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CHAPTER — I

INTRODUCTION

In spite of being the largest producer in the world, India has to import
pulses to the tune of 2 million tonnes every year to meet its domestic requirement.
This is due to the fact that pulses are inscparable 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 from 69 g in 1961 to 37 g in 2004,
which is below than recommended 50 g pulses/capita/day, causing protein
malnutrition in the country (Ali and Shivkumar, 2005)

Like any other pulses, supplementation of chickpea with ccreal-based diets
is considered one of the possible solutions to the problem associated with protéin
energy malnutrition. 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 calcium, iron and phosphorus (Ali and
Shivkumar, 2003)

Cultivation of Chickpea (Cicer arietinum 1..) was started in 2300 BC
(Reddy and Reddy, 1997) and then it occupicd prominent place amongst pulses
and is gaining increasing popularity day by day because of it’s high nutritional
value, low cost of cultivation, capacity to withstand water-stress condition. and
ability to add nitrogen in the soil. It adds upto 108 kg nitrogen per hectare, thus can
be suitably included in cropping system (Baldev er af., 1988).

Worldwide. chickpea is cultivated on 9.94 million hectares arca
with production of 7.85 million tones. However, India’s share in its cultivation and

production is 61.31 % and 67.07 %, respectively (Anonymous, 2003 a). In



Maharashtra, it is cultivated over an arca of 7.56 million hcctares with the
prodL-xction of 7.70 million tones, while in Vidarbha it is cultivated on 1.94 lakh
hectarcs arca with production of 5.07 lakh tonces (An..onymous, 2005).

Chickpea is reported to be attacked by about 57 insect pests amongst which
gram pod borer Flelicoverpa armigera is the only major pest (Sarode and Sarnaik,
1996). The investigation carried out at ICRISAT indicated that the pest complex of
chickpea is the limiting factor in its profitable cultivation causing average damage
to the extent of 29.21 %. However damage to chickpea by /1 armigera alone
varied both in space and time and the extent of damage has been 10 per cent to 90
per cent with a crop damage of 20 per cent is not uncommon (Sing ef a/., 1983). In
Maharashtra state about half a dozen of inscct species are found to teed on
chickpea. Since last 2 4 decades an increase in cultivation of hybrids of crops like
cotton, jowar, sunflower etc. under irrigation has increascd the availability of
alternate and preferred hosts leading to increase in the population of If. armigera
(Mahajan et a/., 1990).

Several chemical insccticides have bzen found effective against this pest.
However, due to overuse and misuse of these chemical insecticides natural halance
has been disturbed lecading to enormous problems such as resistance, residues,
resurgence. destruction of natural enemies, polfution, hecalth hazards ete. This
enforced researchers to inanage this pest by alternate. cffective and cco-friendly
biological mecthods.

Microbial control is the cco-friendly method of insect pest control and is
gaining increasing popularity because of its cffectiveness. It refers to the
exploitation of disease causing organisms to reducce the population of insect-pests

below the damaging ievels. So far over 3000 microorganisms have been reported



to cause diseases in inscets (Dhaliwal and Arora, 2001). Insecticides containing
disease causing microorganisms as an active ingredient for the control of inscct-
pests is called as microbial insecticides. Some microbial insecticides contaimng
virus (Helicoverpa arrrigera vpuclear polvhedrosis virus), Bocleria (Docilias
thuringiensis) and fungus (Mertarhizium anisopliae, Becauveria bassiana) are found
effective in controlling Helicoverpa armigera in Chickpea ccosystem. {(Pharindera
Yadav e? al., 2004; Musa and Johaunsen, 2003 and Ramteke er «/, 2002). However,
efficacy of such microbial insecticides in combination or in schedule application
f1as not been fully exploited. Therefore in the present investigation efforts have
been made to test some microbial insecticides cither alone or in combination and
their schedule application for the control of Helicoverpa arpiigesa in Chickpea
ecosystem. Beside this, basic studies on biotic complex, population dynamics and
effect of malic acid on larval and pupal development of Helicoverpa arriisrera

have been undertakan.
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CHAPTER - 11

REVIEW OF LITERATURE

The critical review from the availablce literature as regards various aspects
of the present investigations was made and presented below,

2.1 Evaluation of miicrobial pesticides cither alone or in combination
2.1.1 Efficacy of fungal pathogens against H. armigera

During the studies on the compartive pc‘rl‘orm:mcc of indigenous fungal
isolates i.e. Merarhizivm anisopliae M 34412, Beauveria bassiana 13 3301 and
Nomuraca rileyi N 812 for the control of Flelicoverpa armigera on chickpea
under field conditions Pallavi Nahar e/ «/. (2003) reported that all the trcatments
gave 30-80 per cent reduction in the /L armigera population as compared 1o the
control. The per cent efficacy for Metarhizium anisoplice M 34412 was 80 %
while for Bacillus thuringiensis B 3301 was 52 % and Nomuuraca rileyi N 812 was
61 %. They also reported highest grain yield of 16.64 g / ha from Metarhizium
anisopliae tollowed by endosulfan (15 q / ha) and HaNPV (14.28 q / ha). The yield
from Beauveria bassiana (reated plot was 11.9 q/ ha.

Dhembare and Siddique (2004) evaluated formulation of mycoinsccticide,
Beauveria bassiana in the laboratory against gram pod borer 7. armigera during
2001-92. They observed maximum reduction at 72 hrs post-treatment when larva
and food treated together. They also reported that Ist and IInd instar larvac were
more susceptible to Bewinveric bassiana than other instars.

Phadtare er «f. (2004) studied the C(‘)xnpatibili‘ly of” the entomogenous
fungus Beauveria bassiana with chemical and microbial pesticides against
Helicoverpa armigera. They reported that Beauveria bassiana was less cffective

than HaNPV, Bt or their combinations with Beauveria bassiana at full doses.
4



Pharindera Yadav er af. (2004) tested the efficacy at bio-pesticides against
FLocrmigera on chickpea, They tound that Beauverica bassicna (3 1 ke 7 ha reduced

-~ —

the larval populaiion from 2.63 per plant to 2.22, 1.54 and 1.43 per plant at 3.7
and 14 days after sprayings.

Shivramkrishna (2004) tested performiance of different microbials against
relicoverpa armigere on chickpea. They reported that Metarhizium anisopliace
@ 10'° spares / mj cause: 58.30 and 60.33 per cent reduction in larval population
at 7 and 14 days aiter spraying. They also reported higher grain yield and more
cost benefit ratio from Afciarhizium anisopliae than Beauveria bassiana.

Ficld evaluation of Aderarhizium anisopliae against Ielicoverpa armigenra
cn pigeonpea was carried cut by Undirwade ef «fl. (2004). They rceported that
Mertarhizium anisopliae at 10° conidia / ml was cqually effective with IHaNPV @@
250 LLIE / ha and Bt @ 1000 g / ha in reducing larval populauon, pod damage and
also px'()duécd cqual grain yicld. The cost benefit ratio was more in HaNPV
(1 : 22.95) than Mectarhizium anisopliae (1 : 17.13), while 1t was least (1: 6.16) for
Bacillus thuringiensis.

Kulkarni ef al. (2005) tested efficacy of Beauveria bassiarna and Nomuraea
rileyi at 0.5, 1.0 and 1.5 g/ lit against /1. armigera in chickpea. They reported that
both the fungal pathogens were effective in reducing larval population at 3, 7 and
15 days after spraying and also produced significantly higher grain yicld than
untreasted control but were proved less efficacious over chemical insccetucides.
Further they also studied the performance of HaNPV against /{4 armigera on
chickpea, and reported that Metarhizium crisopliae @ 2 g /7 lit has clfectively

reduced the larval popuiation up to 23.33 , 38.50 and 43.88 per cent at 5,7 and 15



days after spraying and produced significantly higher grain yield (7.42 g / ha) than
untreated control.

The effectivencss of oil-based conidia t‘o;‘nunlations’ of indigenous fungal
isolates AMerarhizivum wanisopliae MA3412, Beauveria bassiana 373301 and
Nowmivraea rileyi M 812 were evaluated against Helicoverpa armigera infestation
on Pigeonpea under ficld conditions by Nahar e¢r «/. (2004). The Metariizium
anisopliae conidia inn o1l formuiation were found most effective giving 66.74 +
11.8¢0 and 7511 -+ $.48 per cent cumulative efficacy after first and second
spraying, respectiveiy. It also produced highest yield of 14.04 q /7 ha. Whereas, the
conidia formulaticns of Becuveria dassicia was less effective giving 51.25 +
10.27 and 59.77 £ 10.36 per cent cumulative efficacy after {irst and second
spraying ana 10.18 g / ha yicld of chickpea grains.

Sidde Gowda and Suhas Yelshetty (2005) evaluated some microbial agents
against gram pod borer during 1998 and 1999 at Gulbarga. They reported that
larval populations were at par in all the treatments at 3 days after first spray and 3
andt 7 days after second spray. The highest grain yield (10.26 ¢ / ha) was recorded
from HaNPV ireated plots whercas Beauveric bassiana ireated plot recorded 8.36
Qa / na grain yield.

Singh and Yadav (2005) tested some microbial agents against £ armigera
in chickpea fieid. Results of two years field trials vevealed that among micrebial
control agents tested, Beauveria bassiana (1.0 X 10® spores / ml) and HaNPV (250
LEE / ha) proved more cfficacious in reducing the pod damage and enhancing
productivity. Buoth thesce bio-agents stood only next to endosultan (0.7 kg / ha).

Metarhizium caisopliae (1.0 X 107 svores / mil) and Bacillus thuriengiensis base

6]



tormulations viz., delfin, biobit and dipel cach at 1.0 kg or 1.0 1. /7 ha proved less
cilicacious than cither Beauveria bassiana or HaNPV -

Swtudy conducted at college of Apriculture, Nagpur lor three years (2003
06) revealed that, Metariizium anisopliae a0 10°, 107, 10% 107 and 10" spores 7 mil
was cfiective in reduciag larval population ol /1 cormigera on pigeonpea at 3. -
and 14 days after spraying. It also rccorded siganificantly higher grain yicld than
control. But all these concentrations of AMetarhiziam anisopliae were proved less
effective than endosulfan (Ansonymous, 2006).

2.1.2 Efficacy of nuclear polyhedrosis virus against H. armigera

A field trial to investigate the effect of nuclear polyhedrosis virus on
H. armigera infesting chickpea was carried out by Narayanan (1980). It was
noticed by hin that a2pplication of virus (@ 250 LE and 125 I1.1: / haj during
cvening hours thrice at weekly interval after the appearance of cariy instars, caused
signiticant reduction in the larval population.

L.aboratory and pot experiments were carried out by Odak ez «/. (1982) to
deterimine the effeciiveness of various formulations of Bacillus ihuringicnsis and
cultures ot NPV against Feliothis armigera (FHb), a pest of chickpea. Of various
virus culiures tested, the local Jabalpur and Narsingpur were most cifective,
causing 66.6 - 72.5 %2c | mortality in the iaboratory and 52.5-93.3 % in the pot
experiment.

Santharam and Balasubramanian (1982)  found that threc sprayings of
nuclear polyhedrosis virus at 375 LLE / ha gave maximum protection and produced
highest grain yield than chemical insecticides sprayed cither alone or in

combinations with nuclear poiyhedrosis virus at reduced dosces.
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Effectiveness of ac indigenous nuclear polyhedrosis virus of Heliothis was
tested against 77, armigera infesting chickpea by Antta Mistry ¢f af. in 1984 1n
Crujrat. It was concluded that {five spray. applications of the virus e 250 L1/ ha at
weekly mnterval gavc satisiactory control ol the pest causing 89.80 per cent average
mortality of larvac and produced incrcase gain yvicld of 28 per cent in 1980-81 and
83.05 per cent mortality as well as 47 per cent increase in yield during 1981-82
over control.

Dhamdhere and Khaire (1986), tested nuclear polyhedrosis virus at 150,
200. 250, 300, 350, 400 and 450 LE / ha against . armigera on Cicer arictinum
in Maharashtra. Two applications of NPV of 74 a;;migera (¢ 450 1.2 / ha at a 10
day interval were most cifective in reducing damage and resulted in the highest
yvield.

Field trials wesre conducted by Jayaraj et a‘/. (1987) to evaluate the cflicacy
of nuclear polyhedrosis virus for the control of f. armigera on chickpea. Overall
performance revealed that application of nuclear polyhedrosis virus @ 250 LE / ha
gave significantly reduced larval count from initial 18.8 to 15.8, 4.0 and 3.0 per ten
plants at 5,7 and 10 days after spraying, respectively.

