 

per cent and also recorded highest seed yield 18.5 and 27.7 q / ha during 1986-

87 an~ 1988-89, respectively. I--Iowever, during 1989-90 he evaluated some new 

products and chitin biosynthesis inhibitors along with endosulfan, and reported 

significantly higher seed yield in endosulfan 0.07 % (19.2 q / ha) than untreated 

control (9.7 q / ha). 

The work carried out at National Agricultural Research Project in 

Karnataka by Girraddi et al. (1994) revealed that the plot which received two 

sprays of endosul fan (0.07 0/0) at 50 per cent flowering and green pod stage 

recorded lower pod dalnage (2.9 and 4.7 0/0) as well as higher seed yield (9.8 

and 10.7 q / ha) during the year 1988 and 1989, respectively and also gave 

highest cost benefit ratio as compared to other trcatn"lents which received two or 

more number of sprays. 

Shukla et al. (1996) studied the efficacy of three concentrations (250, 

300 and 350 larval equivalents per ha.) of nuclear polyhedrosis virus in 

comparison '\vith endosulfan. They reported significantly highest seed yield 

1 .60 t / ha in plots treated with endosulfan as against 1.17 t / ha in untreated 

control. 

Datkhile el al. (1996) conducted field experilnents for the control of 

gram pod borer on ch ickpea during rabi seasons of 1989-90, 1990-91 and 1991-

92. Three applications of different insecticides were given at an interval of 15 

days. Pooled anal)lSis revealed that, endosulfan @ 0.07 % causes 69.9, 24.6 and 
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6 i .6 per cent reduction of II. arnligera larvac at 2,7 and 15 days after spraying, 

respectively. It also pn,duccd signifIcantly higher grain yield (15.4 q / h~l) lb'lll 

untrcated control (10.7 q / ha). 

Vyas and Lakhchaura (1996), tested efficacy of nuclear polyhcdrosis 

VIrus alone or in cOIl1.bination with chclnical insecticides. They reported that 

chclnical insectic!des \vere superior over N PV and gave h)\v pod danlage. They 

recorded significantly highest grain yield (1077 kg I ha) \,"-lhen two sprays of 

endosulfan \.-vere given at 50 % flowering \'"-'ith an interval of 15 days. 

l'he field experin1ent was conducted by Ra-v'i and Venna (1997 a) to test 

thc cfficac:y of varous insecticides against If. ar/}ligera on chickpea. The results 

sho\.-vcd that endclslllfan (0.07 %) effectively rcduced larval popUlation fn,ll1 

7.33 larvae per tell plants to 1.00 and 0.67 larvae per tCIl plants at 5 and 10 days 

after second spraying, respectively. Sin1ilarly, this treatnlcnt recorded 2124 kg / 

ha grai n yield \.-vi tit 111 ax in1un1 cost benefi t rati on. (1 : 7.38). 

Sharma el (I/. (1997) evaluated nuclear polyhedrosis VIrus (@ 300 LE / 

ha), li·ichgranll17a chiloni.s· @ 250000 / ha) n1ol1ocrotophos ((jJ 600 1111 / ha and 

endosulfan @ 1200 n11 / ha against II arnligera on chickpea. They reported that 

NPV was effective over endosulfan in reducing larval population but produced 

equal grain yield (1.86 t / ha) as that of en do sui fan. 

tJjagir e! 01. (1 r')()7) evaluated SOll1C bio-pesticides, chL"lnical insecticides 

and their cOll1binations against H. arn-ligeJ"({ on chickpea The pooled data or tv\'O 

>'cars sho\.-ved that ~lld()~;uIC'ln \,vas effectj've in reducing pod bor-er danlagc and 

also produc: cd h ighcs! gnti n yield (1 H60 kg ;' h~l), than untn:atcd contro I (I 1 90 

kg / h~l) 
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Wanjari e/ al. (1998) rnade efforts to Inanage Ile/icoverpa arllligera on 

chickpea ,"'ith SOlne herbal. chernical and bio-pesticides. They recorded 

significantly higher grain yield of chickpea (19.27 q / ha) in endosulfan treated 

plot as against 10.19 q / ha in untr·ated control. 

Different concentration of Bacillus Ihuringiensis., J-/elicoverpa arl11igera 

nuclear polyhedrosis virus were evaluated in comparison with chemical 

insecticides (fenvalerate~ chlorpyriphos and endosulfan) against /-1. arllligera on 

chickpea by Pawar el al. (1999). They reported significantly lower pod dalnage 

(9.59 %) and higher grain yield (1522 kg / ha) than untreated control which 

recorded highest pod dalnage (22.90 %) and lowest grain yield (1 189 kg / ha) 

The bio-efficacy of HNPV and Bacillus thuringiensis var kurstaki~ 

individually and in combination with insecticides (endosli Ifan~ fenvalerate~ 

nlonocrotophos .. nilllecidine and tobacco snuff decoction) were evaluated by 

Bhatt and Patel (2002). They reported that endosulfan @ 0.07 % causes 51.92 

and 62.83 per cent Inean larval Inortality at 72 hrs and week after first 

spraying and 54.28 and 63.27 per cent rnean larval mortality at 72 hrs and 1 

week after second spraying, respectively. This treatll1ent also produced 

significantly highest grain yield (1 130 kg / ha) with net cost benefit ratio of 1 : 

10.09. 

Ramteke el al. (2002) tested the efficacy of sOlne botanicals .. and 

111icrobial pesticides in cotnparison with endosulfan against /-1. arl11igera on 

chickpea. 'rhey reported significantly lo,\ver larval population in treatlnent of 

endosulfan (0.07 0/0) i.e. 8.05 .. 7.38 and 6.33 larvae per ten plants at 3 .. 7 and 14 

days after spraying than untreated control.. where corresponding larval 
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population per tell. plants ,\vas 18.09, 18. I and I 7. 99 after 3. 7 and 14 days of 

spraying~ respectively. 

Pharindera Yadav el al. (2004) tested the efficacy of rnicrobial 

bio-pesticides in comparison with endosulfan against }-felicoverpa arJ'nigera on 

chickpea. The results revealed that endosulfan @ 0.07 % reduced the larval 

population frotn initial 2.57 to 1.67, 1.03 and 1.63 larvae per five plants at 3, 7 

and 14 days after spraying, respectively. 

Dhonde el al. (2005) tested the efficacy of ne\-ver insecticides along with 

biorationals against Helicoverpa arnligera on chickpea. Thc results revealed 

that endosulfan @ 350 g a.i. / ha was effective in reducing the larval population 

and pod dalnage. It also yielded 18.27 q / ha chickpea grains as against 12.20 q 

/ ha in untreated control and gave incremental cost benefit r-ation of 1 : 13 _69. 

2.2 Efficacy of 1110dulcs against II. arnzigerll 

Integrated rnanagclnent of Helicoverpa arlnigera on gr-aln ,\vas studied by 

Sanap and PaV'lar (1998) during 1993-96 at Rahuri (l\t1.S.). "rhe results of trial 

revealed that 3 spray appl ications starting frorn in itiation of flowering and 

subsequent 2 sprays at fortnight]y intervals with first two sprays either with nuclear 

polyhedrosis virus @ 250 LE / ha or neem seed kernal extract 5 % f()lIowed by 

third spray \."lith endosulfan 0.07 % ,\vere rnost effective in controlling the grain pod 

borer and gave highest grain yield of 2200 and 2206 kg / ha. respectively. These 

tvvo treatments were follovved by treatrnent with first spr'ay of NSKE @ 5 0/0 

follo\ved by NPV @ 250 LE / ha and cndosulfan @ 0.07 0/0 . The treatrl1ent with 

three spray of endosulfan gave 2049 kg / ha grain yield. The highest returns per 

rupee investlllcnt was obtained frorn treatrnent \vith first t\VO sprays of 
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r"-ISKE and third ,;;pra)" of endosulfan (4.2R) and '-vas fo}}ovv'ed by trcatn1cnt vvith 

three spray.' of' endosulh,n (2.57). 

Klunawat and .Theeba (1999) carried out field trials for ecofricnclly 

lnanagclncnt of II ul"IJligero on chickpea 1'1"0111 ]lJ93 to 1996. The result of trial 

reveaJed that the treatnlcnts '-'lith alternate sf-'nay of IT1onocrotophos and endosulfan 

resulted in lovvt..~st pod illfestation and highest seed yield but this treatlllcnl \.vas not 

significantly diffe::ent f'l'orn alternate spray of NPY and endosulfan. The chernical 

treatnlent also give InaXin1LllTI net retun1 follo\-\/c<..l by the NPV altcnlated \vith 

endosul fan treatn"lcnt. 

Singh et al. (2000) evaluated sonlC IP1\1 module against J-Ielicoverpa 

arn1igera in chickpea during 1995-96, 1996-97 and 1997-98 undcr irrigated as "veIl . 
as rainfed conditions. All the IPM lTIodules tested ",,'cre found signi ficantly superior 

over the untreated control. tv1inirTIun"l pod dan1agc and rnaXinlUI11 grain yield \;vas 

observed in 1110dule 1 C':H1sisted of J-JaNPV (?y 250 LE I ha _. Btk (Zl) 1500 1111 /ha -

endosulfan @ 1250 1111 i lIa in both irrigated and unirrigated conditions. ]\;1odulc~ 2 

in '\,vhich second ~;pray of Btk of n1(H.llllL~ 

second best in controlling /-1. arnzigera and gave Inaxin1UlTl bencfit cost ratio due to 

lO\iV cost of nin"lbicidine. 

Sarode and Sonalkar (2000) conducated field cxpcrilnents at four blocks of 

the university to COJnpare the biocontrol and, convectional 111cthods of pest 

nlanagcn"lent in chickpea. }-\lihol.lgh both the Inethods vvere effective in lnanaglng 

the pest problern, the bio-control Il"lethod perfonned cOll1panltively bettcr in respect 

of iarval population of I-I. arrnigera have less pod darnagc and higher yield. 

Patel et aI, (2002) evaluated variolls H10dules for IPM in Pigeonpea at 

.t-\..nand during 1996-1999. Anlongst various 1110dulcs studied., they found that GAl] 
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IPM rnodel consist OT installation ot pherornone trap Tor H. arnligera @ 10 trap / 

ha during third week of November to third week of January .. spray of HaNPV @ 

250 LE / ha during third \.veek of Novelnber .. spray of NSKE 5 % at tlo'\-vering at 

fourth week of November and spray of Inonocrotophos 0.04 % on pod setting 

during 2 nd week OT DeceInber follo'\-ved by endosulfan 0.07 % during 4th \.veek of 

Decelnber could effectively Inanage the population of' Helicoverpa arl'nigera and 

gave highest grain yield than other Inodules. 

'rhe field trial conducted at ANGRAU, Hyderabad for bio-intensive pest 

managen"lent in pigeon pea revealed that alternate spray of' HaN PV and NSKE 

(1-IaNPV - NSKE - I-laNPV - NSKE) fared better in supresssion of H. annigera 

larval population (2.00) fdllowed by three spl'ay of ~ndosulfan followed by 1-laNPV 

- NSKE - HaNPV - NSKE and Bt - NSKE - Bt - NSKE alternations 

(An:·:onYlnous 2003 b). 

Dernonstration of Bt - HaNPV - 8t - HaNPV alternations in pigeon pea 

tor Inanagelnent of pod borer complex at 'rNAU, Coilnbatorc shovved that Bt .. 

HaNPV alternations (Bt @ 1.0 kg / ha - HaNPV @ 1.5 X 10 12 P08 / ha - 8t @ 

1.0 kg / ha - 1-laNPV @ 1.5 X 10 12 POB / ha) ,\-vas effective in reducing /-I. 

arll'ligera population and produced 1828 kg / ha grain yield as against 886 kg / ha 

in untreated control (An, ·onylnous, 2003 c). 

Khajuria el al. (2006) taken prelil11inary observations on field evaluation of 

SOlne ecoTriendly Inodules in the management of II. arllligera on tomato. Three 

eeo-friendly modules viz., Inodule 1 (M)) cOlnprising of Bacillus Ihuringiensis var 

kurstaki (Btk) @ 1 kg / ha, Btk @ 0.5 kg / ha + fenvalerate @ 0.5 lit. / ha .. sex 

pherornone @ 3 /-Ielicoverpa lure (HL) / ha, 1-laNPV @ 250 LE / ha .. HaNPV 125 

LE / ha + Fenvalerate @ 0.5 lit. / ha and endosulfan 35 EC @ 1 lit / ha., module 2 
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(l'v'h) cUlnpnslng {Ji" N S!<' J ~ 5 (~i), [IaN P V {l!J 250 1.1': / ha, sex pherolllone trap ({l~ 1 

l-IL / ha~ Btk (0 I kg / 11a and cieCalTIelhrin 25 FC' ((<~ I I it / ha and I1HHJuei 1 (M. I ) 

consisting or Btk (~IJ I kg / lla (t\.-\:,icc), sex pilerolllone trap (_(.!~ J IlL / ha, (-laNPV ((!:~. 

250 LE / ha (tVv'ice) and rnalathion 50 EC (~(! I lit / ha \vcn:.~ evaluated for Lhe 

111anagernent or tornato fruit borer_ The 9bservations revealed that all the three 

1110dules \.:vere sigIlificantly bettcr over the untreated control (1'v10) in tcnns of pest 

population, yield and p:~r cent infestation. The Illcan nurnbcr of larvae per plant 

recorded 1'vvo day~; aftel- application of each trcatnIent under eaeh 1110uule 'vven;~ 

significantly less (5.58 I plant) in MJ as cOl11.pared to M2 (7.16 / plant) and M] (6.16 

/ plant). The rnodule :N11 also produced highest fruit yield than M2 and M]. 

2.3 Seasonal incidence of .II. arnligera on chickpea 

Vaishan1.payan and Veda (1980) studied tha population dync:lInics of granl 

pod borc['~ l-Ielicoverpa arrnigera (Hubner) and its outbreak situation on grain, 

CTicer arietinum L. at Jabalpur. Five years data on seasonal changes in the larval 

populatioll of graIH pod borer rc"vca)ed that J"Clinfall is (H1C of the irnpol'tant kcy' 

factors that inf1uenced the build-up of larval pop~llation on graI11 crop. It sho\.-vcd 

highly significant and pGsitivc correlation \.vith larval population. \Vhcreas, relative 

hUll1idity had sho"\-vn significantly negative correlation \.vith larval population. 

Relative lllunidity beloVv' 75 '"X) \.vas considered an alanning level and sure indicator 

of high population bui Id-up of pest on gnun dUI-ing the n1ajor acti ve period 1"1'0111 

l)eccl11.bcr to February_ No direct and general relationship could be established 

bctv·.rcen telnperatu}-e and pest population level. I-Io\vevcr positive correlation \vas 

obsc!"ved betVl.teen rncan ITll111nlUnl daily tClnperature and build-up or pest 

population. The telnpcrature ranged betvveen 10 to 14 0,-' 
'-.' proved to be lnost 

favorable and OptiIllUI1! for pest deveioptllenL J-IOVVCVCI', the activity of pest \.vas 
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found to be retarded sharply at temperature belo"Y 8 °C. They also found positive 

correlation bet'Vveen the activity of parasite and density of its host. 

Yadava et al. (1985) studied the relationship bet'\vcen certain biotic and 

abiotic factors and the occurrence of granl pod borer on chickpea in Uttar Pradesh .. 

India. They observed t"YO peaks during the 47th to 50th and 11th to 15 th "veeks. 

Population was positively correlated with maxirnuln and Il'linirnuln telnperature 

and negatively correlated "yith relative hunlidity and per cent parasitisln by 

ichneumonid COl'npo/elis chlorideae. 

Garg (198~) studied seasonal abundance and host ranges of l-leliothis 

arl1'ligera (I-Illb.) in the Kumaon hills, India during 1983 and 1984. I-Ie observed 

peak damage to the pods in the first ,yeek oT May in both the years when the nlean 

ternperature range "vas 10.6 °c to 26.4 °c in 1983 and 7.7 °c to 26.6 °c in 1984. 

'rhe Inean relative hUlnidity 'vas 64.0 % in 1983 and 52.9 % in 1984 during that 

period. 

Influence of abiotic factors on relative abundance of pod borer of chickpea 

was studied by Yadava et ala (1988) in Uttar Pradesh, India during 1981 to 1988. 

'rhey reported that H. arlniKera vvas abundant during 47th - 51 st and ) oth - 17th 

standard "vecks and its abundance "vas significantly positively correlated ,vith 

Inaxilnuln and .ninimuJ11 tenlperature and significantly negatively correlated with 

relative hlunidity. 

Anwar and Shafique (1992) studied the incidence of attack and population 

fluctuations of l-leliothis ar111igera in relation to chickpea phenology and 

environmental factors in the field. 'l~he results over three years revealcd that the 

larval poplilatiqn of /-1. arnligera rc.nained lo"y in chickpea crop during cool 

l110nths (Decclnber to January). It increases rapidly Trolll February to March "vith 
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rise-in temperature. The tnaximum flovvering and pod formation stage of crop and 

relative high temperature (Min. 17 and Max. 27°C) were optirnulTI for rapid larval 

population build-up. 

Spatial distribution of Helicoverpa armigera (I-Iubner) larvae in chickpea 

crop was studied by TOlnar and Sehgal (1993) at Pantnagar~ India. Its incidence 

initiated during flowering initiation stage i.e. 0.04 and 1.90 larvae per ten plants at 

3 rd March 1992 and 16th March~ 1 993~ respectively. It then gradually increase and 

reached its peak at podding stage of crop i.e. 38.9 and 9 L80 larvae per ten plants 

during 7th April 1992 and 20th April 1993~ respectively. Afterwards it decrease 

gradually and was minimum 1.76 and 3.54 larvae per ten plants during 20
th 

April 

1992 and 11th May 1993~ respectively at corp maturity stage. 

Likewise, Patel and Koshiya (1999) studied the population dynanlics of 

gram pod borer (Helicoverpa arnligera (I-Iubner) Hardwick on cotton, pigeon pea 

and chickpea. Their studies revealed that, the pest incidence in chickpea crop 

commenced during 3 rd week of November and reached its peak (6.3 larvae / 10 

plants) in 3 rd week of December and then gradually decreased. The lowest 

popUlation (9.3 larvae / 10 plants) was recorded in last week of February when the 

crop was at maturity stage. The correlation study in chickpea sho\ved that among 

the various physical factors of environlnent, nlininluln and maxilnunl temperature 

as well as vapour pressure in the morning and evening were negatively correlated 

with population build-up of this pest. 

Metange el al. (2002) stud ied the influence of tern perature on incidence of 

gram pod borer Helicoverpa arnligera Hubner on chickpea. 'rhey found that larval 

population was positively and significantly correlated \vith maxilnuIll and 
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Inlnln1UlTl teInpcrature. Critical InaXllnUlll and l111nllllUIll tCJ11pcratlln: for larval 

populatioJ) ,\vel'c f~Hllld !o he ~().:-:; and 1."\,.' ,,(._ n:sp{· .... livL'I)· 

2.4 Biotic conlplcx of Fl. ilrntigera 

Population dynarllics of l-leliolliis arJnigera I lubner on sorghulll. plgeonpc<l 

and chickpea was studied by Bilapate el ((/. 1 970 ill Marath\-vada. They round that. 

causes of n10rtalit.y of various stages of II arnligera "v~e..difrcrent in different 

, 
crops. I-Iowever, in chickpea a larval parasite C'(llllpole/is c/-z/orideae Uchida \-vas 

alone responsible f(_)l' n:dueing the population or chickpea dlu"ing NOvclllbcr-

Decen1ber. 

A field stud_y::·, 011 larval and pupal parasites \-'vas lllacie by Bilapatc (1981) 

on cotton, safflo'\ver, sllnflo\-ver, pigeonpea and chickpea. ~rhc per cent 

parasitization by (_', chlorideae "vas 111inin1unl (8.70 (Yo) in 18-25 l)ecclllbcr. 1978. 

The parasitization due to pupal parasite C}oniophlha/nllls halli was nlHllll1Utl1 

(2.96 (Yo) during :)-19 February 1979 and Il1aXllnUn1 (16.18 %) during 18-25 

DecCInber, 1978. 

~rhe egg parasitisll1 of Fl. arJnigera was studied by Yadav and Patel (1981) 

111 Gujrat during 1973-74 and 1974-75~ by collecting eggs of the pest frOln tornato, 

potato" gram and lucero fields. The parasites recorded fron1 the eggs \ven~ 

T. chUonis and \.va~: a nc\-v record fron1 /-1. arnligcra eggs In Cilljrat. The parasite 

\vas conllnon in eggs collected ti'onl all the plants except gnlll1, this \.-,,:as thought to 

be due to acidic secretion produced by leaves. 

Yadav et al. 1982 studied the seasonal ac~ivity of C'. chloricieae Uchida, a 

larval parasite of !-Jeliothis armigera at !\.nand (Gujrat). They observed that, on 

graln the parasite was active fron1 second forthnight of Decetnber to first forthnight 

of f'\1arch and per cent parasitization ranged bet\-veen 17.3 to 22.5, 14.5 to 37.1 and 
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1.4 to 35.0 durinJ~ 1972-7J, 1973-74 and 1 <)74-75, respectivc:l,Y. [·'tll·ther, they also 

obseJ"v~d that, an egg [)arasitc, ii·ich()gr(IIIl(l chi/oJJis was inclTc:clivc ill grain but 

exerted significant pressure against II. ul"Jnigero in potatoes. 

~rhe influence of I-Iost-plant resistance 011 th(> par<ctsitisl11 of pest lan/ac \-vas 

eXcllninecl In field trial on resistance (ICC-506) and susceptible (Annigeri) 

cultivars~ at three 'plant densities (8.3, 16.7 and 33.3 plants / rn 2
) by Sithananthanl 

et al. (1982) the lov\'!cr incidence of parasitislll in larvae \NaS noticed fronl the 

'~resistant" cultivar than in those 1'ron1 the "susceptible'" type. The dOlninant 

parasitoids recorded vvere the I-IYl11cnoptcran (TaJJlpoleli.\' chloride(le and the 

Dipteran Carcelia illata. 

Sing et al. (19g3) recorded the larval parasitoicls of II. (,,·,nigera ii·oln 

fruiting bodies of grarn and t0l11ato in lab in I-Iaryana fr0111 February to April 198 I 

and observed fOllr parasitcs. Apt:tntele.,)· sp, \,.vas the peroll1inant endoparasite 

parasitizing upto 85 % of larvae \vhile Bracon hehelor attacked 1 I % of larvae and 

C'. chlorideae 4 %. 

Yadav el al. (1985) studied COlllpo#etis chlordeae tJchida, a larval 

parasitoids o'f Fl. armigcra (IIubner) infesting chickpea for three years froln 1979 

to 1982. Three years data indicated that the pCI·cent parasitization \vas highest 

during the lTIol1.th of DeCel1.1ber and lo\vest during February and a1n10st nil during 

March in all the years. 

Bilapate et al. (~988) studied the l11_ortai ity factors aflccting the noctuid 

Ii. (lJ"lnigera in the ah~cllce of pesticides on arhar, gnllTI and safllo,\vcl' fields in 

lv'laharashira, India. On C'icer arietinum L., C'. chlorideae causedl4.73 <Yo parasitism 

during the first generation '\vhile Eriborus argente_opil_o.<';U::i caused 1.53, 16.41 and 
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1 0 44 0/ • • I - lIst "")Ild i .... rd . 1 l' f- I J. /0 parasltls~11 C llrlng t le ", "'- ant..) gencratlons, t lC 1l10r-ta Ity () arvac 

due to nuclear polyhedl"'.)sis virus "vas 6.gX, 1. 9X and 24.52 lX). 

SI-inivas (1 <)8:::)) studicd the extent or pa.o asitisIll of gr'anl pod horer 

H. arn-zigera by ichncU!110nid larval parasites at C'oilnbatore. India. The panlsites 

vvcrc f<"~und active rrOll1 October onward. 'rhe 111<Jxinlulll pal-asitization of 43.9 (~(I 

"vas recorded by C'. chlorideae during the fir-s1 forthnight or Decefnbcr 1984 

cornpared vvitb 18 (~'O ",,·tth Ii:rihoru.s· sp The initial parasitization by E-ri/Jorlls sp 

started with 6 % durin!::'. ()clohcr ancl reached a l11axinlllnl of 43.79 (Yo by the last 

\.-\leek of January 1 <)85. 

Patnaik el al. (1991) observed the incidence of II arlnigera (I-Ih.) un 

chickpea and its population phenology 111 nOI-tll central pleatu zone 111 ()I"issa 

betvveen 1982 to 198B. They found that the ichnClllTlonid C'. chlorideae and the 

tachnid C'_ illota played a key role in suppressing the larval population during 

poding stage_ 

Ravi and Vern1.a (1997 b) observed that irrespective of sowing date" the 

occurrence of parasitization by C. chlorideae was pat-aIled to the build up of pest 

population. The extent of parasitization increased up to 33.3 and 25 % during 

standard week in norr11.al and late sOVv'l1 crops" respectively and then declintd in 

Iviarch because of h.igh telnperature. 

Sachan and Bhulnik (1998) stated that, thc extent of natural parasitization 

by C'C(Jnpolelis chlorideae varied betV\'cen 12.69 and 56_28 % during 1995-96 and 

3 _5 7 and 80_64% during 1996-97 on standard ";'.lcck Iy basis. Parasitization rccorded 

during 1995-96 ~/BS 37.61" 46.10" 42.67" 16.16 and 26.19 % during NoveJnber, 

[)eccrll.ber, January. March and A .. pril) respectively. 
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Feasibility of using Inass releases of Trichogr('lInnlo chi/onis for the control 

of J-Ielicoverpo Gnnigera on chickpea was studied at Nagpur, Maharashtra, India, 

during 1994-96 by Kulat el 01. (1999). Four releases of 1.0 lakh / ha at weekly 

intervals \.vere carried out. None of the 1763 H. arfnigera eggs collected were 

parasitized. 

Devi el at .. (2002) studied the natural enetnies of J--/elicoverpa ornzigera 

Hubner on chickpea froln Novernber to May of 1998-2000 in Manipur, India. Five 

Parasitoids were found associated with 1-1. annigera and anlongst them Carnpoletis 

chlorideae was most important natural enemy of this pest. The per cent parasitism 

l'anged froln 0.18 to 23.81 % from March to May. The Inaximum incidence of 

parasitoids was recorded during the first and second week of April 1998-2000. The 

data revealed a high positive co-relation behveen the pest and parasitoids. 

2.5 Effect of malic acid larval and pupal dcvelopnlent of H. arl11igera 

Reed el al. (1979) reported that, acidic fraction of chickpea consists of 

94.2 % tl'lalic acid, 5.6 % oxalic acid and 0.2 % acetic acids. 

The chickpea plant secretes an exudate that is visible as droplets on the 

velvet like cover of hairs on all its green parts. This very acidic material Inay be 

responsible "for the relatively slnall range of insect pest found on chickpea 

(RaIn bold, 1981). 

Chaudhary and Shanna (198 I) studied the biology of gratn pod borer, 1-1. 

arnligera on chickpea in Haryana. They recorded five larval instars and the 

duration of larval stage averaged 15.5-29.9 days during different nlonths froln 

November to April. Pupation took place in earthen cocoon and the pupal period 

averaged 2.4 to 6.7 days. 
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Ghosh et aZ. (f986)~ studied the biology of gran1 pod borer II. arrnigera 

during February-April 1981. They found that larvae took on an avcrage 26.6. 4.8 

and 20.6 days for c0111pletion of larval, pre-pupal and pupal period during Fehruary 

\.\lith average temperature 18.5 + 7.3 °c and relative hU111idity 58.5 + 19.5 (Y<). They 

recorded cOlnparatively less larvaL, pre-pupal and pupal period i.c. 14.6, 3.1 and 
• 

1 1.6 and 12.3, 2.0 and 9.8 days during March and ApriL respectively \vith 

cOHlparatively higher ten:perature 22.1 -+ 7.6 and 26.8 -+ 7.6 °C and less relative 

hunlidity 52.2 + 2 i .~) and 46.0 -+ 20.0 during these tv.;o 1110nths, respectively. 

Bilapate (1988) investigated growth and development of II. armigera on 

different host plants in Ivlaratll\vada, India. He recorded luean larval, pre-pupal and 

pupal period of 14.26, 1.46 and 14.59 days, respectively on chickpen. 

Susceptibility of different hosts to H. arrnigera was studied by Goyal and 

Rathore (1988). They found that H. unnigera larvae reared on chickpea lcaves 

took 10.90, 1.90 and 9.<~4 days for c0111pletion of larval pre-pupal an pupal period, 

respectively. 

Effects of dillerent levels of constant tenlperature and hlunidity 011 the 

development and survival of J-f. armigera \.vas studied by Sharma and Choudhary 

(1988). They found that larvae reared at 20°C took 31.4 days to c0111plete its larval 

stage. As comparedto thi~: it took. 19.31, 15.2 and 10.3 days to cOlnplete its larval 

stage at higher ten1peratui'c i.e. 25, 30 and 35°C, respectively. 

Bajpai and Sehgal (1993) studied the oviposition perfonnances, larval 

development and sun:ival of I/. arnzigera on chickpea and \.",eed hosts at 

Pantnagar, India. 'rhey found that larvae reared on chickpea leaves at 29 -+ 1 °C and 

80 + 5 ~/o RI-I took i 7.0 and 9.0 days to cOJTlplete its larval and pupal stagc, 

respccti vely. 
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Bio-ecology a!1d reproductive potentiality of II arllligera 011 di (Ten:nt host 

crops was studi cd by Val and and P-atcl (1993). Study revealed that, the larvae 

reared on graIll at 21.65 + 6.53 °C and 75.71 % RI-I took 30.00 days to cOlllpletc its 

larval stage. Sin-dlady it took 2.33 and 22.08 days to c0I11pletc its pre-pupal and 

pupal period at 17.55 + 4.24 DC and 71.6 % RI-I and 20.25 -I- 2.85 and 71.05 0/0, 

respectively. 

Vernla e/ al. (1994) studied incidcnce, biology and population fluctuations 

of 1-1. arrnigera in mid-hill region of I-linlachal Pradesh. They found that larvae 

reared on chickpea took 19.7 days to conlplete its larval period. 

Bio-ecological studies on gram pod borers J-feliothis spiecies under JalTIITIU 

conditions were nlade by Thakur et af. (1995). 'They reported that, larval and pupal 

stages ranged fron 1 1 5 t() 25 and 9 to I 5 days~ rcspecti vcly depend i ng upon scason 

and type of food. 

Yoshida el al. (1995) studied the J11cchanislll of resistance to f I. Clrlnigera 

In chickpea. A feeding test using unwashed and washed chickpea leaves revealed 

that the substance responsible for the grovv'th inhibition was water-soluble and 

present on the surface of leaves. Malic acid and oxalic acid \vere detected as nl.ajor 

con1ponent of acid exudates of chickpea. The study further revealed that the oxalic 

acid had showed significant gro,-vth inhibition effect on larvae of 1-1. arnligera 

whereas I1l.alic acid ~ho"ved no effect on larval growth. 

Bhatt and Patel (200 I) studied the biology of JI arn-lixera on chickp~a at 

1'00111 tC111perature. Their study revealed that the larva(.~ produced six larval instal'S 

-and took 20.60 + 1.78 days to cOlnplete its larval stage. \Vhilc the pupal stage 

lasted for 2.47 + 0.70 days. 
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Kulkarni t?1 rtf. (2004) had made C0J11panltivc studies on the biology of fl 

arnzigera on di ffcrcllt food substrates and recorded 12.70 and 13.77 days for 

compietion of larval and pupal stage~ respectively on chickpea. 