Pawar ef al. {1987), evaluated HaNPV and cndosulfan against pod borer
Heliothis armigera (Fiubner) on chickpea. Two sprays of endosulfan @ 0.065 %
applied at 15 days interval reduced per plant larval population from 2.25 to 0.95
and 0.65 and further up to 0.25 and 0.00 at 7 and 14 days after [irst and second
spray, respectively. Where as HaNPV @ 250 LE / 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 spray, respectively. Two sprays of endosulfan also



producced highest grain yicld ot 605 kg / ha where as it was 13.4 kg 7/ ha in
treatment with TaNP N,

Pawar ¢r ai. (1290) had tested cfficacy ol nucicar polyhedrosis virus against
Fleliothis on gram for ll]l;(fc years. The virus was applied at 100, 250 and 500 1.1: /
ha alone or with eadosulfan. -/'\ll the treatments except the lowest concentration of
virus alone and with endosulfan, significantly increased grain yield (14-31 26).
Highest grain yield (1379 kg / ha) was recorded when plots were treated with two
sprays of endosulfan alone or with highest concentration of virus.

Efficacy of endosulfan, herbal products alone and in combination with
nuclear polyhedrosis virus against [leliorhis carmigera on gram was tested by
Supare er «afl. (1991). They reported that [Helicoverpa armigera nuclear
polyhedrosis virus (@ 250 LLE / ha was as effective as endosulfan in reducing per
cent larval population 6 days after spraying and produced cqual grain yicld (18.97
q / ha) as that of endosulfan.

The interaction between chickpea genotypes, endosulfan and nuclear
polyhedrosis virus was studied by Bhagwat (1992) and found that /lelicoverpa
armigera nuclear polyhedrosis virus@ 250 LLE / ha alone recorded significantly
higher per cent larval reduction t.e. 15.72, 47.70 and 68.64 at 3,7 and 15 days after
treatment and also higher grain yield (14.54 q / ha) than control.

Sarode e¢r a/. (1993) had tested effect of various concentrations of nuclear
~polyhedrosis virus (200, 300, 400 and 500 1.1: / ha) against 7/ armigera on
chickpea. They reported significantly higher graiﬁ yield (1.30 to 1.64 t / ha) in all
the treatrnetns over contiol (1.007t/ ha). They also reported that two sprays of NPV

‘

at 15, days interval were more effective than single spray application.



Field efficacy of He?icoverpa armigera nuclear polyhedrosis virus alone
and in combina{ioﬁ with delfin was tested against F. armigera on chickpea in
Tamil Nadu, India by Srinivisan er al. (1994). After 6 spray application between 30
to 90 days after sowing they found that HaNPV @ 250 LLE / ha was statistically
superior to endosulfan in reducing larval population in the first two sprays.
However, from the 3'd spray onwards all the treatments werc on a par with each
other. The cost benefit analysis indicated that HaNPV @ 250 LE / ha was the most
effective treatment followed by endosulfan.

Sarode efr al. (1995) studied the performance of Helicoverpa armigera
nuclear polyhedrosis virus combined with neem seed kernel extract against the pod
borer on chickpea. They reported significantly higher grain yield of 1270 kg / ha in
the treatment of HaNPV @ 500 LE / ha as against 892 kg / ha in coﬁtrol.

Efficacy of different insecticides against pod borer on chickpea was tested
by Datkhile er al. (1996) for three year (1989-92). Three sprays of insecticides
were applied at 15 days interval. Pooled data of 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 treatment, respectively. It also produced
14.0 q / ha yield of chickpea grains and cost benefit ratio of © 1.:2-6, as against 10.7
q / ha yield in control.

Shukla er al. (1996) evaluated nuclear polyhedrosis virus (NPV) for the
control of Heliothis armigera (Hubner) on chickpea under the agro-ecosystem of
Satpura plateau of Madhya Pradesh, India. They reported that nuclear polyhedrosis
virus applied at 250, 300 and 350 LE / ha produced significantly higher sced yield
(1.26-1.33 t / ha) compared to untreated control plots (1.17 t/ ha), but it was lower

than plots treated with endosulfan (1.60 t/ ha).
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Vyas and lakhchaura (1996) studicd cffects of nuclear polyhedrosis virus
of Helicoverpa asmigera on pod damage and yield of chickpeca at Pantnagar
(U.P.). They found tﬁat two spray of NPV (@ 250 LE / ha produced statistically
equal grain yield (770 kg / ha) as that of single spray ol endosullan (769 kg /
ha) and were significantly superior over control (622 kg / ha).

Sharma et «al. (1997) has tested bio-pesticides for management of
Ielicoverpa armigera in chickpea at Madhya Pradesh, India. Two sprays of
insecticides were applicd at 20 days interval. Data on mecan larval reduction
showed superiority of NPV @ 300 LE / ha over other trcatments which also
produced highest grain yield 1.86 t / ha as against 1.07 t / ha in plots treated
with water.

Effect of different insecticides and their combinations on pod borer damagce
and grain yield of chickpea was studied by Ujagir ef al. (1997) during 1993-94 and
1994-95. HaNPV @ 500 LE / ha recorded grain yicld of 1710 and 1840 kg / ha as
against 1120 and 1260 kg / ha in untreated control during 1993-94 and 1994-95,
respectively.

Wanjari et «l. {1998) has evaluated some herbal, chemical and bio-
pesticides against /. asmiigera on chickpea. They reported that HHaNPV (2 500 LI
/ ha produced 18‘.62 q / ha grain yield as against 10.19 q / ha in untreated control
and gives incremental cost benefit ration of 1 : 8.41.

Pawar er af (1999) harvested significantly more grain yield (1366 kg / ha)
than untreated control when Helicoverpa armigera nuclear polyhedrosis virus was
applicd at 250 LE / ha (1\1 89 kg / ha).

- Efficacy of bic-pesticides against fHelicoverpa armigera on chickpea was

tested by Loganathan e¢f al. (2000) at Kurumpapalayam and Sarvanampatti in



Coimbaiore distnict <iurmmg summer I.‘)‘)']. At i)(;lll tihe places HaNPV s 1.5 X
10 ' POB / ha rccorded significantly lower larval population ol // armigera
than untreated check. At Karumpapalayam tarval population in HaNPV treated
plots was reduccd from initial 2.00 larvac per plant to 0.99 and 1.10; 0.86 and
1.20 : 0.79 and 0.565 larvae per plant at 3 and 7 days after 17, 2" and 30
spraying, respectively. Whereas at Sarvanampatti larval population was reduced
from 1.30 larvae per plant to 0.89 and 1.09: 1.05 and 1.09 ; 0.82 and 0.79 larvac
per plant at 2 and 7 days after 1%, 2™ and 379 spray. respectively. After trcatment
of chlopyriphos the cost benefit ration was highest in HaNPV treatmceuat i.c.
1:3.32 and 1:4.04 at Kurumpapalayam and Sarvanampatti, rcspectively.
Bio-efficacy of various insecticides against Helicoverpa armigera on
chickpea was tested by Bhatt and Patel (2002). Two sprays wese given when
population of H. arntigera crossed the cconomic threshold level. Mean
percentage larval mortality at 72 hrs and | weck alter application of HaNPV ()
250 LLE / ha were 29.73 and 38.68 per cent after first spray and 31.77 and 38.10
per cent atter secend spray, respectively. This treatment also recorded yield of
820 kg / ha and cost benefit ratio » of 1 1 2.14 as against 445 kg / ha in plots

sprayed with water.

y~

Ramteke es af. {Z002) has tested the efficacy of ncem sced kerncel extract
in comparison to Bacillus thuringiensis 1.. and HaNPV against {/lelicoverpa
armigera (HUB.) on cl’;ickpea. The plots treated with HaNPV (@ 250 L.} / ha
with UV protectant ‘re'\"::)rdcd significantly lower mean larval population i.e.

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

18.09, 18.10 and 17.99 per ten plants in plots treated with watcer.



Musa and Johansen (2003). tested the cfficacy FaNPV on pod borer
iarvac in chickpea at Bangladesh, They reported signibicantly tower darval
population of 15.2 / ten plants in plots treated w'iLh HaNPV as against 53.2 / ten
plants 1 untreated plozts.

Pharindera Yadav e¢r «fl. (2004) cvaluated different microbial bioagents
against /1 armigera during 1998-99 and 1999-2000 at Anand, Gujrat. They
reported significantly lower larval population of I armigera in plots treated
with HaNPV & 256G 1.E: / ha t.e. 1.69, 1.65 and 1.56 on five plants at 3.7 and 14
days after spraying, respectively as against 2,45, 2.06 and 1.95 per {ive plants
in untrcated control. It also produced significantly higher yield, (1340.28 kg /
ha) than control (937.20 kg / ha).

Efficacy o3 ncwer insecticides along with biorationals in chickpea was
cvaluated by Dhonde 2/ al. (2005). Two sprays of ITaNPV (@ 250 LIt / ha
caused 62.59 and 68.78 per cent reduction in larval population at 72 hours and
7 days after trcatment, respectively. It also gives 17.69 q / ha yicld and
incremental cost benefit ration of 1 : 6.59 as against 12.20 q / ha yield in
untreated control

Nimbalkar er «i/. (2005) compiled the information of bioefficacy of
FIaNPV against M. armigera on various crops during last dccadce based on
rescarch work carried cut in Dr. PDKYV, Akola. They have recommended the
usage of HaNPV (2 25() I.I: /7 ha for clfective management of /1. armigera on
chickpea, pigeonpeca and cotton.

Ficld cfficacy as diffcrent microbial agents were tested against gram pod
bor(?r by Sidde Gowda and Suhas Yelshetty (2005). T'wo sprays at scven days

interval were applizd. ey recorded significani reduction of larval population
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of H. armigera from 13.33 to 8.00 and 8.66 larvac per mcter row at 3 and 7
days after first spray and from 3.66 to 4.00 and 1.66 larvac per meoter row at 3
and 7 days attier sccond spray. respectively.

2.1.3 Efficacy of Bacillus thuringiensis against I, armigera

Different doses of dipel, HD-1 strain of Bacillus thuringicnsis Berliner
were evaluated against 3™ and S™ instar larvae of /leliothis armigera TTubner on
gram. An application of 12.00 X 10° IU 7 ha (700 g / ha) against 3™ instar and
16.00 X 107 1U / ba {1000 g / ha) against 3" instar was found effective causing
100 % control of test insect within 96 hours alter trcatment (Dabi ¢ al. 1979).

Pathogenicity of various formulations of I3t and cultures of NPV against
Heliothis armigera (Hbo) was tested by Odak ¢ «of. (1982) on chickpea. Bactospine
(Bacillus thuringiensis) and thuricide were highily pathogenic to larvae, causing
70-10 % mortality in the laboratory and 20-65 % mortality in the pot experiment.

A laboratory experiment was conducted by Dabi e¢7 «/. (1998) to deterniine
the potentiality of low ratc of Bacillus thuringicensis with sublethal dosc of
insecticides against fifth instar larvae of //. armigera on gram. Sublcthal dose of
insecticides (0.02 25) and Dipet (8000 IU / mmg) gave less than 50 per cent kill at 72
hours after treatmerst.

In field _trial Kulkarni and Amonkar (1998) studied rclative toxicity of
Bacillus thuringiensis ~var Kenyae (ISPC-1), BaAci//u.s' thuringiensis var Kurstaki
(ISPC-4) and Bacilius thuringiensis var Kenyae (1SPC-7), each at a dose of 10 °”
spores / ml against natural infestation of 7. armigera in Bengal gram ficld. First
spray of Bacillus thuringiensis  varietics was given 37 days after sowing.

Subsequently, three more sprays were applicd at an interval of 135 days. The results
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indicated definite decrease in the larval counts after every treatient, indicating that
isolates were effective in suppressing the larval population in the fickd.

The efficacy of two bio-insecticides eclar (nuclear polyhedrosis virus of
Helicoverpa spp and dipel (spores of Bacillus thuringiensis) was cvaluated by Ah
et al. (1993) along with the chemical insccticide cypermethrin (1 ml 7 1) against
F. armigera in chickpea. The bio-insccticides were not as cifcective as chemical
insecticide in controlling /. armigera infestation. However, they significantly
reduced /1. armigcera number as compare to control plot. The yicld of chickpea was
significanly greater in bio-insecticide treated plot and was statistically similar to
that of plot treated with cypermethrin.