Silllilarly, .Surana ef al. (2004) studied the host influence on developnlcntal 

events of Fl. armigera and recorded 17.4~ 3.00 and 14.50 days for cOl'npletion of 

larval, pre-pupal and pupal period, respectively on chickpea. 
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CHAPTEIl. III 

M.{~TERIAL AND METH()))S , 

Because of the hazardous effects of chen1.ical insecticides as well as their 

increasing cost, Biological Control IS becoruing popular con1.ponent of an 

integrated pest manageluent. Alnong various tools of biological pest suppression 

use of disease ca~lsing nlicroorganisll1s is found effective in insect-pest control 

(Dhaliwal and Arora, 2001). The insecticides containing disease causing 

Inicroorganisll1s as an active ingredient for control of insect-pest IS called as 

nlicrobial insecticides 'Nhich are not only eco-friendly but can cornpatibly be 

incorporated in the integrated pest InanagC111cnt progranln1C. ]-Iowever, efficacy of 

such l1.1icrobial insecticides either alone or in cOlnbination has been rarely 

evaluated against Flelicoverpa arrnigera in chickpea. 

Considering this, efforts have been made in the present investigations to 

test and evaluate different l11icrobial insecticicles~ their judicious conlbinations and 

schedules for eco-friencHy lnanagement of f-l. annigera in chickpea. Ai the saIne 

tiIne studies on the bictic c0111plex, population dynalnics and eflect of nutlic acid 

on larval and pupal developrnent of J-I. arnligera v\lere also conducted. 

The field experilnents v/ere conducted in ihe research field of l)cpartrl1cnt 

of Enton1.ology, Dr. Panjabrao Deshnlukh Krishi Vidyapeeth, Akola during two 

consecutive post-ra.iny ~casons of 2003-04 and 2004-05. ¥lhercas, laboratory 

experiments "\vere carried out in the PG laboratory during 2003-04 and 2004-05. 
, 

The material:· required and methods adopted are described below under difTerent 

sub-headings. 
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3.1 IVIATEH.IA. L< 

For condlF..:til\g the present invcstigations, llldlcl'ial n:quircd jikl:. chickpea 

seeds, agricultur;ll in Iplenlcnts, fcrti I izers~ bullock pall', knapsack spray'cr~ 

electronic. balance, rearing equipment-·., ChcIllical and Illicrobial insecticidcs, malic 

acid etc. \VCl'C pro'/ided by the DepartInent of f-\.gricultural Entoillology. 

T'ablc 1: Dctaiis of microbial insecticides and other chclnicals 

Sr. 
No. 

I FornUllatioll Oosage / Source of supply 
conc. 

Insecticide 

used 
~- .. ~-

2.5 kg / Indore Biotech Inputs 
~~~~-------------------------4---------------

1. 

2. 

.... -, . 

4. 

5. 

Melarhizillnl 
anisopiiae (Bio­
nlagic.) 

Beauveria ha.s·siana 
(Bio-Wonder) 

Bacil/u.S' thuringiensis 
(POKV) 

WI> 
ha 
1.25 

I ha 

WP 2.5 
ha 
1.25 
ha 

Liquid 

and 
kg / 

kg / 
and 

kg / 

ancl Research (Pvt) Ltd. 
6, Sheekh l'v1ohalla? 
Main Road, indore I 

452007 (MP) 
I 
J 

Indore Biotech Inputs I 
and Research (Pvt) Ltd. 
6, Sheekh 
Main Road, 
452007 (MP) 

MohalIa, 
Indore 

Swanli 
Road, 

Jogeshvvari, I"vlul11bai- ',' 
400 102 (M.S.) 

t-6-.---+--S-p-i-n-o-s-a-d-(-1-'-ra-c-'t.,;-~-1'-)-------~--4-5-S-C-.. 0.0 1 ~ I-O--E-'-_ N--O-C_'_I-L-,--~---Crop I 

I 
Protection Pvt Ltd .. 

I 
I 
L 

Unit no.1, first floor, I 

I 
CorpcHate Park, v.N. 
Purav Jnarg, Chcmbur, 

_____ ~_L _________ __.____~ _______ L~!_lll~bai 400 ()71. 
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3.1.1 Rearing equipnlenL: for H. arnligera 

a) Plastic cOlltain~-n; for larval rcaring 

It is 111ade up of transparent plastic with 3.5 cnl in dianlcter and 4.0 Clll 

height '\vith soft and coloured plastic lid. These \vere used for rearing /-/elicoverpa 

larvae individually for laboratory studies. 

b) Mating and oviposition cage 

This is rectangular wooden cage 30 X 30 X 60 cnl having glass door 

suitable to observ(~ thc~ activities of adults and tQ provide sufficient light. Round 

opening '\.vith net slee\/e on one side of cage is provided for food supply and other 

operations. It consisted of a sliding reversible ",vindo",v on botton1 at right hand side 

to release the adults for Inating and oviposition in the cage 

3.2.1 Field Studies 

3.2.1.1 Evaluation of bio-efficacy of microbial insecticides alone and in 
combination 

To evaluav:! the bio-efficacy of ll1icrobial insecticides alone and III 

cOlnbination ",vith other rnicrobial insecticides a field experiment vvas undertaken 

during two consecutive post-rainy seasons of 2003-04 and 2004-05. The plan of 

layout for the cxperiments is illustrated in figure 1. The layout \vas COJ1UllOn during 

both seasons. The details of experinlent are as follo\vs. 

Design of experiment 

NUlnber ofreplicatil)ns 

Number of treatments 

Gross Plot size 

Net plot size 

Spacing 
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Randolnized Block Design 

3 (Three) 

12 (Twelve) 

3.6 111 X 4.0 In 

3.0 III X 3.4 111 

30 X 10 ern 
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Interspace 

Bet\veen u'eatlnl!nts 1 ,0 111 

Bet'\vet!n rt:!plications 2,0 In 

Crop 

Variety 

Seed rate 

( 'hickpca 

ChaiTa 

No, of plants I gross plot 

No, of plants I net plot 

Total planted area 

Fertilizer application 

Seed treatInent 

55 kg I ha 

480 

340 

518,4 m 2 

25 : 50 : 00 NPK. kg I ha 

7i'ichoderlna @ 4 gIn / kg seeds 

Date of sowing 

2003-04 

2004-05 

06",1 C)ctobcr,. 2003 

07(h ()ctobcr,. 2004 

I)ctails of treatn'lcnts 

Ts 

T<) 

A4elari1iziul11 anisopliae (2.5 Kg/ha) 

Beauveria bassiana (2,5 Kg/ha) 

I-/elicoverpa arlnigera nuclear polyhedrosis virus (250 LE/ha) 

Bacillu . ..,' Ihuringiensis (PDi< V) (750 luI Iha) 

Metarhiziun1 anisopliae (1.25 Kg/ha) + /-/elicoverpa arrnigera 
nuclear polyhedrosis virus (125 LE/ha) 

.A4etarhizillln anisopliae (1.25 kg/ha) + Bacillus thuringien.""is 
(PDK'V) (375 ml/ha) 

Beallveria bassiana (1,25 Kg/ha) + I-/elicoverpa arnligera 
nuclear pnlyhedrosis virus (125 I.E/ha) 

Beuuveria bassial1(l (1,25 Kg/ha) t- Bac.:illll .... · Ihuringiensis 
(PDI<V) (375 ml/ha) 

Helicoverpa arnligera nuclear poJyhedrosis virus (125 1.E/ha) + 
Bacillus Ihuringien.<iis (Pl)KV) (375 11111ha) 

Endosulfan (0.06 0/0) 

47 



Til Spino~ad (0.0 I %) 

'1'12 Unlr~atLd control 

3.2.1.2 Evaluation of different modules for" bio-intensive nlanagcmcnt of 
H. arll"ligera in chicl<.pca 

To evaluate different bio-intensive 111o(Jules against If. onnigera III 

chickpea a field '~Xperill1ent was undertaken during t\.-vo consecutive post-rainy 

seasons of 2003-04 and 2004-05. The plan of layout is illustrated in figure 2. Sanle 

plan of layout was -adopted during both rahi seasons. The details of experiment 

\vere as follows; 

Design of experin1.ent 

NUInber of replications 

N U111 bel" of treatrllcnts 

Gross Plot size 

Net plot size 

Spacing 

Interspace 

Between treatrncnts 

Between replications 

Crop 

Variety 

Seed rate 

No. of plants / gros.s pIc·t 

No. of plants / net plot 

Total planted area 

Fertilizer application 

Seed treatInent 

Date of sowing 

2003-04 

2004-05 
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Randomized Block Design 

3 (Three) 

X (Eight) 

3.6·ln X 4.0 nl 

3.0 In X 3.4 nl 

30 X 10 Cln 

].0 111 

2.0 In 

Chickpea 

Chaffa 

55 kg / ha 

480 

340 

345.61n2 

25 : 50 : 00 NPK kg / ha 

'frichoclernla @ 4 gnl I kg seeds 

13 th October, 2003 

07til October 2004 
" 



co: 
Q) 

0.. 
~ V> 

.~ V> .... V> 
::l -= 0 ro .... 

(j 
... ~ z <== "'0 :>-= (OJ (OJ 
0 <..) (OJ 

...c ...c ::l ...c Cfl 
0 ...c -- -- ~ C -- V> 

[;] [;] [;] [;] 
~ J:.L.l J:.L.l t:s J:.L.l 0 

0 .... ... .....:l --=l 0... ... .....:l -0 
~ <:u 
.~ 0 0 .... .~ 0 0 

<n 'n C'::I <n ...c 
£: 0l 0l ~ 1::: N ~ ... 

@) @) 
<..) l.... 

@) 
0 

~ ::l t:s 0... ....... 
~ 

C t:s V> ..... ....... V> Vl ....... ::l ::l t:s ~ ::l 
(OJ 

~ - .... .!::: l.... ;;;; .... ~ 

[;] ~l 0 G 
0 :>- >- ~ ;:.. >- <..) ... -~ 0 

.~ 
::l 

c: en .~ E: .~ ::: 
Q) en Ul V> 2 0 0 ... 

~ 
0 

8 ..... .... t:s .... <U 
Q) "'0 "'0 ~ -0 

.~ 1;)1) Q) 0 
~ 

0 
cq ...c ...c ...c 
d >-. >-. <:u >-. ;:::: 
~ 0 0 

;:.. ro '0 S 
8 0... . 0... Q 0... 

~ ...c; ::;:; .... .... :.:::: -- .... ~ . Q) (OJ ro ro 
.~ 0 v ~ 0 ~ 

[;] I ; ~ [~ [;] 
:::r:: E ;:.. 

fI) u <..) <..) 0 c: ::l :::s 0 ::J 
.~ Q) C C If) C ...... r-- -.. = '=l Sl (OJ s:s ~ .- ... ;;;; @) ~ I ~ ...c 

0 .~ 01) -- .~ 
:.0 

._ 
.~ ....... 1::: E: ro ,_... E <.., 

~ ...c s- ... ... ;:: 
~ .£ l:3 l:3 0 ~ l:3 

...._ 

[;] ~J [il G 
~ '=l <n ' t;fj ~ E Ul 
~ ~ r- ;:: ~ ~ ~ ;;;; @) 

.:- 0 = ~ ~ <n ;:.. ;:.. ;:.. 
'"CI Cl a .~ ...s:: Q r-
0 .~ '-J 

..... 
. ~ @) 8 

._ 
"> <.., -- -- ;:: ;:: --~ ~ <U ~ .~ ...... 't;.Q ~ c: ;::: 

E 
Q) l::! ~ 
s- ._ 

~ ;;;; 
'i' 

~ 
... cq 't;.Q ;:: 

ro (OJ ro ...s:: ro .~ 

[;] G [;] G 
'"0 ...c ...c ...c ..... 

I ..s:: 
'-< -- -- -- ~ ~ (OJ ~- ~ 
0 ...c .~ ----E 8 8 -- 8 In -.. <n = .<:; -- >-. 

@)i..Ll 
...., 

(OJ 
0 000 ~ 0 ~ :.... .- <n <n <n 

~ ...... .....l 'n - 0... ...... r-- 'r-- r-- r-- ':"::: 
~ <..) 

~ @) ~ 
cr, 

I_§ 
::I @)@)@) co ::::; r .. ._ 

~ ~ ><: 01 cq _ .' 
;;. .~ . ~ .~ ~ ~ 

t..., ~ 

[;] [;] 
Q) t..., ...., "> 0 ro W.l @)'~ ~ 0 EGGJ s- l::! ;:: s;:: '-0 '-0 - ~ '-0 

.£ . ~ .~ .~ ~ ~--... C1) Cfl ~ 0 0-
::: 

::l ._ 
0 

b.o b.o b.o = 0 J:.L.l 
._ b.o ~ 0 

""; ~ ~ ~ 
.... ~o 0 .... ...... . ~ .S .S @)@).....:l 0 :>- 'i: a 0 

('j @ § = ~ -0 ~ :...... ;\..,. V> 

~ 
;::s ;:: ~ 0 ,.g @)@) -., ~ u 

- lU9 '( - ...s::: -s::: ...s::: c ::: <n -0 en 

~ ..._ -- ..._. ~ ~ 0l C1) 0 ...... "'O"'oW<.;..:. -0 

~ "> t..., 
C1) ._ 

''>(OJ('j.....l- 0 - -= ;::s @)(/) -0 ...... 
0 ~ 

~ ;:: C1) :::s Cfl Cfl 0 ::l (OJ - -... V> V> 8 --00 Cfl <l) -... -- -... 0 0 V) ;;"'~cclno c: 
._ -_ ._ ,_ 

~ ~ <...> <...> -0 -0 ::l <l) _ <...> ._ ._ 0l -0 ..... 
;::;: t:s ~ ~ C C 

._ 
<l) 0 ~ o...o... @ c ::: 

cqcqcq!:.Ll!:.Ll :>- Z 0... cq (/) (/) W ~ 



Details of' 111odul~s 

Ms -

!'V16 -

L\1 7 -

Mo -

Bacillus Ihurir:gien .... ·i ..... (ill 750 n"ll ;' ha - 11elicoverpa arll1igeru Iluch:ar 
polyhcdrosis 'virus (5]2 250 LE / ha - Bacillus lhuringien.";is (cf] 750 1111 / ha. 

Bacillus Ililll'il1giensis (~!J 750 Inl / ha - Ileiic()vC:l'p(I l"'/llig_el'o llllciL-'lr 
polyhedrosis vi.-us ({i) 250 LE / ha - Endosulfan ({D 0.06 % 

Endosulfan @ 0.06 % - Bacillus Ihuringiensis @ 750 nll / ha 
J-Ielicoverpa arlJligera nuclear polyhcdrosis virus @ 250 [.E / ha 

Neem Seed Kernel Extract @ 5 % - Bacillus Ihuringien.<;is ([9 750 Ill1 / lla -
Helicoverpa arlnigera nuclear polyhcdrosis virus (j]J 250 LE / ha 

Bacillus thuringien.s·is @ 750 Inl / ha - J-Ielicoverpa arrnigera nucleal' 
polyhedrosis virus @ 250 LE / ha - Spinosad 50 g a.i. / ha 

Spinosad @ 50 g a.i. / ha - Bacillus thuringiensi .... · @ 750 1111 / ha -
lielicoverjlCl arlnigera nuclear polyhedrosis vinls @ 250 I.E / ha 

Three spra~/s of Endosulfan @ 0.06 (XL 

Untreated Control 

3.2.1.3 Preparation of!j % NSKE 

R.ccornn"lended pI'ocedure ... .vas fol !ovv'cd foJ' preparation of 5<Yu Ne<';lll Seed 

Kernel Extract (Annonyo"lolls, 20OS). Accord ingly. 5, kg of dried neenl seeds '\NCl'C 

taken and Inade ini.o lint: po'\Vdel' and soak<.;d in <) liters or .... vai<.;l· over night. J\.rteJ' 

24 hours, the cxtrat'~t ,'.-'as decanted through cloth to ... vhich 200 gIn or soap solution. 

separately prepared in 1 lit~e of '\Vater '\Vas added and then the final VOIUlllC \:vas 

luade up to 100 liters by 3.dding water. 

3.2.1.4 Cultural opcl-atinns 

During 2003-04 and 2004-05, field "vas '.-vell prcpan:d by J'cpcatcd 

ploughing and harro ... vings. Plots were laid out as per design. Seeds ... vere treated 

'.-vith 7i'ichodernlG as per re~onunendatioll. Beds \vere then seeded at a specific 

-
spacing by hand dibbling. Rcconlnlendcd doses of f'cI·tilizers ... ,,/cre given at the tilne 

of sowing before irrigation. Gap filling \vas done \vhenever necessa)'Y foJ' 
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Inaintaining unifonn plant population. Inter-culture operations and subsequent 

irrigations \,verc applied as and when reqllin~d. 

3.2.1.5 Preparation of ~,pray Inixture 

For preparation of spray n"lixture, the quantity of insecticide required per 

plot \NaS calculated. 'I'hen the quantity of water l'equired to I' sprayIng singlc plot. 

,vas calculated by actua I spraying the plot vvi th \,vater. Thus~ accordingly the spray 

nlixture is prepared fresh every tin"le by lnixing calculated quantity of insecticides 

in required quantity of ,,,"'ater. 

3.2.1.6 .. A.pplicatiofl o£ spray mixture 

Spray mixture vI/as applied \'-vith knapsack sprayer. Spraying \-vas done in 

the rHorning. j\.fteI appl ie.ation at each treatlllCnt, spnlYCI' vvas thoroughly cleaned 

and again flushed ,\lith ~rater to remove traces of previous insecticide applied. 

The treatment sprayings vvere undertaken when larval population reached 

economic thresh-hold level and subsequent sprays were applied at 15 days 

intervals. According to -Nimbalkar (2001) the population level of tv\'0 larvae per 

n"leter rovv length \,-vas considered to undertake' spray application. Accordingly, 

application of spray n"lixture for both the experilnents and during both the seasons 

,vere undertak,en on the follovving dates ; 

Experiment - I 

First spray 

Second spray 

Expetirnent - II 

First spray 

Second spray 

Third spray 

2003-04 
19.11.2003 

03.12.2003 

2003-04 
17.11.2003 

01.12.2003 

15.12.2003 
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2004-05 
29.1 1.2004-

13.12.2004 

2004-05 
08.1 l.2004 

22.11.2004 

06.12.2004 



3.2.1.7 Method of recording observations 

a) Observation on larval count 

After appl ication of each treatJl1ent larval count '\vas taken on 10 rantioll1ly 

selected plants fronl. each plot at 3, 7, 10 anci 14 days. 

b) Post harvest observation 

The yield of chIckpea grains (kg) was recorded froln each net plot after 

harvesting, drying and threshing. 

3.2.1.8 Population dynamics of Helicoverpa llrllligera 

Population dynamics of H. arnligera in chickpea was studied during two 

consecutive post-rainy seasons. For which separate plot of lOX 10 n}2 dinlcnsion 

was sown on 13 th Octoher 2003 and 7th October 2004. Larval count \vas taken on 

ten randornly selected plants_,. frOIl1. these plots at '\veekly intervals. Correlations 

were worked out with biotic and abiotic factors of environlnent. 

3.2.2 Laboratory studies 

Along with above field trials two laboratory experiments were also 

conducted to study biotic complex and effect of Inalic acid on larval and pupal 

developnl.ent of H armigera 

3.2.2.1 Biotic complex of H. arnligera in graIn ecosystem 

Twenty-five eggs and larvae of H. armigera were collected froin the 

separately sown plot (lOX 10 In2
) at weekly interval. They '\vere kept individually 

in plastic containers. Eggs were kept till hatching \vhile larvae \vere reared till the 

adult stage. They were observed daily for the en1.crgence of parasitoids. 
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3.2.2.2 Effect of Inalic acid on larval 4\nd pupal dcvcloplllcnt of gnllll 

pod borer 

Eggs of [/. urlnigera ,\vere coIlctcd i'rol11 the labonltol·Y l·e~l1·ed <lnd 111ated II. 

arl11igera adults and kept for hatching. Nevvly hatched H. arnligera larvae '\vere put 

individually in plastic containers. They were grouped into three groups of ten 

larvae each. First group of larvae was reared on malic acid fortified chickpea 

leaves, second group ,.vas reared on water washed chickpea leaves vvhile third 

group was reared on untreated chickpea leaves. 

For this" chickp<:;a leaves were brought daily from separately sown plot of 

lOX 10m2 • i-hey v.,rere dipped in solution of 3 % Inalic acid and also in \vater for 5 

n1inutes. 'rhey were then soaked in shade and then used for feeding. Observations 

on larval and pupal periods \~'crc recorded. 

3.3 STATIS'TICAL ANALYSIS 

In case of field studies to evaluate l11icrobial pesticides alone or III 

cOlllbination and to evaluate different bio-intensive lTIodules for lTIanagen1ent of 

II. arlnigera, ,the data on the larval population of II. arnligera \vas transfonned by 

appropriate transfonnations. The data, thus obtained along vvith yield data \NCrC 

tested for their statistical significance (Gomez and Gon"lez, 1984). Silnilarly pooled 

analysis for both the expcrin"lents ,,"'ere also carried out for tvvo years field data. 

The data on larval population~ field parasitization and '\veathcr pan.lnlctcl·S 

were subjected to analysis to find out co-relation coefficients between theine 

In case of studies on effect of Inalic acid on larval and pupal dcveloprncnt 

of /-1. arlnigera, means and standard deviations were worked out and data were 

further analyzed by cOlllplctcly randoll1izcd dcsign (GOlllcz and (iOlllCZ, 1 9X4) to 

compare the significance of different fccding ll1cthocIs. 
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3.5 METEOH.OL{)GICAL DA'rA 

Weekly meteorological data for a period during which the field studies 

were carried out 'Were obtained froln the agro-meteorological observatory, 

Dr. Panjabrao Deshmukh Krishi Vidyapeeth~ Akola( R ppe nd'jd(. - A ) 
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CHAPTER-IV 

EXPERIMENTAL FINI~INGS 

Field experiincnts ,"vere conducted during the present investigation to test 

the efficacy of microbial pesticides either alone or in cOll1bination and in scheduled 

applications for bio-intensive Inanagement of II arlnigera in graIn. Along V\rith 

this, attemp1s v·/cre also Illade to generate inforrnation on seasonal incidence of this 

pest, biotic cOITlplex and cffect of n1alic acid on iCs larval and pupal developlnent. 

Tha data and results obtained are illustrated through Tables 2 to 21, figures 3 to 9 

and described under appropriate headings in the foregoing pages. 

4.1 Evaluation of microbial insecticides either alone or in cOlubinatioll 

4.1.1. Effect of various treatments 011 lal-val population on II. ar111igerll 
during 2003-2004 

4.1.1 1 Larval population of.E-I-.-arI11igera, three d~\ys aftcJ fil st-s.."prtl~.""'i:Y-------­
(2003-04) 

Data on larval population of II arnligera three days after first spray 

obtaincd during 2003-2004 are presented In 'rable 2. All the lreatlncnts 

registered Significantly 10V\rer larval population than untreated control. Spinosad 

@ 0.01 % recorded least larval population (1 larva / ten plants) foll()"\ved by 
, 

Endosulfan @ 0.06 % (1.33 larvae / ten plants). Both these treatrnents v..'crc at 

par and statistically superior over ren1aining lrcatITlents. 

Next "group of treatnlcnts in order of thcir efficacy ,\vere Bacillus 

thuringiensis @ 750 1111 / ha, Helicoverpa arnligera nuclear polyhedrosis virus 

@ 250 LE / ha, I-Jelicoverpa arlnigera nuclear polyhedrosis virus (?f) 125 LE / 

ha + Bacillus Ihuringiensis @ 375 ITlI / ha, j\4elarhiziz.an ani.s-opliae @ 2.5 kg / 

ha, Beauveria bassfana (?lJ 2.5 kg / ha, 1\4e((lrhiziun1 anisopliae (j.jJ 1.25 kg / ha -I-
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!--Jelicoverpa arrnigera nuclear polyhedrosis vlrus @ 125 LE / ha, /\./fetarhiziurn 

anisopliae @ 1.25 'l\g / ha + Bacillu.<.,· Ihuringiensis @ 375 Inl / ha, Fie{fllveria 

bassiana @ 1.25 kg I ha -;- I-Jelicoverpa arnligera nuclear polyhedrosis virus @ 

125 LE / ha and Beauveria bassiana @ 1.25 kg I ha + Bacillus thuringiensi.<.; (iJJ 

375 inl / ha vvhich \.vere at par vvith each other and registered 3.00, 3.00, 3.33, 

3.33, 3.67, 3.67, 3.67, 4.00 and 4.00 larvae / ten plants respectively. An 

untreated control had registered highest larval population of 5.67 / ten plants. 

4.1.1.2 Larval population of H. arnligera seven days after fir"st spray (2003-04) 

Data on larval population of!--1. armigera seven days after first spray~ 

presented in Table 2 I'eveled signi ticantly lo\.vcr larval popUlation 111 all the 

treatn1ents than control. An1.ong varIOUS trcatn1ents spinosad @ 0.0 I % and 

cndosulfan @ 0.06 (Yo n:eordcd significantly lowest lat'val popUlation i.c. 0.67 and 

1.00 larva· / ten plants,. respectively. It vvas follovved by the treatn1ent vvith 

Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha (2.00 larvae / ten 

plants) vvhich vvas at par vvith endosulfan @ 0.06 %. 

Another group of effective treatments in order of their Inerit were Bacillus 

Ihuringiensis @ 750 1111 / ha~ I-Jelicoverpa arlnigera nuclear polyhedrosis virus @ 

125 LE / ha + Bacilhi5,' rhuringiensis @ 375 111.1 / ha~ A1etarhizium anisopliae @ 

2.5 kg / ha,. Beauveria ba5;siana @ 2.5 kg / ha and jvfetarhiziuln (lni.s·opliae c?fJ, 

1.25 kg / ha -t.. J-felicoverpa arlnigera nuclear polyhedrosis vinls (CfJ, 125 LE / ha 

vvhich recorded 2.33,. 2.67,3.00, 3.00 and 3.33 larvae per ten plants,. respectively. 

Another treatlnents in order of their efficacy were Ileauveria bassiana @ 

1.25 kg / ha + !--Ielicoverpa arnligera nuclear polyhedrosis virus @ 125 LE I ha, 

Jvfetarhiziuln anisopliae @ 1.25 kg / ha + Bacillus thuringiensis @ 375 1111 / ha 

and Beauveria bassiana @ 1.25 kg I ha + Bacillus thuringiensis @ 375 1111 / ha, 
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registered larval population of 3.67, 4.00 and 4.00 per ten plants respectively. 

Untreated control had 6.33 larvae per ten plants. 

4.1.1.3 Larval population of H. arnligera, ten days after first spray (2003-04) 

Data (Table 2) on lanlal population of H. annigera ten days after first spray 

revealed significant superiority of all the treatrnents over control. Anl0ngst various 

treatnlents~ spinosad @ 0.01 % and endosu1fan @ 0.06 % proved 1110st effective 

(0.67 larva per ten plants) and significantly superior over rest of the treatments. 

Next group of effective treatn1.ents in order of lnerit were llelicoverpa arlnigera 

nuclear polyhedrosis virus @ 250 LE / ha, Bacillus thuringiensi.s· @ 750 nll / ha, 

Metarhiziuln anisopliae @ 2.5 kg / ha, Beauveria bassiana @ 2.5 kg / ha and 

Helicoverpa arlnigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus 

thuringiensis @ 375 1111/ ha which recorded 1.67,2.00,2.00,2.33 and 2.33 larvae 

on ten plants, respectively. However, l-lelicoverpa armigera nuclear polyhedrosis 

virus @ 250 LE / ha vvas at par with endosulfan 0.06 %. Later two treatlnents were 

found at par '\vith Mefarhiziunl anisopliae @ 1.25 kg / ha + IIelicoverpa 

armigera nuclear polyhedrosis virus @ 125 LE / ha, Melarhizhlln anisopliae 

@1.25 kg /, ha + Bacillus thuringien.s·is (jl] 375 In1 / ha, Beauveria bassiana (if! 

1.25 kg / ha + Helicoverpa arrnigera nuclear polyhcdrosis virus @ 125 LE / ha 

and Beauve~-ia bassiana @ 1.25 kg / ha + Bacil/us thuringiensis @ 375 ml / ha 

and recorded 3.33, 3.33~ 3.33 and 3.67 larvae on ten plants respectively. 

4.1.1.4 Larval population of II. arnligera, fourteen days after first spray 
(2003-04) 

Data on larval population of 1-1. arnligera fourteen days after first spray 

(Table 2) revealed significant differences arnongst the various treatnlents. All the 

treatments proved significantly superior to untreated control. Spinosad @ 0.01 <Yo 

was best in reducing larval population (1 .67 lar~!ae per ten plants) follovv'ed by 
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endosulfan @ 0.06 0/') (2.00 larvae per ten plants) which were at par \-vith each 

other. Hovv'cvcr~ the later treatnl.ent "vas at par \.vith l1e/ic(}verpa unnigeru 

nuclear polyhedro:;;is virus @~ 250 LE / ha (3.00 larvae per ten plants). 'T'rcatn1cnt 

with Helicoverpa arlnigera nuclear polyhedrosis virus @ 250 LE I ha "vas 

follo'\ved by iVietarhizillll1 anisopliae (it? 2.5 kg / ha, Beauveria ba.,;,·siana (q) 2.5 kg 

/ ha~ Bacillus thuringien.s'is @ 750 rnl / ha, flelicoverpa arnzigera nuclear 

polyhedrosis virus @ 125 LE / ha + Bacillu.s' thuringiensis @ 375 1111 / ha were at 

par and they recorded 3.33, 3.67, 3.67 and 4.00 larvae per ten plants, respectively. 

Renl.aining treatl11ents viz.~ Beauveria bassiana @ 1.25 kg / ha + Helicoverpa 

armigera nuclear polyhedrosis virus ~y 125 LE / ha, lvlelarhiziurn ani."'opliae (c_lJ 

1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis VIrus @ 125 LE / ha, 

lVietarhizium anisopliae @ 1.25 kg / ha + Bacillu.s· thuringiensis @ 375 1111 / ha 

and Beauveria ba.'isiana @ 1.25 kg / ha +- Bacillu .... · thuringiensis @ 375 Inl / ha 

were less effective and had recorded 4.67, 4.67, 5.00, and 5.33 larvae per ten 

plants, respectively. lJntreated control had larval population of 7.33 per ten plants. 

4.1.1.5 Larval population of I-I. armigera, three days after second spray 
(2003-04) 

Data on larval population of H annigera three days after second spray 

tabulated ih Table 3 indicated significantly lower larval population in all the 

treatments than untreated control. Significantly lo"vest larval population ,\vas 

recorded in treatment '\vith spinosad @ 0.01 % (0.67 larvae per ten plants) which 

did not differ significantly frol11 treatn1.ent vvith endosl~lfan @ 0.06 % (1.00 larvae 

per ten plants). 
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T'ablc 2 

Treat-
111ent 
No. 

TI 

T2 

T3 

T4 

T5 

T6 

T7 

Ts 

T9 

T lo 

TIl 

TI2 

Effcct of _various treatil1cnts on larval population of II. lIrll1if.:era 
at 3,7, to and 14 days after first spray during 2()()3-04 

TI-eatlllent I Average larval population of II. 

--- (I r mig era / _!_~!__j?J_ a ll_! ~ 
3 days 7 days 10 days 14 days 

! 
after after after after 

spraying spraying spraying spraying_ 
Metarhiziulll ani.<iopliae (2.5 3.33 3.00 2.00 3.33 
Kg/ha) ( 1.82) ( 1.86) ( 1.58) (1.82) 
Beauveria bassiana (2.5 Kg/ha) 3.67 3.00 2.33 3.67 

( 1.90) (1 _86) ( 1 .68) ( 1 .90) 

J-Ielicoverpa armigera nuclear 3.00 2.00 1.67 3.00 
polybedrosis virus (250 LE/ha) (1 .73) (I .58) (1.46) ( 1. 72 2 
Bacillus thuringiensis (POKY) 3.00 2.33 2.00 3.67 
(750 I'nl Iha) (1.72) ( I .68) (1.56) (1.91) 
Metarhiziuln anisopliae (1.25 3.67 3.33 3.33 4.67 
Kg/ha) + Helicoverpa armigera (1.91) (I _95) ( 1.95) (2.16) 
nuclear polyhcdrosis virus (125 
LEiba) 
Metarhizium anisopliae (1.25 3.67 4.00 3.33 5.00 
kg/ba) + Bacillu.'}· rhuringien.''ii,<; (1.91) (2.11) (1.95 ) (2.24) 
(POKY) (3~/5 I11l/ha) ------- ------ _.----- ----_--

Reauveria ba .... ·.,,-iaIlCl ( 1 .25 Kg/ha) 4.00 3.67 3.33 4.67 
+ J-/e/icoverpa ul'Il1igera nuclear ( 1.99) (2.03 ) (1.95) (2.12) 

pol~hedrosis virus (125 LE/ha) 
Beauveria bassiana (1.25 Kg/ha) 4.00 4.00 3.67 5.33 
+ Bacillus thuringiensis (POKV) (1.99) (2.12) (2.04) (2.31 ) 
(375Inl/ha) _.-

Helicoverpa arJnigera nuclear 3.33 2.67 2.33 4.00 
polyhedrosis virus (125 LE/ha) + (1.82) ( 1 .77) ( 1 .68) ( 1.99) 
B..acillus thuringiensis (POKY) 
(375 mllha) 
En.dosulfan (0.06 0/0) 1.33 1.00 0.67 2.00 

(1.14) (1. 1 7) (1.05) ( 1.38) 
Sginosad (0.0 I 0/0 ) 1.00 0.67 0.67 1.67 

(1.00) ( 1.05) (1 .00) ( 1 .28) 

Untreated control 5.67 6.33 7.00 7.33 
(2.38) (2.61 ) (2.73) (2.71_L 

'F'test Sig. Sig. Sig. Sig. 

S.E. (In) + O. I 1 0.14 0.14 0.13 

C.O_ at 5% 0.33 0.41 0041 0.37 

C.Y. (%) 11.07 13.36 14.06 1 1. 18 

* Figures in parentheses are corresponding square root transfornled values 
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Next efTcctivc group of trcatnlcnts V\.'crc f felicoverpa (Irnli.[~e,.a flucle;u' 

polyhedrosis virus ({_~} 250 LE I Ha, 8((ciI/1I .... · Ihuringiensi . ." eli! 750 1111 I ha. 

I-Ielicoverpa arnligera nuclear polyhcdrosis virus ({i} 125 1 J~ / ha + Bacillll .... · 

thuringiens'is @ 375 Inl / ha, Melarhiziunl ani.\·opliae @'? 2.5 kg / ha and 

Beauveria bassiana (ill 2.5 kg / ha '\vhich recorded 2.33, 2.67, 3.00~ 3.00 and 3.33 

larvae on ten plant~;, respectively. Treatments lvfetarhizium ani.\·opliae @ 1.25 kg / 

ha + Helicover]Ja arl'nigera nuclear polyhedrosis virus @ 125 LE / ha, Beauveria 

bassiana @ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 

125 LE / ha, Beauveria bassiana @ 1.25 kg / ha -I- Bacillus thuringiensis @ 375 

luI / ha, Metarhizium ani .... ·opliae @ 1.25 kg / ha -I- []elicoverpa arnligera nuclear 

polyhedrosis virus @ 125 LE / ha were least effective and recorded 4.33, 4.33, 

4.67 and 4.67 larvae on ten plants, respectively. 

4.1.1.6 Larval population of H. arl1ligera, seven days after second spray 
(2003-04) 

Data in Table 3 on larval population of I-f, armigera seven days after 

second spray showed significant differences an1.ongst various treatments. All the 

treatluents re<:,orded significantly lower larval population than untreated control. 

Amongst various treatments spinosad @ 0.0 I % and endosulfan @ 0.06 % proved 

their superiority in reducing larval population. Both these treatillents recorded n.33 

larvae on ten plants and vvere significantly superior over rest of the treatInents. 

These treatments were follovved by [--Ielicoverpa arnligera nuclear polyhedrosis 

virus @ 250 LE / ha. Bacillu5; thuringien.<,·i5; ([iJ 750 Inl / ha., I-Ielicoverpa 

arn1igera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus Ihllringien~< ... is @ 

375 ml / ha and Metarhiziunl anisopliae @ 2.5 kg / ha \'vhich \,vere at par \vith 

each other and recorded 1 .67, 2.33, 2.67 and 2.67 larvae on ten plants, respectively. 

Remaining treatlnents VIZ . ., Beauveria bassiana @ 2.5 kg / ha, Metarhiziun'l 
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anisopliae ([y 1.25 kg I ha + Helicoverpa arn-ligera nuclear polyhedrosis vii-us ((_iJ 

125 LE / ha~ Beauveria bassiana @ 1.25 kg I ha -I- J-felicoverpa arnligera l111clcal-

polyhedrosis virus @ 125 LE / ha~ ./t.4elarhiziulT1 ani.",·ojJliae rJ]2 1 _25 kg / ha j. 

Bacillu.'ii thuringiensis' ([!2 375 Inl / ha and 13eauveria hassiana ({jJ 1.25 kg I ha I 

Bacillus thuringiensL<,; C{j) 375 Inl / ha ,,,,ere less effective and recorded 3_00, 3.67, 

4.00" 4.33 and 4.33 larvae on ten plants, respectively. Untreated control registered 

highest of 6.33 larvae on t~n plants_ 

4.1.1.7 Larval population of II. arl1ligera., tcn days after second sp.·ay 
(2003-04) 

It is seen fronl the Data (Table 3) on larval population of H_ arlnigera ten 

days after second spray that the treatments exhibited significant differences and all 

the treatments evaluated proved significantly superior in reducing larval nUlllbers 

over untreated control. IIowever, amongst various treatn1.ents spinosad @ 0.01 ex) 

and endosulfan @ 0.06 % v.rere n1.ost effective treatl1.1.ents v.rith 0.33 larvae per ten 

plants. These treattnents were follo"\.ved by Helicoverpa armigera nuclear 

polyhedrosis virus (~ 250 LE / ha, Jt.4etarhiziulJl anisopliae @ 2.5 kg / h£1 .. Bacillus 

thuringiensis @ 750 n1.1 / ha", Beauveria bas.';-iana @ 2.5 kg / ha and I-Ielicoverpa 

armigera nuclear polyhedrosis virus @ 1.25 LE / ha -+ Bacillus Ihuringiensi.s· (fy 

375 ml / ha which recorded 1.33, 1.67, 2.00, 2.00 and 2.33 larvae per ten plants, 

respectively and were at par with each other. A1efarhiziun1 anisopliae @ 1.25 kg I 

ha + Helicoverpa arnligera nuclear polyhedrosis virus @ 125 LE I ha, 

Metarhizizun anisopliae @ 1.25 kg I ha + Bacillus Ihuringiensis @ 375 Inl I ha, 

Beauveria bassiana @ 1.25 kg I ha -+ I-Ielicoverpa armigera nuclear polyhedrosis 

virus @ 125 LE / ha and Beauveria bassiana @ 1.25 kg / ha and Bacillus 

thuringiensis @ 375 11.1.1 / ba were at par v·,lith each other and recorded 3.00, 3.33, 
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3.33 and 4.00 larvae per ten plants~ respectively. lJntreated plots register·ed highest 

of 6.00 larvae per ten plants. 

4.1.1.8 Larval population of H. arlnigera., fourteen days after second spray 
(2003-04 ) 

Data pres(:nted In T'ablc 3 on larval population of 11. arnugera fourteen 

days after second spray vvcrc significant. /\,11 the tn:atn"1ents vvere c (Tccti ve In 

lowering the larval population over untreated control. spinosad (j:!) 0.0 I % \-vas r110st 

effective (0.00 larvae per ten plants) followed by enclosulfan @ 0.06 % (0.33 

larvae per ten plants) which were at par \-vith each other. 

HelicoverJJa arn1igera nuclear polyheclrosis VIrus ([y 250 LE / ha. 

Metarhiziun1 anisopliae @ 2.5 kg / ha both with 1.33 larvae per ten plants and 