Ficld efficacy of HaNPV alonc and in combination with deltfin for the
control of gram pod borer, on chickpea was tested by Srinivisan e? «l. (1994).
Following 6 spray application between 30 to 90 days after sowing they found that
from the 3' spray onwards all the treaument on per with cach other. The cost
benefit analysis indicated that Bt either alonc or in combination with NPV proved
uncconomical duc o its high cost.

Tustin er «l. (1994) studied the interaction of nuclear polyhedrosis virus and
Bacillus thuringiensis as bactospeine against 2™ instar larvae of Helicoverpa
armigera and Arcvculcd that I3t at 300 mg / L. produced 32.5 % mortality.

IField cfficacy of two commercial mixed formulations, spark and
potytrin-C as well as tank mix formulation of cypermethrin and delfin (B
rhuringensis var karstaki) @ 1 kg / ha were cvaluated by Pal er «l. (1996) for
controlling H. arniigera on chickpea. They reported that Bt applied alone was

found 16 be effective against this pest and caused reduction in larval number to



the extent of 3—4 larvae / plant upto 8 days oftrea.tment, compared to the control
plots, where larval numbers were very high (8-10 larvae / plants).

Bacillus thuringiensis at different doses in comparison with other
chemical insecticides were evaluated by Mathur er a/. (1997) for the control of
H. armigera in chickpea. The results indicated that two sprays of Bt krustaki
(delfin @ 1000 g / ha) at fortnight interval brought effective reduction in pod
damage and enhanced grain yield (9.25 q / ha).

Ujagir ez al. (1997), studied the effect of different insecticides and
insecticide combinations on pod borer damage and grain yiecld of chickpea
during 1993-94 and 1994-95 at Uttar Pradesh, India. They reported that
treatment of Bt @ 1 Lit / ha produced signifticantly higher grain yield 1330 and
1290 kg / ha than untreated control which produced 1120 and 1260 kg / ha,
during 1993-94 and 1994-95, respectively.

A field experiment for the evaluation of Bacillus thuringiensis (Bt),
nuclear pailyhedrosis virus (NPV) along with neem seed kecrnel extract and
recommended insecticide, endosulfan was conducted by Sanap and Sarode (1938)
for the control of H. armigera infesting chickpca. The result indicated that
treatment with Bacillus thuringiensis (@ 1000 g / ha recorded minimum larval
population of 1.66 and 2.0 larvae per five plants at 3 and 7 days after applications,
respectively. However, highest grain yield (20.65 q / ha) was harvested from the
plots tree;ted with endosulfan (0.07 %) followed by Bt.

Effect of various plant protection chemicals was tested by Saxena er al.
(1998) against H. armigera infesting chickpea. They reported that treatment of
endosulfan @ 0.07 % produced highest grain yield (1890 kg / ha) and was
. followed by HaNPV @ 500 LLE / ha (1710 kg / ha) and Bacillus thuringiensis (@
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1 lit 7 ha (1405 kg 7/ ha). Whereas. the lowest grain yicld of 1105 ke / ha was
harvested from control plot.

Field experiment on management of /- armigera (1ub.) on chickpea
with some herba!, chemical and bio-pesticides was conducted by Wanjari ef al.
(1998). It was revealed that Bt kurstaki (dipel) @ 0.75 lit / ha) was cffective In
reducing larval population of . armigera to the extent of 80.84 and 83.29 per
cent at 2 and 7 days aller spraying, respectively. Similarly this trecatment
produced higher grain yield (18.95 g / ha), but proved cconomically less
cffective than the other treatments.

Pawar ¢ al. (1998) cvaluated two formulations of Bt along with ITaNPV
and three recommended chemical insccticides against 74, armigera in chickpea.
They reported that both the Bt formulations viz, I3t halt (750 and 1000 gm / ha)
and Bt delfin @ 750 gm / ha produced significantly higher grain yicld of
chickpea i.e. 1388, 1600 and 1255 kg / ha, respectively than untreated control
(1189 kg / ha).

Efficacy oi bio-pesticides against /. armigera on chickpea was tested
by Loganathan ¢/ «f. (2000) at Kurumpapalyam and Saravanampatti in
Coimbatore district during summer 1997. The treatments was applicd 3 times at
7 days intex;val. A: Kurumpapalayam they rcpor.tcd that, after application of 13t
(spicturin @ 1 I / ha) the larval population was rcduced from mital 1.50 larvac
per plant to 1.10 and 1.26 and 0.96 and 1.26, 0.86 and 0.96 at 3 and 7 days alter
application of 1%, 2™ and 3™ spray, respectively. Similarly at Saravanampatti
the initial larval population of 1.20 per plant was reduced to 0.97 and 1.20; 1.03
and 1.26 and 0.90 and 0.96 per plant at 3 and 7 days after trcatment.
respectively.
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The bio-efficacy of FINPV and Bacillus thurinsiensis var Kurstaki,
mdividually and in combination with insccticides was evaluated on chickpcea
against flelicoverpa crnigera (Fiuabner) H:n'd\'vicl\' during rabhi scason 1998-99
by Bhatt and Patel (2002). They reported that Bacillus thuringiensis var

kurstaki @&

NS

I kg /7 ha causces 28.67 and 38.50 per cent mean larval mortality 72
hrs and 1 week aiter application of first spray, respecctively. Similarly after
application of sccond spray the mean per cent larval mortality was 28.76 and
34.86 per cent, respectively. They also reported yvield of 830 kg / ha and CBR of
1 1 -0.74 in the plots treatment with Bt.

Pharindera Yadav e¢r «f. (2004) tested 1 efficacy of microbial bio-
pesticides against FHelicoverpa armigera on chickpea. They reported that,

treatment of Btk (aeliin WG G

1 kg / ha) was cffcctive in reducing the farval
population from 2.76 per tive plants to 1.52, 1.25 and 1.57 per five plants at 3,
7 and 14 days after application of trcatment, respectively. They also recorded
significantly higher grain yield of 1513.89 kg / ha as against 937.50 kg / ha in
control.

Dhonde e¢r a/i. (2005) tested the efficacy of newer inscecticides along with
bio-rationals z_lgainSl Helicoverpa armigera (Flubner) in chickpca. They
reported that treatment of Btk 1000 g / ha was moderately cffective against /7.
armigera and causcs 74.27 and 71.89 per cent larval reduction at 72 hours and 7
cdays after wrcatmeni, respectively. It also produced significantly higher grain
yield ‘( ! 7-.08 g / ha) than untreated control (12.20 g /7 ha) with ICBR of' 1 : 3.07.

Effect of microbial! insecticides on the larval population of 1. armigera
during 1998-99 was studicd by Sidde Gowda and Suhas Yelshetty (2005). They

reported that different sources of Bacillus thuringiensis (delfin, biolep. halt and
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I3t var kenyae) significantly reducced the farval population ac 3 and 7 days attar
application of {irst spray than untreated check. But the larval population in all
the treatments were at par with untreated check at 3 and 7 days after application
of second spray. Amongst the various Bt formu!zuions 131. Var kenyac recorded
highest grain yicld (9.40 q / ha) followed by halt (8.70 q / ha).

2.1.4 Efficacy of biopesticides in combination with other biopesticides

A field trial to investigate the efficacy of HaNPV alonc and in combination
with delfin for the control of gram pod boer, [leliothis armigera (I'lubner) on
chickpea was conducted by Srinivisan ¢/ «f. (1994). They found that, combincd
treatment of HaNPV ¢ 125 LY / ha - Bacillus thuringiensis (@ 1 kg / ha was as
effective as individual application of HaNPV w2 250 LE / ha, but statistically
superior 1o endosulfan in the {irst two sprays.

Tustin e af. (1994) studied the interaction of nuclear polyhedrosis virus
(NPV) (0.3 X 10 S POB / ml) and Bacillus thuringiensis as bactospeine (300, 600
mg / 1) against 2™ instar larvac of H. armigera. They revealed that Bacillus
thuringiensis at 300 mg / 1 produced 32.5 % mortality and in combination with
NPV produced 25 %6 mortality.

Loganathan er «/. (2000) evaluated various doses of spicturin either alone
or in combination with HaNPV against /. armigera on chickpea at
Kurumpapalayam and Saravanampatti in Coimbatore district. At Kurumpapalayam
combined appilication of spicturin @ 1.00 lit / ha -+ IHaNPV @ 1.5 X 102 POB / ha
recorded less larval count i.e. 0.96 and 1.07 and 0.60 and 0.90 per plant at 3 and 7
days afier first and second spray, respectively than their individual applications.
But cost benefit ratio of this treatment was less (1 : 2.07) than the treatments with
their individual applications. Similar type of results were also recorded  at
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Saravanampatti where 0.86 and 1.03 and 0.86 and 1.00 larvac por plant were
rccorded at 3 and 7 days after first and sccond spray, respectively.

Bhau and Patel (2002) revealed that, the combine application of HaNPV
125 LE / ha + Bacillus thuringiensis var krustaki & 0.5 kg /7 ha was morce effective
than individual anplication of TIaNPV 42 250 1.1/ ha and Bacillus thuringicnsis
var krustaki @ 1 kg / ha. Combine application of HaNPV + Btk produccd 42.71
and 50.02 per cent mean larval mortality at 72 hr and 1 weck after first spray.
The corresponding meant percentage larval mortality after 72 hr and 1 weck
after sccond spray was 43.16 and 51.12 per cent. respectively. The combine
application of treatment, also produced higher grain yield of 980 kg / ha and
cost benefit ration of 1 : 0.69.

Phadtare es a/. (2004) tested the compatibility of entomogcenous fungus,
Beauveria bassiana with microbial pesticides against flelicoverpa armigerca
under laboratory condition. They found that application of IMaNPV @ 2 X 10 ©
spores / ml and Bacillus thuringicnsis @ 2 g /1 cither alonc or in combination
with Beauveria bassiana (@ 1.2 X 10 * spores / ml produced significantly higher
mecan per cent larval monality than Beauveria bassiana alone (1.2 X 10 T spores
/ ml). Application of Racillus thuringiensis either alone or in combination with
Beauveria bassiana and produced cent per cent mortality at 10 days after
trecatment. Whereas individual application of HaNPV was morce cffective than
its combination with Becuveria bassianeda.

2.1.5 Efficacy of spinosad against H. armigeia

Dandale er /. (2000) testad the efficacy of spinosad against the cotton
bollworms in comparision with some synthetic pyrcthroids during 1998-99 and
199¢-2000. Efticacy of spinosad 48 SC 42 50 and 75 g a.i. / ha in comparisoir with
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two newer synthetic pyvicthroids, i.e decis (decamcthrin) tablets: TO and 12,5 ¢ aa.
ha and bulldock {betacyfluthrin) 2.5 =ZC 125 and 18 g a.i. / ha against cotton

bollworms. Spinosad <48 SC, 75 and 30 g a.i. /7 ha was found most cffective in

controlling the inftestation of /4. armigera in green fruiting bodies on plant 14 days

0)

1fter treatment.

Vadodaria er «/. (2001) studied bio-cfficacy of newer insecticides against
boliworms of cotton. Three years pooled results indicated that the spinosad 48 SC
at 75 g a.i. / ha and bulldock 2.5 SC at 18 g a.i. / ha recorded lower larval
population. minimum damage to squarcs, bolls and locules with higher sced cotton
yvield.

Insect growth regulators and microbial insccticides was cvaluated by
Saindane (2002) againsi cotton bollworms. Amongst the different inscct growth
regulators and microbia! insecticides spinosad 50 g a.i. / ha recorded minimum
infestation in green {ruiting bodies duc to bollworm complex at 7 and 14 days after
sprayings. This treatment also recorded highest yield of seed cotton.

Similarly, IYhonde er «f. (2005) tested newer mscceticides along with
biorationals against //. armigera in chickpea. They reported that spinosad @3 75 g
a.i. / ha causes 83.14 and 81.18 per cent reduction in larval population at 72 hours
and 7 days after application of treauncnt. This trcatment also rccorded more grain
yvicld (19.006 q /7 ha) as against 18.27 g / ha in endosulfan @; 350 g a.i. / ha and
12.20 q / ha in untrecated control and gave ICBR of' 1 : 3.66.

Similarly, Jesmi Viayan (2005) evaluated some newer insecticides and bio-
agents tor the management cf major pests of tomato. Some newer insecticides such
as ilnidacloprid 17.8 1EC @@ 0.004 %, thicaancthoxam 25 WG @ 0.003 %,
quinalphos 25 EC @@ 0.65 %%. spinosad 45 SC @ 0.01 %, Bt (delfin) @ 1000 g / ha,
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ncem otl 1T 2%, NS S 20 HaNPV 7% 250 11 7 ha. endosulfan 35 15C « .05 94 and
bioagenis viz., Tiichiogranuna chilonis (g 1.5 lakh parasitized eggs ¢/ ha and
Chrysoperla carnea ¢ 10000 cggs / ha. She reported lowest fruit borer infestation
on number and wceight basis and highest tomato fruits with 1 : 4.88 1CBR in
treatment with spinosad.
ve Gairtkwad and Bhamare (2006) tested efficacy of newer insect growth

regulator and insecticides against cotton bollworms during 2002-03. The results
revealed that spinosad 45 SC (@ 50 g a.i. / ha, betacyf{luthrin 2.5 1:C @ 12.5 g a.1. /
ha and indoxacarb 14.5 SC at 50 g a.i. / ha were found most cffective in reducing
bollworm damage and producing highest yield.
2.1.6 Efficacy of endosultan against I/, armigera

Field trials was conducted by Singh ¢7 «/. (1973) for the chemical control of
gram pod borer, f/elicoverpa armigera (Hubner) on gram during 1970-71 1n
Punjab. They found that all the insecticides trcatments viz., carbaryl (1.75 kg
a.i. / ha), DDT (1.75 kg a.i / ha), endosulfan 0.49 kg a.i. / ha and DDT -+
endosulfan (1.75 -+ 0.49 kg a.i. / ha) were equally effective in reducing pod
borer infestation as well as in producing higher grain yield. Howcver, cost
benefit analysis of these treatments showed that endosulfan and DT were most
cconomical over other chemical insecticides.

The comparative cfficacy ol different pesticides was  evaluated by
Agrawal ¢r ai. (1¢77) against gram pod bl)l‘&:l:. Il armigera on gram. Their

results  indicated  that the sprays of monocrotophos @ 875 ml / ha,

chlorpyri:phos & i litre /7 ha and endosulfan @ 1.4 litre / ha were most

cffective in reducing the damage due to /. armigera and increasing the yield.
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Mishra and Saxena (i981). studiced the cfficacy of somce promising
insecticides viz, monoccrctophos (0.04 %), endosulfan (0.07%) and quinalphos
(0.05%) against Fl. armigera on gram. They reported that trcatment of
endosulfan produaced significantly higher grain yield (1964 kg / ha) than
untreated control (982 kg / ha).

While evaluating comparative efficacy of wvarious insccticide
formulations against f1 armigera on chickpea in Harayana, Dahiya er al. (1983)
found that the plots weated with endosultan (0.07 %) rccorded significantly
iower pod damage and maximum grain yicld (24.99 g / ha) than untreated
control.

The cffectiveness of six insccticides was evaluated by Yadav and Yadav
(1983) against [/ arinigera on kabuli gram in Haryana. /\])p.licali(‘)n of
endosulfan (0.07 26); ghosalone (0.07 %) quinalphos (0.03%), chlorpyryphos
(0.04"/0); fenitrothion (0.05%) and fenvalerate (0.04 %) were made at 50 per
cent pod formation stage. The result showed that endosulfan (0.07 %) was
proved to be most effective in reducing pod damage and increasing graimn yiceid
(11.80 ¢ 7/ ha) as compared to other trecatments.

Bio-cfficacy of various chemical insecticides was tested by Chari er al.
{1985) against [/ warmigera on chickpca. The resuits indicated that all the

insccticides were clfective in reducing larval population of the pest. Howcever,

¢

endosulfan @ 2000 ml / ha effectively lowcered down the larval population from
initial 2.53 per plant 1o .27, 1.25 and 1.11 per plant after 3, 7 and 14 days of
spraying; respectively.

Chhabra and Kocner (1985) tested two different doses of pyrcthroids

viz., cypermenthrin, deltamethrin, fenvalerate and permethrin in comparis:on

23



with endosulfan against H. armigera on gram. They found that supremacy of
the test chemicals 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, performance of fenvalerate, cypermethrin (both
@ 60 g a.i. 7/ ha) deltamethrin (@ 15.9 a.i. / ha) and endosulfan (@ 262.5 g a.i./
haS was the best.

The field trials were conducted during 1978-79 and 1980-81 by Rizvi es
al. (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 management of H. armigera on gram.
The results showed that all the insecticides were found effective. However,
three sprays of endosulfan and quinalphos at 15 days interval commencing at 50
per cent flowering of gram gave the most effective control of gram pod borer
and proved to be more economical treatment than other.

Gunasekaran and Balasubramanian (1987) evaluated diflubenzuron
(@200 to 6070 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 population of la'rvae after 1, 3 and 7 days of
spraying, respectively.

Different doses of nuclear polyhedrosis virus (HNPV) in comparison
with endosulfan (@ 0.05 %) were evaluated by Pawar er al. (1987) against .
armigera on chickpea. They reported that application of endosulfan reduced
larval population of H. armigera from 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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vield in plots treated with endosulfan (1605 kg /7 ha) than plots treated with
water (1146 ke 7 bay)

Sanap and Deshmukih (1987) tested various insccticides against [/
armigera on chickpea and observed that two applications of endosulfan (0.07%)
at 50 per cent flowering and 15 days thereafter proved to be most cllective in
reducing pod damage and producing highest grain yield (1209 kg / ha).

A field trial was conducted by 'T'hakur cli al. (1988) in Madhya Pradesh,
India to decitermine the comparative cfficacy of ncem sced kernel extract, neem
leat cxtract both at 5 per cent concentration and some. commonly used
mnseccticides viz., endosulfan (0.07 %), monocrotophos (0.04 %) carbaryl (16 %
dust). BHC (10 % dust), quinalphos (1.5 % dust) and mecthyl parathion (2 %%
dust) against /. armigera on gram. The results indicated that all the chemical
insecticides were more cffective than ncem formulations in reducing larval
population. However, among all the trecatments ‘cndosulfan recorded maximuin
increasc in grain yicld (45.5 %) over control.

The eftficacy ot six insecticides was evaluated by Deka e¢r al. (1989)
against /4. armigera in chickpea. They reported that endosulfan (@ 500 g a.i. /
ha) was nost effective in reducing the larval population and producing higherv
grain yicld than untreatzd control.

Kaul er «/. (1989) carried out investigations on the chemical control cf
gram pod borer A armigera on gram with some synthetic pyrethroids
(fenvelerate 0.01 and G.02 %, cypermethrin 0.006 and 0.009 %, dccaimethrin
0.002 and 0.004) in coraparision with endosulfan (0.07 %). They observed that
treatiment of endosulfan was more effective in minimising pod damage and also
recorded highest yield 01 1100 kg / ha.

2
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The comparative efficacy and economics of eleven pyrethroids and non-
pyrethroid insecticides were studied by Parsai e/ al. (1989) against f{1. armigera
on chickpea. The results showed that among the various treatiments endosulfan
(0.07 %) and monocrotophos (0.05 %) wcre found to be cffective. However,
highest economic returns were obtained from endosulfan with cost benefit ratio
of 1 :5.15.

Gupta and Thakur (1990) studied the bio-efficacy and economics of five
insecticides viz., monocrotophos, endosulfan, fenvalerate, decamethrin and
cypermethrin along with two non-edible vegetable oils, viz., neem and karanj
oil against /. armigera on chickpea. They observed that plots trecated with
endosulfan (0.08 %) reduced larval population at 2 and 5 days after spraying
with a mean of 0.9 larvae per meter row length and recorded highest grain yield
(2220 kg / ha). However cndosulfan (0.06 %0) proved to be the most
economical treatment followed by endosulfan (0.08 %) with 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 H. armigera on chickpea by Pawar ez al. (1990) for
three years (1984-1988) in Maharashtra, India. Virus was applied at 100, 250
and 500 LE / ha alone or with endosulfan. All the treatments, except the lowest
concentration of virus alone and with endosulfan, significantly increased grain
yield. The lowest pod damage (3.84 %) at}d highest yield (1379 kg / ha) were
observed in plots trcated with two sprays of endosulfan alonc.

Rabindra er al. (1991) reported that endosulfan @ 350 g a.i. / ha was

significantly effective over individual application of NPV (@ 250 LE / ha. They

26



reported significantly less larval population 4.7 and 4.7 ; 3.3 and 3.0 at 3 and 7
days after 1™ and 2™ spray. respectively.

The cfficacy of cight different inxcclici.dcs viz., endosultan (0.07 2%).
monocrotophos (0.05- %), quinalphos (0.07 %), decamethrin (0.003 %),
fenvalerate (0.0G5 .(}’6) cypermethrin (0.004 9%6), carbaryl (0.10 %) and mecthyl
parathion (0.05 %6) was determined by Mehta er al. (]9“)]) against /1. armigera
on gram. The results indicated that all the chemicals were cffective in reducing
the pod borer damage as comapre to untreated control. Whereas, cndosulfan
recorded 13.93 per cent pod damage as well as produced yield of 853 kg / ha.
while the contro! plot recorded 32.06 per cent pod damage and lowest yiceld of
597 kg / ha. |

Field triad was conducted to test the efficacy of endosulfan and herbal
products alone and in combination with nuclear polyhedrosis virus against gram
pod borer, H. armigera (Hb) by Supare er «l. (1991). They obscrved that
endosulfan alonc (0.07 %) and its combination with NPV (g 250 .11/ ha)
were equally effective in reducing the larval population and produced higher
yvield of grains (18.97  / ha) as comapre to untreated control (6.87 ¢ / ha)

A field experiment was carried out by Verma er «l. (1992) to know the
optimum time and number of sprays of c¢ndosulfan for the control of /.
armigera infesting chickpea. Two sprays of endosulfan (35 LEC @ 1200 ml / ha}
at flowering and podding stage of crop exhibited better results with minimum
pod damage (2.62 %) and higher grain yield (798.39 kg / ha). This spray
schedule also proved cconomically effective against pod borer with a cost

beneftit ratio- of 1 : 3.7.



Sinha (1993) tested the field efficacy of diflubenzuron, neem oil and
neem seed kernel extract in comparison with endosulfan (0.07 %) against /.
armigera infesting chickpea during two years. He observed that treatments with
endosulfan causes highest reduction in pod borer infestation i.e. 57.6 and 52.8
per cent and also rccor?:led highest seed yield 18.5 and 27.7 q / ha during 1986-
87 and 1988-89, respectively. However, 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 2 (19.2 q / ha) than untreated
control (9.7 q / ha).

The work carried out at National Agricultural Research Project in
Karnataka by Girraddi ez al/. (1994) revealed that the plot which received two
sprays of endosulfan (0.07 26) at SO per cent flowering and green pod stage
recorded lower pod damage (2.9 and 4.7 %) 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 trcatments which received two or
more number of sprays.

Shukla er al. (1996) studied the efficacy of three concentrations (250,
300 and 350 larval equivalents per ha.) of nuclear polyhedrosis virus in
comparison with 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 er al. (1996) conducted field experiments for the control of
gram pod borer on chickpea during rabi seasons of 1989-90, 1990-91 and 1991-
92. Threec applications of different insecticides were given at an interval of 15
days. Pooled analysis revealed that, endosulfan @ 0.07 % causes 69.9, 24.6 and
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61.6 per cent reduction of A. armigera larvac at 2,7 and 15 days after spraying,
respectively. It also produced significantly higher grain vicld (154 ¢ /7 ha) than
untrecated control €10.7 q / ha).

Vyas and 'Lakhchau.ra (1996), tested eflicacy of nuclear polyhedrosis
virus alone or in combination with chemical insecticides. They reported that
chemical insectic:des were superior over NPV a.nd gave low pod damage. They
recorded significantly highest grain yiceld (1077 kg / ha) when two sprays of
endosulfan were given at 50 % flowering with an interval of 15 days.

The field experiment was conducted by Ravi and Verma (1997 a) to test
the efficacy of varous insecticides against 7. armigera on chickpea. The results
showed that endosulfan (0.07 %) effcctively reduced larval population from
7.33 larvae per ten plants to 1.00 and 0.67 larvae per ten plants at 5 and 10 days
after second spraying. respectively. Similarly, this treatment recorded 2124 kg /
ha grain yield with maximum cost benefit ration (1 : 7.38).