Beauveria hassiana CCi?, 2.5 kg / ha (2.00 larvae per tcn plants) fon11cd the second 

group of effective treatnlcnts. 

rrhird group of better treatn1.ent compriscd of Bacillus Ihuringien:ds @ 

750 n1.1 / ha:> I-felicoverpa arnligera nuclear polyhedrosis virus @ 125 LE / ha -/-

Bacillus thuringiensis @ 375 n1.1 / ha, Metarhizium aniso]J/iae @ 1.25 kg / ha + 

Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha and Beauveria 

hassiana @ 1.25 kg / ha + Helicoverpa arn1igera nuclear polyhedrosis virus @ 

125 LE / ha which registered larval population of 2.33, 2.33, 2.67 and 3.00 per 

ten plants, respectively and were at par \-vi th each other. R.enlaining treatI11ents 

in order of their efficacy were Melarhizillrn ani.\'opliae ({i) 1.25 kg / ha -/-

Bacillus Ihuringien!·;i.s- ([9 375 1111 / ha and i3eauveria bassiana @ 1.25 kg / ha + 

Bacillus Ihuringien.",.i:,· ((i] 375 Inl / ha vvith 3.33 and 3.67 larvae per· ten plants as 

against highest of 6.00 larvae on ten plants recorded in untreated control plants. 
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Table 3: Effect of various h·eatments on larval population of H. llrl11igera 
at 3~ 7~ !O and 14 days after second spra:' ·rh.:!)""i"').g 2003-{i .... !· 

-- --
Treat- Treatlllent Averag~ larval population of I-I. arlnigera 

ment I ten )Iants 

No. 3 days 7 days 10 days 14 days 
after after after after 

spraying_ spraying _2Era~ing sQra~ing 

TI Metarhiziufll anisopliae (2.5 3.00 2.67 1.67 1.33 
Kg/ha) ( I .86) (1. 77) (I .46) {1.34) 

T2 Beauveria bas ... ;iana (2.5 Kg/ha) 3.33 3.00 2.00 2.00 

I 
! 
i 

(1.95) ~ 1. 862 l!_.58)_ ~U·58l_ __ 
T3 !-lelicoverpa ar/lligera nuclear 2.33 1.67 1.33 1.33 

polyhedrosis virus {250 LE/ha2 (1.68) ( 1.462 (1.34 ) (1.34 ) 

T4 Bacillu ..... Ihllrillgiellsi ... · (POKV) 2.67 2.33 2.00 2.33 
{750 1111 Ih.!_} ~ 1.77) - ( 1.68) ( 1. 562 (1.68) 

T5 Metarhizizlll1 anisopliae (1.25 4.33 3.67 3.00 2.67 
Kg/ha) + I-/elicoverpa annigera (2.20) (2.04) (1.86) (1.77) 
nuclear polyhcdrosis virus (125 
LE/ha) 

T6 Melarhizil.IJn anisopliae (1 .25 4.67 4.33 3.33 3.33 
kg/ha) + Bacillu . ." Ihllrillgien.<;is (2.27) (2.20) (1.95) (1.<)5) 

------ .JR!)K V)_1l?_=? ~l_l_J_~haL ___ ._- -- - - - - - . --------.-------

T7 Beal/veria ha ... ;sicnu ( I .25 Kg/ha) 4.33 4.00 3.33 3.00 
+ I--Ielicove"'pa arlnigera nuclear (2.20) (2. 1 1 ) ( 1.95) ( 1.86) 

polyhedl'osis virus (125 LE/ha) 

Ts Beauveria bassiana ( 1 .25 Kg/ha) 4.67 4.33 4.00 3.67 
+ Bacillus Ihuringiellsi.')· (POK V) (2.26) (2.20) (2. 1 1 ) (2.04) 
(375 Inl/ha) 

T9 He/icoverpa arnligera nuclear 3.00 2.67 2.33 2.33 
polyhcdrosis virus (125 LE/ha) +- ( 1.86) (1.77) ( 1 .68) ( 1 .68) 
Bacillus Ihllringiensis (POK V) 
(375Inllha) 

T lo Endosulfan (0.06 %) 1.00 0.33 0.33 0.33 

-
( I . I 7) (0.88) . _(0.88_)_ __ (0.88) 

Til Spinosad (0.01 0/0) 0.67 0.33 0.33 0.00 
( 1 .05) (0.88) (0.88) (0.71 ) 

TI2 Untreated control 7.00 6.33 6.00 6.00 
(2.73 ) (2.61 ) (2.54 ) (2.55) 

, F~test Sig. Sig. Sig. Sig. 

S. E. (111) + 0.14 0.12 0.13 O. 1 I 

C.D. at 50/0 0.41 0.36 0.39 0.31 

C.Y. (%) 12.54 1 1 .88 14.00 11.36 

* Figures in parentheses are corresponding square root transfonned values 
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4.1.2 Effect of val·ious treatmcnt on grain yicld of chickpea during 2003-04 

The data on grain yield of chickpea as influenced by various treallllcnts arc 

presented in Table 4. All the trcattncnts produced significantly higher grain yic:ld 

than untreated control. Trcatn"1ent with spinosad @ 0.0 I % recorded highest gnlll1 

yield (16.27 q I ha) and did not differ significantly fron'1 endosul fan CZi) 0.06 0/0 

(15.88 q I ha). 

Next group of better treatment included J-Jelicoverpa arnligera nuclear 

polyhedrosis virus @ 2.50 LE I ha (14.51 q I ha), Bacillus Ihuringiensi.')- @ 750 1111 

I ha (14.31 q I ha), l-felicoverpa arnligera nuclear polyhedrosis virus @ 125 LE I 

ha + Bacillus Ihllringiensis @ 375 1111 I ha (14.02 q / ha) and Melarhizillll1 

anisopliae @ 2.5 kg I ha (13.92 q I ha) which \-vcre at par. These treatrnents except 

former one did not differ significantly frOI1'1 Beauveria bas5,iana @ 2.5 kg I ha 

(13.72q/ha). 

Treatn1.ents vvith Metarhizium anisopliae @ 1.25 kg I ha + Helicoverpa 

armigera nuclear polyhcdrosis virus @ 125 LE I ha, Beauveria hassiana @ 1.25 

kg I ha + Helicoverpa arrnigera nuclear polyl~cdrosis virus @ 125 LE I ha, 

Melarhiziurn anisopliae @ 1.25 kg Iha + Bacillus fhuringiensis @ 375 1'ni I ha 

and Beauveria bassiana @ 1.25 kg I ha + Bacillus thuringiensis @ 375 ml I ha 

produced comparatively lo\-ver grain yield i.e. 12.16, 11.86, 1 1.76 and 11 .08 q I ha 

receptively. An untreated control yielded 10.20 q I ha grains. 

4.1.3 Incremental cost benefit ratio of various treatments during 2003-04 

Data presented in Table 4 (Appendix - £3) revealed that, treatIncnt with 

endosulfan @ 0.0£--; % emerged as the lnost ecol1olnically viable treahnent giving 

highest leBR of I : 7.45 followed by I-Ielicoverpa arnzigera nuclear polyhcdrosis 

virus @ 250 LE I ha (1 : 4.07). These t'vvo trcatnlents \~rerc follo\ved by 
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'rable 4 Effe(~t of various treatnlents on gl-ain yield of chickpea and 
incremental cost benefit ratio during 2003-04 

-l-------~-- --- ------~- ----

Treat -I n:atn1cnt Mean yield ICHR Rank 

Il"lent (q I ha) 

No. 
Tl Melarhizium ariisopliae (2.5 Kg/ha) 13.92 1 1.70 7 

T2 Beauveria bassiana (2.5 Kg/ha) 13.72 1 l.76 6 

T3 Helicoverpa arrnigera nuclear 14.51 1 : 4.07 2 
polyhedrosis virus (250 LE/ha) 

T4 Bacillus thuringiensis (PDKV) (750 14.31 1 : 3.31 4 

ml/ha) 
Ts Melarhizil-l111 anisopliae (1.25 Kg/ha) 12.16 1 1.17 8 

+ Helicoverpa armigera nuclear 
polyhedrosis virus (125 LE/ha) 

T6 Melarhiziun-z anisopliae (1.25 kg/ha) 11.76 1 : 0.88 10 
+ Bacillus thuringiensis (PDKV) 
(375 Inllha) -- ---------

T7 Beauveria bassiana (1.25 Kg/ha) -I- 1 1 .86 1 1.09 9 

Helicoverpa arnligera nuclear 
polyhedrosis virus (125 LE/ha) 

T8 Beauveria ba.\·siana (1.25 Kg/ha) + 11.08 1 : 0.54 1 1 

Bacillus thuringiensis (POKV) (375 
ml/ha) 

T9 Helicove.,rpa arnligera nuclear 14.02 1 : 3.32 3 
polyhedrosis virus (125 LE/ha) + 
Bacillus Ihuringiensis (POKV) (375 
ml/ha) . 

T 10 Endosulfan (0.06 %) 15.88 1 : 7.45 1 

Til Spinosad (0.0 1 ~-'O) 16.27 1 : 2.68 5 

TI2 Untreated control 10.20 -- --

'F'test Sig. 

S.E. (m) + 0.26 

C.O. at 5% 0.78 

C.V. (%) 3.43 
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llelicoverpa arnzigera nuclear polyhedrosis Vlrus @ 125 LE / ba -I- Bacillus 

Ihruringiensis Ci!2 375 1111 / ha, Bacillus Ihringiensis rgiJ 750 11'11 / ha, spinosa<.i((_i) 

0.01 0/0., Beauveria bassiana @ 2.5 kg / ha and lvfetarhiziunl anis'opliae (f12 2.5 kg 

/ ha with ICBR of 1 : 3.32., 1 : 3.31, 1 : 2.68, 1 : 1.76., and 1 : 1.70~ respectively. 

The treatment cOlTIbination viz., A4elarhiziunl anisopliae @ 1.25 kg / ha + 

Flelicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha" Beauveria 

bassiana @ 1.25 kg / ha -I- llelicoverpa arnligera nuclear polyhedrosis virus @ 

125 LE / ha .. Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thringiensis @ 

375 lTII / ha and Beauveria bassiana @ 1.25 kg / ha + Bacillu.s· thringiensis @ 375 

n11 / ha were found cornparatively less economical as exhibited ICBR of 1 : 1.17, 1 

: 1.09, 1 : 0.88 and 1 : 0.54, respectively. 

4.1.4 Effect of various treatments 011 larv~-il population of H. arntigera 
during 2004-05 

, 
4.1.4.1 Larval population of H. arlnigera, three days after first spray 

(2004-05) 

Larval population of H. armigera three days after first spray (Table 5) 

revcaled significant differences alnongst the varIOUS treatlTICnts. All the treatlnents 

were significantly supenor over untreatcd control. }-\.lTIOng various treatl11ents 

endosulfan @ 0.06 % and spinosad @ 0.0 I (Yo recorded lowest larval population 

i.e. 2.67 larvae per ten plants and ,\vere superior over rest of the trcatn1cnts. 

The next effective treatments in order of 111crit were lfe/icoverpa arn1igera 

nuclear polyhedrosis virus @ 250 LE I ha~ Bacillus thuringiensis @ 750 ml / ha, 

Helicoverpa arnzigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus 

thuringiensis @ 375 rnl / ha, Metarhiziuln ani.<"'opliae @ 2.5 kg / ha, Beauveria 

bassiana @ 2.5 kg / ba, Metarhizium anisopliae (f!J 1.25 kg / ha + llelicoverpa 
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armigera nuclear polyhedrosis VIrus @2 125 LE I. ha which \-\lere at par with each 

other and recorded 4.3J.., 4.67~ 5.33, 5.33., 5.67 and 5.67 larvae on ten plants 

respectively. Ren"laining three treatments viz., Beauveria bassiana ([j], 1.25 kg / ha 

+ I-Jelicoverpa arnligera nuclear polyhedrosis virus (IJ! 250 L,E / ha~ Melarhiziz./fn 

anisopliae @ 1.25 kg / ha + Bacillus thuringiensis (ill 375 rnl / ha and Beauveria 

bassiana @ 1.25 kg / ha + Bacillu.)· Ihuringiensis @ 375 Inl / ha were less 

effective and all have recorded six larvae per ten plants. Untreated plots had 

highest or 8.33 larval population per ten plants. 

4.1.4.2 Larval population of H. arnligera, seven ·days after first spray 
(2004-05) 

Data in Table 5 revealed that all the treatInents significantly reduced the 

larval population or 1-1. arnligera over control. I-Iovvever, spinosad ~I) 0.01 <Yo has 

proved its s~periority by recording least larval population (1.67 per ten plants) and 

was at par with endosu1f"3.11 @ 0.06 % (2.00 larvae per ten plants) 

Treatments Helicoverpa ar111igera nuclear polyhedrosis virus @ 250 LE / 

ha, Bacillus thuringiensis @ 750 Inl / ha and Helicoverpa armigera nuclear 

polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis 375 nl1 / h£1 recorded 

3.67:> 4.33 and 4.67 larvae per ten plants receptively and vvere at par \-\lith each 

other. Later two treatn'lents however were again found at par with Metarhizhlln 

anisopliae @ 2.5 kg / ha" Beauveria bassiana @ 1.25 kg / ha + I-lelicoVel1Ja 

arnligera nuclear pol)thedrosis virus @ 125 LE / ha, Beauveria bassiana @ 2.5 

kg / ha and Afetarhizhun ani.'}Yopliae @ 1.25 kg / ha + l-felicoverpa arl11igera 

nuclear polyhedrosis virus @ 125 LE / ha Vv'hich recorded 5.00, 5.67, 5.67 and 5.67 

larvae per ten plants, respectively. Relnaining two treatrncnts Beauveria !JcL\· .... ·iana 

@ 1.25 kg / ha -+- Bacillus fhuringiensis @ ,375 Inl / ha and Metarhiziunl 

anisopliae @ 1.25 kg / ha + Bacillu5_) thurinKien.\'is @~ 375 Inl / ha ... :vcre less 
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effective having 6.00 larvae per ten plants as against highest of 8.00 larvae per ten 

plants recorded in untreated control. 

4.1.4.3 Larval population of H. arlnigera, tcn days after first spray (2004-05) 

Larval population of !-1. armigera in various treatll1ents ten days after first 

spray are presented in rrable 5. Significant differences were observed within the 

treatn"lents and all the treatn"lents registered significantly lower larval population 

over untreated control. Spinosad @ 0.0 I % \vas Inost effective followed hy 

endosulfan @ 0.06 % which recorded 1.33 and 1.67 larvae per ten plants 

respectively and were at par with each other. 

Above treatments \..vere followed by /-Ielicoverpo arn1igera nuclear 

polyhedrosis virus @ 250 LE / ha~ lUetarhiziuln anisopl ioe C?_y 2.5 kg / ba, 

Beauveria bassiana C& 2.5 kg / ha, Bacilhui thuringiensis @ 750 Inl / ha and 
, 

Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus 

thuringiensis·@ 325 LE / ha, recording 3.00, 3.67, 4.00, 4.00 and 4.33 larvae per 

ten plants, respectively. Remaining four treatInents viz., Metarhizium ani.~·opliae 

@ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha, 

Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thuringiensi.~.; @ 375 1111 / ha, 

Beauveria ba.s·slana @ ] .25 kg / ha + Helicoverpa u'7nigera nuclear polyhedrosis 

virus @ 125 LE / ha and Beauverla bassiana @ 1.25 kg / ha + Bacillus 

thuringiensis @ 375 H1I / ha were less effective and recorded 5.00, 5.33, 5.33 and 

5.67 larvae per ten plants, respectively. Significantly higest (8.00 per ten plants) 

larval population \vere registered in plots which "\~7cre not treated. 

4.1.4.4 Larval population of H. arntigera., fourteen days after first spray 
(2004-05) 

It is seen from the data on larval population of I-I. arn1igera fourteen 

days after first spray (Table 5) that the treatrnents exhibited significant 
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Table 5 

Treat-
nlent 
No. 

T, 

T 2 

T3 

T4 

Ts 

T6 

T7 

Ts 

T9 

TIO 

Til 

TI2 

Effect of. various treatrnents on larval populatioll of If. arl1ligera 
.at 3~ 7~ 10 and 14 days after first sp.-ay du.-ing 2()04-0S 

Treatnlcnt Average lar'val population of 1-1. a,.,nigera 
I ten plants 

~--~ 

3 days 7 days 10 days J 4 days 
aftci' after aftel' after 

s~nlying_ ~'ayi_!_!_g_ spra~lI1g spl'a~g_ 

Metarhizilllll anisopliae (2.5 5.33 5.00 3.67 4.33 
Kg/ha) (2.3 I ) ~2.23 2 (1.90) (2.08) 
Beauveria ba.':,-siana (2.5 Kg/ha) 5.67 5.67 4.00 4.67 

(2.38) (2.38) ( 1. 99) (2.16) 
Helicoverpa annigera nucleal' 4.33 3.67 3.00 4.00 
polyhedrosis vinIs (250 LE/ha) (2.08) (1.91) ( 1.72) ( 1.99) 
Bacillus tln:ringiensis (POKY) 4.67 4.33 4.00 4.67 
(750 Inl Iha) (2. 162 (2.08) (2.00) (2.16) 
Metarhizizull anisopliae (1.25 5.67 5.67 5.00 5.33 
Kg/ha) + f/e/icoverpa arnligera (2.38) (2.38) (2.23 ) (2.3 I) 
nuclear polyhedrosis virus (125 . 
LE/ha) 
Melarhizizlll'l anisopliae (1.25 6.00 6.00 5.33 5.67 
kg/ha) + Bacilllls thuringiensi.(_,· (2.44 ) (2.45) (2.29) (2.37) 
(POKY) (375 Inl/ha) 
Beauveria bas.<;iana (1.25 Kg/ha) 6.00 5.67 5.33 5.67 
+ l-Jelicoverpa arrnigera nuclear (2.43 ) (2.37) (2.3 I) (2.38) 
polyhedrosis virus (125 LE/ha) 
Beauveria bassiana ( I .25 Kg/ha) 6.00 6.00 5.67 5.67 
+ Bacillus t/zuringiensis (POKY) (2.45) (2.44) (2.38) (2.38) 
(375 Inllha) 
He/icoverpa annigera nuclear 5.33 4.67 4.33 5.00 
polyhedrosis virus ( 125 LE/ha) + (2.31) (2.15) (2.08) (2.24) 
Bacillus thuringil'l1sis (PDK V) 
(375 n1l1ha) 
Endosulfan (0.06 0/0) 2.67 2.00 1.67 2.33 

( 1 .6 I ) { 1.38) ( 1.28) ( 1.52) 
Spinosad (0.01 %) 2.67 1.67 1.33 2.00 

(1.63 ) (1.28) (L 14) ( 1.38) 
Untreated control 8.00 8.33 8.00 8.00 

(2.82) (2.89) (2.83) (2.83) 
'F'test Sig. Sig. Sig. Sig. 

S.E. (01) + 0.11 0.10 0.12 0.10 

C.D. at 5% 0.32 0.31 0.36 0.29 

C.Y. (%) 8.33 8.40 10.50 7.94 

* Figures in parentheses arc corresponding square root transfonned values 
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difTerences and all the treatments significantly reduced thc larval population over 

control. Treatmehts spinosad @ 0.01 (,Y<, and endosulfan (YJ 0.06 <Yo proved 1110st 

effective and reduced larval population upto 2.00 and 2.33 larvae per ten plants, 

respectively and weI'C also statistically at par. 

Next efTective treatInents in order of their efficacy V'v'ere /-/elic()verpa 

ar,.nigera nuclear polyhedrosis virus @g 250 LE / ha, jvlelarhiziuln ani.~·opliae 

@2.5 kg / ha~ Beauveria bassiana @ 2.5 kg / ha, Bacillus l/zuringiensis @ 750 n11 

/ ha and Helicover]Ja nrmigera nuclear polyhedrosis virus @ 125 LE / ha + 

Bacillus thuringiensis ~y 375 Inl / ha vvhich rccprdeci 4.00" 4.33, 4.67, 4.67 and 

5.00 larvae per ten plants, respectively. RC111aining f04r treatInents VIZ., 

Metarhizium anisopliae @1.25 kg / ha + Helicoverpa armigera nuclcar 

polyhedrosis vir~ls @125 LE / ha~ Metarhiziun1 anisopliae @ 1.25 kg / ha + 

Bacillus thuringiensis @ 375 Inl / ha, Beauveria bassiana @1.25 kg / ha -I-

l-Ielicoverpa armigera nuclear polyhecirosis virus @ 125 LE / ha and Beaul'eria 

bassiana @125 kg / ha + Bacillus thuringiensi.s· @375 Inl / ha recorded 5.33, 

5.67 ~5.67 and 5.67 larvae per ten plants, respectively. Untreated control registered 

highest larval population (8.00 per ten plants). 

4.1.4.5 Larval population of H. arl1ligera, three days after second spray 
(2004-05) 

Data on larval population of 1-1. arn1igera three days aftcr second spray 

(Table 6) showed significantly lower population in all the treatrnents than untreated 

control. Amongst various treatnlcnts spinosad (j__iJ 0.01 % recorded least population 

(1 larva", on ten plants) and was at par vvith endosulfan @ 0.06 % (1.33 larvae per 

ten plants). These t\-vo trcatinents "\.vere follovved by Ifelicoverpa arrrliRera nuclear 

polyhedrosis virus (j.j) :~50 LE / ha (3 larvae per ten plants) and Bacillu,s' 

Ihuringiensis @ 750 1111 / ha (3.33 larvae per tcn plants) which were at par with 
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each other. '1'he latcr treatnlent was also at par vvith /v/elarhiziu11'l anisopliae (lY 2.5 

kg I ha~ Beauveria ba.<_,·siana {Ii) 2.5 kg I ha and /-/elicoverpa ar,nigeru nuclear 

polyhedrosis virus @ 125 LE / ha + lJaci/lu.<.,· thuringien.s·is ({!)375 III I I ha all or 

which recorded 4.33 larvae per ten plants. Treatrnents, Melarhizium ani.s·opliae ([_IJ 

1.25 kg / ha + I-Ielicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha, 

Metarhizium anisopliaf:' @1.25 kg / ha + Bacillus thuringiensis @ 375 ml / ha~ 

Beauveria bassiana @1.2S kg / ha + Flelicoverpa arnligera nuclear polyhedrosis 

virus @ 125 LE / ha and Beauveria bassiana @ 1.25 kg / ha + Bacillus 

thuringiensis @ 375 Inl / ha were superior over control had recorded 5.00, 5.33, 

5.33 and 5.67 larvae on ten plants, respectively. I-~ighest larval population of 7.67 

on every ten plants ,\vas registered in untreated plots. 

4.1.4.6 Larva) population of H. arnligera, seven days after second spray 
(2004-05) 

Larval population of 1-], armigera seven days after second spray (Table 6) 

clearly indicates significant differences anl0ngst various treatrnents. All the 

treatments were significantly superIor over control In reducing the larval 

population. Spraying of spinosad @ 0.01 % and endosulfan @ 0.06 % were 1110st 

effective with 0.67 larvae per ten plants. ~rhese two treatments were follo"ved by 

Helicoverpa arlnigera nuclear polyhedrosis virus @ 250 LE / ha (2 larvae per ten 

plants) and Bacillus thuringiensis @ 750 nl1 / ha (2.67 larvae per ten plants) 

which were at par ,,'vith each other. Later trcatnlcnt however, did not ditTcr 

significantly from Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / 

ha + Bacillus thuringiensis @ 375 1111 / ha and A1elarhiziunl anisopliae @ 2.5 kg / 

ha which recorded 3.33 and 3.67 larvae per ten plants. 

rrreatment with Beauveria bassiana C@ 2.5 kg / ha was 111.oderately 

effective and recorded 4.00 larvae on ten plants and di4 not difler significantly fro111 
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A4elarhiziunl ani."iop/ide el.!) 1.25 kg I ha -I .//elic()verjJ(/ (/l"Jlligera nuclear 

polyhcdrosis VIrUS (~!j 1 ::5 LE / ha~ A1e/arhizilllll (/lJi.""ofJliae ({!~ 1.25 kg / Ila 

Bacillus thuringiensis I~y 375 n11 ! ha and Beal/veria bassiano @ 1.25 kg ! ha -I-

f-lelicoverpa arnli.{_:·era r,uclcar polyhedrosis virus (0 125 LE / ha \.vhich recorded 

4.67, 5.00 and 5.00 13rv::le per ten plants, respectively. Treatrl1cnts fleallveria 

hassiana ''JY 1.25 kg / ha -I- Bacillus IhuringieYL""is @ 375 1nl / ha recorded higher 

popUlation (5.33 larvae per ten plants) but \-vas superior over control (7.10'7 larvae 

per ten plants) 

4.1.4.7 Larval population of II. arffligera, ten days afh~r second spr'ay 
(2004-05) 

It is reveled froln the data of larval popuiation of H arlnigera ten days after 

second spray (Table 6) that there were signi ficant eli ffercnccs an10ngst varIous 

t~atments. All the trcatJl1ents proved significantly! superIor to untreated control. 

A.lnongst vanous tteatrfl{~nts, spinosad (jl) 0.0 I % (0.33 larvae per ten plants) and 

cndosulfan @ 0.06 (Yo (0.67 larvae per ten plants) were proved 1110st effective and 

did not difYer \\lith each other. 

These treatn1.ent~; v .... ere followed by J-lelicoverpa arnligera nuclear 

polyhedrosis virus @ _~50 LE / ha, A4elarhizillnl anisOIJliae @ 2.5 kg / ha, 

Beauveria bassiana @} 2.5 kg I ha~ Bacillus' thuringiensis @ 750 n1.1 / ha and 

Flelicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus 

lhuringiensi.s· @ 375 1111.1 ha which recorded 1.67,2.00,2.33,2.33 and 2.67 larvae 

per ten plants~ respectively. Later treatment ho"vevcr did not di ffer statistically 

fro111 lyfetarhiziun7 ani.s·(>pliae @ 1.25 kg / ha -I- Ffelicoverpa armigera nuclear 

polyhedrosis virus @ 1 '25 LE / ha (4 larvae per ten plants) which was also 

statistically at par vvith A£etarhiziun1 anisoplia.e @ 1.25 kg / ha + Bacillus 

fhuringiensis (fJ2 375 LE I ha~ Beauveria bas:;;iana @ 1.25 kg Iha +- Ifelicoverpa 
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armigera nuclear polyhedrosis Vlrus @ 125 LE / ha and Beauveria ba.\'.",·iana 

@1.25 kg I ha + Baci/lu.'1· thuringlen.<:;is @ 375 1111 / ha, and all these recoloucU 4.33 

larvae per ten plants. IVlaxinlunl larvae per ten plants were registered in plots 

receiving no treatn1ents. 

4.1.4.8 Larval population of II. arnligera, fou.4 tecn days after second spray 
(2004-05) 

Population of ~l. armigera larvae fC)lu1een days after second spray are 

presented in Table 6 indicated significantly lov.;er nun1ber of larvae 111 all the 

treatInents than untreated control. Treatrnents with spinosad @ 0.01 % and 

endosulfan @ 0.06 % recorded least larval population i.e. 0.33 and 1.00 larva,. on 

ten plants~ respectively \vhich were at par. Next group of better treatments included 

Helicoverpq armigera nuclear polyhedrosis virus (fJJ 250 LE / ha, j\/felarhizizlln 

anisopliac @ 2.5 kg / ha, Bacillu.'· Ihuringicns.i .... · (0 750 1111 / ha, BC(fuveria 

ba.')·siana @ 2.5 kg / ha and /-/elicoverpa arfnigera nuclear polyhedrosis virus (/iJ 

125 LE / ha + Bacillus thuringiensis @ 375 n11 I ha which recorded 2.00, 2.33, 

2.67, 2.67 and 3.00 larvae per ten plants, respectively and were statistically equal 

in effect. Later three treatInents do not difTer. statistically 1'ron1 A1etarhiziuI11 

anisopliae @ 1.25 kg I ha + flelicoverpa arnligera nuclear polyhedrosis virus @ 

125 LE / ha and Beauveria bassiana @ 1.25 kg / ha + /-Ielicoverpa arfnigera 

nuclear polyhedrosis virus @ 125 LE / ha, both recorded 4.00 larvae on ten plants. 

Remaining two treatments viz., A1etarhiziun1 anisopliae @ 1.25 kg / ha + Bacillus 

thuringiensis @ 375 nl1 / ha and Beauveria bossiana @1.25 kg / ha + Bacillus 

Ihuringiensis @ 375 lnl / ha each recorded 4.33 larvae on ten plants and were 

superior over control (6.67 larvae per ten plants). 
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'Table 6 Effect of various treatrl1ents on h1l-val population of 11. arl11if.:era 
at 3,7,10 and 14 (lays after second spray du.·jng 2()()4-()S 

- -~ 

Treat- Trcatn1cnt Average larval population or II. oJ"llligera 

Illent / ten .., 1<111 Is 
-------- - -~----- --_ --~------ --- - - - -

No. 3 days 7 days 10 days 14 days 
after after after after 

spraying sQra~ing spraying sPJ'a~~ 
TI Metarhiziurn allisopliae (2.5 4.33 3.67 2.00 2.33 

Kglha) Q.08) (2.04 ) (1.56) ~-
T2 Beauveria bassiana (2.5 Kg/ha) 4.33 4.00 2.33 2.67 

(2.08) (2. 1 1 ) { 1 .68} {1. 772 
T3 Helicoverpa annigera nuclear 3.00 2.00 1.67 2.00 

polyhedrosis vinls (250 LE/ha) ( 1 .72) (1.58) (1.46) (1.56) 
T4 Bacillus thurillgiensis (PDKY) 3.33 2.67 2.33 2.67 

(750 Inl Iha) (1 .79) ( 1. 77) (1 .68) (1. 762 
~ 

Ts Metarhizizlln anisopliae (1.25 5.00 4.67 4.00 4.00 
Kg/ha) + He/ico\'erpa annigera (2.23 ) (2.27) (2. I 1 ) (2.1 I) 
nuclear polyhedrosis virus ( 125 
LE/ha) 

-----
T6 Metarhiziu1l1 anisopliae (1.25 5.33 5.00 4.33 4.33 

kg/ha) + -Bacillus Ihuringiensi .... · (2.3 I) (2.34) (2.19) (2.20) 
(POKY) (375 Inl/ha) 

T7 Beauveria bas.':>·iana (I .25 Kg/ha) 5.33· 5.00 4.33 4.00 
+ I-Jelicoverpa arlnigera nuclear (2.3 I) (2.34 ) (2.20) (2. I I) 
polyhedrosis vil'us (125 LE/ha) 

Ts Beauveria bassiana (1.25 Kg/ha) 5.67 5.33 4.33 4.33 
+ Bacillus Ihuringiensis (PDK Y) (2.38) (2.41 ) (2.20) (2.20) 
(375111l1ha) 

~ 

T9 J-Ielicoverpa ar111igera nuclear 4.33 3.33 2.67 3.00 
polyhedrosis vinls (125 LE/ha) + (2.08) ( 1.95) ( 1 .76) ( 1.86) 
Bacillus Ihuringiensis (POK Y) 
(375111l1ha) 

T lo Endosulfan (0.06 0/0) 1.33 0.67 0.67 1.00 
(1.14) ( 1 .05) (1.05) ( 1. 1 7) 

Til Spinosad (0.01 'Yo) 1.00 0.67 0.33 0.33 
( 1.00) (1.05) (0.88) (0.88) 

--
TI2 Untreated control 7.67 7.67 7.00 6.67 

(2.77) (2.85) (2.73 ) (2.67) 
'F'test Sig. Sig. Sig. Sig. 

S.E. (n1) + O. 1 I 0.09 0.13 0.16 

C.D. at 50/0 0.31 0.27 0.39 0.46 

C.Y. (0/0) 9.33 8. 1 1 12.98 14.72 

* Figures in parentheses are corresponding square root transfonned values 
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4.1.5 Efft:ct of yaritH.ls treatlucnts 011 ~nlin yield of chick;)ca 
during 20{)4 - OS 

Data on grain :yield as influenced by variOUS treatments are presented in 

Table 7. /\ll treatlncnls cvaluatcd pnH.ltlced signi ficantly highc.- grain yield than 

untreated control. I\lnong various treatlllcnls, spinosad (5g 0.0 I (x) and cndoslll1~lJl 

@ 0.06 % proved best Hnd recorded at par gl-ain yield of 14.90 q 1 ha and 14.41 q 1 

ha, respectively. Next group of better trcalll1Cnts tn order of Inerit \.vere 

Helicoverpa ar111igera nuclear polyhedrosis VIrus @ 250 Ll':' 1 ha (12.94 q 1 ha), 

Bacillus thuringiensis @ 750 ml 1 ha (12.64 q 1 ha) and /-/elicoverpa arlnigera 

nuclear polyhedro!;is vi.·us ] 25 LE / ha + Bacillus Ihuringiensis @ 375 Inl 1 ha 

(12.55 q / ha) and J\/[elarhizillnl anisopliae (?& 2.5 kg / ha (12.06 q 1 ha) ,-vhich were 
, 

at par. 

However, the later treatI11ent "vas at par \.vith Beauveria ha.·;.s·iana (jy 2.5 kg 

/ ha and A4etarhizium Clnisopliae @ 1.25 kg 1 ha + Ilelicoverpa arlnigera nuclear 

polyhedrosis virus @ 125 LE / ha which "vas [11oderately effective and produced 

11.76 and 11.12 q 1 ha, grain yield, respectively. Trcatnlents Beauveria bas .... ·ianll 

@ 1.25 kg / ha + Helicoverpa arlnigera nuclear polyhedrosis virus @ 125 I,EI ha 

(10.69 q / ha), Melarhizizll11 anisopliae @ 1.25 kg 1 ha + Bacillus Ihuringiensis 

@375 1111 / ha (10.39 q / ha) and Beauveria ba.··;siana @ 1_25 kg / ha + Bacillus 

Ihuringiensis @ 375 n11 1 ha (10.19 q 1 ba) produced comparatively less grain yield 

but were better than untreated control (9. 12 q / ha). 

4.1.6 Incrclnental cost bencfit ratio of various trcatrl1cnts during 2004-05 

Data from Table 7 (Appendix C) indicate that, treatment "vith endosulfan 

@0.06 % exhibited highc:st incrcl11ental cost benefit ratio (1 : 6.29) and proved to 

be nlost economical tratnlent aillongst all. 
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Table 7 : Effect of various treatments on grain yield of chickpea and 
incrClllcntal cost benefit ratio during 2004-05 

Treat Treatment Mean yield I~l-Rank 
nlent (q I ha) 
No. 
T) Melarhiziunl anisopliae (2.5 12.06 1 1.17 7 

Kg/ha) 
T2 Beauveria bassiana (2.5 Kg/ha) 11.76 1 1.20 6 

- -------

T3 flelicoverpa annigera nuclear 12.94 1 3.27 2 
polyhedrosi:; virus (250 LE/ha) 

T4 Bacillus thuringi(~I1Sis (PDKV) 12.64 - 1 : 2.57 4 
(750 nl1 Iha) 

Ts Met.arhiziunl ani.'}·opliae (1.25 1 1.12 1 1.09 8 
Kg/ha) + I-Ielicoverpa armigera 
nuclear polyhedrosis virus (125 
LE/ha) --1-----------

T6 MetarhiziulJl anisopliae (1 .25 10.39 1 : 0.65 10 
kg/ha) + Bacillus thuringiensis 
(PDKV) (375 1111/ha) --

T7 Beauveria bassiana (1.25 10.69 1 : 0.93 9 
Kg/ha) + Helicoverpa arnligera 
nuclear polyhedrosis virus ( 125 
LE/ha) 

Ts Beauveria bassiana (1.25 10.19 1 : 0.60 1 1 
Kg/ha) + Bacillus thuringiensis 
(PDKV) (375 Inl/ha) ... ------.- --

T9 Helicoverpa arrnigera nuclear 12.55 1 : 2.70 3 
polyhedrosis virus (125 LE/ha) 
+ Bacillus thuringiensis 
(PDKV) (3751nl/ha) 

T10 Endosulfan (0.06 0/0) 14.41 1 : 6.29 1 

Til Spinosad (0.01 0/0) 14.90 1 : 2.31 5 

Tl2 Untreated control 09.12 -- --

'F'test Sig. 

S.E. (m) + 0.33 

C.D. at 5% 0.97 

C.V. (0/0) 4.81 
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~rhc next lreattnent5 tn order \Nere I-Ielic(}verpa artlliKera nuclear 

polyhcon)sis virus (a~ 250 I.E / ha ( J : 1.27)~ //{'/ic(J\'erpa arllligera 1l1lclcaJ' 

polyhedrosis virus ((.1] 125 LE / ha + Bacillus Ihringiensis (Zij 375 1111 I ha (I : 2.70) 

Bacillus Ihrillgiensi . ." (!_t) 750 1111 / ha (I : 2.57), spinosad ((jJ, 0.0 I (X" (J : 2.3 I), 

Beauveria bassiana (j_y, 2.5 kg I ha (1 : 1.20) and A4elarhiziurn anisopliae «I] 2.5 

kg I ha (1 : 1. 1 7). 

~rreatnlents VlZ., A/[etarhizilun anisopliae (l;j] 1.25 kg I ba +- I-/elicoverpa 

ar/11igera nuclear polyhcdrosis VIrus @ 125 LE Iha, Beauveria hassiana ({_i) 1.25 

LE I ha + I-Ielicoverpa arrnigera nuclear polyhedrosis Virus @ 125 LE I ha, 

J\4etarhiziul11 anisopliae @ 1.25 kg I ha + Bacillus Ihringiensi.<; @ 375 Inl I ha and 

Beauveria has's'iana (j_i} 1.25 kg I ha + Bacillus Ihringiensis (j]2 375 Inl I ha \-verc 

observed less cconolnical and registered ICBR of 1 : 1.09, 1 : 0.93" 1 : 0.65 and 

1 : 0.60, respectively. 

4.1.7 Effect of various trcatrllcnts on larval populatioll of 1-/. arllligera 
(Pooled) 

4.1.7.1 Larval population of II. arl11igera, thr"cc days after first spray (Pooled) 

Two year's pooled data on larval population of /-/. arlnigera three days after 

first spray are presented in Table 8 and illustrated graphically in figure 3. It 

revealed superiority in all the treatInents over control in reducing larval population. 

Alnongst various treatnlcnts spinosad @ 0.01 % and cndosulfan (ij) 0.06 % "\verc 

nlost effective and reduced larvae upto 1.83 and 2.00 per ten plants., respectively. 

Next group of effective treatments 111 order of their efficacy ,"vere 

llelicoverpa arn1igera nuclear polyhedrosis virus @ 250 LE I ha, Bacillu."; 

thuringiensis @ 750 Inl / ha, j\--/elarhizizllll allisopliae @ 2.5 kg I ha .. I-Ielicoverpa 

arlnigera nuclear polyhcdrosis virus @ 125 LE I ha -I- Bacillus thuringiensis 

@375 nll I ha., Beauveria hassiana @ 2.5 kg I ha and N/erarhiziul11 anisopliae 
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@1.25 kg / ha + Helieo verpa armigera nuclear polyhedrosis virus @ 125 LE / h£1 

which recorded ].67, 3.g3, 4.33,4.33, 4'()7 (lnd ..::1..67 larval." on 1l."ll plallls, 

respectively. Ren1.aining three treatments viz., /vielarhiziun1 anisopliae @ 1.25 kg / 

ha + Bacillus Ihuringiensis @ 375 1111 / ha, Beauveria ba.s:siana ([!2 1.25 kg / ha + 

l-JelicoverjJa arlnigera nuclear polyhedrosis virus @ 125 LE / ha and l3eauveria 

bassiana @ 1.25 kg / ha + Bacillus thuringiensis @ 375 1111 / ha vv"crc less 

effective and recorded 4.83, 5.00 and 5.00 l~rvae on ten plants, respectively as 

against higher larval population recorded (6.83 per ten plants) in plots receiving no 

treatnlents. 

4.1.7.2 Larval population of I-I. arl1ligera, seven days after first spray (Pooled) 

Larval population of I-I arlnigera seven days after first spray based on two 

year~s pooled result5(Table 8 , figure 3) revealed significant difTerences within the 

treatments and all the treatnlents proved significantly superior over control. 

Treatment. with spinosad @ 0.01 % recorded lo·vvest popUlation (1.17 larvae per 

ten plants) which were at par with endosulfan @ 0.06 % (1.50 larvae per ten 

plants) and both were significantly superior to rest of the treatlnents. 

Group of next effective treatIl1ents cOlnprised, Helicoverpa arlnigera 

nuclear polyhedrosis virus @ 250 LE / ha, Bacillus thuringiensis @ 750 n11 / ha 

and Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus 

thuringiensis @ 375 1111 / ha which recorded 2.83, 3.33 anel 3.67 larvae on ten 

plants., respectively and were statistically at par in their efl'ectivcness. Later 

treatnlents was also at par with Metarhiziu111 anisopliae @2.5 kg / ha., Beauveria 

bassiana @ 2.5 kg / ha and Metarhiziurn anisopliae @ 1.25 kg / ha + 

J-Ielicoverpa arn1igera nuclear polyhedrosis virus @ 125 LE / ha which recorded 

4.00, 4.33 and 4.50 larvae per ten plants, respectively. TreatInents Beauveria 
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bassiana @ 1.25 kg / ha + /-Jelicoverpa urtnis;era nuclear polyhedrosis VIrus 

@125 LE / ha~ l\4elarhizizu71 anisopliae 1 .25 kg / ha ;- Bueil/u.s· Ihuringiensis 

@ 375 n11 / ha and Beallveria bassiana c?{} 1.25 kg / ha + Bacillus lhuringien.';is 

@375 Inl / ha recorded 4.67~ 5.00 and 5.00 larvae on ten plants~ respectively and 

were superior over untreated control (7.33 larvae on ten plants). 

4.1.7.3 Larval population of II. arl11igera, tcn days after first spray (Poolcd) 

Pooled data on larval population of 1-1. arnzigera ten days after first spray 

tabulated in 'fable 8 (figure 3) clearly indicated significant superior·it)' or all the 

treatments over untreated control. Treato1cnts with spinosad @ 0.01 % and 

endosulfan @ 0.06 0/0. proved 1110st effective in reducing population up to 1.00 and 

1.17 larvae on ten plants, rcspectively vvhich vvere at par. 

Second group of etYective treatlnents included /-Jelicoverpa annigera 

nuclear polyhedrosis virus @ 250 LE / ha, Aletarhizilltn ani.s·opliae @ 2.5 kg / ha, 

Bacillus thuringiensis @ 750 1111 / ha and Beauveria bassiana (?_ij 2.5 kg / ha \vith 

2.33, 2.83, 3.00 and 3.17 larvae on ten plants, respectively recording at par 

perfonnance. Latcr treatnlcnt \vas found at par \vith Ifelicoverpa arlnigera nuclear 

polyhedrosis virus @ 125 LE / ha + Bacillu.s· Ihuringiensis @ 375 1111 / ha, 

Melarhiziul11 anisopliae @ 1.25 kg / ha + /-/elicoverpa arlnigera nuclear 

polyhedrosis virus @ 125 LE / ha~ i'v/elarhiziulJz anisopliae (iJJ 1 .25 kg / ha + 

Bacillus Ihuringiensis (,[!j 375 Inl / ha and Beauveria bassiana @ 1.25 kg / ha + 

Helicoverpa arnzigera nuclear polyhedl·osis virus @ 125 LE / ha vvhich recorded 

4.17, 4.33 and 4.33 larvae on ten plants, l·espectivcly. Treallnents Beauveria 

bassiana @ 1.25 kg / ha + Bacillus Ihuringiensis @ 375 Inl / ha (4.67 larvae pcr 

ten plants) Vv·as le!;s effective but \vas superior over control (7.50 larvae per ten 

plants). 
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4.1.7.4 Larval population of H. arlnigerll, fourteen days after fit·st spnly 
(Pooled) -

Pooled data regarding larval population of I-f. armigera fOLlrteen days after 

first spray (Table 8, figure 3) revealed significantly less larval population in all the 

treatnl.ents than control. Mininl.um population of lat'vae were recorded in spinosad 

@ 0.01 % (1.83 larvae per ten plants) and did not differ fro111 endosulfan (fi) 0.06 0/0 

(2.17 larvae per ten plants), \.vhich were significantly superior to rest of the 

treatments. 

Treatments, I-lelicoverpa arn1igera nucle·ar polyhedrosis virus @ 250 LE 

/ha, Metarhizium anisopliae @ 2.5 kg / ha, i3eallveria bassiana @ 2.5 kg / ha and 

Bacillus thuringiensis @ 750 nl.l / ha, frolned next group of better treatn1cnts and 

recorded 3.50, 3.8). 4.17 and 4.17 larvac on tcn plants, l·cspcctivcly. Trcatlncnts 

applied in cOlnbination viz., /-Jelicoverpa arlnigera nuclear polyhedrosis virus 

@125 LE / ha + Bacillus thuringiensis @ 375 Inl / ha, Melarhizizllll (lnisop/iae 

@1.25 kg / ha + He/icoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha, 

Beauveria bassialla ,~ 1.25 kg / ha + /-/elicoverlj(l arllligera nuclear polyhcdrosis 

virus @ 125 LE / ba, Melarhiziun1 anisopliae @ 1.25 kg / ha -I- Bacillus 

thuringiensis @ 375 111.1 / ha and Beauveria bassiana @ 1.25 kg / ha + Bacillus 

Ihuringiensis @ 375 mIl ha were less effective and recorded 4.50, 5.00, 5.17, 5.33 

and 5.50 larvae OIl ten plants~ respectively, but \.vere superior over control. (7.67 

larvae per ten plants). 

4.1.7.5 Larval population of .II. arl11igera, three days after second spr:'ly 
(Pooled) 

Pooled data on larval population of II. arrnigera three days after second 

spray are presented in Table 9 and illustrated graphically In figure 4. TreatI11cnts 

exhibited significant differences and were superior over untreated control. spinosad 

79 



Table 8: Effec~ of various trcatmcnts on larval population of H. (lrl11igera 
at 3~ 7., 10 ~tnd 14 days after fir"st sp~"ay (Pooled) 

Treat- Treatlnent Average larval population of II, orJlligera 

Inent I ten plants 

No. 3 clays 7 days 10 days 14 days 
afte.· after after aftc.-

spraylllg_ s~ra~ing ~praying ___:'"',P r~ __ 

TI Metarhizilllll {ll1isopliae (2.5 4.33 4.00 2.83 3.83 
Kg/I~ ____ __ (2.0&1_ __(2.04 ) ____ --~)---. JI_·2~) ._ 

T2 Beauveria bas.,)'ionCl (2.5 Kg/ha) 4.67 4.33 3.17 4.17 

~2.14) __ , _(2. 122 _ _L1.83L ____ i2.032 

T3 Helicoverpa armigera nuclear 3.67 2.83 2.33 3.50 

polyhedrosis virus {250 LE/h~_ (1.91 2 (1. 75 2 { 1 .592 (1. 852 
T4 Bacillus thuringiensis (POKV) 3.83 3.33 3.00' 4.17 

(7?0 1111 Iha) () .94) {1.882 (1.78) (2.03) 

Ts Metarhiziul11 anisopliae (1 .25 4.67 4.50 4.17 5.00 

Kg/ha) + ·llelicoverpa armigera (2.14 ) (2_ 17) (2.09) (2.23) 

nuclear polyhedn)sis virus (125 
LE/ha) 

T6 Metarhizium al1isopliae (1.25 4.83 5.00 4.33 5.33 

kg/ha) + Bacillus thuringiensis (2.18) (2.28) (2.12) (2.30) 

(POKV) (375 ml/ha) 
T7 Beauveria hassiallCi (1.25 Kg/ha) 5.00 4.67 4.33 5.17 

+ I-Ielicoverpa armigera nuclear (2.21 ) (2.20) (2. 13) (2.26) 

Eoli:hedrosis virus (125 LE/h~ 
'T' B" ........... ria-bassialla+l .~5 Kg/h-ft-} 

- ,...,... ,...~ . ,.-. 5.50 . ~ ..J."V ..J.vv ~.V I 

+ Bacillus rhuri11giensis (PDK V) (2.22) (2.28) (2.21 ) (2.34) 

(375 Inl/ha) 
T9 J-/e/icoverpa armigera nuclear 4.33 3.67 3.33 4.50 

polyhedrosis virus (125 LE/ha) + (2.06) ( 1.96) ( I .88) (2.1 I) 

Bacilllls tilurillgiensis (POK V) 
(375 1l11/ha) 

TlO Endosulfan (0.06 %) 2.00 L50 1.17 2.17 
( 1 .37) ( 1 .28) ( 1.16) ( I .45) 

Til Spinosad (0.01 0/0) 1.83 1.17 1.00 1.83 
( 1 .3 1 ) (1.16) ( 1.072 . 

( 1.33) 

T12 Untreated control 6.83 7.33 7.50 7.67 
(2.60) (2.75) (2.78) (2.77) 

'F'test Sig. Sig. Sig. Sig. 

S.E. (111) + 0.08 0.08 0.10 0.07 

C.D. at 50/0 0.25 0.22 0.30 0.21 

C.V. (%) 10.27 9.38 13.46 8.55 

* Figures in parentheses are corresponding square root transfonned values 
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Cost benefit analysis showed that tTIodules with three sprays of 

endosulfan was economically most viable recorded highest ICBR followed by 

module having Bt - I--IaNPV - endosulfan, endosulfan - Bt - HaNPV and 

NSK V - Bt - I--IaNPV. Hovvever~ l110dules consisted of Bt - I-IaNPV - spinosad~ 

Bt - I-IaNPV - Bt and spinosad - Bt - I-IaNPV recorded less ICBR. 

To study the seasonal incidence of H. armigera on chickpea, weekly 

observations on larval population were taken on ten randolnly selected plants 

from separately sown plot. Results of the study revealed that the highest 

incidence of pest was favoured by telnperature range of 11.9 to 32.2 °C and 

humidity range of21 to 640/0. 

Twenty five eggs and larvae were collected at vveekly interval from 

separately sown field to study the biotic cotTIplex of the pest. Eggs kept till 

hatching while larvae were reared in the laboratory till the adult emergence. 

The study revealed that only two larval parasitoids viz.~ Compolelis chlorideae 

and Eriborous sp were pre-dominant in chickpea ecosysteln parasitized 

InaxilnUlTI up to 36 % larvae of H. armigera. 

Effect of tnalic acid on larval and pupal developlnent was studied by 

rearing the larvae up to adult stage on malic acid enriched, water washed and ' 

untreated chickpea leaves. Observations on larvaL, pre-pupal and pupal period 

showed that malic acid has no significant effect on larval and pupal 

development on H. armigera. 



@ 0.01 % (0.83 IZTvae per ten plants) and endosulfan @ 0.06 % (1.17 larvae per 

ten plants) were nlos1 proIl'lising and significantly supcnor over n.~lnaining 

treatrnents. 

A group of next effective treatInents In order of n'lerit were /-ielic(}verpa 

arn-zigera nuclear po1yhedrosis VIrus ~y 250 LE / ha and Bacillus Ihuringien,"'is 

@750 Inl / ha which recorded 2.67 and 3.00 larvae per ten plants, respectively. 

Later treatments was found at par vvith fIe I ic()verpa arl'nigera nuclear 

polyhedrosis VIrus @ 125 LE / ha -I- Bacillus' Ihuringiensi ... ; @ 375 1111 / ha, 

lvfetarhiziuln ani.s·opliae @ 2.5 kg / ha and Beauveria bassiana @ 2.5 kg / ha and 

recorded 3.67, 3.67 and 3.83 larvae on ten plants, respectively. Relnaining 4 

treatments viz., j\4'etarhizilan anisopliae @ 1.25 kg / ha + I-Ielicoverpa arlnigera 

nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana @ 1 .25 kg / ha -I-

l-Ielicover]Ja armigera nuclear polyheclrosis virus ((y 125 LE / ha, A1elarhiziurn 

anisopliae @ 1.25 kg / ha + Bacillus thuringiensis @ 375 Inl / ha and Beal/veria 

bassiana @ 1.25 kg / ha + Bacillus thuringiensis @ 375 Inl / ha \vere 

comparatively less cfTective and recordcd 4.67, 4.83, 5.00 and 5. I 7 larvae per ten 

plants, respectively as against 7.33 larvae per tcn plants observed in an untl'cated 

control. 

4.1.7.6 Larval population of EI. arnzigera, seven days after second spray 
(Pooled) 

Pooled results for the two years regarding larval population seven clays 

after second spray as inn uenced by various treatrncnts are presented in table 9 and 

illustrated graphically in figure 4. All the treatrnents evaluated exhibited significant 

differences and recorded significantly lo\ver larval population than control. 

TreatInent spinosad (£y 0.01 % and enclosulfan ([9 0.06 % had statistically at par 

effects \'vith 0.50 larvae per ten plants. 'rhese tvv'O treatn'lents were follo\ved by 
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l-Ielicoverpa armigera nuclear polyhedrosis Virus @ 250 LE / ha (1.83 larvae per 

ten plants) and Bacillu.\· Ihuringiensis Ccl], 750 Inl / ha (2.50 larvae per ten plants) 

which were at par. Third group of better treatIncnts cOlnpriscd of l-Ielicoverpa 

armigera nuclear polyhedrosis virus @ 125 LE / ha -I- Bacillus Ihuringien.\·i.')· 

@375 ml / ~a, lv/eiarhiziul11 ani.s·opliae @ 2.5 kg / ha and Reauveria hassiana 

@2.5 kg / ha exhibited luoderate effect and recorded 3.00, 3.17 and 3.50 larvae per 

ten plants. Ren1aining four treatments viz., MetarhJzium anisopliae (ifJ 1.25 kg / ha 

+ Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha, l3eauveria 

ba~s'siana @ 125 kg / ha + I-Ielicoverpa armigera nuclear polyhedrosis virus (?D125 

LE fha, MetarhiziuI11 aniso]Jliae @ 1.25 kg / ha + Bacillus Ihuringien.':;is @ 375 

rul / ha and Beauveria has.<;iana @ 1.25 kg / ha -I- Bacillu .... · IhurinKien.·.;i .... · @ 375 

luI / ha exhibited less effect with 4.17, 4.50, 4.67 and 4.83 larvae per ten plants, 

respectively. Untreated contl'ol had registered highest of 7.00 larvae PCl' ten plants. 

4.1.7.7 Larval population of H. arnligerll., tcn days after second spray (Poolcd) 

Pooled data regarding larval population. of H arrnigera ten days after 

second spray as influence by various treatu1ents (Table 9, figure 4) showed 

significantly lower larval population in all the treatn1ents than control. A1110ngst 

various treatments spinosad @ 0.01 % and endosulfan @ 0.06 % recorded least 

population i.e. 0.33 and 0.50 larvae per ten plants and were at par vvith each other. 

Second group of effective treatlnent ,\vere flelicoverpa arn'ligera nuclear 

polyhedrosis virus @ 250 LE / ha, lVfetarhiziunz anisopliae @ 2.5 kg / ha, Bacillus 

thuringiensis @ 750 1111 / ha, Beauveria ba.s·siana @ 2.5 kg / ha and I-Ielicoverpa 

armigera nuclear polyhedrosis virus @ 250 LE / ha + Bacillus thuringiensis 

@375 ml f ha which recorded 1.50, 1.83, 2.17, 2.17 and 2.50 larvae per ten plants, 

respectively and were at par and significantly superior over rest of the treatments 
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except the combination of J-Jelicoverpa arlnigera nuclear polyhedrosis virus @125 

LE / ha + Bacillus thuringiens·is· (§ 375 n'll / ha. Other tTcarn-'!.ents in order of their 

merit were Metanhiziulll ani."iopliae ({J) 1.25 kg / ha -I- /-/elicoverpa ar,.nigera 

nuclear polyhedrosis virus @ 125 LE / ha, Metarhiziun1 anisopliae @ 1 .25 kg / ha 

+ Bacillus thuringiensis @ 375 ml / ha, Beauveria bassiana @ 1.25 kg / ha + 

Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE I ha and Beauveria 

bassiana @ 1.25 kg I ha + Bacillus thuringiensis @ 375 lnl / ha which recorded 

3.50, 3.83,. 3.83 and 4.17 larvae on ten plants, respectively. Untreated plots has 

registered highest population of larvae i.e. 6.50 per ten plants. 

4.1.7.8 Larval population of H. arnligera, fourteen days a£ter second spray 
(Pooled) 

Pooled data on population of FJ. arfnigera fourteen days after second spray 

(Table 9,. figure 4) pertaining to variolls treatlnents were significant. All the 

treatments showed significant effect in reducing larval population than control. 

spinosad @ 0.01 % was most effective (0.17 larvae per ten plants) than other 

treatments except endosulfan @ 0.06 % (0.67 larvae per ten plants). Both these 

treatn"lents were followed by I-lelicoverpa arlnigera nuclear polyhecirosis Virus 

@250 LE / ha:. Metarhizium anisopliae @2.5 kg / ha, Beauveria bassiana @ 2.5 

kg / ha and Bacillus fhuringiensis @ 750 ml / ha which recorded 1.67, 1.83, 2.33 

and 2.50 larvae on ten plants, respectivel:y. I-IoV\lcver, later three treatn1ents were 

found at par with cOlnbination of J-Jelicoverpa arn1igera nuclear polyhedrosis 

virus @ 125 LE / ha with Bacillus thuringiensis @375 ml / ha (2.67 larvae per ten 

plants). Other treatlnents, }v/etarhizium anisopliae @ 1.25 kg I ha + I-lelicoverpa 

armigera nuclear polyhedrosis vinls @ 125 LE l ha, Beauveria bassiana @ 1 .2S 

kg / ha + J-!elicoverpa arn1igera nuclear polyhedrosis virus @ 125 LE / ha, 
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Table 9 Effect of various trcahncllts on l:.u4 val population of II. arl11igerll 
at 3 7 77 10 and 14 days after second spray (Pooled) 

Treat- Treatlnent Average larval population of /--f. annigera 
[nent . I ten plants 
No. 3 days 7 days 10 days 14 days 

aftcr' after' aftcr aftcr 

--

~l'aying spraying spraying sprayir~_g_ 

TJ Metarhizium anisopliae (2.5 3.67 3.17 1.83 1.83 
Kg/ha) ( 1.97) (1.91) (1.51) (1.51) 

T2 Beauveria ba.<;siana (2.5 Kg/ha) 3.83 3.50 2.] 7 2.33 
(2.02) ( 1.99) (] .63) (] .68) 

T3 Helicoverpa arrnigera nuclear 2.67 1.83 1.50 1.67 
polyhedrosis virus (250 LE/ha) (1.70). (1.52) (1 .40) (1.45) 

T4 Bacillus thuringiensis (PDKV) 3.00 2.50 2.17 2.50 
(750 nIl /ha) (1.78) ( 1 .73) (1.62) ( 1.72) 

Ts Metarhizium anisopliae (1 .25 4.67 4.17 3.50 3.33 
Kglha) + Helicoverpa armigera (2.21 ) (2.15) (1.99) ( 1.94) 
nuclear polyhedrosis virus (125 
LE/ha) 

T6 Metarhizium anisopliae (1 .25 5.00 4.67 3.83 3.83 
kg/ha) + Bacillus thuringiensis (2.29) (2.27) (2.07) (2.08) 
(PDKV) (375 n11/ha) 

T7 Beauveria bassiana (1.25 Kg/ha) 4.83 4.50 3.83 3.50 
+ Helicoverpa arlnigera nuclear (2.25) (2.23 ) (2.08) ( 1 .99) 
polyhedrosis virus {125 LE/ha) 

Tg Beauveria bassiana (1.25 Kg/ha) 5.17 4.83 4.17 4.00 
+ Bacillus thuringiensis (PDK V) (2.32) (2.30) (2.15) (2.12) 
(375Inllha) 

T9 I-Ielicoverp(._1 annigera nuclear 3.67 3.00 2.50 2.67 
polyhedrosis virus (125 LE/ha) + (1.97). (1.86) (1 .72) ( 1 .77) 
Bacillus thuringiensis (POKV) 
(375 Inllha) 

TIO Endosulfan (0.06 0/0) 1. 17 0.50 0.50 0.67 
(1.15) (0.97) (0.97) (1.03 ) 

Til Spinosad (0.01 %) 0.83 0.50 0.33 0.17 
( 1 .03) (0.97) (0.88) (0.79) 

Tl2 Untreated control 7.33 7.00 6.50 6.33 
(2.75) (2.73) (2.64) (2.61 ) 

'F'test Sig. Sig. Sig. Sig. 

S.E. (In) + 0.08 0.07 0.1 1 0.] 0 

C.O. at 50/0 0.24 0.22 0.33 0.29 

C.V. (%) 10.41 9.55 15.93 14.22 

--_. _-
* Figures in parentheses are corresponding square root transforIned values 
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J\4elarhizizlln ani.·;opli£le @ 1.25 kg / ha 1- 1311cil/u.'i Ihuringiensis @375 Inl / ha and 

Beauveria bas,""iana (f_i) 1.25 kg / ha + lJllcil/u .... Ihuringien.s·is (j!J 375 1111 / ha had 

recorded 3'.33" 3.50~ 3.83 and 4.00 larvac on ten plants~ respectively. Highest 

nun'lber of Helicoverpa larvae were recorded in untreated plants (6.33 per ten 

plants). 

4.1.8 Effect of va."ious trcatnlcnts on grain yicld of chicl(.pca (Poolcd) 

Pooled data on grain yield as int1uenced by various treatments are 

presented in Table 10 and illustrated graphically In figure 5. All the treatlnents 

evaluated were significantly superior over control and produced higher yield than 

the controL MaxinlllIn grain yield '.vas registered in spinosad @ 0.01 % (15.59 q / 

ha) followed by cndosulfan @ 0.06 % (15.15 q / h~\) than I'CSt or thc trcatlncnts. 

Next effective group of treatnlcnts yielding higher grain yield were 

Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha (13.73 q / ha ), 

Bacillus thuringiensis @ 750 Inl / ha (13.48 q / ha) and Flelicoverpa arJnigera 

nuclear polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis @ 375 ml / ha 

(13.29 q / ha). Later treatment was also found at par with Metarhiziunl ani~<"'opliae 

@2.5 kg / ha (12.99 q / ha) and Beauveria bassiana @2.5 kg / ha (12.74 q / ha). 

Treatment Beauveria bassiana @ 1.25 kg / ha + Bacillus Ihuringiensis 

@375 ml / ha recorded conlparatively lovvcr grain yield (10.63 q / ha) and was at 

par with Metarhiziurn anisopliae @1.25 kg / ha + Bacillus fhuringiensi ... · @375n11 

/ ha (11.08 q / ha), 13eauveria bassiana @1.25 kg / ha + J-Ielicoverpa arJnigera 

nuclear polyhedrosis virus @ 125 LE / ha (11 .28 q / ha) and MelarhizilllJ1 

anisopliae @1.25 kg / ha + /-/elicoverpa arnligera nuclear polyhedrosis virus 

@125 LE / ha (1 1 .64 q / ha) which were signi ficantly inferior to rest of the 

treatments, while nlininlum yield of 9.66 q / ha ,\-vas obtained [roIn untreated plots. 
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Table 10 Effect of varioUls treatnlcnis on grain yield of chickpea and 
incremental cost benefit ratio (pooled) 

Treat Treatment Mean yield ICBR Rank 
ment , (q I ha) 
No. 
TI Melarhizhlll1 anisopliae (2.5 12.99 1 1.39 7 

Kg/ha) 
T2 Beauveria bassiana (2.5 K_g/ha) 12.74 1 1.47 6 

.- - ----- ------ ------- - - --_--

T~ /-/elicoverpll arJlIigera nuclear 13.73 1 : 3.67 2 
polyhedrosis virus (250 LE/ha) 

T4 Bacillus thllringien!·;is (PDKV) 13.48 1 : 2.93 4 

{750 1111 IhaL -------

Ts Melarhiziurn £Inisopliae (1.25 11.64 1 1.13 8 
Kg/ha) + Helico\'erpa arlnigera 
nuclear polyhedrosis virus (125 
LE/ha) 

T6 Metarhiziuln anisopliae (1 .25 11.08 1 : 0.77 10 
kg/ha) + Bacillus thuringiensis 
(PDKV) (375 Inl/ha) 

T7 Beauveria bassiana (1 .25 11.28 1 1.01 9 
Kg/ha) + /-/elicoverpa armigera 
nuclear polyhedrosis virus (125 
LE/ha) 

Ts Beauveria bassiana (1.25 10.63 1 : 0.57 1 1 
Kg/ha) + Bacillus thuringiensis 
(POKV)_Q75 lnl/ha) 

T9 Helicoverpa armigera nuclear 13.29 1 : 3.01 3 
polyhedrosi~~ virus (125 LE/ha) 
+ Bacillus thuringien.f.;i.\· 
(POKV) (375111l1ha) 

Tlo Endosulfan (0.06 0/0) 15.15 1 : 6.87 1 

Til Spinosad (0.01 0/0) 15.59 1 : 2.50 5 

TJ2 Untreated control 9.66 -- --

'F"test Sig. 

S.E. (m) + 0.33 

C.O. at 5% 0.97 

C.V. (%) 4.81 
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Plate 1. Mummified H . armigera larva 
due to Metarhizium anisopliae 

Plate 2 . Mummified H. armiqera larva 



Plate 3. H arrnigera larva infected by HaNPV 

Plate 4. H. arrnigera larva infected by 
Bacillus thuringiensis 



Plate 5 . Dead H. arrnigera larva due 
to spinosad treatment 

Plate 6. Dead H. arrnigera larva due 



4.1.9 Incrclllcntal cost benefit rati() of v4u'ious treahl1cnts (Pooled) 

The da1a on the inlpact of various lreatll1ents on lh<.; <.;conolnical n;lul"ns 

over two seasons presented in 'I'able 10 (Appendix - D) confinned that application 

of endosulfan (j_!} 0.06 <Yo was econolnicaIly n10s1 viable treatn1cnt and gave 

maXiITIUm leBR of I : 6.87. The next effective treatillents in order vvere, 

I-Jelicoverpa arnligera Iluclear polyhcdrosis virus C{[) 125 LE / ha~ Ilelicoverpa 

armigera nuclear polyhedrosis virus @ 125 LE / ~la + Bacillus thringiensis @ 375 

ml / ha, Bacillus thringiensis @ 750 11.11 / ha and spinosad @ 0.01 % with leBR of 

1 : 3.67, I : 3.01, I : 2. 93~ I : 2.50, respectively. 

'I'he treat11.1ents, Beauveria bassiana (i12 2.5 kg / ha, A4elarhiziz/177 

anisopliae @ 2.5 kg / ha, A-letarhiziul1'1 ani.S"opliae @ 1.25 kg / ha + IJelicoverpa 

arlnigera nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana @ 1.25 

kg / ha + Helicoverpa arlnigera nuclear polyhedrosis virus @ 125 LE / ha, 

A1elarhiziurn anisopliae @ 1.25 kg / ha + Bacillus thringien.<;is @ 375 Inl / ha and 

Real/veria bassiana @ 1.25 kg / ha + Bacillus l/1ringiensi.s· ([72 375 Inl / ha \.verc 

less economical and exhihited leBR of 1 : 1.47~ 1: 1.39,1: 1.13, I: 1.01, 1: 0.77 

and 1 : 0.57:> respectively. 

4.2 Evaluation of" different bio-intensive modulcs for Illanagemcnt of" 
H. arntigera 

4.2.1 Effcct of various modules on larval population of H. arnligera 
during 2003-04 

Data on cunullative average larval population of I-/. armigera In different 

1110dules are presented in table 1 I. All the 1110dulcs tested were effective 111 

reducing the larval population than untreated control. I-Iowever, an10ngst the 

different 1110dules testcd 1110dulc M7 consisted of three sprays of enclosulfan 

@0.06% and 1110dule Ms consisted of Bacil/u.y Ihuringiensis @ 750 Inl / ha--
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Table 11 

Module 
No. . 

Ml 

M2 

M3 

M4 

Ms 

M6 

M7 

Mo 

Effect of various modules on larval population of l-I. arilligerll 
during 2003-04 

COlllponents of Module CUlllulativcl 

averagc 
population of 
I-I. arnligera 
/ tcn plants 

Bacillus lhuringiensis @ 750 ml / ha - I-felicoverpa 2.67 
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.63 ) 
Bacillus thuringiensis @ 750 Inl / ha. 
Bacillus thuringiensis @ 750 ml / ha - l-Ielicoverpa 1.89 
arnzigera nuclear polyhedrosis virus @ 250 LE / ha - (1.37) 
Endosulfan @ 0.06 % 
Endosulfan @ 0.06 % - Bacillus fhuringiensis @ 750 2.25 
ml / ha - I-Ielicoverpa arlnigera nucle.ar polyhcdrosis (1.50) 
virus @ 250 LE / ha 
Neenl. Seed Kernel Extract @ 5 0/0 - Bacillus 2.83 
thuringiensis @ 750 ml / ha - I-lelicoverpa armigera (1.68) 
nuclear J)olyh~(.hosis virus ~ 250 I.E / ha 

--~--~---

Bacillus fhuringiensis @ 750 111.1 / ha - I-/elicoverpa 1.56 
arn7igera nuclear polyhedrosis virus @ 250 LE / ha - (1.24) 
Spinosad 0.01 0/0. 
Spinosad @ 0.01 % - Bacillus Ihuringiensis @ 750 2.03 
ml / ha - Helicoverpa arrnigera nuclear polyhedrosis (1.42) 
virus @ 250 LE / ha 
Three sprays of Endosulfan @ 0 .. 06 %. 1.42 

(1. 19) 
Untreated Control 

I 
5.78 

(2.40) 

'F'test Sig. 

S.E. (nl.) + 0.05 

C.D. at 50/0 0.17 

C.'l. (%) 5.92 

* 
** 

Average of 12 observations taken at 3,. 7, 10 and 14 days after each spray 

Figures in the parentheses are corresponding square root transfonned values 
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Helicoverpa armigera nuclear polyhedrosis VIrus @ 250 LE I ha - spinosad @ 

0.01 % were mOSl cf'fective, statistically at par and recorded 1.42 and 1.56 larvae 

per ten plants, respcctiVt~ly. 

Modules M2 (Bacillus Ihuringiensis ~y 750 r11.l I ha - I-lelicoverpa 

armigera nuclear polyhcdrosis virus @ 250 LE I ha - endosultan @ 0.06 %), M6 

(spinosad @ 0.01 % - Bacillus thuringiensis @ 750 rnl I ha - I-ielicoverpa 

armigera nuclear pol~Y'hedrosis virus @ 250 LE I ha) and M3 (endosulfan @0.06 % 

- Bacillus Ihuringiensis @ 750 Inl I ha - /-Je/icoverpa arlnigera nuclear 

polyhedrosis virus @ 250 LE I ha) were tnodcratcly effective, statistically at par 

and recorded 1.89, 2.03 and 2.25 larvae per ten plants, respcctively. Module M I 

consisted of Bacillus Ihuringiensis @ 750 111] I ha - /-/elicoverpa arrnigera 

nuclear polyhedrosis virus @ 250 LE I ha - liacillus Ihuringien:d ... ; (j:lJ, 750 Inl I 

ha and module M4 consisted of Neen1. Seed Kernel Extract @ 5 % - Bacillus 

thuringiensis @ 750 Inl I ha - Helicoverpa armigera nuclear polyhedrosis virus 

@ 250 LE I ha ,\vere least effectivc, statistically at par and recorded 2.67 and 

2.83 larvae per ten plants, respectively. An untreated control had registered the 

average larval population of 5.78 per ten plants. 

4.2.2 Effect of various modules on grain yield of chickpea 
during 2003-04 

Data on the graIn yield o:f chickpea ;:as influenced by various ITIodules are 

presented in Table 12. All the n1.odules evaluated produced significantly higher 

graIn yield than untreated control. I-Iowevcr~ rnodule M7 (Three sprays of 

Endosulfan @ O.O() %)~ Ms (BaCillus thuringiensis @ 750 rnl I ha - Helicoverpa 

armigera nuclear polyhedrosis virus @ 250 LE I ha - Spinosad 0.01 %) and M2 

(Bacillus thuringiensis @ 750 111.1 I ha !-ielicoverpa arnligera nuclear 

polyhedrosis virus @ 250 LE I ha - Endosulfan (il) 0.06 %) produced significantly 
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higher graIn yield I.e. 16.70, 16.43 and 16.21 q / ha, respectively and were at par 

with each other. 

Module M(. cOlnprising spinosad (?f2 0.01 <Yo - Bacillus thuringiensi .... · (ffJ 750 

n1.1 / ha -' Helicovel1JU arnligera nuclear polyhedrosis virus @ 250 LE, / ha, MJ 

consisting of endosulfan @ 0.06 % - Bacillus thuringiensi.s· @ 750 1111 / ha -

Helicoverpa armigera nuclear polyhedrosis virus @ 2S0 LE / ha and M 1 having 

Bacillus thuringiensis @ 7S0 ml / ha Ifelicovel1Ja armigera nuclear 

polyhedrosis virus @ 2S0 LE / ha - Bacillus thuringiensis @ 7S0 1111 / ha '.vere 

statistically at par, moderately effective and produced IS.77, IS.S7 and 15.23 q / ha 

grain yield, respectively. 

Module M4 consisting NeCln Seed Kernel Extract @ 5 % - Bacillus 

thuringiensis @ 750 Inl / ha - I-Jelicoverpa arnligera nuclear polyhedrosis virus 

@ 250 LE / ha was least effective and recorded 14.87 q / ha grain yield but was 

significantly superior over untreated control '.vhich recorded 10.45 q / ha grain 

yield. 

4.2.3 Incremental cost benefit ratio of various Inodules during 2003-04 

Incren1.ental Cost Benefit Ratio of various l11.odules presented in Table 12 

(Appendix - E) showed that, nlaximuI11 return of Rs.S.47 per rupee invested V.las 

obtained from the lnodule 7 consisted of three sprays of endosulfan@ 0.06 %. This 

111.odule ,\vas followed by 1110dule M2 (Bacillu.s· Ihringiensi .... · @ 750 11'11 / ha -

Helicoverpa armigera nuclear polyhedrosis viru~ @ 250 LE / ha - endosulfan (iJ] 

0.06 %), M3 (Endosulfan @ 0.06 % - Bacillu.\'· thringiensis @750 1111 / ha -

Helicoverpa armigera nuclear polyhedrosis virus @250 LE / ha), M4 (Neem Seed 
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'''able 12 

Module 
No 

, 

Ml 

M2 

M3 

M4 

Ms 

M6 

M7 

Mo 

Effect of various 1110dules on grain yield of chiclq>ca ... )(1 
incremental cost benefit ratio during 2003-()4 

COlllponcnts of Module Mean ICBR 
yield 

«I / hal -
Bacillus thuringiensis @ 750 1111 / ha - 15.23 1 : 2.30 
I-Jelicoverpa arlnigera nuclear 
polyhedrosis virus @ 2S0 LE / ha -
Bacillus Ihurin~iensis (iiJ 7S0 nl1 / ha. 
Bacillus thuringiensis @ 750 nl1 / ha - 16.21 I : 3.42 
Helicoverpa armigera nuclear 
polyhedrosis virus @ 2S0 LE / ha -
Endosul fan (iiJ 0.06 <?/o 
Endosulfan @ 0.06 % - Bacillus 15.57 1 : 3.04 
Ihuringiensi . ..,· @ 7S0 nIl / ha -
Helicoverpa arlnigera nuclear 
polyhedrosis virus @ 250 LE / ha 
Neem Seed Kernel Extract @ 5 0/0 - 14.87 1 : 2.82 
Bacillus thuringiensis @ 750 Inl / ha -
I-Jelico\'-°erpa arl11igera nuclear 
Eol~hedrosis virus @ 250 LE / ha 