Sharma er al. (1997) evaluated nuclear polyhedrosis virus (@ 300 LE /
ha), 7Trichgramma chilonis @ 250000 / ha) monocrotophos @ 600 ml / ha and
endosulfan @ 1200 ml / ha against F. armigéra on chickpeca. They reported that
NPV was effective over endosulfan in reducing larval population but produced
equal grain yield (1.86 t / ha) as that of endosulfan.

Ujagir e/ «/. (17997) evaluated some bio-pesticides, chemical insceticides
and their combinations against A. armigera on chickpea The pooled data of two
vears showed that endosulfan was effective in reducing pod borer damage andi
also produc:ed highest grain yield (1860 kg / ha), than untrcated control (1190

ko / ha)
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Wanjari ef al. (1998) made efforts to manage ffelicoverpa armigera on
chickpea with so\'rne herbal. chemical and bio-pesticides. They recorded
significantly higher grain yield of chickpea (19.27 q / ha) in ecndosulfan treated
plot as against 10.19 q / ha in untrated control.

Different concentration of Bacillus thuringicnsis, Flelicoverpa armigera
nuclear polyhedrosis virus were evaluated in comparison with chemical
insecticides (fenvalerate, chlorpyriphos and endosulfan) against /4. armigera on
chickpea by Pawar ef al. (1999). They reported significantly lower pod damage
(9.59 2%) and higher grain yield (1522 kg / ha). than untrcated control which
recorded highest pod damage (22.90 %) and lowest grain yield (1189 kg / ha)

The bio-cfficacy of HNPV and Bacillus thuringiensis var Kurstaki,
individually and in combination with insecticides (endosulfan, fcnvalerate,
monocrotophos, nimecidine and tobacco snuff deccoction) were evaluated by
Bhatt and Patel (2002). They reported that endosulfan @ 0.07 % causes 51.92
and 62.83 per cent mean larval mortality at 72 hrs and 1 week after first
spraying and 54.28 and 63.27 per cent mean larval mortality at 72 hrs and 1
week after second spraying, respectively. This treatment also produced
significantly highest grain yield (1130 kg / ha) with net cost benefit ratio of 1 :
10.09.

Ramteke er al. (2002) tested the efficacy of some botanicals, and
microbial pesticides in comparison with endosulfan against /. armigera on
chickpea. They reported significantly lower larval population in treatiment of

endosulfan (0.07 %) 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

30



population per ten plants was 18.09, 18.1 and 17.99 after 3, 7 and 14 days of
spraying, respectivciy.

Pharindera Yadav er al. (2004) tested the efficacy of microbial
bio-pesticides in comparison with endosulfan against Helicoverpa armigera on
chickpea. The results revealed that endosulfan @ 0.07 % reduced thc larval
population from 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 er al/. (2005) tested the efficacy of newer insccticides along with
biorationals against Helicoverpa armigera on chickpea. The results revealed
that endosulfan @ 350 g a.i. / ha was effective in reducing the larval population
and pod damage. It also yiclded 18.27 q / ha chickpea grains as against 12.20 q
/ ha in untreated control and gave incremecntal cost bencfit ration of 1 : 13.69.
2.2 Efficacy of modules against H. armigera

Intcgratcd management of Helicoverpa armigera on gram was studied by
Sanap and Pawar (1998) during 1993-96 at Rahuri (M.S.). The rcsults of trial
revealed that 3 spray applications starting from initiation of flowering and
subscquent 2 sprays at fortnightly intervals with first two sprays either with nuclear
polyhedrosis virus @ 250 LE / ha or neem seed kecrnal extract 5 % followed by
third spray with endosulfan 0.07 % were most ciffective in controlling the gram pod
borer and gave highest grain yield of 2200 and 2206 kg / ha. rcspectively. These
two treatments were followed by trcatment with first spray of NSKE @ 5 %
followed by NPV @ 250 LE / ha and endosulfan @ 0.07 %. The trcatment with
three spray of endosulfan gave 2049 kg / ha grain yicld. The highest returns per

rupce investiment was obtained from treaument with first two sprays of
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NSKE and third spray of endosulfan (4.28) and was followed by treatment with
three spray ot endosul{an (2.57).

Kumawat and Jheeba (1999) carried out field trials for ecofriendly
management ot F1 wrmiugera on chickpea from 1993 to 1996. The result of trial
revealed that the treatments with alternate spray of monocrotophos and endosulfan
resuited in lowest pod infestation and highest sced yicld but this trcatument was not
significantly different {rom alternate spray of NPV and endosulfan. The chemical
treatment also give maximum net return followed by the NPV alternated with
endosulfan treatment.

Singh er al/. (2000) evaluated some IPM module against FHelicoverpa
armigerca in chickpea duri'ng 1995-96, 1996-97 and 1997-98 under irrigated as weli
as rainfed conditions. All the IPM modules tested were found significantly superior
over the untreated control. Minimum pod damage and maximum grain yicld was
observed in moduie 1 consisted of HaNPV @ 250 LI/ ha -- Btk @ 1500 ml /ha —
endosulfan @ 1250 ml / ha in both irrigated and unirrigated conditions. Module 2
in which second spray of Btk of module 1 was replaced with nimbicidine, wis
second best in controlling K. armigera and gave maximum benefit cost ratio due to
low cost of nimbicidine.

Sarode and Sonalkar (2000) conducated field experimenits at four blocks of
the university to compare the bioccontrol and. convectional methods of pest
management in chickpea. Although both the methods were effective in managing
the pest problem, the bio-control method performed comparatively better in respect
of iarval population of /. armigera have less pod damage and higher yield.

Patel er al. (2002) evaluated various modules for IPM in Pigeonpea at
Anand during 1996-1999. Amongst various modules studied, they found that GAU

2

)



IPM model consist of installation of pheromone trap for H. armigera (@ 10 trap /
ha during third week of November to third week of January, spray of HaNPV @
250 LLE / ha during third week of November. spray of NSKE 5 2% at flowering at
fourth week of November and spray of monocrotophos 0.04 % on pod sectting
during 2" week of December followed by endosulfan 0.07 % during 4" week of
December could effectively manage the population of Helicoverpa armigera and
gave highest grain yield than other modules. B

The field trial conducted at ANGRAU, Hyderabad for bio-intensive pest
management in pigeon pea revealed that alternate spray of HaNPV and NSKE
(HaNPV — NSKE - HaNPV - NSKE) fared better in supresssion of H. armigera
larval population (2.00) fdllowed by three spray of endosulfan followed by HaNPV
- NSKE — HaNPV — NSKE and Bt — NSKE — Bt — NSKE alternations
(An::onymous 2003 b).

Demonstration of Bt — HaNPV — Bt — HaNPV alternations in pigeon pea
for management of pod borer complex at TNAU, Coimbatorc showed that Bt.
HaNPV alternations (Bt @ 1.0 kg / ha — HaNPV @ 1.5 X 10'? POB / ha - Bt @
1.0 kg / ha — HaNPV @ 1.5 X 10'? POB / ha) was effective in reducing /.
armigera population and produced 1828 kg / ha grain yield as against 886 kg / ha
in untreated control (An. onymous, 2003 c).

Khajuria ez «f. (2006) taken preliminary obs.ervations on ficld evaluation of
some ccofriendly modules in the management of 7. armigera on tomato. Three
eco-friendly modules viz., module 1 (M,) comprising of Bacillus thuringiernsis var
kurstaki (Btk) @ 1 kg / ha, Btk @ 0.5 kg / ha + fenvalerate @ 0.5 lit. / ha, sex
pheromone @ 3 Helicoverpa lure (HL) / ha, HaNPV @ 250 LE / ha, HaNPV 125

LLE / ha + Fenvalcrate (@ 0.5 lit. / ha and endosulfan 35 EC @ 1 lit / ha, module 2
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(M3) comprising O NSIKID 5 %%, [HaNPV (i 250 L1/ ha, sex pheromone trap (@) 3
HL / ha, Btk &2 1 kg / ha and deccamethrin 25 15C &a 1 Lt/ ha and moducl 3 (M)
consisting of Btk («2 1 kg / ha (twice), sex pheromone trap @ 3 L 7 ha, HaNPV (e«
250 LE / ha (twice) and malathion 50 EC (@ 1 lit / ha were cvaluated for the
management of tomaio fruit borer. The observations revealed that all the threc
modules were significantly better over the untreated control (Myg) in terms of pest
population, yield and p=ar cent infestation. The mcan number of larvae per plant
recorded two days after application of cach trecatment under cach module were
significantly less (5.58 / plant) in M, as compared to M, (7.16 / plant) and M3 (6.16
/ plant). The module M, also produced highest fruit yield than M, and Ms.
2.3 Seasonal incidence of H. armigera on chickpea

Vaishampayan and Veda (1980) studied tha population dynamics of gram
pod borer, FHelicoverpa armigera (Hubner) and its outbrcak situation on gram,
Cicer arietinum I.. at Jabalpur. Five years data on scasonal changes in the larval
population of gram pod borer revealed that rainfall is one of the important key
factors that influenced the build-up of larval population on gram crop. It showed
highly significant and pcsitive correlation with larval population. Whercas, rclative
humidity had shown significantly negative correlation with larval population.
Relative humidity below 75 % was considered an alarming level and sure indicator
of high population build-up of pest on gram during the major active period from
December to IFebruary. No direct and gencral relationship could be established
between temperature and pest population level. However posilive correlation was
observed between mecan minimum daily temperature and build-up of pest
population. The temperature ranged between 10 to 14 “C proved to be most
favorable and optitnum for pest development. However, the activity of pest was
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found to be retarded sharply at temperature below 8 °C. They also found positive
correlation between the activity of parasite and density of its host.

Yadava et al. (1985) studied the relationship between certain biotic and
abiotic factors and the occurrence of gram pod borer on chickpea in Uttar Pradesh,
India. They observed twd peaks during the 47" to 50™ and 11" to 15™ weeks.
Population was positively correlated with maximum and minimum temperature
and necgatively correlated with relative humidity and pecr cent parasitism by
ichneumonid Compoletis chlorideae.

Garg (1987) studied seasonal abundance and host ranges of Heliothis
armigera (Hub.) in the Kumaon hills, India during 1983 and 1984. He observed
pcak damage to the pods in the first week of May in both thc ycars when the mean
tcmperature range was 10.6 °C to 26.4 °C in 1983 and 7.7 °C to 26.6 °C in 1984.
The mean relative humidity was 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 er a/. (1988) in Uttar Pradcsh, India during 1981 to 1988.
They reported that . armigera was abundant during 47" — 51% and 10" — 17"
standard wecks and its abundance was significantly positively corrclated with
maximum and minimum temperaturc and significantly negatively corrclated with
rclative humidity.

Anwar and Shafiquc (1992) studied the incidence of attack and population
fluctuations of HHeliothis armigera in relation to chickpea phenology and
environmental factors in the field. The results over three ycars revealed that the
larval population of /. armigera rcmained low in chickpca crop during cool
months (December to January). It increases rapidly from IFebruary to March with

35



rise-in temperature. The maximum flowering and pod formation stage of crop and
relative high temperature (Min. 17 and Max. 27 °C) were optimum for rapid larval
population build-up.

Spatial distribution of Helicoverpa armigera (Hubner) larvae in chickpea
crop was studied by Tomar 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
39 March 1992 and 16" March, 1993, respectively. It then gradually increcase and
reached its peak at podding stage of crop i.e. 38.9 and 91.80 larvae per ten plants
during 7" April 1992 and 20" April 1993, respectively. Afterwards it decrease
gradually and was minimum 1.76 and 3.54 larvaec per ten plants during 20™ April
1992 and 11" May 1993, respectively at corp maturity stage.

Likewise, Patel and Koshiya (1999) studied the population dynamics of
gram pod borer (Helicoverpa armigera (Hubner) Hardwick on cotton, pigeon pea
and chickpea. Their studies revealed that, the pest incidence in chickpea crop
commenced during 3" week of November and reached its peak (6.3 larvae / 10
plants) in 39 week of December and then gradually decreased. The lowest
popu]ation (9.3 larvae / 10 plants) was recorded in last week of February when the
crop was at maturity stage. The correlation study in chickpea showed that among
the variéus physical factors of environment, minimum and maximum temperature
as well as vapour pressure in the morning and evening were negatively correlated
with population build-up of this pest.