Bacillus lizuringiensis @ 7S0 Inl / ha - 16.43 1 : 2.46 
Helicoverpa arl11igera nuclear 
polyhedrosis virus @ 250 LE / ha -
Spinosad 0.01 %. 
Spinosad ~~ 0.01 0/0 - Bacillus IS.77 1 : 2.19 
Ihuringiensis @ 750 ml / ha -
I-Jelicoverpa arllligera nuclear 

Rank 

6 

2 

--
3 

4 

5 

7 

polyhcdrosis virus @ 2S0 LE I hn ------
Three sprays of Endosulfan @ 0.06 %. 16.70 1 : 5.47 1 

Untreated Control 10.45 -- --

, F"test Sig. 

S.E. (m) + 0.19 

C.D. at 50/0 0.62 

C.V. (%) 2.18 
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kernel entract @ 5 (Yo - Bacillus thringiensi . ." @ 750 Inl / ha - J1elic()verpa 

arnzigera nuclear polyhedrosis virus @) 250 LE / ha) and M5 (Bacillu.c.,· Ihringien.<';is 

,~ 750 n11 / ha - Helico1:erpa arlnigera nuclear polyhedrosis virus r.j7J 250 LE / ha 

_' spinosad@ 0.01 <Y<» which gave return of Rs.3.42, 3.04, 2.82 and 2.46, 

respecti vely. 

The modules M 1 (Bacillus Ihringiensis @ 250 n"11 / ha - I-Jelicoverpa 

arnzigera nuclear polyh~drosis virus @ 250 LE / ha - Bacillus thringiensis @ 750 

1111 / ha) and M6 (spinosad @ 0.01 % - Bacillus Ihringiensis @ 750 rnl / ha -

11elicoverpa arn1igera nuclear polyhedrosis VIrus @ 250 LE / ha) gave 

cOInparatively less return per rupee invested Le. Rs.2.30 and 2.19, respectively. 

4.2.4 Effect of various Inodules on larval population of FI. arl'lligera 
during 2004-05 

Cumulative average larval population of I-I. arfnigera In different l110dules 

are presented in Table 13. It revealed superiority of all the lnodules In reducing 

larval population of]-1. armigera over untreated control. J-Iowever, n10dule M7 

comprising three sprays of endosulfan @ 0.06 % and 1110dule M5 containing 

Bacillus thuringiensis @ 750 luI / ha I-Ielicoverpa arlnigera nuclear 

polyhedrosis virus @ 250 LE / ha - spinosad 0.01 % proved I1'1ost effective and 

were at par with each other. They have recorded 3.22 and 3.58 larvae per ten 

plants~ respectively. 

Module M:; hO\i\leVer did not differ significantly frorn M2 (Bacillus 

thuringiensis @ 750 1111 / ha - Helic{)vef1JG arnligera nuclear polyhedrosis virus 

@ 250 LE / ha - endosulfan @ 0.06 %) and M6 (spinosad @ 0.01 % - Bacillus 

Ihuringiensis @ 750 1111 / ha - Helicoverpa arnligera nuclear polyhcdrosis virus 

@ 250 LE / ha) which recorded 3.92 and 4.11 larvae per ten plants, respectively. 
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Table 13 

Module 
No. 

. 

MJ 

M2 

M3 

M4 

Ms 

M6 

M7 

Mo 

Effect of various Inodules on larval population of II. arllligera 
during 2004-05 

--- -------.- -- ---- - _-----_ ... -----

C () In p () II C II t s () f IVI () d u Ie <;UllIUi4ltivc 
average 

population of 
II. (lrl11igera 
/ ten plants 

Bacillus thzlringiensis @ 750 1111 / ha - Helicoverpa 5.08 
armigera nuclear polyhedrosis virus @ 250 LE / ha - (2.25) 
Bacillus thurin_giensis ~ 750 nIl / ha. 
Bacillus thllringiensis @ 750 1111 / ha - l--lel icoverpa 3.92 
armigera nuclear polyhedrosis vir-us @ 250 LE / ha - (1. 98) 
Endosulfan Cm 0.06 % .. _-

Endosulfan (CJ) 0.06 % - Bacillus thuringiensis @ 750 4.31 
ml / ha - l-Ielicoverpa arnligera nuclear polyhedrosis (2.07) 
virus ~ 250 LE / ha 
Neen1 Seed I<ernel Extract @ 5 % - Bacillu:·; 5.47 
thuringfensi . .:,· @ 750 ml / ha - l--lelicoverpa armigera (2.34) 
nuclear polyhedrosis virus @ 250 LE / ha 
Bacillus thuringiensis @ 750 n11 / lui - FIe I icoverpa 3.58 
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.89) 
Spinosad 0.0 I %. 
Spinosad @ 0.01 % - Bacillus lhuringiensis @ 750 4.11 
rnl / ha - Helicoverpa arrnigera nuclear polyhedrosis (2.03) 
virus @2 250 LE / ha 
Three sprays of Endosulfan @ 0.06 0/0. 3.22 

--------------
_____ _C1_.80) _____ 

Untreated Control 8.39 
(2.90) 

'F'test Sig. 

S.E. (In) + 0.04 

C.D. at 5% 0.14 

C.V. (%) 3.33 

* 
** 

Average of 12 observations taken at 3, 7, 10 and 14 days after each spray 

Figures in the parentheses are corresponding square root transforn1ed values 
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These two Inodulcs (M2 and M 6 ) were also at par \.vith M.1 (endosulfan ((I? 0.00 0/., -

Bacillus Ihuringiensis @ 750 111.1 / ha fIelicoverpa arlrligera nuclear 

polyhedrosis virus @ 250 LE / ha) '\-vhich reconied 4.3 1 larvae per' ten plants. 

Module M, (Bacillus Ihuringiensis (j}); 750 1111/ ha - I-Ielicoverpa arrnigeru 

nuclear polyhedrosis virus @ 250 LE / ha - Bacill.lIs Ihuringiensi .... · @ 750 Inl / ha) 

M4 (Neen1. Seed Kernel Extract @ 5 % - Bacillus thuringiensis @ 750 1111 / ha -

Helicoverpa ar,.nigera nuclear polyhedrosis vIrus @ 250 LE / ha) \vere 

comparatively less effective,. statistically at par and recorded 5.08 and 5.47 larvae 

on ten plants, respectively. An untreated control had registered the rnaxinnlln larval 

population of 8.39 larvae per ten plants. 

4.2.5 Effects of various nl()dules Oil g.-c,in yield ()f chicl~pca during 20()4-0S 

Data on grain yield of chickpea as influenced by various 1110dulcs arc 

presented In Table 14. Amongst different l110dules evaluated, n10dule M7 

cOlnposing three sprays of endosulfan @ 0.06 % recorded highest grain yield 15.21 

q / ha and was at par with Ms (Bacillus fhllringiensis @ 750 Inl / ha - 11elicoverpa 

arlnigera nuclear polyhedrosis virus @ 250 LE / ha - spinosad @ 0.01 % and M2 

(Bacillus Ihuringiensis @ 750 1111 / ha Helicoverpa arll1igera nuclear 

polyhedrosis virus @ 250 LE / ha - endosulfan @ 0.06 % ) which recorded 14.82 

and 14.72 q / ha grain yield, respectively. 

Module M6 COIl.1.pr-ising spinosad ({i], 0.01 (Yo - Bacillus thuringien.')·i . ." ~y 750 

Il.1I / ha - /-/elicoverpa arnligera nuclear polyhedrosis virus @ 250 LE / ha and rv1.~ 

consisting endosulfan ~J] 0.06 <Yo- Bacillus thllringiensis @ 750 1111 / lla -

Flelicoverj:JQ arlnigera nuclear polyhedrosis virus @ 250 LE / ha \.vere n10deratcly 

effective, statistically equal in en-ects and recorded 14.29 and 14.1 1 q / ha grain 
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Table 14 

Module 
No 

Ml 

M2 

M3 

M .. 

Ms 

M6 

M7 

Mo 

Effect of various Illodulcs Oil grain yield of chicl~pca and 
incrcrncntal cost benefit ratio during 2004-05 

------r-----~ -------
COlnponents of Module Mean IcnH. Ranl<. 

yield 
{g / ha} 

Bacillus lizuringiensis (j_7J 750 1111 / ha - 13.53 1:2.85 7 

I-Je/icoverpa arllligera nuclear 
polyhcdrosis virus @ 250 LE / ha -
Bacillus Ihuringiensis @j 750 Inl / ha. 
Bacillus Ihllringiensis @ 750 [111 / ha - 14.72 1 : 2.92 2 

I-Jelicoverpa arlnigera nuclear 
polyheorosis virus @ 250 LE / ha -
Endosulfan ~ 0.06 0/0 
Endosulfan @ 0.06 0/0 - Bacillus 14.11 1 : 2.59 ~ 

...) 

thuringiensis @ 750 Inl / ha -
Helicoverpa arlnigera nuclear 
polyhedrosis virus (ciJ 250 LE / ha 
Neem Seed Kernel Extract @ 5 0/0 - 13.13 1 : 2.22 4 

Bacillus Ihllrillgien!·;is @ 750 1111 / ha -
Helicoverpa ar111igera nuclear 
polyhedrosis virus @ 250 LE / ha ----

Bacillus IIz1lringiensis @ 750 1111 / ha - 14.82 1 : 2.05 5 

Helicoverpa ar111igera nuclear 
polyhedrosis virus @ 250 LE / ha -
Spinosad 0.01 0/0. 
Spinosad @ 0.01 0/0 - Bacillus 14.29 1 1.86 6 

thuringiensis @ 750 1111 / ha -
Helicoverpa arl'nigera nuclear 
polyhedrosis virus (ciJ 250 LE / ha ---

Three sprays of Endosulfan @ 0.06 0/0. 15.21 I : 4.69 I 

Untreated Control 09.30 -- --
-

'F'test Sig. 

S.E. (In) + 0.17 

C.D. at S% 0.57 

C.V. (0/0) 2.21 
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yield. Module lvi, (Bacillus thuringiensis (iiJ, 750.lnl / ha - I-Ielic()verpo arllligcr(/ 

nuclear polyhedrosis virus (j_i) 250 LE / ha - Bacillus Ihuringiensi . ..,· (ZiJ, 750 1111 / ha) 

and M4 (Neenl Seed Kernel Extract @ 5 % - Bacillus Ihuringiell.· ... is (?i} 750 1111 / ha 

,- !Ielicoverpa llrnzigera nuclear polyhedrosis vinls (ij"d 250 LE / ha) \vcrc less 

effective at par and recorded 13.53 and ] 3.13 q / ha grain yicld. r·cspcctivcly. 

Untreated control (Mo) registered significantly rnininH.l111 yield of 9.30 q / ha. 

4.2.6 Incremental cost benefit ratio of various treatnlcnts during 2004 -05 

Data presented in 'fable 14 (Appendix - F) showed that 1110dulc with thr'cc 

sprays of endosulfan 0.06 % enlcrgcd as I110St ccononlical 1l1odulc. \vhich gave 

11laxinlUl11 return of Rs.4.69 per t.upee invested. The ncxt econolllical 1110dule in 

order \vere M2 (Bacillus Ihringiellsi . ..,· @ 750 1111 / ha - llelicol'crp{l arJlligerll 

nuclear polyhedrosis virus @ 250 LE / ha- endosulfan @ 0.06 %), M) (Endosulfan 

@ 0.06 %- Bacillus Ihringiensis @ 750 1111 / ha - I-Jelicoverpa arJ11igera nuclcar 

polyhedrosis virus @ 250 LE / ha)~ M4 (Neen1 seed kernel entract @ 5<Yo - Bacillus 

Ihringiensis @ 750 ml / ha - Helicoverpa ar111igera nuclear polyhedrosis virus @ 

250 LE / ha), Ms (Bacillus fhringiensis (iiJ 750 Lr~~ / ha- !-Ielicoverpa arnligera 

nuclear polyhedrosis virus @ 250 LE / ha -- spinosad @ 0.01 0/0) and M() (Spinosad 

@ 0.0 I % - Bacillus Ihringien:i;is @ 750 LE / ha - J-Ielicoverpa arfniKera nucleal' 

polyhedrosis vinls @ 250 LE / ha) which give return of rupecs R.s.2.29, 2.59, 2.22~ 

2.05 and 1.86, respectively per rupee investc. 

l-Iowever, module M 1 consisted of Bacillus fhringien.s·is @ 750 Inl I ha -

Helicoverpa armigera nuclear polyhcdrosis virus @ 250 LE / ha - Bacillus 

thringiensis @ 750 P-'ll / ha was cOlllparativeiy less econonlical and gave Rs. 1.85 

against the investnlent of one rupee. 
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4.2.7 Effects of vnrious nlodulcs on larval population of 1-1. ar'lIit:era (PonIed) 

Data on cUl1ndHtive average larval population of II arnligera in di ffcrcnt 

Illodules are presented in l'able 15 (figure 6). All ·the Illodules evaluated, rcconlcd 

significantly lov·/er larval population than untreated control. 1··Iowevcr~ 1110dule M7 

(three sprays of endosulfan @ 0.06 0/0) and M5 (Bacillu .... · Ihuringiensi .... · (iv, 750 Jnl / 

ha - I-felicoverpa arn1igera nuclear polyhedrosis virus @ 250 LE / ha - spinosad 

@ 0.01 %) proved 1110St effective and recorded l11inil11l1Jll larval population of 2.32 

and 2.57 per ten plants, respectively and were at par with each other. 

Module f'v12 cOtllprising Bacillus Ihuringiensis (?i) 750 1111 / ha 

Helicoverpa arlnigera nuclear polyhedrosis virus (t;!J 250 Lr:-: / ha - cndosulfan ((f2 

0.06 %~ M6 consisting spinosad @ 0.01 % - Bacillus Ihuringiensis (ii) 750 Inl / ha -

Helicoverpa arlnigera nuclear polyhedrosis virus @ 250 LE / ha and M3 with 

spray of endosulfan @ 0.06 % - Bacillus rhuringiensis @ 750 Inl / ha -

l-Ielicoverpa arn1igera nuclear polyhedrosis virus @ 250 LE / ha were at par with 

each other and recorded 2.90, 3.07 and 3.28 larvae per ten plants~ respectively. 

Module MI (Bacillus thuringiensis @ 750 1111 / ha - llelicoverpa armigera 

nuclear polyhedrosis virlls @ 250 LE / ha - Bacillus Ihuringiellsis @ 750 1111 / ha) 

and M4 (Neen1 Seed Kernel Extract @ 5 % - Bacillus thuringiensis @ 750 1111 / ha 

- I-Ielicoverpa arlnigera nuclear polyhedrosis vints @ 250 LE / ha) \vere less 

effective, statistically at par and recorded 3.88 and 4.15 larvae on ten plants, 

respectively. An untreated control (Mo) had registered highest of 7.08 larvae per 

ten plants. 
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Table 15 

Module 
No. 

, 

Ml 

M2 

M3 

M4 

Ms 

M6 

M7 

Mo 

Effect of various modules on larval popahd:ion of 
fl. arl1lige!"ll (Pooled) 

Components of Module Cumulative 
average 

population of 
1-1. arl1liger(1 
/ tell plants 

Bacillus Ihuringiensis @ 750 1111 / ha - I-Ielicoverpa 3.88 
armigera nuclear polyhedrosis virus @ 250 LE / ha - ( 1.94) 
Bacillus thuringiensis @ 750 11.1.1 / ha. 
Bacillus t/zuringiensis @ 750 11.1.1 / ha - Helicoverpa 2.90 
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.68) 
Endosllifan ~ 0.06 % 
Endosulfan @ 0.06 % - Bacillus thuringiensi.s· @ 750 3.28 
ml / ha - }{elicoverpa armigera nuclear polyhedrosis (1. 79) 
virus (j_iJ 250 LE / ha 
Neen1 Seed Kernel Extract @ 5 % - Bacillus 4.15 
thuringiensi . .,. @ 750 ml / ha - /-/elicoverpa armigera (2.01) 
nuclear polyhedrosis virus @ 250 LE / ha 
Bacillus thuringiensis @ 750 1111 / ha - Helicoverpa 2.57 
arn1igera nuclear polyhedrosis virus (0 250 I.E / ha - (1 .57) 
Spinosad 0.01 'Yo. 
Spinosad @ 0.01 % - Bacillus thuringiensis @ 750 3.07 
n11 / ha - llelicoverpa arl11igera nuclear polyhcdrosis ( 1.72) 
virus (if} 250 LE / ha 
Three sprays of Endosulfan @ 0.06 0/0. 2.32 

( 1.49) 
Untreated Control 7.08 

(2.65) 

'F'test Sig. 

S.E. (m) + 0.04 

C.D. at 50/0 0.11 

C.V. (%) 4.87 

* 
** 

Average of 12 observations taken at 3, 7, 10 and 14 days after each spray 

Figures in the parentheses are corresponding square root transfonncd values 
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4.2.8 Effects of various modules on grain yield of chicl(.pca (Pooled) 

The data reganJing grain yield of chickpca as influcnced by dilTercnt 

nlodules are presented in Table 16 (figure 7). It revealed significant superiority of 

all the modules over controL Module M7 vvith three sprays of cndosulfan @ 0.06 

0/0" and Ms consisting Bacillus Ihuringiensis @ 750 1111 / ha - IJelicoverpa 

armigera nuclear polyhcdrosis virus @ 250 LE / ha - spinosad @ 0.01 % were 

most efTective, statistically same and produced 15.96 and 15.63 q / ha grain yield. 

Module Ms was also found at par with M2 (Bacillus thuringiensis @ 750 Inl / ha -

J-Ielicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha - endosulfan @ 

0.06 %) which produced 15.47 q / ha grain yield. 

Other effective Inodules were iV16 (spinosad (?i] 0.0 I 0/., Hacilllls 

thuringiensis @ 750 111.1 / ha - I-lelicoverpa arnligera nuclear polyhedrosis virus 

@ 250 LE / ha) and M3 (cnclosulfan @ 0.06 (Yo - Bacillus Ihuringiensis ~ 750 Inl / 

ha - .flelicoverpa arn1igera nuclear polyhedrosis virus @ 250 LE / ha) which did 

not differ significantly and recorded 15.03 and 14.84 q / ha grain yield. Module M I 

(Bacillus thuringiensis @ 750 nl1 / ha IJelicovel1Ja arn1igera nuclear 

polyhedrosis virus @ 250 LE / ha - Bacillus Ihuringiensis @ 750 1111 / ha) and M4 

(Neel1.1 Seed Kernel Extract @ 5 % - Bacillus thuringien.s·is @ 750 111] / ha -

l-Ielicoverpa arnligera nuclear polyhcdrosis virus @ 250 LE / ha) \-vere less 

effective but recorded significantly higher grain yield (14.38 and 14.00 q / ha.) than 

untreated control (Mo) (9.88 q / ha). 

4.2.9 Incremental cost benefit ratio of various rnodules (Pooled) 

Incren1.ental cost benefit ratio of vc.lt·ious Inodulcs over t\vo seasons 

presented in Table 16 (.t\,ppendix-6) confinned the cconoI11.ic viability of Inodule 7 

consisted of three sprays of endosulfan @ 0.06 % as this l110dule gave highest 
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Table 16: 

Module 
No. 

MI 

M2 

M3 

M4 

Ms 

M6 

M7 

Mo 

Effect o:f 'various modules on grain yield C!' ch!cl<pca and 
increnlcntal cost benefit ratio (Pooled) 

Components of Module Mean ICDR 
yield 

(q / hal 
Bacillu.s· Ihzlringiensis @ 750 Inl / ha - 14.38 1 : 2.07 
Helicoverpa arrnigera nuclear 
polyhedrosis virus @ 250 LE / ha -
Bacillus IhurinRiensis (iiJ 750 1111 / ha. 
Bacillus Ihuringiensis @ 750 nl1 / ha - 15.47 1 : 3.16 
Helicoverpa arrnigera nuclear 
polyhedrosis virus @ 250 LE / ha -
Endosulfan {m 0.06 % 

-
Endosulfan @ 0.06 % - Bacillus 14.84 I : 2.81 
Ihuringiensis @ 750 ml / ha -
I-Ielicoverpa arlnigera nuclear 
polyhedrosis virus @, 250 LE / ha 
Neen1. Seed Kernel Extract @ 5 % - 14.00 1 : 2.51 
Bacillus thuringiensis @ 750 ml / ha -
I-Ielicoverpa arlnigera nuclear 
polyhedrosis virus @ 250 LE / ha 
Bacillus thuringiensis @ 750 1111 / ha - 15.63 1 : 2.25 
Helicoverpa arrnigera nuclear 
polyhedrosis VirUS @ 250 LE / ha -
Spinosad 0.01 %. 
Spinosad @ 0.01 % - Bacillus 15.03 1 : 2.02 
thuringiensis @ 750 ml / ha -
Helicoverpa arlnigera nuclear 
polyhedrosis virus @J 250 LE / ha 
Three sprays of Endosulfan @ 0.06 <Yo" 15.96 1 : 5.07 

Untreated Control 09.88 --

'F'test Sig. 

S.E. (m) + 0.12 

C.D. at 5% 0.37 

C.V. (%) 2.10 

-
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return of Rs.5 .07 against a rupee invested. "l'he rnodule M2 (Bacillus lhringiensis (fJ) 

750 Inl / ha - Helicoverpa arlnigera nuclear polyhedrosis virus @ 250 LE / ha-

endosulfan @ 0.06 0/0), M3 (endosulfan @-0.06 %- Bacillus lhringiensis @ 750 lnl 

/ ha - Helicoverpa arnligera nuclear polyhedrosis virus @ 250 LE / ha) and M4 

(Neern seed kemel extract @ 5% - Bacillus lhringiensis @ 750 Inl / ha -

I-Ielicoverpa arl11igera nuclear polyhedrosis virus @ 250 LE / ha stand next to 

rnodule M7 and gave a return of Rs.3. 16, 2.81 and 2.51, respectively per rupee 

invested. 

Remaining (nodules viz., Ms (Bacillus thringiensis @ 750 LE / ha-

Ifelicoverpa ar"ligera nuclear polyhedrosis virus @ 250 LE / ha - spinosad @ 

0.01 0/0), M 1 (Bacillus Ihuringiensis @ 750 rnl / ha - I-felicoverpa arnligera nuclear 

polyhedrosis virus @ 250 LE / ha - lJacillus thuringiensi.s· @ 750 nll / ha) and M6 

(spinosad @ 0.01 % - Bacillus lhuringiensis @ 750 rnl / ha - l-felicoverpa arrnigera 

nuclear polyhedrosis virus) \-vere proved less econolnical and gave a return of 

Rs.2.25, 2.07 and 2.02, respectively for a rupee invested. 

4.3 Relationship benveen larval population of" H. arnligera its field 
parasitization and 'W'eather parameters 

Weekly data on population of H arnligera, it's parasitization under field 

conditions and the meteorological parameters obtained during rabi, 2003-04 and 

2004-05 are presented in Table 17 and 18 and illustrated graphically in figure 8 and 

9. Co-relation coefficients obtained between above variables are given in Table 19. 

4.3.1 Seasonal incidence of" If. arnligera 

It is seen from the Table 17 and figure 8 that, the incidence of II_ arl11igera 

during rabi., 2003-04 was initiated during 45 th meteorological '\veek (3 larvae / 10 

plants) i.c. nearly one month after so\ving. It went on increasing and reached its 

.. 
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peak (7 larvae I 10 plants) during 49th and 50 th meteorological week \-vith a 

temperature variation or 16.5 to 32.2 °C and 1).9 to 31.2 °c '\"hile relative 

hurnidity between 33 to 77 % and 21 to 64 % .. respectively during it's previous 

"veek. Further it dec I ined up to 1st Ineteorological "veek and ,\vas zero during 2 nd 

flleteorologieal \-\leek. 

During rabi~ 2004-05 the incidence or 1-1. arllligera \vas noticed during 44th 

Ineteorological vveek (Table ) 8, figure 9) i.e. 3 larvae I 10 plants with tenlperature 

behveen 14.6 to 33.0 °c .. relative hUlnidity 29 to 64 % and no rainfall during its 

previous \-veek. Highest population of pests () 3 larvae I 10 plants) was recorded in 

48th Illeteorological "veek "vith temperature between 12.2 to 32.0 °c, relative 

humidity 22 to 66 %, no rainfall during its previous week. Afterwards the 

population started decreasing and "vas rnininlllln (3 larvae I 10 plants) during 2 nd 

111eteorological '\\leek 

4.3.2 Parasitization of the pest 

During both the years of investigation no egg and pupal parasitoids 

recorded. Only two larval parasitoids viz., Canlpolelis chlorideae and Eriborlls sp 

(Plate 7 and 8) '\\lere found parasitizing 1-1. arl11igera larvae. 'rhe data on 

parasitization due to these n.vo parasitoids during rabi, 2003-04 and 2004-05 are 

presented in Table 17 and 18 and illustrated graphically in figure 8 and 9. 

During 2003-04, the highest parasitization due to C'ol'npolelis chlorideae 

(20 %) was recorded in 50th meteorological "veek ""here as the parasitization due to 

Eriborus .s:p was highest (12 %) in 5 151 lneteorological "veck. The total 

parasitization due to both parasitoids ,\vas highest dlu·ing 51 Sl Incteorological '\veck 

Le. 28 per cent. The telnperature and relative hUlnidity ranged bet'\vcen 12.6 to 

3 I .4 °c and 26 to 63 %, respectively during its previous ",veek. 
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Plate 7. Pupa and Adults of C. chlorideae
7 

a larval parasitoid of H. armigera 

Plate 8. Adults of Eriborus sp., laral 
parasitoid of H. armigera 



During 2004-05 thc highcst pal·asitization due to C.'. ch/oritie(/c. /·;,.ihrus .<,"{' 

and both of then1 \,Vel·C recorded in 48th nlctcorological weck i.c. 24~ ] 2 and 36 per 

cenC respectively. The teInperature and 11l1l11idily l"Clngcd bct\-vccn 12.9 to 32.0 0(. 

and 22 to 66 %, respectively. 

4.3.3 Correlation studies 

Perusal of values in Table 19 revalcd that significant positive correlation 

bet\veen field parasitiza~ion and the larval population of the pests. 

Mean maxilulHl1 and IninilUUn1. tcn1perature as vvell as Inorning and evening 

hun1.idity exhibited positive correlation \vith the larval population \-vhich \vere not 

significant. 

Field parasitization shov.'ed positive and non-significant correlation \vith 

Inaxinlunl teluperaturc, rninin1un1 telnperature and 1110rning hlll11idity. Whereas, it 

showed negative but non-significant correlation v.rith evening hlllnidity. 

Table 19 : Rehltiollship het"\oveen larval population, field parasitization 
and "\oveather parameter 

Sr. No. Particulars Larval population Field 

parasitization 

1 Larval Population -- 0.777* 

2 MaxinlUI11 teluperature 0.387 0.115 

3 Minimuro teluperature 0.320 0.118 

4 Morning hun1.idity 0.230 0.181 

5 Evening hUIUidity 0.009 -0.079 

* - Significant at 5 % level 

4.4 EtTcet of Inalie acid 011 larval and pupal dcvcio(llllcnt of .fI. 1l1"111igera 

Data regarding the.! ciTect of feeding nlalic acid fortificd~ \vater washed and 

untreated chickpea leaves on larval and pupal dcvelopll1ent of If. arnligera during 

2003-04 and 2004-05 arc presented in Table-20 and 'fc:'1ble-21 ~ respectively. All thc 
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three feeding n"lethods did not ShUV,jf any signi ficant etTccl on devc)opnlent of 

various stages of Jf. ar,.nigera during both the years. 

During 2003-04. larvae reared on Inalic acid fortified chickpea leaves took 

4.4 -+- 0.66, 6.9 -I- 0.54, 5.4 2: 0.49, 3.0 -I- 0.00, 5.4 ± 1.02 and 5.3 -I- 0.90 days f(}l' 

c01l1pletion of IS'" 2"d, 3 1d
, 4th, 5 th and 6 th larval instars, I-espective)y_ \Vhcrcas larvae 

reared on water washed and untreated chickpea leaves took 4.9 -+- 0_94, 6_9 -+- 0.46, 

5.1 + 0.30, 3.1 + 0.30, 4.7 + 0.78,5.4 + 0.80 and 4.7 + 0.78, 6.9 + 1.04,5.5 -+- 0.81, 

3.3 + 0.46, 4.9 + 1.22 and 6.8 + 0.87 days for cOlnplction of 1 s" 2nd, 3 rd
, 4 th

, 5 th and 

6 th larval instars, respecti vely. 

Total larval period was recorded shortest '\.vhen larvae were reared on water 

washed chickpea leaves i.c. 29.9 -I- 1.30 days \,vcrcas, it \vas longest (32. I J.. 1_22) 

when they were reared on untreated chickpea lea~ves. ~rhe larvae reared on Inal ic 

aeid fortified chickpea leaves took 30.4 + 1.36 days lor- con1pletion of larval stage. 

The pre-pupal and pupal period recorded in n"lalic acid fortified, water washed and 

untreated chickpea leaves '\-"ere 3.1 + 0.54 and 16.9 + 1.45 ; 3.3 + 0.46 and 16.9 + 

0.94 and 3.2 + 0.60 and 17.4 + 1.20 days, respectively. 

Similarly, during 2004-05 the larvae reared on l11.alic acid fortified chickpea 

leaves took on an average 3.6 + 0.75, 4.3 +0.81,4.0 -+ 0.63, 2.5 ~.t 0.50, 5.0 -I- 1.10 

and 5.3 + 1.04 days for cOlnpletion of 1 st, 2nd, 3 rd
, 4th, 5 th and 6 th instars 

respectively. I-lowe-ver larvae reared on water \vashcd and untl'eated chickpea leave 

took on an average 4.1 + 0.86 ; 4.8 + 0.14 ; 4.2 -+- 0.14 ; 2_9 + 0.54 ; 4.7 -+ 0.78 ; 5.2 

+ 0.60 and 4.2 + 0.87 ; S.3 + 0.46 ; 4.6 ~ 0.66 ~ 3.1 ='= 0.70 ; 4.8 :.t 0.75 ; 5.9 -I- 0.70 

d f' I' f 1 "it 2 nd ~ rd 4th 5 th d -lh . . ] ays or comp etlan 0 , ,_), , an 6 Instars, respective y. 

Shortest larva], pre-pupal and pupal period were recorded when larvae '\.vere 

reared on '\-vater washed chickpea leaves i.c. 25.9 ± 1.22, 2.9 + 0.54 and 15.7 + 0.90 
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days~ respectively. Wh(.;reas~ larvae reared on untreated chickpea leaves n:gistered 

longest larval (27.9 -I- 1.64)" pre-pupal (3.2 -I- 0.75) and pupal (16.2 + 1.08) period. 

Feeding with malic acid fortified chickpea leaves required 27.5 + 2.16 ; 3.0 +- 0.63 

and 15.8 + 1.40 days for cOlnpletion of larval~ pre-pupal and pupal period. 
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CHAPTEI~- V 

IlISCUSSION 

The expeI"inlcntal findings of the prcsent invcstigation~ described in the 

earlier chapter have been discllssed in the forgoing pages in the light of availablc 

rel~vant literature undcr respective subheadings. 

5.1 Evaluation of Illicrobial insecticides either alone or their cOlubinations 

5.1.1 Effcct of 'var-ious tr"cahl1cnts on lar"val population of II. arllligera 

5.1.1.1 Larval population of I-I. arnligera, three days after fit"st spray 

The results on larval population of I-/, arJl1igera~ three days after first spray~ 

during both the years 0 f experinlentation as \-vell as their poo led analysis revealed 

more or less sinlilar trend of efficacy duc to variolls treatnlcnts against this pest. 

AInongst various treatillents spinosad (0.01 %) and cndosulf~1I1 (0.060/0) \-vere 

statistically at par and significantly superior over other treatInents. 

The remaining treatnlcnts viz., I-Ielicoverpa ar,,'zigera nuclear polyhcdrosis 

VIrus (250 LE / ha). Bacillus Ihuringiel1sis (750 I,E / ha), I/elic()verpa arlnigera 

nuclear polyhedrosis VIrus (125 LE / ha) +- Bacillus Ihuringiensi . ." (375 1111 / ha), 

j\4elarhizizllJ1 anisopliae (2.5 kg / l1a),. BC{llll'cria ha.<·;siul1(1 (2.5 kg / ha), 

Melarhiziurn ani."'opliae (1.25 kg / ha) ... J-Iefic(}verpa annigera nuclear 

polyhedrosis vinls (125 LE / ha). j\4elarhizilll11 {lJli,\'op/iae (1.25 kg / ha ) -I Uacil/lls 

Ihuringiensis (375 1111 / ha). Beauveria bas:·;iaJ1(1 (1.25 kg / ha) -I- He/icoverpa 

arnligera nuclear polyhedrosis virus (125 LE / ha) and Beauveria ba.s·siana (1 .25 

kg / ha)+- Bacillus thuringiensis (375 1111 / ha) proucccl n'lore or less sinlilar effects 

but wcre significantly superior over untreated control. 

Present fincling~: rcgarding significant superiority of spinosad and 

endosulfan over I-IaNPV and 8t,. three days after spraying are allnost in accordance 
1 10 



\vith those of Dhondt; .!i at. (2005) \,vho rcp(')l"tcd that spinosad (75 g a.i. / ha) \vas 

significantly superior ever l-IaNPV (250 LE / ha) in reucing the larval population 

of I-I. arnzigera 72 hOlUoS after spl·aying and \-vas at pal· \.vi th enuosul t~ln (350 g <t. i. I 

ha) and Bt (1000 g / ha). SiJl1ilar results Jocgarding cndoslllf~ln an.~ reported by 

Rabindra el al.( 1(91). They have recorded significantly less larval population (3.7 

/ 5' plants) in endoslllra~1(350 g a.i. / ha) than nuclear polyhedrosis virus (250 LE / 

ha) at three days aftcr first spray. Supare el al.( 1991) also reported significantly 

lllore larval reduction in cndosulfan (0.07 <Yo) than I-INPV (250 LE / ha) at four 

days after sprayIng. Silnilarly. Rarntekc e/ al.(2002) have also registered 

sign-ificantly less larval population (8.05 / 10 plants) In endosulfan than J-IaNPV 

and Bt. 

Sidde Go\vda and Suhas Yelshetty (2005) reported at par larval population 

"vith delfin (1500 g / ha), basina (5000 g I ha), lIaNPV (250 L,E / ha) and 

endosulfan (1000 rnl / ha) but were significantly superior over untreated check at 

thrce days aftcr first spray. These findings strongly supported the prcsent finding 

regarding equal effectiveness of I-IaNPV, Bt and Beouveria hassiana. I-Iowevcr, 

their findings regarding cndosulfan are not in accordance "vith present findings. 

Further, Phadtare e/ al. (2004) have reported Bt (2 g / I) and its con1bination 

with Beauveria bassiana (1.2 X 105 spores / Inl) as "veIl as I-IaNPV (2 X 109 PIBS / 

1111) and its cOInbination vv'ith Beauveria bassian(l (1.2 X 105 Spores / Inl) produced 

statistically equal larval lllortality at three days aftcr trcatIllcnt unclel· laboratory 

condition. These findings are in line \\lith present findings except the significantly 

superior pcrfornlance of Ht and its cOIllbination "vith Beauveria hassiana than 

I-IaNPV and its conl,bination \vith IJeauveria ba . .,·~.,·iana \.vhich is not in accordance 

1 1 1 



with present findings. Efficacy of ivletarhizizlll1 ani,""opliae and its cOlllhination 

with I laNPV and Bt could not bc cOlnpared 1"01' \,vant of related literature. 

5.1.1.2 Larval population of Fl. arllligera., seven days after first spray 

Bascd on t\-\/(.) years rcsults as \vell as pooled analysis, spinosad (0.01 (X)) 

and endosulfan (0.06 <Yo) did not differ statistically and proved consistently 

superior over rest of the treatlnents. ~rhesc t\~lO treahnents were follov"red by 

I-/e/icoverpa arrnigera nucleat· polyhedrosis VIrus (250 LE I ha), Bacillus 

li1uringiensis (750 Inl I ha) and /-/elicoverpa arrnigera nuclear polyhcdrosis VIrUS 

(125 LE I ha) + Bacillus thllringiensis (375 Inl I ha). 

~rreatrnents /yletarhiziunl anisopliae (2.5 kg I ha), Beauveria hassiana (2.5 

kg I ha) ancl their cOin hi nation viz., A4elarhi:::illlJl al1isoplio(! ( I .25 kg / ha) I 

Ilelicoverpa arn1igera nuclear polyhedrosis virus (125 LE I ha), A//efarhizhlln 

anisopliae (1.25 kg / ha) + Bacillus Ihllringiensis' (375 Inl I ha), Beallveriu 

bas.s·iana (1.25 kg I ha) + /--JelicoveJ1:Ja arnligera nuclear polyhedrosis virus (125 

LE Iha) and Beauveria hassiana (1.25 kg I ha) + Bacillus Ihllringiel1sis (375 1111 I 

ha) \.'\fere ahnost statistically at par but significantly superior over untreated control. 

Dhonde et al. (2005) reported supeI"iority of spinosad (75 g a.i. I ha) and 

endosulfan (350 g a.i. I ha) over 8t (1000 g I ha) and HaNPV (250 LE I ha) seven 