Metange er al. (2002) studied the influence of temperature on incidence of
gram pod borer Helicoverpa armigera Hubner on chickpea. They found that larval

population was positively and significantly correlated with maximum and
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minimum temperature. Critical maximum and minimum temperature for larval
population were found to be 29.5 and 13.3 “C respectively.
2.4 Biotic compl(;x of H. armigera

Population dynamics of Heliothis armigera Hubner on sorghum, pigconpea
and chickpea was studicd by Bilapate ¢f «f. 1979 in Marathwada. They found that,
causes of mortaliiy of various stages of I, armigera wesedifferent in different
crops. However, in chickpea a larval parasite Cq‘mpoleti.s' chlorideae Uchida was
alone responsible for rceducing the population of chickpeca during November-
December.

A field study: on larval and pupal parasitcs was made by Bilapate (]981)
on cotton, safflower, sunflower, pigeonpea and chickpca. The pcer cent
parasitization by . chlerideae was minimum (8.70 %) in 18-25 December, 1978.
The parasitization due to pupal parasite Goniophthalmus halli was minimum
(2.96 %) during 5-19 February 1979 and maximum (16.18 %) during 18-25
December, 1978.

The egg parasitism of H. armigera was studied by Yadav and Patel (1981)
in Gujrat during 1973-74 and 1974-75, by collecting eggs of the pest from tomato,
potato, gram and lucern ficlds. The parasites recorded from the eggs were
7. chilonis and was a new rccord from A armigera eggs in Gujrat. The parasite
was common in eggs collected from all the plants except gram, this was thought to
be due to acidic secrction produced by leaves.

Yadav er al. 1982 studied the seasonal activity of C. chioridece Uchida, a
larval parasite of Fleliothis armigera at Anand (Gujrat). They observed that, on
gram the parasite was active from second forthnight of December to first forthnight

of March and per cent parasitization ranged between 17.3 to 22.5, 14.5 to 37.1 and
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1.4.1‘0 35.0 duri(};; 1072-73, 1973-74 and 1974-75, respectively. Further, they also
observed that, an cgy narasite, 7richograma chilonis was inclfeclive i gram but
exerted significant pressure against Ff armigera in potatoces.

The influence of Host-plant resistance on the parasitism of pest larvac was
examined in field trial on resistance (ICC-506) and susceptible (Annigeri)
cultivars, at three plant densities (8.3, 16.7 and 33.3 plants / m?) by Sithanantham
et al. (1982) the lower incidence of parasitism in larvae was noticed from the
“resistant” cultivar than in those {rom the “‘susceptible” type. The dominant
parasitoids recorded were the Hymenopteran é,'un-zpo/c{i.s' chlorideace and the
Dipteran Carcelia illota.

Sing er al. (1933) recorded the larval parasitoids ot /1. armigera from
fruiting bodies of gram and tomato in lab in Haryana from I'ebruary to April 1981
and observed four parasites. Apearniteles sp. was the perominant cndoparasite
parasitizing upto 85 % cf larvae while Bracon heberor attacked 11 % of larvae and
C. chlorideae 4 %o.

Yadav er al. (1985) studied €Compoletis chlorvkdeae Uchida, a larval
parasitoids of H. armigcra (Flubner) infesting chickpea for three years from 1979
to 1982. Three years data indicated that the pcrcent parasitization was highest
during the month of December and lowest during February and almost nil during
March in all the yeurs.

Bilapate er al. (1988 studied the mortality factors affecting the noctuid
7. armigera in the abscnce of pesticides on arhar, gram and safflower fields in

Maharashtra, India. On C'icer arietinum L., C. chlorideae causedl4.73 % parasitism

during the first generation while Eriborus argentecopilosus caused 1.53, 16.41 and
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10.44 % parasitism dwing the 1%, 2™ and 3¢ gencrations. the mortality of larvace
due to nuclear polyhedrosis virus was 6.88, 1.98 and 24.52 %.

Srinivas (19895 studied the coxteni of .purusilisxn of gram pod borer
H. armigera ty ichncumonid larval parasites at Coimbatore, India. The parasites
were found active from October onward. The maximum parasitization of 43.9 24
was recorded by C. chlorideae during the first forthnight of December 1984
compared with 18 %% with Eriborus sp The initial parasitization by Eriborus sp
started with 6 % during October and rcached a maximum ol 43.79 % by the last
week of January 1985,

Patnaik es af. (1991) observed the incidence ot FH. armigera (FIb.) on
chickpeca and its population phenology in }orll; central pleatu zone in Orissa
between 1982 to 1988. They found that the ichncumonid C. chlorideac and the
tachnid C. illota played a key role in suppressing the larval population during
poding stage.

Ravi and Verma (1997 b) observed that irrespective of sowing date, the
occurrence of parasitization by C. chlorideae was paralled to the build up of pest
population. The extent of parasitization increcased up to 33.3 and 25 % during
standard week in normal and late sown crops, respectively and then declina in
March because of high temperature.

Sachan and Bhumik (1998) stated that, the extent of natural parasitization
by Camnpoletis chlorideae varied between 12.69 and 56.28 % during 1995-96 and
3.57 and 80.64% during 1996-97 on standard weckly basis. Parasitization recorded
during 1995-'96 wes 37.51, 46.10, 42.67, 16.16 and 26.19 % during November,

*

December, January, March and April, respectively.
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IFeasibility of using mass relcases of Trichogramma chilonis for the control
of Helicoverpa armigera on chickpea was studied at Nagpur, Maharashtra, India,
during 1994-96 by Kulat er al/. (1999). Four releases of 1.0 lakh / ha at weekly
intervals were carried out. None of the 1763 H. armigera cggs collected were
parasitized.

Devi er al: (2002) studied the natural enemies of Helicoverpa armigera
Hubner on chickpca from November to May of 1998-2000 in Manipur, India. Five
Parasitoids were found associated with . armigera and amongst them Campoletis
chlorideae was most important natural enemy of this pest. The per cent parasitism
ranged from 0.18 to 23.81 % from March to May. The maximum incidence of
parasitoids was recorded during the first and second week of April 1998-2000. The
data revealed a high positive co-relation between the pest and parasitoids.

2.5 Effect of malic acid larval and pupal development of H. armigera

Reed er al. (1979) reported that, acidic fraction of chickpea consists of
94.2 % malic acid, 5.6 % oxalic acid and 0.2 % acctic 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 may be
responsible ‘for the relatively small range of insect pest found on chickpea
(Rambold, 1981).

Chaudhary and Sharma (1981) studied the biology of gram pod borer, /.
armigera on chickpea in [-{afyana. They recorded five larval instars and the
duration of larval stage averaged 15.5-29.9 days during different months from
November to April. Pupation took place in earthen cocoon and the pupal period

averaged 2.4 to 6.7 dayvs.
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Ghosh er al. (1986), studied the biology of gram pod borer /. armigera
during February-April 1981. They found that larvac took on an average 20.6. 4.8
and 20.6 days for completion of larval, pre-pupal and pupal period during February
with average temperature 18.5 + 7.3 °C and relative humidity 58.5 4 19.5 %. They
recorded comparatively less larval, pre-pupal and pupal period i.e. 14.6, 3.1 and
11.6 and 12.3, 2.0 and 9.8 days during March and April, respectively with
comparatively higher temperature 22.1 + 7.6 and 26.8 + 7.6 "C and less relative
humidiiy 532.2 + 21.5 and 46.0 + 20.0 during these two months, respectively.

Bilapate (1988) investigated growth and development of 7l armigera on
different host plants in Marathwada, India. He recorded mean larval, pre-pupal and
pupal period of 14.26, 1.46 and 14.59 days, respectively on chickpea.

Susceptibility of different hosts to H. armigera was studied by Goyal and
Rathore (1988). They tound that H. armigera larvae reared on chickpea leaves
took 10.90, 1.90 and 9.444 days for completion of larval pre-pupal an pupal period,
respectively.

Effects of different levels of constant temperature and humidity on the
development and survival of H. armigera was studied by Sharma and Choudhary
(1988). They found that larvae reared at 20 “°C took 31.4 days to complete its larval
stage. As comparedio this it took:. 19.31, 15.2 and 10.3 days to complete its larval
stage at higher temperature i.e. 25, 30 and 35 °C, respectively.

Bajpai and Schgal (1993) studied’ the oviposition performances, larval
development and survival of M. armigera on chickpea and weed hosts at
Pantnagar, lnciia. They found that larvae reared on.chickpea leaves at 29 4+ 1 °C and
80 4+ 5 % RIH took 17.0 and 9.0 days to complete its larval and pupal stage,
respectively.
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Bio—ecoloéy and reproductive potentiality of 77 armiszera on different host
crops was studied by Valand and Batel (1993). Study revecaled that, the larvae
reared on gram at 21.65 + 6.53 °C and 75.71 % RH took 30.00 days to complete its
larval stage. Similarly it took 2.33 and 22.08 days to complete its pre-pupal and
pupal period at 17.55 _+ 4.24 °C and 71.6 % RH and 20.25 -+ 2.85 and 71.05 %,
respectively.

Verma ef al. (1994) studied incidence, biology and population fluctuations
of H. armigera in mic-hill region of IHimachal Pradesh. They found that larvae
reared on chickpea took 19.7 days to complete its larval period.

Bio-ecological studies on gram pod borers Heliothis spiecies under Jammu
conditions were made by Thakur et al. (1995). They reported that, larval and pupal
stages ranged from 15 to 25 and 9 to 15 days, respectively depending upon scason
and type of tood.

Yoshida ¢r al. (1995) studied the mechanism of resistance to /1. armigera
in chickpea. A feeding test using unwashed and washed chickpea leaves revealed
that the substance responsible for the growth inhibition was water-soluble and
present dn the surface of leaves. Malic acid and oxalic acid were detected as major
component of acid cxudates of chickpea. The study further revealed that the oxalic
acid had showed significant growth inhibition effect on larvaec of H. armigera
whereas malic acid showed no effect on larval growth.

Bhatt and Patel {2001) studied the biology of /I armigera on chickpea at
room temperature. Their study revealed that the larvace produced six larval instars
and took 20.60 + 1.78 days to complete its larval stage. While the pupal stage

lasted tor 2.47 4+ 0.70 days.
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Kulkarni ¢z «/. (2004) had made comparative studics on the biology of 77
armigera on different food substrates and recorded 12.70 and 13.77 days for
completion of larval and pupal stage, respectively on chickpea.

Similarly, Surar:a ef a/. (2004) studied the host influence on developmental
events of H. armigera and recorded 17.4, 3.00 and 14.50 days for completion of

larval, pre-pupal and pupal period, respectively on chickpea.
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CHAPTER 111

MATERIAL AND METHODS

Because of the hazardous effects of chemical insecticides as well as their
increasing cost, Biolcgical Control is becoming popular component of an
integrated pest management. Among various tools of biological pest suppression
use of disease causing microorganisms is found effective in insect-pest control
(Dhaliwal and Arora, 2001). The insecticides containing disease causing
microorganisms as an active ingredient for control of insect-pest is called as
microbial iosecticides ~wvhich are not only eco-friendly but can compatibly be
incorporated in the integrated pest managemcent programme. IHowever, efficacy of
such wmicrobial inisecttcides either alone or in combination has bcecen rarcly
evaluated against Flelicoverpa armigera in chickpea.

Considering this. efforts have been made in the present investigations to
test and evaluate different microbial insecticides, their judicious combinations and
schedules for eco-iriendly management of H. armigera in chickpea. At the same
time studies on the bictic complex, population dynamics and cffect of malic acid
on larval and pupal development of /. armigera were also conducted.

The field experiments were conducted 1n the research field of Department
of Entomology, Dr. Panjabrao Deshmukh Krishi Vidyapecth, Akola during two
consccutive post-rainy scasons of 2003-04 and 2004-05. Whercas, laboratory
experiments were carried out in the PG laboratory during 2003-04 and 2004-05.
The material:. required and methods adopted are described below under different

sub-headings.
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3.1

seeds,

MATERIAL"

For conduzting the present investigations, materials required like chickpea

agricultural

implements,

fertilizers.

bullock

pair,

knapsack sprayer,

electronic balance, rearing equipment-, chemical and microbial insecticides, malic

acid etc. were provided by the Department of Agricultural Entomology.