days after spraying against sanle pest on the sanlC crops sill1ilarly the superiority or 

spinosad was also reported hy I)andale el a/.(2000) and Saindanc (2002) against 

sanle pest at saIne interval but on CottOIl. 

°rhe finding~ n:gan.ling cqual effectiveness of IlaNPV, 13t and theil' 

cOlllbination at half doses arc in accordance \,vith Loganathan el al. (2000). During 

their \vark spicturin (1.0 I I ha), HaNPV (1.5 X 10 12 POB / ha) havc registcred 

statistically equal larval population seven days after trcatlnent. Sitnilar type of 
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results \,-vere also found by Srinivisan ('/ u!. (19<)4). ! !o'_'.-',-·vel". r~!l;lll :111<.1 P:!lel 

(2002) reported that the cornbinaiion of IIaNP'} and Ht Vias significantly superior 

then their individual applications '\vhich is diffcl"ing froll) the prcsent findings" 

As regards the efficacy of fungal pathogens against II. annigera, 

Shivramkrish .na (2004) repoI"ted that l\/le/arhizilllll allisopliae ,\vas 11lore efTecti,\re 

than Beauveria /Ja.<;.<;iana against san1e pest on chickpea" I-Ie further reported that 

these fungal pathogens ,\VC1"C not as effective as cndosulfan (0.07 %), HaNPV (250 

LE / ha) and Bt (750 n11 / ha). The trend of efficacy recorded by hinl is in full 

confonnity \'-",ith the tl"end obtaincd in the pl'cscnt investigations. 

COlnbination of /\4efarhizil.ll17 ani.',;opliae (1 .25 kg / ha) +- Ilelic()verpa 

ar,nigera nuclear polyhcdl'osis vinls (125 LE l11a)., ,\4e/arhizilllll ani.<;opliac (I .25 

kg / ha) + Bacillus Ihuringiensis (375 n11 / ha), Beauveria ba.~·."·ian{l (1.25 kg / ha) + 

J-Ielicoverpa arfnigera l"illClar polyhedrosis virus (125 LE / ha) and Beaul'eria 

bassiana (1.25 kg / ha) + Bacillu,(j thuringiensis (375 1111 / ha) were found least 

effective during both the years at both the intervals and theil' poole effect. These 

results could not be cOll1pared with the earlier work due to its non availability in 

the literature. 

It appeared that the spinosad has bcen tcsted for the first tin1C against !-I. 

arfnigera on chickpea during the present studies. H()'\vcver., results obtained during 

present studies are fully supported by those obtained by Dandale et al. (2000) \\/ho 

reported that spinosad (75 and 50 g a.i. / ha) \vas 1110st effective in controlling the 

infestation of 1-1. arn"ligera in green fruiting bodies of cotton at fourteen days after 

treatlnent. Silnilar type of results ,\vere also reported by Saindanc (2002) against 

same pest on Cotton. 
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I'he present findings regarding the efficacy of endosulfan ten and l()llrtecn 

days after spraying arc quite cornparablc \vilh Pawar el al. (1 <)87), l)atkhile el al. 

(1996). Ravi and Venna (199~ and Bhalkan: (2000) \'vho clearly reported the 

significant superiority of endosulfan over biopcsticidcs. 

Equal cn~:cti veness of HaNPV. .i\4elarhizillfll anisopliae. lJeauveria 

bassiana and Bacillus Ihurin~iensi.s· found in present investigations is in confinnity 

\,'lith the results reported by Pharindera Yadav el {II. (2005) \'vho repOrled equal 

larval population of I-/. annigera ,vith dclfin (1 kg / ha), basina (1 kg / ha) and 

I-IaNPV (250 LE / ha) at eleven and fOlH·teen days after treatll1ent. Ho\,vcver. they 

have also reported that these trcatInents did not differ fron1 cndosul fan (0.07 (X,) 

\'lhich is not in tunc \vith present findings. Equal efficacy or Hl and HaNPY at 

fourteen days after treatn lcnt is also reported by Ralntakc e/ al. (2002). 

Almost sin1ilal- type of effectivity of fungal pathogens \,vas also reported by 

Pharindera Yadav el al. (2005) and K.ulkarni el al. (2005) which strengthened the 

findings related to fungal pathogens in the present study_ Ho'\'lever. Sidde (io'\vda 

and Suhas Yelshetty (2005) reported 10,'Vcr larval population of Il. arn1igera in the 

treatnlent \'vith Basina (5000 g / ha) than del fin (1500 g / ha), I-laNPV (250 I.E / ha) 

and endosulfan (1000 1111 / ha) at seven days after first spray which IS not in 

accordance '\vith present findings. The lo,\ver hu-v~ll population recorded III basina 

l11ight be due to application of very high dose (5000 g / ha) of basina. 

'The findings regarding efficacy of half doses of AlelarhizilllJl ani.'>"opliae 

and Beauveria bassiana in cOlnbination with the half doses of I-IaNPV and Bt can 

not be discussed because of non availability of literature. 
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5.1.1.3 Larval populatioll of Fl. arnligera., ten and fourteen da}'s 
a.-ter first spnl~' 

Consistently lowest lal-val popuiation \.-vas recorded in trcatlncnts ~rith 

spinosad (0_01 %) and cndosulfan (0_06 'Yo) dur-ing both the year-s at both the 

intervals as well as their pooled effects_ 

Another group of bctter treatnlcnts consistcd lIaNPV (250 1,1-: /ha), 

Metarhizium anisopliae (2.5 k g/ ha), Beauveria bassiana (2.5 kg / ha)~ Bacillus 

thuringiensis (750 1111 / ha) and J-IelicoveJ]7l1 arlnigera nuclear polyhedrosis virus 

(125 LE / ha) + BaciUu.') thuringiensis (375 luI/ ha) '\vhich exhibited lTIOrC or less 

silllilar performance during indivisual years at both the intervals as ,yell as their 

pooled effects_ 

Efficacy of Jvfelarhizil.lI11 anisojJliae during this study is quite cOlllpar-able 

with Kulkarni et al.(2005) \.vho rcported that Nielarhizizlln anisopliae (2 g / I it.) \vas 

as effective as Bacillus Ihuringiensis (2 In) / lit.) in reducing If. arl11igera larvae 

fifteen days after spraying on chickpea. I-Iowevcr,. Shivran1.krishna (2004) reported 

significant superiority of endosulfan (0.07 0/0), J-IaNPV (250 LE / ha) and Bacillus 

thuringiensis (750 Inl / ha) over l\-felarhiziurn anisopliae (10 10 and lOR spores / 

n1.l) and Beauveria baS!i;iana ( 10 I 0 and lOS spores / 111.1) at fourteen days after 

spraying which is not in accordance with the present findings. J-Iowever~ the trend 

of efficacy obtained by hirll is c0l11parable \vith the present findings. 

Less efficacy of cOIl1bined application of J-IaNPV and Bt at half closes than 

their indivisual appl ications found strong support in the '\"lork by Tustin e/ al. 

( 1994). 

Least effictivity of fungal pathogens in cOll1bination ,vith J IaNPV and 13t at 

half doses might be due to their insufficient dose than required to bring higher 

1110rtality coupled ",·ith the absence of c0l11plelnentary action between these 
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tnicrobial prepara~ions. I-Io\-veveI", no \-'lork relating to this fact could be asccr·tainc4 

froln the literature. 

5.1.1.4 Larval population of 1-1. arnligera, three days after second spray 

l-he experin1cntal findings of both the years and their pooled analysis 

indicated that all the treatrnents follo'\vcd more or les sinlilar trend of efficacy 

against the larvae of 11. arnligera, three days after second spray. Al110ng the 

vanous treatments. spinosad (0.01 0/0) and cndosulfan (0.060/0) found significantly 

superior over rest of treatlncnts and 'W'ere f"oll()'\;ved by Bacillu.c.,· Ihuringiensis (750 

nl1 / ha)" I-Ielicoverpa arnligera nuclear polyhedrosis virus (250 LE / ha) and 

/-Jelicoverpa arnligera nuclear polyhedrosis virus (125 LE / ha) + Bacillus 

Ihllringiensis (375 111.1 / ha). 

~rrcatlnents lvlelarhizhlll1 ani.s·opliae (I .25 kg / ha) and Beauveria hassiana 

(1.25 kg / ha) \-verc less effective but recorded less larval population than 

combination of Metarhiziu111 anisopliae (1 .25 kg / ha) + J-Ielicoverpa arnligera 

nuclear polyhedrosis virus (125 LE / ha), J~/elarhizillnl anisopliae (1.25 kg / ha) + 

Bacillus thuringiensis (375 1111 / ha)~ Beauveria ba.s·siana (1.25 kg / ha) + 

I-Ielicoverpa arlnigera nuclear polyhedrosis virus (125 LE / ha) and Beallveriu 

bassiana (1.25 kg / ha) + Bacillus Ihuringiensis (375 1111 / ha). 

Dhonde el al. (2005) reported equal effectiveness of spinosad and 

cndosulfan three days aner spraying against II unnigera on chickpea. 

Whereas, the '\vork carried by Rabindra el al. (1991)~ Bhalkare (2000) and 

Bhatt and Patel (2002) ch~arly indicated the significant superiority of endosul fan 

over biopesticides against /-I. arlnigera on chickpea at three days after second 

spraying. 
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after second spra:..,;ing get strong support or the \\fork carried oul by l,ognathan el 

al. (2000) at Sarvanalnpatti. It can further be strengthened by i'vlen (1992) \vho also 

observed similar ;'caction 'with thcse t\VO n1icrobial insecticides while \vorking on 

Thysanoplusia orichalcea on SllntlO\Ver. 

However~ Bhatt and Patel (2002) reported significantly superior 

perfonnance of cOlnbination of these t\VO Inicrobial insecticides than their 

indivisual applications. 

The findings regarding trend of efficacy of i'-"felarhiziul11 ani.\·opliae and 

Beauveria bassiana is quite conlparable vvith those of Shivrarnkrishna (2004), 

Pharindera Yadav el al. (2005) and Kulkarni el al. (2005). 

Phadtare er al. (2004) reported that cOlnbinations of Bt (2 g / lit.) + 

Beauveria bassiana (1.2 X lOs spores / Inl) and I-laNPV (2 X 105 PIB / 1111) + 

Beauveria bassiana (1.2 X 105 spores / Inl) \vcre little n10rc effectivc than 

individual application of Bt (2 g / I) and HaNPV (2 X 109 PIB / Inl). This nlight be 

due to application of full dose of these Inicrobials in the cOInbinations. Thc 

findings regarding efficacy of .1VfelarhiziuI11 Clnisopliae -I- I-IaNPV and }vlelarhiziulll 

anisopliae + Bt could not be cOlnpare because of non availability of literature. 

5.1.1.5 Larval population of II. arl11igera, seven days after second spray 

Consistently superior pcrfonnance \vas recorded by treatnlcnls Vv'ith 

spinosad (0.01 %) and endosulfan (0.06 0/0) during both the years and their 

cOlnbine eiTect. 

Another group of better treatIncnts consisted of J-Ielicoverpa (lrllligera 

nuclear polyhedrosis virus (250 LE / ha)~ Bacillus Ihuringiensis (750 Inl / ha). 

Helicovel1JO annigera nuclear polyhedrosis virus (125 LE / ha) + Bacillus 
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Ihllringiensi.'f (375 In I / ha). 1\4elarhizilll11 (lllis()pl ioe (2.5 kg / ha) and U('ollveri(/ 

bas.s·iana (2.5 kg / ha) ,.""hich exhibited silllilar perfornutnce during individual years 

as 'Well as their pooled effects. 

Con"lbinations of A4elarhiziuJ1z ani.s·opliae (1.25 kg / ha) + /-/elicovel]JC[ 

ar111igera nuclear polyhedrosis virus (125 I.r: / ha), /v/elarhizilllll anisopliae (1.25 

kg / ha) + Bacillus Ihuringiensis (375 1111 / ha), B,eauveria bassiana (1 .25 kg / ha) 

+ Helicoverpa arlnigera nuclear polyhedrosis virus (125 LE / ha) and Beauveria 

bassiana (1.25 kg / ba) + Bacillus thuringien.s·i.s· (375 In1 / ha) \\lere found least 

effective during both the years and their pooled effect. 

Information on testing of spinosad against If. ar/l1igera on chickpea is 

lacking. I-Io'\-vever, superiority of spinosad observed in present study could be 

C0111pare \,vith the earlier \vork of Dandale el al. (2000) and Saindane (2002) \vho 

reported that spino.sad (50 g a.i. / ha) \-vas effective in reducing the infestation of 

If. arnzigera on cotton seven days after spraying. Significant superiority of 

endosulfan seven days after second spraying as revealed in the present \-vork \vas 

also reported by l1"lany \vc,rkers viz.~ Pa'War el al.( 1987), Bhalkare (2000) Bhatt and 

Patel (2002) and Sing ~nd Yadav (2005). I-Io\vevcr, Sidde G'owda and Suhas 

Yelshetty (2005) reported equal effectiveness of endosulfan (1000 1111 / ha) \vith 

delfin (1500 g / ha), basina (5000 g / ha) and HaNPV (250 LE / ha) at seven days 

after second spraying which Illight be due to higher dosages used by then"l. 

Pawar el al. (1987) and Sarode el al. (1993) reported significant superiority 

of I-INPV against 1-1. Gnnigera on chickpea at seven days after spraying. Bhalkare 

(2000) reported that HaNPV (250 LE / ha) and l3t (1 lit. / ha) \verc equally 

effective and stood next to endosulfan (0.07 0/0) in reducing larval population of 1-1. 

ar111igera seven days after second spray. Loganathan el al.(2000) reported equal 
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effectiveness of spictlll·inc (1.00 I ! ha). IlaNI'V (I.:=:i X 10
12 

P()B / ha) ~lIHI 

spicturing (1.0 I I ha) -1- 1-laNPV (1.5 X 10 12 P(_)B / ha) at seven days aner second 

spray. Bhatt and Patel (2002) I'(HlIH.l that IlaN PV (250 1.1': / ha) and Bl (1 kg / Ita) 

were equally effective and stood next to the cndosul ran (0.07 <Yo) in recording lllcan 

per cent larval nlortality at 1 \\Ieek after second spray. All these findings strongly 

support the present findings regarding I IaNPY, Bt ·and thcir cOlnbinatiol1. 

I-Iowever, efficacy of l\Qetarhizilllll anisopliae, Beauveria bassiana and 

their cOInbinations could not be discussed due to non-availability of silnilar 

literature. 

5.1.1.6 Larval population of H. arlnigerll, tell and fourteen days 
- after second spray 

The results on the larval population of II. annigera ten and fourteen days 

after second spray during both the years of field trials and when pooled together 

showed more or less sin1.ilar trend of efficacy ",vith various treatlllcnts. Treatlnent 

with spinosad (0.01 0/0) vvas found l110st effective and did not differ significantly 

fr0111. endosulfan (0.06<Y<». 

The next effective group of treatments consisted of Helicoverpa arnligera 

nuclear polyhedrosis virus (250 LE I ha)" jUetarhizizlln anisop/iae (2.5 kg Iha)" 

Beauveria bassiana (2.5 kg I ha) and Bacillus Ihuringiensis (750 11.1.1 I ha). The 

cOl11bined applications of these treatn1.ents viz.~ J-lelicovel1JCI arlnigera nuclear 

polyhedrosis virus (125 LE I ha) + Bacillus Ihuringiensis (375 11.11 / ha), 

Metarhiziunl anisopliae (1 .25 kg / ha) + J_lelicoveI1.Ja anl1igera nuclear 

polyhedrosis virus (1 25 LE / ha). Alelarhizillrn ani.\·opliae (1 .25 kg I ha) -I- Bacillus 

Ihuringiensis (375 11.1.1 I ha)" Beauveria bas.<;iana (1.25 kg / ha) + Helicoverpa 

arrnigera nuclear polyhcdrosis virus (125 LE I ha) and Beauveria bassiqna (1.25 

kg I ha) + Baeil/u.s· Ihllringien.<;is (375 n11 I ha) \vere least effective but \""ere 
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significantly supenOl' ()ver untreated control at both the intervals and at both the 

years as \.-vell as their pooled effect. 

The results regarding the efficacy of endosulfan over HaNPV could be 

cOlnpared with those of Pa'VI.'ar el al.( 1987) who reported significantly less larval 

population of Fl. arlniRera in endosulfan (0.05 %) than I-fNPV (250 I,E / ha) at 

fourteen days after second spraying. Sirnilarly Bhalkare (2000) also reported 

significant superiority of cndosulfan (0.07 'Y<,) over J {aNP" (250 (,E / ha) and Bt (I 

lit. / ha) which produced equal effect at fourteen days after second spray. 

The findings regarding the efficacy of othcr treatlllcnts could not be 

eOlnpared because of non availability of literature on silnilar type of \.-york specially 

on chickpea. Ho\.-yever, Dandale (2000) reported that spinosad (75 and 50 g a.i. / 

ha) was most effective in controlling the infestation of II. annigera on cotton 

fourteen days after treatrncnt. Efficacy of spinosad against H. arlnigera \.-vas also 

reported by Saindane (2002) on cotton~ Jeslni Vijayan (2005) on ton1ato and 

Gaikwad and Bhamare (2006) on cotton. 

Similarly, the equal efficacy of fungal pathogens, }-IaNPV and Bt observed 

In the present work could be cOlnpared with the results reported by Pharindera 

Yadav el al.(2005) and K_ulkarni el al.(2005). 

The lower efficacy of combined application of J-IaNPV and 8t at half doses 

over their individual applications found support with the work carried by 

Srinivisan et al. (1994), Tustin el al. (1994) and Loganathan el al. (2000). 

Phadtare e/ al. (2004) reported that con1.bined application of I-IaNPV (2 X 

109 PIB / ml) + Beallveria bassiana (1.2 X 108 spores / 1111) is less effective than 

individual applicatioll of I-IaNPV (2 X 109 PIB / 1111) which is in accordance with 

present findings. l-Iov.rever their findings regarding equal effectiveness of Bt (2 g / 
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1) with Bt (2 g / 1) + Beallveria hassiana (1.2 X 105 spores / Inl) .1nd I<)\ ... ·(.'r efficacy 

of Beauveria ba.<i!·;iana (1.2 X 105 spores / lnl) alone arc in contradiction to present 

findings. The reason for getting highcl' IlHHlaiily illcolnbincd ;'lppiic:,tioll or HI I 

Beauveria bassianu rnight be due to use of full doses in c0l11bination. 

5.1.2 Effect of yarious trcatincnts on g.-ain yield ()f chicl<Jlca 

'rhe year-wise grain yield of chickpea as well as their pooled data revealed 

that maxin1unl yield \vas harvested from the plots treated \-vith spinosad (0.01 0/0) 

which did not differ fr0111 endosulfan (0.06 0/0). 

The treatlnents viz.~ /-/elicoverpa arlnigera nuclear polyhcdrosis virlls (250 

LE / ha); Bacillus Ihuringien.s·is (750 lnl / ha) and llelic(}verpa a,.,nigera nuclear 

polyhedrosis virus (125 LE / ha) + Bacillll.·j Ihuringiensi .... · (375 Inl / ha) li'oll) the 

next effective group producing better gnun yield and were follow'ed by 

A4etarhiziuln anisopliae (2.5 kg / ha) and Beallveria hassiana (2.5 kg / ha). 

Treatn1ents:> A1elarhiziuI'n anisopliaC! (1 .25 kg / ha) + I-Ielic(}verpa annigera 

nuclear polyhedrosis virus (125 LE / ha), Beliliveria has.s·iana (1.25 kg / ha) +­

Helicoverpa arlnigera nuclear polyhedrosis virus (125 LE / ha), Aletarhizhlln 

anisopliae (1.25 kg / ha) +- Bacillus thllringiensis (375 m} / ha) and Beauveria 

bassiana (1.25 kg / ha) + Bacillus Ihuringiensi.s· (375 Inl / ha) harvested less grain 

yield but were significantly higher than untreated control. 

The present findillgs regarding highest grain yield of chickpea harvested 

[ron1 spinosad and endosulfan are in accordance with Dhondc et al. (2005). 

Silnilarly, Gaikwad and Bhalllare (2005) also recorded highest seed yield or cotton 

froln spinosad (50 g a.i. / ha) '\.vhich did not differ froll1 that of cndosulfan (300 g 

a.i. / ha). Efficacy of endosulfan in producing significantly highest grain yield of 

chickpea is also reported by various workers viz., Pawar et al. (1 987)~ Pa\-var et al. 
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(1990), Datkhile el al. (1996), Shukala el al. (1996), Vyas and Lakhchaunl (1996), 

Ujagir el 01. (1997). Bhalkat'c (2000) and J>hal-in<.icra Yadav eflll, (2005)_ 

Equal grain yield harvested froIn }-IaNPV" 13t and their cOlnbinations could 

be cOInpared with Loganathan el al. (2000) and Bhatt and Patel (2002)_ Equal grain 

yield of chickpea n·OIl1 the plots treated "vith I--IaNPV and Bt is also supported by 

Pawar el af_ (1999) and Pharindera Vadav (2005) Siddc Gowda and Suhas 

Yelshetty (2005). 

The yield obtained froIl1 Metarhiziunl anisopliae and Beauveria hassiana 

treated plots could be cOInpared "vith Shi'vrall1krishna (2004), "vho also observed 

saIne trend in producing higher grain yield fi:oln the nlycoinsccticicics_ Sinlilar 

results in case of Beall'veria hassiana "vere also rcp()l·ted by Pluu-indera Yadav 

el al_ (2005) Sidde Go\vda and Suhas Yelshctty (2005). 

'fhe yield obtained fro III the plots tt·eated \.vith conlbincd application of 

Melarhizizan anisopliae with lIaNPV or Ht and J3eauveria ba.,,'.c·;iana with HaNPV 

or Bt could not be cOIl1pared because of \vant of literature on this aspect. 

5.1.3 Incrementa I cost bcnefit ratio of various trcatrncnts 

The results on increlnental cost benefit ratio of various trcatlnents during 

both the years as well as their pooled results shov,'ed that endosulfan @ 0.06 % was 

econoinically most viable folIo"ved by /-lelicoveI1Jt:I arlnigera nuclcar polyhcdrosis 

virus @ 250 LE / ha, I-Ielicoverpa arnligera nuclear polyhedrosis virus @ 125 LE 

/ ha -~- Bacillus Ihuringiensis @ 375 ml / ha, Bacillus lhllringiensis @ 750 Inl / ha 

and spillosad @ 0.01 0/0. 

i'he treatn1cnts Beauveria hassiana @ ,2.5 kg / ha and lvle/arhiziul11 

anisopliae @ 2.5 kg / ha were econolnically less efTective but were econoInically 

nlore viable than the treatment cOinbinations viz.~ l\4elarhizill1ll anisoplia~ ~~ 1.25 
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Beauveria bassia."1a ([lJ 1.25 kg / ha + I-Jelic()verpa annigera nuclear polyhcdrosls 

virus @ 125 LE / ba" /vielarhiziu111 ani.<.;opliae (fl) 1.25 kg / ha + Bacillu .... · 

thuringiensis @ 375 rrd / ha and Beauveria ba . ..,·siana (iJ2 1.25 kg / ha I Bacillus 

thuringiensis @ 375 rnl / ha. 

Present trend of econolllic ranking of treatrncnts VIZ.~ endosulfan~ l-IaNPV~ 

HaNPV + Bt and 13t is in confonnity \-vith Bhatt and Patel (2002) who also reported 

that endosulfan @ 0.07 % was economically lTIOst viable and followed by HaNPV 

@ 250 LE / ha~ J-IaNP\! @ 125 LE / ha + 8t @ 0.5 kg I ha and Bt @ I kg / ha. 

However, they reported that Bt was uncconon1ical due to his high cost. Sornc\-vhat 

sin1ilar trend of efficacy ,\-vas also reported by Loganathan el al. (2000) at 

Sarvanampatti where they found that I-IaNPV @ 1.5 X 10
12 

POB / ha was rnost 

economical and was followed by spicturin 1.00 lit. / ha + I-laNPV @ 1.5 X 10
12 

POB / ha and spicturin 1.00 lit / ha. More econolTIic viability of enclosulfan over 

HaNPV and Bt was also reported by Datkhilc el al. (1996), Wanjari et al. (1998) 

and R.alntake et al. (2002). 

In present study, spinosad although recorded highest grain yield but 

econon1ically ranked 5 th after endosulfan~ IIaNPV~ }-IaNPV + 13t and Bt due to its 

high cost. Similar results ,\vas also reported by Dhondc et al. (2005) on chickpea 

and Gaikwad and Bhan1are (2006) on cotton. 

Less econon1ical viability of fungal pathogens viz., A4etarhiziu111 unisopliae 

and Beauveria bassiana observed during present study find support in the '\-vork by 

Undirvvade et al. (2004) against saIne pest on pigeon pea. }-Iovv'cver" Sidde Ciov.lda 

and Suhas Yelshctty (2005) f()llnd that basina @ 500 g / ha was economically 1110re 
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superior than detti n 

insecticides llsed in t.hif· investigation. 

The present finding regarding least CCOnOll11C viability of cOInbincd 

application of fungal pathogens with J-IaNPV or Bt could not be COIn pared because 

of non availability of literature. 

5.2 ~valuation of different Inodules against II. arl1ligera on chickpea 

5.2.1 Effect of various 1l10dules on larval population of I-I. arl1ligerfl 

The results on cluTIuIative average larval. population of I-/. annigera 111 

different Inodules, during both the years of expcriIl1cntation as well as their pooled 

analysis revealed Inore or less silnilar trend of efficacy against this pest. All the 

Inodules evaluated recorded significantly less larval population than control. 

AITIOngst the various tnodules tested, 1110dulc M7 consisted of three sprays of 

endosulfan @ O.OG % recorded least larval population and did not eli fTcr froln 

lTIodule Ms comprising Bacillus Ihuringiensis @ 750 Inl / ha - Ile/ic()verpa 

arnligera nuclear polyhcdrosis virus @ 250 LE / ha- spinosad @ 0.01 0/0. 

These two 111.odules V'v'ere followed by 1l10dulc M2 (Bacillus Ihuril1~iensi .... · (tl} 

750 1111 / ha - Helicoverpa arlnigera nuclear polyhedrosis virus @ 250 LE / ha --

endosulfan @ 0.06 %), M6 (spinosad @ 0.01 o/c) - Bacillu.s· Ihuringien.'·;is @ 750 tnl / 

ha - l-lelicoverpa a'"l1lige;-a nuclear polyhedrosis virus @ 250 LE / ha) and M3 

(endosulfan @ 0.06 %- Bacillus thuringiensis @ 750 mI / ha - Ilelicovel1)(1 

arnzigera nuclear polyhedrosis virus @ 250 LE / ha). 

However., l11.odulc MI having Bacillus Ihuringien:·;is @ 750 1111 / ha -

I-Ielicovelpa arllligera nuclear polyhedrosis virus @ 250 LE / ha - Bacillu .... · 

Ihuringiensis @ 750 Inl / h:..1 and n10dule M4 \vith Neen1 Seed I<ernel Entract @ 50/0 

- Bacillus thuringiensis :?J2 750 Inl / ha - I-Ielicoverpa ar111igera nuclear 
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polyhedrosis virus (ii). :~50 LE / ha '\vcn~ less effective and n.·conled COJllp:lr:llivcl:-,' 

1110re larval population than other Inodules during both the years and their pooled 

results, 

'rhe present finding regarding superiority of application of chcnlical 

insecticide (3 sprays of cndosulfan) could be conlpared '\-vith those of KllIna,\vat and 

Zheeba .. (1999) VI/ho reported alternate application of n1onocrotophos and 

endosulfan as most effective, 

Silnilarly, the present finding regarding efficacy of Ill0dule M2 having first 

two sprays of biopesticides (Bt and I-IaNPV) follo'\-ved by third spray of endosul fan 

could be cOIl1pared vV'ith the results obtained by Sanap and Pawar (1998) v"'lho 

reported that Illodules '\vith first t'\vo sprays of biopcsticidcs (citheJ' NPV OJ' NSKE) 

followed by third spray of endosulfan '\vere 1110st effective against /-1, arnligera on 

chickpea, Similarly, Singh el ai, (2000) also found that modules consisted of 

I-laNPV @ 250 LE / ha - Etk @ 1500 n11 / ha - endosulfan @ 1250 n11 / ha was 

most effective against saine pest on saIne crop, 

Silnilarly, present findings regarding significantly less larval popUlation 

recorded in module M I (Bt - l-laNPV - Bt) than control is in line '\-vith the study 

conducted at TNAU,. Coimbatorc (AnnonYlllolis, 2003 c ,) who also reported 

significantly less larval population of 1-1. arl}ligera 

I110dule, 

in ahllost siInilar type of 

Results regarding efficacy of n10dules consisted of spinosad could not be 

cOIllpared with earlier' '\-vor'k because of not availability or litel'atun:. 

5.2.2 Effect of various n'lodules on grain yield of chickpea 

l-he results I-egarding grain yield or chickpea as influence by varIOUS 

nlodules showed Olore or less saIne trend of efficacy during both the years of field 
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trials and when pooled togethcr'. Module 1\/17 ,"vith :; sprays or cn<..iosul fan raJ ()_O(> ex, 

produced highest grain yield and was statistically at par with rnodule M5 consisted 

of Bacillus thuringiensis @ 750 rnl / ha - /-felicover/HI arllligera nuclear 

polyhedrosis virus ~~ 250 LE / ha - spinosad (~y 0.0 I <Yo and Inodule M2 having 

Bacillus thuringiensis @ 750 lui / ha - /-/elic()verpa arl'nigera nuclcar polyhedrosis 

viru!? @ 250 LE / ha _. endosulfan ({i] 0.06 0/0. 

Module M6 having spinosad @ 0.01 % - Bacillus Ihuringiensi.\' (j_13 750 [nl / 

ha - l-felicoverpa arlnigera nuclear polyhech'osis virus (j!J 250 LE / ha and l1l0dulc 

M3 having endosulfan @ 0.01 % - Bacillus Ihuringiensis @ 750 Inl / ha -

J-/elicovelpa armigera nuclear polyhcdrosis virus @ 250 LE / ha were lTIodcrately 

effective but produccd Inore grain yield than 1110dule M I consisted of Bacillus 

thuringiensis @ 750 1111 / ha - 1-/elicoveI17a arllligera nuclear polyhcdrosis virus @ 

250 LE / ha - Bacillus lliuringiensis @ 750 1111 / ha and nlodulc M4 conlprising of 

neenl seed kernel extract @ 5 % - Bacillu.':i thuringien:.;is @ 750 Inl / ha ancl 

/-/elicoverpa arlnigera nuclear poJyhedrosis vinls @ 250 LE / ha. 

Equal grain yield obtained in nl.odule with 3 sprays of endosul fan and 

nlodule consisted of first t"\vo sprays of biopcsticidcs (Bt and HaNPV) follov~'cd by 

third spray of endosulfan could be compared vvith Sanap and Pawar (1998) who 

also harvested equal grain yield fronl plants treated '\vith three sprays of endosulfan 

and those treated with first t~vo sprays of bio pesticides (NPV or NSKE) fopowecl 

by third spray of endosulfan. Sinlilarly, Sing el al. (2000) also obtained nl0re grain 

yield from nl.odule consisted of I-IaNPV - Bt - endosulfan. Silnilar results were 

also obtained by Klu~iuria £'1 al. (2006) against sanle pest on tOlnato. 

Silnilarly, present findings regarding significantly higher grain yield 

harvested fronl. module ?vI I (Bt - I-IaNPV - Bt) than control could be COlll.pare '\vith 
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the findings of AnnonY1TIOUS" (200~ G) who also harvested significantly Inorc grain 

yield of chickpea fi'oln Bt - l-laNPV - Bt - J-laNPV alternations than control. 

However, efficacy of 1110dules consisted of spinosad could not be discussed as no 

work on these lines could be detected froln the literature searched, 

5.2.3 Incremenf·al cost benefit ratio of various nl0dules 

Incremental cost benefit ratio of various 1110dules during both the years and 

their pooled results sho"'vved that 1110dule consisted of three sprays of endosulfan @ 

0.06 % was econolllically n10st viable giving highest cost benefit ratio and "'vas 

followed 'by module M2 consisted of Bacillus Ihuringiensis ([]J 750 Inl / ha -

Helicover]Ja Cl,.,nigera nuclear polyhedrosis virus. @) 250 LE / ha - endosulfan @ 

0.06 % and module M3 conlprising of cndosul fan @ 0.06 % Bacillus 

Ihuringiensis @ 750 InI / ha - }-lelicoverpa arlnigera nuclear polyhedrosis virus 

@ 250 LE / ha. 

Module M4 having neen1 seed kernel extract @ 5 % - Bacillus Ihuringiensis 

@ 750 ml / ha - !-Ielicoverpa arnligera nuclear polyhedrosis virus ([y 250 LE / ha 

an module Ms with Bacillus Ihuringiensis @ 750 1111 / ha - J-!elicoverpa arnligera 

nuclear polyhedrosi!; virus @ 250 LE / ha - spinosad @ 0.0 I <Y<) gave bettcl' n~tllrns 

and was followed by 1110dule M I having BacilluLs' Ihuringiensis @ 750 Inl / ha -

J-IelicoveljJa arlnigera nuclear polyheclrosis virus @ 250 LE / ha - Bacillus 

thuringiensis @ 750 LE / ha. Module M() cOlnprising of spinosad @ 0.01 (X) -