Table 1: Details of microbial insecticides and other chemicals

Insecticide

Sr. Formulation | Dosage / Source of supply
No. conc.
. used - -
1. Metarhizium wP 2.5 kg /| Indorc Biotech Inputs
anisopliae (Bio- ha and | and Rescarch (Pvt) Ltd.
magic) 1.25 kg /| 6, Sheeikh Mohalla,
ha Main Road, Indore
452007 (MP)
2. Beauveria bassiana WP 2.5 kg /| Indore Biotech Inputs
(Bio-Wonunder) ha and | and Rcesearch (Pvt) Ltd.
1.25 kg /| O, Sheekh Mohalla,
ha Main Road, Indore
. 452007 (MP)
3. Bacillus thuringiensis Liquid 750 ml/ | Departiment of
(PDKV) ha and Entomology, Dr. PDKYV,
375 ml/ | Akola (IM.S.)
ha L
4. Helicoverpa armigera Liquid 250 Department of
nuclear polyhedrosis LE/ha Entomology, Dr. PDKYV,
virus and 125 | Akola (M.S))
. LE/ ha .
5. Endosulfan (Endocel) 35 EC 0.06 % Excel Industries Ltd.,
184-187, Swami
Vivekanand Road,
Jogeshwari, Mumbai-
o 400 102 (M.S.)
6. Spinosad (Tracer) 45 SC 0.01 % DE-NOCIL, Crop
Protection Pvt  I.id..
Unit no.l, first {loor,
Corporate Park, V.N.
Purav marg, Chembur,

Mumbai 400 071.
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3.1.1 Rearing equipment: for H. armigera
a) Plastic containers for Iarval rearing

It is made up of transparent plastic with 3.5 cm in diameter and 4.0 cm
height with soft and coloured plastic lid. These were used for rearing Felicoverpa
larvae individually for laboratory studies.
b) Mating and oviposition cage

This is rectangular wooden cage 30 X 30 X 60 cm having glass door
suitable to observe the activities of adults and ta provide sufficient light. Round
opening with net sleeve on one side of cage is provided for food supply and other
operations. It consisted of a sliding reversible window on bottom at right hand side
to release the adults for mating and oviposition in the cage
3.2 METHODS
3.2.1 ¥Field Studies

3.2.1.1 Evaluation of bio-efficacy of microbial insecticides alone and in
combination

To evaluate the bio-efficacy of microbial insecticides alone and in
combination with other microbial insecticides a ﬁeld experiment was undertaken
during two consecutive post-rainy seasons of 2003-04 and 2004-05. The plan of
layout for the experiments is illustrated in figure 1. The layout was common during

both seasons. The details of experiment are as follows.

Design of experiment :  Randomized Block Design
Number of replications : 3 (Three)

Number of treatments 12 (Twelve)

Gross Plot size © 3.6mX4.0m

Net plot size : 3.().m X 3.4 m

Spacing : 30X 10cm
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Interspace

Between veatments ;0 1.0Om
Between replications : 2.0m
Crop : Chickpea
Variety :  Chaffa
Seced rate : 55 kg/ ha
No. of plants / gross plot : 480
No. of plants / net plot : 340
Total planted area : 518.4m?
Fertilizer application : 25:50:00NPK kg/ha
Sced treatiment ;. Trichoderma @ 4 gm / kg sceds

Date of sowing

2003-04 - 06™ October, 2003
2004-05 - 07"™ October, 2004

Details of treatments

T, . Merarhizium anisopliae (2.5 Kg/ha)

T . Beauveria bassiana (2.5 Kg/ha)

T3 - Helicoverpa armigera nuclear polyhedrosis virus (250 1.E/ha)
T4 - Bacillus thuringiensis (PDKV) (750 ml /ha)

Ts . Metrarhizium anisopliae (1.25 Kg/ha) + Helicoverpa armigera

nuclear polyhedrosis virus (125 1.E/ha)

Te - Metarhizium anisopliae (1.25 kg/ha) + Bacillus thuringiensis
(PDKYV) (375 ml/ha)

Ty . Beauveria bassiana (1.25 Kg/ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125 [L.E/ha)

Ty - Beauveria bassiana (1.25 Kg/ha) + Bacillus thuringiensis
(PDXV) (375 ml/ha)

Ty - Helicoverpa armigera nuclear polyhedrosis virus (125 1.E/ha) -+
Bacillus thuringiensis (PDKV) (375 ml/ha)

Tio - Endosulfan (0.06 %)
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T : Spinosad (0.01 %)
T2 . Untrcecated control

3.2.1.2 Evaluation of different modules for bio-intensive management of
H. armigera in chickpeca

To evaluate different bio-intensive modules against 71 armigera in
chickpea a field experiment was undertaken during two consecutive post-rainy
seasons of 2003-04 and 2004-05. The plan of layout is illustrated in figure 2. Same

plan of layout was adopted during both rabi seasons. The details of experiment

were as follows;

Design of experiment
Number of reblications
Number of treatments
Gross Plot size
Net plot size
Spacing
Interspace
Between treatments
Between replications
Crop
Variety
Seed rate
No. of plants / gross plct
No. of plants / net plot
Total planted area
Fertilizer application
Seed treatment
Date of sowing
2003-04
2004-05
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Details of modulzs

M, - Bacillus thurirgicnsis @ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - Bacillus thuringicnsis (¢ 750 ml / ha.

M, - Bacillus thuringiensis @ 750 ml / ha - Hciicoverpa armigera nuclcar
polyhedrosis virus @ 250 LE / ha - Endosulfan @ 0.06 %o

M; -  Endosulfan @ 0.06 % - Bacillus thuringiensis (@@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 112/ ha

My - Neem Seed Kernel Extract @ S % - Bacillus thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 12/ ha

Ms -  Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - Spinosad 50 g a.i. / ha

Mg - Spinosad @ 50 g a.i. / ha - Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 1.1% / ha

M, -  Three spravs of Endosulfan (@ 0.06 %.

Mgy -  Untreated Control

3.2.1.3 Preparation of 5 % NSKE

Recommended procedure was followed for preparation of 5% Ncecem Sced
Kernel Extract (Annonymous, 2005). Accordingly, 5 kg of dried necem sceds were
taken and made inio [Ine powder and soaked in 9 liters of water over night. Alter
24 hours, the extract was decanted through cloth to which 200 gm of soap solution.
separately prepared in 1 litme of water was added and then the final volumc was
made up to 100 liters by adding water.
3.2.1.4 Cultural operations
During 2003-04 and 2004-05, ficld was well prepared by repeated
}iloﬁgliing and harrowings. ’lots were laid out as per design. Sceds were trecated
with 7richoderma as per recommendation. Beds were then seeded at a specific
spacing by hand‘dibbling. Recommendced doses of fertilizers were given at the time

of sowing before irrigation. Gap filling was done whenever necessary for
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maintaining uniform plant population. Inter-culture operations and subscquent
irrigations were applicd as and when required.
3.2.1.5 Preparation of spray mixture

For preparation of spray mixture, the quantity of insecticide required per
plot was calculated. Then the quantity of water required for spraying single plot.
was calculated by actual spraying the plot with water. Thus, accordingly the spray
mixture is prepared fresh every time by mixing calculated quantity of insecticides
in required quantity of water.
3.2.1.6 Application of spray mixture

Spray mixture was applied with knapsack sprayer. Spraying was done in
the morning. After application of cach trcatment, sprayer was thoroughly clcancd
and again flushed with water to remove traces of previous insecticide applied.

The treatment sprayings were undertaken when larval population reached
cconomic thresh-hold level and subsequent sprays were applied at 15 days
intervals. According to Nimbalkar (2001) the population level of two larvae per
meter row length was considered to undertake spray application. Accordingly,
application of spray mixture for both the experiments and during both the seasons
were undertaken on the following dates ;

Experiment - |

2003-04 2004-05
First spray 19.11.2003 29.11.2004
Second spréy 03.12.2003 13.12.2004
Experiment - 11
' 2003-04 2004-05
First spray 17.11.2003 08.11.2004
Second spray 01.12.2003 22.11.2004
Third spray 15.12.2003 06.12.2004
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3.2.1.7 Method of recording observations
a) Observation on larval count

After application of cach treatment larval count was taken on 10 randomly
selected plants from each plot at 3, 7, 10 and 14 days.
b) Post harvest observation

The yield of chickpea grains (kg) was recorded from each nct plot after
harvesting, drying and threshing.
3.2.1.8 Population dynamics of Helicoverpa arniigera

Population dynamics of H. armigera in chickpea was studied during two
consecutive post-rainy seasons. For which separate plot of 10 X 10 m? dimension
was sown on 13™ October 2003 and 7™ October 2004. Larval count was taken on
ten randomly selected plants, from these plots at weekly intervals. Corrclations
were worked out with biotic and abiotic factors of environment.
3.2.2 Laboratory studies

Along with above field trials two laboratory experiments were also
conducted to study biotic complex and effect of malic acid on larval and pupal
development of .H armigera
3.2.2.1 Biotic complex of H. armigera in gram ccosystem

Twenty-five eggs and larvae of H. armigera were collected from the
separately sown plot (10 X 10 m?) at weekly interval. They were kept individually
in plastic containers. Eggs were kept till hatching while larvae were reared till the

adult stage. They were observed daily for the emergence of parasitoids.
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3.2.2.2 Effect of malic acid on larval and pupal development of gram
pod borer

Eggs of I1. armigera were colleted from the laboratory reared and mated //
armigera adults and kept for hatching. Newly hatched H. armigera larvac were put
individually in i)lastic_ containers. They were gr'ouped into three groups of ten
larvae each. First group of larvae was reared on malic acid fortified chickpea
leaves, second group was recared on water washed chickpea leaves while third
group was reared on untreated chickpea leaves.

For this, chickpea leaves were brought daily from separately sown plot of
10 X 10 m?. They were dipped in solution of 3 % malic acid and also in water for 5
minutes. They were then soaked in shade and then used for feeding. Observations
on larval and pupal periods were recorded.

3.3 STATISTICAL ANALYSIS

In case of field studies to evaluate microbial pesticides alone or in
combination and to evaluate different bio-intensive modules for management of
H. armigera, the data on the larval population of H. armigera was transformed by
appropriate transformations. The data, thus obtained along with yield data were
tested for their statistical significance (Gomez and Gomez, 1984). Similarly pooled
analysis fof both the experiments were also carried out for two years field data.

The data on larval population, field parasi.tization and wecather paramecters
were squected to analysis to find out co-relation coefficients between them.

In case of studies on effect of malic acid on larval and pupal development
of H. armigera, means and standard deviations were worked out and data were
further analyzed by completely randomized design (Gomer, and Gomer, 1984) to

compare the significance of different feeding methods.
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3.5 METEOROLOGICAL DATA
Weekly meteorological data for a period during which the ficld studies
were carried out were obtained from the agro-meteorological observatory,

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akolat Appe ndizc- A )
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CHAPTER -1V

EXPERIMENTAL FINDINGS

Field experiments were conducted during the present investigation to test
the efficacy of microbial pesticides either alone or in combination and in scheduled
applications for bio-intensive management of /. armigera in gram. Along with
this, 'attemp,ts were also made to generate information on seasonal incidence of this
pest, biotic complex and effect of malic acid on it.’s larval and pupal development.
Tha data and results obtained are illustrated through Tables 2 to 21, figures 3 to 9
and described under appropriate headings in the forcgoing pages.

4.1 Evaluation of microbial insecticides ecither alone or in combination

4.1.1. Effect of various treatments on larval population on . armigera
during 2003-2004

— 4.1.1.1 Larval population of H.arprigeras;three-daysafter firstspray

(2003-04)

Data on larval population of /. armigera three days after first spray
obtained during 2003-2004 are presented in, Table 2. All the treatments
registered significantly lower larval population than untreated control. Spinosad
@ 0.01 % recorded least larval population (1 larva / ten plants) followed by
Endosulfan @ 0.06 % (1.33 larvae / ten plants). Both these trcatments were at
par and statistically supcrior over remaining treatments.