Bacillus thuringiensi.')· @?, 750 n11 / ha - !-lelicoverpa arfnigera nuclear polyhcdrosis 

virus @ 250 LE / ha v.'<1S cconol11ically least cfTcctivc. 

Present finding regarding highest leER obtained In Inodule with three 

sprays of endosulfan (ill 0.06 % could be cOIl1pal'cd v.,ith that obtained by Sanap 

and Pa\-var (1998) and KlIIlUl\Vat and .1hecba (199<). Sirnilarly~ present 'findings 
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regarding econon1ical viability of rnodule M2 consisted of 13t - I IaNPV 

endosulfan and M~, having cndosulfan - 8t - IIaNPV over l11.odules M" (NSK.E -

Bt - HaNPV) and MJ (Bt - HaNPV - Bt) is also supported by the work by Sanap 

and Pawar (1998) and Sing et al. (2qOO) \~'/ho found that 1110dules with t\-\/O sprays 

of biopesticides and one spray of endosul ran \vere econolnically superior than 

those having all the three sprays of biopesticidcs. 

Economic viability of modules comprising spinosad could 110t be cOlllparcd 

with earlier work because of non availability of sin1.ilar type of literaturoe. I-Iovv'cver~ 

least leBR obtained fronl these nlodules 'Nas due to very high cost of spinosad. 

5.3 Relationship hcnvecn hu-val population of H. arl11igera, its field 
parasitization and "\veather parameters 

5.3.1 Seasonal incidence of I-I. arl11igera 

During both the years of study incidence of 1-1. arnligera was noticed one 

month after so"\-ving. It then gradually increased and reached its peak during 49
th 

and 50th n1.eteorological week during 2003-04 \1\rith rnaXinHln1. and lTIininlU111 

temperature variatictn of 16.5 to 32.2 and 1 1.9 to 31.2 °C while relative hunlidity 

between 30 to 77 ~o and 21 to 64 %, respectively during the-. preceding \veeks. 

During 2004-05 peak incidence of pest \vas observed in 48 th ll1eteoroiogical \-veek 

with temperature between 12.9 to 32.0 °C and relative hUluidity bet"\-\.'cen 22 to 66% 

during its preceding week. It then gradually decrease and \vas Ininin1.um at the tinle 

of harvesting. 

Peak activity of pest observed between 48 th to 50th meteorological week in 

the present study are in line with study by Yadava and Lal (1985) \vho also 

observed peak activity of this pest on chickpea during 47th and 50th 111cteorological 

weeks. Likewise~ Yadava et ale (1991) also observed peak activity of pest during 

47th - 51 st Ineteorological "'Neeks. Sin1.ilarly ~ Patel and Koshiya (1999) observed the 
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highest incidence of pest during 3 rd wcek of Dccclnber which IS quitc In 

accordance with present findings. 

VaishaInpayan and Veda (1980) observed that relative hlunidity below 75% 

during lnajor active period [ro111 Decenlber to February gave a clear' indication of 

higher popuiation build up of pest on graIn v.'hich supported the present study as 

relative hliInidity "vas below 75 % at the tinlc of peak incidence of pest during both 

the years. 

Similarly, an observation of Anwar and Shafiqlle (1992) and TOlnar and 

Sehgal (1993) that peak incidence of pest \vas associat~d \vith flo"vering and 

podding stages of crop \v~re also in accordance with present findings. 

5.3.2 Parasitization of the pest 

During both the years of investigations no egg and pupal parasitoids \vas 

recorded froI11 FI. annigera eggs or pupae \-vhereas, two parasitoids viz., 

C'ompo leI i.s· chloria'eae and Eriborus sp were found parasitizing !-I. armigera 

larvae. Among these two larval parasitoids, C'. chlorideae was nlost predoJninant 

with highest parasitization of 20 % In 50th nleteorological vveek whereas, 

Inaxinlum parasitization (12 %) due to Eriborous sp was observed in 51 SI 

meteorological week during 2003-04. Total parasitization due to both the 

parasitoids was nlaxill1ulll in 51 sl ll1eteorological \-veek with teJllperatul'e bchveen 

12.6 to 31.4 °c and relative hUlnidity between 26 to 63 % during its previous vveek. 

However:> dUj'ing 2004-05 the nlaxinlUJll parasitization due to C'. chlorideae 

(24 0/0), Eriborous sp (10 0/0) and both parasitoids (36 0/0) \vas observed in 48 th 

meterological week \\'itb teIl1perature betvvcen 12.9 to 32.0 °c and relative 

hunlidity between 22 to 6(; % during the preceeding week. No such detuliled work 

on this pest was availahle in the literature screened. J-Jence the present finding 
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J/ . / (' 9-'("-<: a . . '. J_}h 2;thananth~u"D (!f ale (1982). Patnaik el ale (1991) and f)evi el aI, 

(2002). 

pr.;;'.~~ent -onc1ing regan-ling absenct~ of Cf;,g pan:lsitoids ~n chickpea al'e in 

conf"t)nnity y.liU"! YU<i::!V and Patc.} (198!)~ .... ladav t..!1 at. (1982) and Kulat el a/. 

( i. 999) \;vho also reported ineffectiveness ... ',1' egg panlsitoids in chickpea due to 

:.~cidic s~cretion produced by the l~avcs. 

5.3.3 C:orrelat.ions studies 

During present s~:lldy positive and signi ricant correlation ' .. vas obsc)'ved 

bet\.veen field parasitjzal ion and the lar·val popuiatlon of the pest. 

Sinlilarly, n")(.~~Ul Inaxil1"Hln1 and n·,ininlllIl1 tcniperaturc '.is vv~~H as rneUll 

i"rlOlTllng and evening h 1.1fil i dity showed positive non-significant cOITclal:ons \vith 

the iar ...... a1 pc..pulatior:. \Vhereas, Held parasitization showed positive non-signif1cant 

,'~on'clation ·.,;vith rnaxiraual telnperature. (!lltl!lnun~ telnperaturc and InOlTHng 

han11dity. \\ihil~ i1 sbG\'vcd negative and non-significant correlation with c.;venlng 

~rh~ PGsi~' ve :~on:~:.latl<Yn obs~rved bei'.vcen larval population and fieJd 

S:i.("!ilarly, \/a1.sharnpuyan and Veda (1980), Yadav 

( "J 9':->_ '1) • '- -, anc !\_-i~tal"!ge el .:-;/. (2002) also observed the 
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fjnding~ .~)f correlation ~'l1l<...iie~ bet\,vecn fieid p8.rasitization and '\.veathcl· paralneters 

could not be cOlnp(:(~·t:d due 1.0 non-availab'iit~ ... of sinlilar report in the literature 

revie'\:ved. 

5.4 Effect 01' nl.alic c:tcid on larval and pupal (i(.!vcloplnent 

r~e3ults regar-din,~ cfrcct of feeding rnalic acid fOi"tificd chickpea leaves, 

'.-vai~r 'Hashed chickpea. h~3.ves and untre<:~t.~d chickpea lea-,..-e;s on larval and pupal 

dcvelopnH~nt cf Fi. a!-fnig:;!ra '\ .. ve-;·e non-signif-icant s'_\ggesting that rnaJic acid had 

no r.:.tY(;c-( on la("va) Uil':'l pupa! devejop~."tl:nt of I I. arrr;iger~l. Larvae rean-xl by 

di_t::·erent feeding rp.~thGd::; took on nli av~rage 29.9 :t ~ .30 to 32.1 :±". 1.22 and 25.9 :i-= 

) .2.2 to 27 _9 :..t I .64 da)/s fOT cornpletion of i.:s laJ-val stag~ daring 2003-04 and 

2004.-05, respectiv<.;ly. 'Nherc<e'.s it took 3.1 ± 0.54 to 3.3 ~~ 0.46 and 16.9:_·:~ 0.94 to 

174 :: 1.20 days and 2.9 ~t~ 0.:;..:1 i.O 3.2:i: 0.75 days and 15.7 ± 0.19 to 16.7. :!_ i.OS 

days for cornpietion Gf per-pupal and pupal stages in different feeding 11lcthods 

during 2003-04 and 2004··05 .. respectively. 

Pl-esent finding ::egarding non-signi1-icant ,~ffc(~t of l.nalic acid on l:.\rval Cl1.d 

pupal developrnenl Gf H. arnligera arc strongly supported by Yoshida el ai. { i ~;(5) 

'Nho alsc- reported t;·u.\t :O-!)8lic acid had no effecl on larval gi:0'\.vth of ff. arllligerCi. 

\Vh(.';.·.:.:-a~" tetal h:~rvai pre-pupal and pupal pet·.od CbS<.::I·vcd dUriI'g present study arc 

quit(;~ conlparablc \,\. i tIl C}ho.sh el af. (1 986)~ SharIng and C:haudhari (19~S) and 

\1 alalld and Patei (1 99?"> 
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CHAPTT~R - VI 

J:.-}eld exnerirner~ts \vcr;.; carri/~d out during pn:scnt study \,vith a Vlt;vV to 

evaluate sorne microbial insecticides either alone or in cornbination" to evaluate 

~,OIYH: l1H)(iulc.:s fOl- bi()-illl<-.:n·.,j'vc li10uulcs or IJelicoverpa arllligen.1 and to s~lldy the 

biotic eompiex and seasonal incidence or pest on chickpea. Beside these field 

c?,perilnents a labonltol Y' study \vas also c<lITied OUl lo stlldy the c:rfcct or Inal ic 

aci.d on larval and pupal developlnent of J-J. arrnigera. 

'1"0 evaluate tnicrobia! insecticides and their cOlllbinations a field 

experirnent "\vas laid cut in randotuized block design \,vith three replic::ltiol'l:'; and 

t'.vel. V,-" lr·cc .. tluents including control. IvIic!"obiaJ insecticide such as /vfelarhiziu;-?l 

anisopifae (2.5 kg I ha), IJeauveria bassiana (2.5 kg / ha)" I-Ia'NPV (250 LE / ha), 

Bt (750 luI / ha) and their con1binations at half doses viz., J'4etarhiziunl ani'<'iopliac 

( j .25 kg ! ha) + f-laNP\l (125 LE': / ha)~ lvlelarhiziun1 anisopliae (1.25 kg / ha) -;- Bt 

ntl / ha)~ 11e:Juveria ha."'·:·iiana (I .25 kg / ha) -!. I-IaN PV (125 LE I ha), 

. Bcauvcria bassiana (1.25 kg ;" ha) + Bt (375 lnl / 'ha) and I-taNPV (125 LF / hn.) -I-

Hi (J75 1111 / ha) w'~rc evaluated against standard check endosulfan (0.06 "io) and 

n:;: ....... v Inolecule Spill03Ud (0.0] l~O). 

Sirni18.r1_y" other field expc·c1n"lCnts Vv'CI-C abo laid out In randOlllized bl()ck 

design 'Jvi~h threc;-~~ replications for e"\.'aluatioll or different rnodule for bio-intellsive 

lnanagelnent of !-f. arnligera. Six different n"lodule:::: viz." 13t (750 n-.1 / ha) - J-IaNPV 

(250 LE ,I ha) -- Bt (750 1111 / ha), Bt (750 rnI / ha) -- I-IaNPV (250 LE / ha) -

ha), i"-ISKE (S 0/0) _. Bt (750 ud / ha) - I-IaNP\! (250 LE .I ha), Bt (750 1}11 " ha) -

J-laJ,rp"\/ (250 LE I haj -- spinosad (0.0] ~o) and spinosad (0.01 %) - Ht (750 Ini / 
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Entornology:. [)r. P{)KV ~ Akola during post rainy seasons of 2003-04 and 2004-05_ 

/\pplicBcions ef tr-~atlnent -wc:-e initiated after att<'lining cconolnic ihrc~;hold level 

and l-epeated at 1'i ftccn day··s in.l.ervaL Ob:3cr'vations on iarval count at 3, 7, 10 and 

14 days after spraying ",/ere recorded. Sinliiariy, grain yield was also recorded 

fronl. individual tr-catrnent / n1.odule. 

'1'0 study the ~easonal incidence of pest, 'VveekLy observations on larval 

popu!atioI:t of pest on t.en rand0I11ly selected plants rron1 separately SOV/11 plot \·vcn~ 

l!ndertaken_ Twenty five eggs and lar-vClc \.vere coHectcd at \NcckIy interval and 

... .ve.re i.~eared in th.~ laboratory and ob~erved daily for ell1.crgencc of parasitoid. 

Effect of IT,alic acid on larvai and pupal developlnent of II arnzi1!'era vvas 

studied by rearing the larvae on malic acid fortified, \vater \.vashed and untreated 

chickpea leaves till the adult enlcrgcncc_ The results so obtained are Sl1l11.lnarizeci as 

6.1.i 

EvaJuatin of !llicrobial insecticides either alone or in COlD bination 

E:ffect of -,,; arious treahnents on larval population of H~ {ll'nligera 3 and 
'7 days ::!ft<~r spraying 

Sin1.ihn- r~s1.d:s \-",ere observed in larval pOr)uJalinn due to various tn:~ltnlents 

after both S171~ays at both the intervals. LO\,\lCst larval population \.vas n;·:_:nnit::-d ill 

E,~:-,jnc·sad (0.0 1 '~~)) and endosulfan (0-06 0/(-,). Treatlncnt I-TaN.PV (250 L .. E / hay, 13t 

('::50 !ill / ha) and their c0J11bin8.tion J-Ia} .. JPV (125 LE / ha) -+ Bt (375 1111 / ha) stooe! 

nl!xt tG (hese and \.v,~J-e foilo\.·vcd by Afe{{n-hizhllJl anis'o_oliue (2_5 kg .I ha) and 

B':?Quveria basyiana (2.':_) kg ; hr.l). 

'['reatrncn.t eorl"!.bi1.1ations VIZ.~ Alelorhiziurn anisopliae (J. .25 kg / ha) + 

r-Hl1'JPV (25 LE ;' ha), "\delarhiziz.un ani!.\·opliae (1.25 kg .I ha) + Bt (375 lnl / ha), 
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6.L2 

nd .. !~ai rc~or~h:d n ... {.~n.: tai.-va! P~)pllt;Hion thus proved h:~~st 

Effect of V;.;l;-;O·U~ tt-catrncnts OH ~arv:.l~ populatioH of Fl. arllligera ten 
and four::c(~n days after· spraying 

Sirniiar results \vcr(..; obser'/ed in larva! popuiation due to \/arious trc..;atnlcl1ls 

after hoth sprays ~t tx~th the intcrvals~ trcatnlCi1ts spinosad (0.0 1 ~/o) and endosul fan 

(0.06 <.Yc.) \.vere ~orJsistently found Inos! en~.;~ctive by recording IC<'lst larval 

population. These i\vO treatraents were foHo\.vcd by j-IaNP,\' (250 LE ! ha). 

/',.1e!urhiziunl ani.· ... ·)pliac (2.5 kg i ha) and Beall .... ~ri.:1 hassian.:..! (2.5 kg I ha). 

T·reatln·:=nt3 ilt (750 1111 I ha) and t-lai~P"V (125 LE i ha) -;- Bt (375 nl} i ha) 

~ccnrdc.j innden:-.tc :ar'\"aJ ~)()PlJl<.tion \.vhi Ie 

/t,Ir..:It.1rhiz:>un artis :;p/i~l<~ (! .25 kg / ha) -I 1- Iar"ll~V (! 25 LE i ha_), 1\4elarhi_3iulJj 

at~f3Dpliae (!.2":i kg / !lv.) -t- Ht (375 rnJ / ha), i1eolll'eria /Jas:·:iana (1.25 kg / Jw} i 

f-I-:.u"JPy' (125 L.F / ha) and Beauverici bas:;iano (i .25 kg / ha) -!-- Ht (375 Inl / ha) 

";vas consistently Icss c:ff(.::-etiv~ i.n reducing !-1. lJrlJligera l1Ulllb<.;r. 

I~ffect of Vctriou:~ trcatIllcnts on gJ'ain yield of chickpea 

lIighcst gi·ain yield of chickpea ,vas harvested ii-on) the plots treat(;d \.vith 

spi~osad (0.01 %) and cndosulfan (0.06 ~o) \.vhieh produced statisticaliy at P<!;-

grain yield. 

These \'\....,0 u-catn • ..;nts 'VLTe follo"'cd by }-J:lNP,\' (250 LE " lw), I1t (750 InJ / 

h2) and i-IaNPV (1 ~5 LE ;' ha) + Bt (375 1'nl / ha). Application of fny(.'o-ins~ctieidcs 

such as /v./elarhizililn ani .... ·oj, ... /iae (2,5 kg / ha) and Beauveria bas''''iana (2.5 kg / ha) 

<.!lso produced bcHcl' g:'aln y~eld but thci!· c..:c..Hllbinal!ons VIZ., ,'-"Ielarhiziunl 

Ci;;:sopiiee (1.25 kZ ! ha; ..;. ~-raNPV (125 Ll: ,. ha), Heau\:eril: ha .... · ... -itau; (! _25 kg / 
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l:a) t- I-Iai'iP'.! (! 25 L<-_'~ ./ ha), /de!ariJiziuJ'n O}?/ .... -opliae (1_25 kg 1 h'l) t Ht (~75 In! I 

b~!.) and !h:{.Iu·v(~-"i(.i h.-[5,·S:0.']<I (£.25 kg j h::\.) -r- Bl (375 inl 1 ha) gave least grain yield_ 

6.1.4 Incrcrnent:ll cost benefit ratio of various trcatnlcnts 

leER of various tl'catrnents clearly shovved that .;;:.ndosul fa.n (0.06 ~{» \vas 

econolnically rnos! vi[!ble tr-calrncnt f< ... ")lJov,.'cd by lIaJ'-l PV (250 LE Iha) and HaNPV 

(125 LE 1 ha) + Bt (375 n1.11 ha). 

Next econorllical treat!nent 111 ordcr \VCI'C '13t (750 Inl 1 ha)~ spinosad (0.01 

'y.:.) .. Beauveria ba . ..,..,,·ianc: (2.5 kg / ha) and .Metarhizillll1 anisopliae (2_5 kg / ha)_ 

I-Io,\vever treatrnent (;Olllbinatiolls of Illyco-insccticidcs such as i\~el(lrhiziu/]l 

cuti,\'oplioe (1.25 kg / ha) + I-IaNPV (125 LE / ha). Beallveria hassiana (1.25 kg / 

ha) .'. }-IaNP\r (125 LEi ha), J\4elari1iziuI1l lIni.';ol,/iae (1.25 kg 1 ha) ;- Bt (375 Inl / 

ha) an.:.! Beauveria bassiana (1.25 kg / ha) + Bt (375 nl1 / ha) gave les~ [CBR but 

\vere economically viable over control. 

6.2 

6.2.1 

Evaluation of different modules for bio intensive Inanagenlcnt of 
H~ arlnigera 

Effect of various Inodules on larval population of 1-1. llrllligera 

l\tlodule iv17 consisted of three sprays of cndosulfan (0.06 0/0) \vas 1110sl 

cffectjve and recorded least Cllll1ulativc average population of II. arnligera. This 

lnodulc did not diff,!( fn.;111 rnodule .i'vIs consist.ed or Bl (750 Inl / ha) -- HaNPV (250 

LE ; ha) --- spinosad (8.01 (Yo). 

Module ivh cornprising of Bt (750 Inl / ha) - f-Ial".IPV (250 LE / ha) -

endosulfan (0.06 0/0):> M(, having spinosad (0.0 1 ~~i) - Bt (750 1111 / ha) --- HaNPV 

(250 Ll: I h&) and i\t·l:.; \.vith cndosulfan (0.06 o".{J) - . Bt (750 n~! / ha) -- f-IaNPY (250 

LE / hal ·.··/ere rnodc.":nncly eiTect>vc in I'educing II. annigera population. 
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l-k~·\;\'evel". !!1,-,.r.hde 1Vil c0nsist~d of Bt (750'lnl / ha) _ H:!NPV (250 I.E I ha) 

Hi (750 rnl .I h:I)" i bNPV (2~O 

6.2.2 'Effc~t of v~u'ious lHouu2cs on gntin }'h:!d of chicl{pC~l 

1\1odule ~v'h '.vith three sprays of ccdosulfan (0.06 0/0) produced highest 

grain yield which "..vas at par vvith that produced by Inodulc Ms having Ht (750 Inl / 

ha) ~ J-IaNP\1 (250 LE :' ha) - spinosad (0.0 I 'Yo). 

Thcse t\vo lnodules \"Jcre followed by 1110tiule M2 COH1pl'ising 131 (750 Inl / 

ha) .-. HaNP'1 (250 LE / ha) - ~ndosulfan (0.06 cY;J), CV1c. having spinosad (0.01 'Yo) -

Bt (750 Inl / ha) _ HaNPV (250 LE .I hal and M~ \",ith cndosulfan (0.06 (Yo) ._ Bt 

(750 n~ll ha) _. Ha~'1PV (250 LE / ha). 

I-Iov/cver. rnodult: Iv1, consisted of Bt (750 lTli / ha) -- BaNI'V (250 L E / ha) 

.- Bt (750 rot / ha) and M.\ consisted of NSKE (5 0/0) - 13t (750 Inl I hn) - 1-!aNPV 

(250 LE / ha) recorded lo\vest grain yield. 

6~2.:1 l!lcremcJlt~tl cost benefit ratio of various 1l1odulcs 

Module ~/h v-.·it~-l three sprays of endosulf~1l1 (O.O() ~/Q) \vas Cl)'Jclgcd ~lS Il10St 

ecolloo1ically viable Inodul~ followed by nl<.~dulc iV12 cOlnprising of Bt (-: 5u Inl :' 

hH) - HaNPV (,250 i .... E ,. loa.) -- endosulfan (0.06 %) 

N~>:t eCOnl)n11c~lly viable nlodule in order ,\verc M3 cndosulfan (0.06 0/0) ... 

Hi ('/50 Inl / ha) _. H~\NJ .. V (250 LE / ha)~ !'vL: NSKE (5 (X» ._- Bt (750 Inl .' ha) -

!'Ia'~~p\' (250 I.E ihaj~ i\15 ilt ( 750 nll .' ha) - HaNP\" (250 LE / ha) - spinosad (0.0 

O/c» and r\tt) Bt (750 rni i h:1) .-. HaNPV (250 LE / ha) ._ Bt (750 tnl " hal· 

I-!o'\.vevcr~ !noduie [\·1() consisted of sp:nosad (0.01 (Yo) -- Bt ( 750 rnl i ha) --

1-1a1'lPV (250 LE .I ha) :·~'!.c(id ],,:>1 in cconornical rank ing. 
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{;.-3 i<'clat~()nsh ip bc'-'~·"t"·~cn I!u~al populatjon \)f II. (l rill igera., its Held 
p:ll-a~itiznti()n :; nd , ... ·c •• tiler pa nun ,~t<.·t·S 

6.:-So I 

I)uring ral,j '=:OuJ-04. incidt.~nc~ ~}i II urJ11!gerll O!1 ~h:ckpt.=a crop \,,<IS 

not~ced one nlonth after sO'Ning "vhich reached at. its peak(7 larvae / 1 () plants) 

d · 40th unng "J and nlctcorological It ,vas seen to he fa\·~)l.1n:d by 

tCl1'lp •. :ratul'C bet\vc~r\ 16 5 to 32.2 all<.i. It') l.(~ 3'! .2 °c 'while hUl'nidity bclvv{.!cn 33 

to 77 % and 2.1 to 64 "~'o of its previous \.veck. rc~pcctively. 

I)l~ring rabi 2004-05, peak incidence of pest (13 larvae / 10 plants) was 

noticed during 48"1 Ineteorological 'Neek t~lvoL'n~d by \,clnpcraturc bet\VCl~n 12.9 to 

32.0 °C and rela.tive hunlidity o.f 22 to 66 ~/~J during it·;; previous ·week. 

No egg and pu.pal parasitoid vvas recorded froIl1 eggs and pupae of 

1-1. t..?rli1!gero. }-!oVlever, t\VO larval par?-.sitoids viz .. C'OIJlpoJe t i.'" c/71oride(.:e and 

E,..iboroll.'; sp Vl~\S fc.und parasitizing f-l. arrniRera larvae. I-lighcst parasitization due 

to both these parasito!ds \.vas observed in 51 Sl 111cteorological week of 2003-04 

fa"ioun.xl by telnpcrature of 12.ti to 31.4 l)C and relative hurnidity betv'icen 26 to 

63(!I'~J whereas, duri:lg 2004-05 the highest incidence V\'as no!iccd dlirin'!. 48
th 

tneteorological '..veek t"2vou!'cd by tcrnperatuI·c. 12.9 to 32.0 °C and rcl;:lti'\:i.'~ 

hun-tidilY :L2 to 66 ~~:. 

6.3.3 C~ort'elation studh~s 

S;.gnifieant posi1 i\'c corre12.tion was ObSC1-vcd bchveen Im'val popt:lation and 

field pa.:·asitization. \Vh'.::r·.:as, cOlTclatl\)n bet\.-vc..::n larval population and field 

pai·asi,!z3.t~on '\vith \.vc:a!hel· pan~ri1et!~lS \.vas non signi ficant. 
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6.4 Effect of Innlic ~~cid on larval and pupal dcvcloplllcnt 

Malic acid ha~ sho\-vn non signi ficc~nt effect on larval and pupal 

developluent of II arnligera during both the years of investigations_ 

Finally it is concluded that nlicrobial insecticides arc effective against 

H_ arlnigera on chickpea_ ;\.rnongst vanOliS 111icJ"()bial insecticides I JaNPV ({/J 250 

LE / ha , Bt @2 750 1111 / ha and their cOll1bination at half doses were 1l10St efTcctivc_ 

Ne\v n101ecule, spinosad had proved its supel-iol-it)' and could he a good alternative 

fOT endosulfan. I-{ovvever, its high cost reduced its ceonol11ical viability_ 

/\.lnongst various Il10dules tc;stcd~ o10dulcs consisted of first tvvo spl-ays 01" 

Bt (750 ml / ha) and I-!aNPV (250 LE I ha) followed by third spray of spinosad 

(0.01 ~/o) or cnuosulfan (,L06 o/t) ' .. :",ere efTc:ctivc again II. arlniger{l which could 

reduce the load of ChCIl1!cal pesticides and envin)!1lnental pollution. 

Study on seasollal incidence of pest sho\,ved that the Il1<lxirllUIll incidence of 

pest \vas occuaed at t10vvering and podding stage of crop and that in the I11011th of 

December (48th to 51 st lnet. vveek). 

{_'on7po!eli,<-; chlorideae and Eriborous sp 'vVL~re the 1110St prc--dotninant la.rval 

panlsitoids 111 chickpea under \t'idharbha condit ions. Its significant positiv~~ 

cOfr:.::lat.ion v.,.:ith the pest population suggested t.hat these are the iInportant natural 

!nortality faetors of ff. ar;nigera. 

Study on effect of nlalic ~cid on larval and pupal dev elopn1cnt indicated 

that nlalic acid has no significallt effect on larval and pupal developlnent of 

/-/. armigera. 
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ABSTRACT 
layapecth .. AKOLJ.\ flV1.S.~ 

rro evaluate the efficacy of microbial insecticides, their cOlnbinations 

and some bio-intensive lnodules against 1-1. arJnigera in chickpea as \vell as to 

study seasonal incidence, biotic cOlnplex and effect of 111alic acid on larval and 

pupal development of H. arlnigera present investigations were undertaken at 

Dr. Panjabrao De~hlnllkh Krishi Vidyapceth, A,kola during rabi season of 2003-

04 and 2004-05. 



In order to evaluate efficacy of Inicrobial insecticides and their 

cOlnbinations~ a field cxperilllcnt was laid out in R.(31) ""jth three n;piications. 

Microbial insecticides such as Mefarhizizlln (ll1isopliae (2.5 kg / ha), Beallveria 

ba.ssiana (2.5 kg / h<1), IIaNPV (250· I,E / ha), Bt (750 Inl / ha) and their 

cOlnbinations viz.~ iUelarhizizlfn anisopliae (1.25 kg / ha) + IIaNPY (125 LE / 

ha), Melarhiziu111 anisopliae (1.25 kg / ha) +- 8t (375 Inl / ha)~ Beauveria 

ba ... :siana (1.25 kg / ha) + I-laNPY (125 LE I ha), Beollveria has.-.;iol1o ( I .25 kg / 

ha> ... 11t (375 lnl / ha) and I-IaNPY (125 I')': / ha) -f Ht (375 Illi / ha) \v~rc 

eva luated in cOlnparison \-vith endosulfan (0.06 0/0), spinosad (0.0 I (Yo) and 

unt rcated control. 

Pooled results of the study indicated consistently supenor pcrfonnance 

of :;pinosad and endosul fan in reducing the larval population at all the intervals. 

Th,~se two treatIl1ents \vere foIlo\ved by HaNPV, I?t~ J-IaNPV + 13t~ Metarhizilllll 

an/'~opliae and Beauveria bas .. <;iana ·at threc and sevcn days after· spraying. 

Wllereas, at 10 and I ~~ days after spraying treatment \vith fungal pathogens 

recorded less larval population than Bt and .[-IaNPV +- Bt cOlnbinations. 

Trl.'atrnent cOIl1binations viz., JUetarhiziull1 al1i.~·ouliae + I-IaNPV, ,V/elarhiziz.IIl1 

all'sopliae + Bt., l?eauveria bassiana + I-IaNPV and Beauverla ba.<;.-·;iana + 13t 

w -re consistently found less effective. 

As regards grain yield spinosad and end(\sul fan produced highest gnun 

yi;.;ld and were foIIo\\'cd by (-IaNPV and 13t. HaNPV + Bt" Mefarhizhol1 

a, iisOIJliae" Beauveria bas . ..,·iana., MelarhiziulIl a. 'isopliae -I- I IaNPY ~ Beauveria 



bassiana + HaNPY, Metarhiziuln anisopliae + Ht and Beauveria bassiana + Bt. 

Cost benefit analysis of treatInents showed that endosulfan \vas n10st 

econornical treatGlcnt followed by I-IaNPY., I IaNPY + 8t and Bt. Spinosad 

though produced highest grain yield ranked f-i fth and was followed by 

Metarhizium anisopliae, Beauveria bassiana, Metarhizium anisopliae + 

HaNPV~ Beauveria bassiana + I-IaNPY~ Metarhizhlll1 anisopliae + Bt and 

Beauveria bassiana + Bt. 

To evaluate various bio-intensive Inodule another field cxpcrin1ent \vas 

laid out in RBD with three replications. Six bio-intensivc rnodules viz., I3t (750 

1111 I ha) - HaNPY (250 LE Iha) - Bt (750 Ini I ha), Bt (750 n11 I ha) - I-IaNPV 

(250 LE Iha) - endosulfan (0.06 %), endoslllt~ln (0.06 'Yo) - 8t (750 lnl I hal -

HaNPV (250 LE Iha), NSKE (5 %) - Bt (750 Inl I ha) - I-IaNPY (250 LE Iha), 

Bt (750 rni I ha) -- HaNPV (250 LE Iha) - spinosad (0.01 %) and spinosad (0.01 

%) - Bt (750 Inl I ha) -- I-IaNPV (250 LE Iha) ,\vere cvc·luated against three 

sprays of endosulfan (0.06 0/0) and untreated control. 

Module with threc sprays of cndosu I fan recorded lowest larval 

population and highest grain yield and ,\vas at par \-vith I110dule consisted of Bt -

I-IaNPV - spinosad. Both these Inodllies \\,'crc followed by n10dules cOJllprising 

of Bt - HaNPV - endosulfan, spinosad -- 11t -_ I-IaNPV and cndosulfan - Bt­

HaNPV which rc(;orded Inoderate larval population and grain yield. I-Io\\,'cver, 

1110dule containing Bt - I-IaNPY - Bt and NSKE - Bt - J-IaNPV recorded 

highest larval population and lowest grain yicld .. 



Cost benefit analysis sho\-ved _, that (nodules \-vith three sprays or 

eildosulfan \'Vas cconoillieally rnost viable rccol·ded highest }('BR follo\""cd by 

module having Bt -- I IaNPV - endoslllt~ln~ endoslllt~ln - Bt - I-IaNPV and 

NSKV - 13t - I-IaNPV. I Io\vever, 1l10dules consisted of 13t - J-IaNPV - spinosad. 

Bt --- I-IaNPV - Bt and spinosad - Bt _. I-IaNPV recorded less ICBR. 

To study the seasonal incidence of I-f. arn2igera on chickpea, \vcekly 

observations on larval population \vere taken on ten randolnly selected plants 

fron1 separately so\vn plot. Results of the study revealed that the highest 

incidence of pest \-vas favoured by telnperature range of 1 I .9 to 32.2 °C and 

hlunidity range of 21 to 64%. 

Twenty five ~ggs and --larv-ae-wer'c-collecteo- at \'Veekly interval fronl 
-----

separately sown field to study the biotic conlplex of the pest. Eggs \-vas kept in 

hatching \vhilc larvae \vere reared in the laboratory till the adult ernergence. 

l'he study revealed that only two larval parasitoids viz., COl'npolelis chlorideae 

and Eriborous sp \\'ere prc-donlinant III chickpea ecos),stcJn parasitized 

l11aximum up to 36 larvae of H. artnigera. 

Effect of l11alic acid on larval and pupal developJnent \vas studied by 

rearing the larvae up to adult stage on lllal ic acid enriched~ \-vater \vashed and 

untreated chickpea leaves. Observations on larval~ pre-pupal and pupal period 

sho\ved that tnalic acid has no significant effect on larval and pup~ll 

developlnent on H. arlnig.era. 



bassiana + I-IaNPV, Metarhizium anisopliae + Bt and Beauveria bassiana + Bt. 

Cost benefit analysis of treatluents showed that endosul fan was IUOSt 

econoluical treatment followed by HaNPV, HaNPV + Bt and Bt. Spinosad 

though produced highest grain yield ranked fifth and was followed by 

Metarhiziuln anisopliae, Beauveria bassiana, Metarhizium anisopliae + 

I-IaNPV, Beauveria bassiana + I-IaNPV, Metarhizium anisopliae + Bt and 

Beauveria bassiana + Bt. 

~ro evaluate various bio-intensive luodules another field experiment was 

laid out in RBD with three replications. Six bio~intensive luodules viz., Bt (750 

lui I ha) - HaNPV (250 LE Iha) - Bt (750 luI I ha}, Bt (750 luI I ha) - I-IaNPV 

(250 LE Iha) - endosulfan (0.06 0/0)., endosulfan (0.06 %) - Bt (750 Inl I ha) -

HaNPV (250 LE Iha), NSKE (5 <y()) - Bt (750 lui I ha) - I-IaNPV (250 LE Iha}, 

Bt (750 lui I ha) - HaNPV (250 LE Iha) - spinosad (0.01 0/0) and spinosad (0.01 

0/0) - Bt (750 luI I ha) - HaNPV (250 LE Iha) were evaluated against three 

sprays of endosulfan (0.06 0/0) and untreated control. 

Module with three sprays of endosulfan recorded lowest larval 

population and highest grain yield and "\vas at par with lTIodule consisted of Bt -

HaNPV - spinosad. Both these lnodules were followed by InoduJes comprising • 

of Bt - I-IaNPV - endosulfan, spinosad - Bt - HaNPV and endosulfan - Bt­

I-IaNPV which recorded luoderate larval population and grain yield. I-Iowever, 

Inodule containing Bt - I-IaNPV - Bt and NSKE - Bt - HaNPV recorded 

highest larval population and lo"\vest grain yield. 



In order to evaluate efficacy of microbial insecticides and their 

combinations~ a field experilnent was laid out in RBD with three replications. 

Microbial insecticides such as Metarhizium anisopliae (2.5 kg / ha), Beauveria 

bassiana (2.5 kg / ha), I--IaNPV (250 LE / ha)., Bt (750 ml / ha) and their 

cOlnbinations viz . ., Metarhizium anisopliae (1.25 kg / ha) + HaNPV (125 LE / 

ha), Metarhizlum anisopliae (1.25 kg / ha) + Bt (375 ml / ha), Beauveria 

bassiana (1.25 kg / ha) + I-IaNPV (125 LE / ha)., Beauveria bas.~·iana (I .25 kg / 

ha) + Bt (375 ml / ha) and I--IaNPV (125 LE / ha) + Bt (375 lnl / ha) were 

evaluated in cornparison with endosulfan (0.06 %), spinosad (0.01 0/0) and 

untreated control. 

Pooled results of the study indicated consistently superior performance 

of spinosad and endosuffan in reducing the larval population at all the intervals. 

These two treatments were followed by HaNPV, Bt., I-IaNPV + Bt., Metarhizium 

anisopliae and Beauveria bassiana at three and seven days after spraying. 

Whereas, at 10 and 14 days after spraying tn~~atInent with fungal pathogens 

recorded less larval population than Bt and I-IaNPV + Bt combinations. 

'Treatlnent cOlnbinations viz . ., Metarhizium anisopliae + I--IaNPV., Metarhizium 

anisopliae + Bt, Beauveria bassiana + I-IaNPV and Beauveria hassiana + Bt 

were consistently found less effective. 

As regards grain yield spinosad and endosulfan produced highest grain 

yield and were folln\ved by HaNPV and Bt, HaNPV + Bt., Metarhizium 

anisopliae~ Beauverla bassiana., Metarhizium anisopliae + HaNPV., Beauveria 
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ABSTRACT 

To evaluate the efficacy of tnicrobial insecticides, their combinations 

and some bio-intensive modules against H. armigera in chickpea as well as to 

study seasonal incidence, biotic complex and effect of Inalic acid on larval and 

pupal development of H. armigera present investigations were undertaken at 

Dr. Panjabrao Oeshtnukh Krishi Vidyapeeth, Akola during rabi season of 2003-

04 and 2004-05. 