Next 'group of treatments in order of their efficacy were Bacillus
thuringiensis (@ 750 ml / ha, Helicoverpa armigera nuclear polyhedrosis virus
@ 250 LE / ha, Helicoverpa armigera nuclear polyhedrosis virus @ 125 LIE /
ha + Bacillus thuringiernsis (@ 375 ml / ha, Metarhizium anisopliac @ 2.5 kg /
ha, Beauveria bassiana (@ 2.5 kg / ha, Metarhizium anisopliae (@ 1.25 kg / ha -
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Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LLEE / ha, Metarhizium
anisopliae @ 1.25 kg / ha + Bacillus thuringicnsis @ 375 ml / ha, Beauveria
bassiana (@ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@
125 LE / ha and Be-auveria bassiana (@ 1.25 kg / ha + Bacillus thuringiensis (@
375 ml / ha which were at par with 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. armigera seven days after first spray (2003-04)

Data on larval population of H. armigera seven days after first spray,
presented in Table 2 reveled significantly lower larval population in all the
treatments than control. Among various treatments spinosad (@ 0.01 % and
cndosulfan @ 0.06 26 recorded significantly lowest larval population i.¢c. 0.67 and
1.00 larvar / ten plants, respectively. It was éollovved by the treatment with
Helicoverpa armigiera nuclear polyhedrosis virus (@ 250 LE / ha (2.00 larvae / ten
plants) which was at par with endosulfan @ 0.06 %.

Another group of effective treatments in order of their merit were Bacillus
thuringiensis (@ 750 ml / ha, Helicoverpa armigera nuclear polyhedrosis virus (@
125 LE / ha + Bacillus thuringiensis (@ 375 ml / ha, Metarhizium anisopliae (@
2.5 kg / ha, Beauveria bassiana @ 2.5 kg / ha and Metarhizium anisopliae (@
1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LLE / ha
which recorded 2.33, 2.67, 3.00, 3.00 and 3.33 1ar‘vae per ten plants, respectively.

Another treatments in order of their cfficacy were Beauveria bassiana (@
1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LLE / ha,
Metrarhizium anisopliade (@ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha

and Beauveria bassiana (@ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha,

55



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. armigera, ten days after first spray (2003-04)
Data (Table 2) on larval population of H. armigera ten days after first spray
revealed significant superiority of all the treatments over control. Amongst various
treatments, spinosad @ 0.01 % and endosulfan @ 0.06 % proved most effective
(0.67 larva per ten plants) and significantly superior over rest of the trecatments.
Next group of effective treatments in order of merit were Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha, Bacillus thuringiensis @ 750 ml / ha,
Merarhizium anisopliae (@ 2.5 kg / ha, Beczuve.;'ia bassiana (@ 2.5 kg / ha and
Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus
thuringiensis (@ 375 ml / ha which recorded 1.67, 2.00, 2.00, 2.33 and 2.33 larvac
on ten plants, respectively. However, Helicoverpa armigera nuclear polyhedrosis
virus @ 250 LE / ha was at par with endosulfan 0.06 %. Later two treatiments were
found at par with Merarhizium anisopliae (@ 1.25 kg / ha + Helicoverpa
armigera nuclear polyhedrosis virus @ 125 ILE / ha, Metarhizium anisopliae
@1.25 kg A ha + Bacillus thuringiensis (@ 375 ml / ha, Beauveria bassiana (a)
1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha
and Beauﬁeria bassiana @ 1.25 kg / ha + Bacillus 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 FH. armigera, fourteen days after first spray
(2003-04)

Data on larval population of H. armigera fourteen days after first spray
(Table 2) revealed significant differences amongst the various treatments. All the
treatments proved significantly superior to untreated control. Spinosad @ 0.01 %

was best in reducing larval population (1.67 larvae per ten plants) [ollowed by
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endosulfan (@ 0.06 (.)/r) (2.00 larvae per ten plants) which were at par with cach
other. However, the later treaument was at par with flelicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha (3.00 larvac per ten plants). Treatment
with Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha was
followed by Metarhizium anisopliae (@ 2.5 kg / ha, Beauveria bassiana @ 2.5 kg
/ ha, Bacillus thuringiensis @ 750 ml / ha, Helicoverpa armigera nuclear
polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis @ 375 ml/ ha were at
par and they recorded 3.33, 3.67, 3.67 and 4.00 larvae per ten plants, respectively.
Remaining treatments viz., Beauveria bassiana (@ 1.25 kg / ha + Helicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha, Metarhizium anisopliae (e
1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha,
Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha
and Beauveria bassiana @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha
were less effective and had recorded 4.67, 4.67, 5.00, and 5.33 larvae per ten
plants, respectively. Untreated control had larval population of 7.33 per ten plants.

4.1.1.5 Larval population of H. armigera, three days after second spray
(2003-04)

Data on larval population of H. armigera three days after second spray
tabulated ih Table 3 indicated significantly lower larval population in all the
treatments than untreated control. Signiﬁcanlly‘ lowest larval population was
recorded in treatment with spinosad @ 0.01 % (0.67 larvae per ten plants) which
did not differ significantly from treatment with endosu_lfan @ 0.06 % (1.00 larvac

per ten plants).

57



Table 2 :

at 3,7, 10 and 14 days after first spray during 2003-04

Effect of various treatments on larval population of 7. armigera

Treat- Treatment | Avcrage larval population of 77
ment armigera / ten plants ]
No. 3 days 7 days 10 days 14 days
after after after alter
. spraying | spraying | spraying | spraying

T, Metarhizium anisopliae (2.5 3.33 3.00 2.00 3.33
Kg/ha) (1.82) (1.86) (1.58) (1.82)

T, Beauveria bassiana (2.5 Kg/ha) 3.67 3.00 2.33 3.67

(1.90) (1.86) (1.68) (1.90)

T; Helicoverpa armigera nuclear 3.00 2.00 1.67 3.00
polyhedrosis virus (250 LE/ha) (1.73) (1.58) (1.46) (1.72)

T, Bacillus thuringicnsis (PDKV) 3.00 2.33 2.00 3.67
(750 ml /ha) (1.72) (1.68) (1.56) (1.91)

Ts Metarhizium anisopliae (1.25 3.67 3.33 3.33 4.67
Kg/ha) + Helicoverpa armigera (1.91) (1.95) (1.95) (2.16)
nuclear polyhedrosis virus (125
LLE/ha)

Te Mertarhizium anisopliae (1.25 3.67 4.00 3.33 5.00
kg/ha) + Bacillus thuringiensis (1.91) (2.11) (1.95) (2.24)
(PDKV) (375 ml/ha) o )

T, Beauveria bassiana (1.25 Kg/ha) 4.00 3.67 3.33 4.67
+ Helicoverpa armigera nuclear (1.99) (2.03) (1.95) (2.12)
polyhedrosis virus (125 LE/ha)

Tsg Beauveria bassiana (1.25 Kg/ha) 4.00 4.00 3.67 5.33
+ Bacillus thuringiensis (PDKV) (1.99) (2.12) (2.04) (2.31)
(375 ml/ha)

To Helicoverpa armigera nuclear 3.33 2.67 2.33 4.00
polyhedrosis virus (125 LE/ha) + (1.82) (1.77) (1.68) (1.99)
Bacillus thuringiensis (PDKV)

(375 ml/ha)

Tho Endosulfan (0.06 %) 1.33 1.00 0.67 2.00
: (1.14) (1.17) (1.05) (1.38)

T Spinosad (0.01 %) 1.00 0.67 0.67 1.67
(1.00) (1.05) (1.00) (1.28)

T2 Untreated control 5.67 6.33 7.00 7.33
(2.38) (2.61) (2.73) (2.71)

‘F’test Sig. Sig. Sig. Sig.

S.E. (m) + 0.11 0.14 0.14 0.13

C.D. at 5% 0.33 0.41 0.41 0.37

C.V. (%) 11.07 13.36 14.06 11.18

* Figures in parenthesecs are corresponding square root transformed values
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Next etfective group of trecatments werce [lclicoverpa armigera nuclecar
polyhedrosis virus (@ 250 LE / Ha, Bacillus thuringiensis @) 750 ml / ha,
Helicoverpa armigera nuclear polyhedrosis virus @ 125 112/ ha + Bacillus
thuringiensis @ 375 1l / ha, Metarhizium anisopliae (@ 2.5 kg / ha and
Beauveria bassiana @ 2.5 kg / ha which recorded 2.33, 2.67, 3.00, 3.00 and 3.33
larvac on ten plants, respectively. Treatments Metarhizium anisopliae @ 1.25 kg /
ha + Helicoverpa armigera nuclear po]yhedrosis.virus (@ 125 LE / ha, Beauveria
bassiana @ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @
125 LE / ha, Beauveria bassiana @ 1.25 kg / ha + Bacillus thuringiensis (@ 375
ml / ha, Metarhizium anisopliae @ 1.25 kg / ha + Ielicoverpa armigera nuclear
polyhedrosis virus @ 125 LIE / ha were least cffective and recorded 4.33, 4.33,

4.67 and 4.67 larvae on ten plants, respectively.

4.1.1.6 Larval population of H. armigera, seven days after sccond spray
(2003-04)

Data in Table 3 on larval population of A armigera seven days after
second sprz;y showed significant differences amongst various treatments. All the
treatments réqorde(l significantly lower larval population than untreated control.
Amongst various treatments spinosad @ 0.01 % and endosulfan @ 0.06 % proved
their superiority in reducing larval population. Both these treatments recorded 0.33
larvaec on ten plants and were significantly superior over rest of the treatments.
These treatments were followed by Helicoverpa armigera nuclear polyhedrosis
virus @ 250 LE / ha, Bacillus thuringiensis (@ 750 ml / ha, Helicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis @
375 ml / ha and Merarhizium anisopliae @ 2.5 kg / ha which were at par with

each other and recorded 1.67, 2.33, 2.67 and 2.67 larvae on ten plants, respectively.

Remaining treatments viz., Beauveria bassiana @ 2.5 kg / ha, Metarhizium
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anisopliae (@ 1.25 kg / ' ha + Helicoverpa armigera nuclear polyhedrosis virus (@
125 LE / ha, Beauveria bassiana (@ 1.25 kg / ha i Helicoverpa armigera nuclear
polyhedrosis virus (@ 125 LE / ha, Merarhizium anisopliae @ 1.25 kg / ha +
Bacillus thuringiensis (@ 375 ml / ha and Beauveria bassiana (@ 1.25 kg / ha +
Bacillus thuringiensis (@ 375 ml / ha were 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 tzn plants.

4.1.1.7 Larval population of H. armigera, ten days after second spray
(2003-04)

It is seen from thie Data (Table 3) on larval population of H. armigera ten
days after second spray that the treatments exhibited significant differences and all
the treatments evaluated proved significantly superior in reducing larval numbers
over untreated control. However, amongst various treatments spinosad (@ 0.01 %
and endosulfan @ 0.06 % were most effective treatments with 0.33 larvae per ten
plants. These treatments were followed by Helicoverpa armigera nuclear
polylledros;s virus (@ 250 LE / ha, Metrarhizium anisopliae (@ 2.5 kg / ha, Bacillus
rhuringiensfs @ 750 ml / ha, Beauveria bassiana (@ 2.5 kg / ha and Helicoverpa
armigera nuclear polyhedrosis virus @ 1.25 LE / ha + Bacillus thuringiensis (@
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. Merarhizium anisopliae (@ 1.25 kg /
ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha,
Metarhizium anisopliae (@ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha,
Beauveria bassiana @ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis

virus @ 125 LE / ha and Beauveria bassiana (@ 1.25 kg / ha and Bacillus

thuringiensis (@ 375 ml / ha were at par with each other and recorded 3.00, 3.33,
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3.33 and 4.00 larvae per ten plants, respectively. Untreated plots registered highest
01 6.00 larvae per ten plants.

4.1.1.8 Larval population of H. armigera, fourteen days after second spray
(2003-04)

Data presented in Table 3 on larval population of 7/ warmigera fourteen
days after seccond spray were significant. All the trcatments were ceffcctive in
lowering the larval population over untreated control. spinosad @ 0.01 % was most
effective (0.00 larvae per ten plants) followed by endosulfan @ 0.06 % (0.33
larvae per ten plants) which were at par with each other.

Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha,
Metarhizium anisopliae (@ 2.5 kg / ha both with 1.33 larvae per ten plants and
Beauveria bassiana @ 2.5 kg / ha (2.00 larvae per ten plants) formed the second
group of effective treatments.

Third group of better treatment comprisced of Bacillus thuringiensis (&
750 ml / ha, Helicoverpa armigera nuclcar polyhedrosis virus (@ 125 LE / ha -+
Bacillus thuringiensis (@ 375 ml / ha, Métarhizium anisopliae @ 1.25 kg / ha +
Helicoverpc; armigera nuclear polyhedrosis virus (@ 125 LE / ha and Beauveria
bassiana @ 1.25 kg / ha + Helicoverpa armigera 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 with each other. Remaining treatments
in order of their efficacy were Merarhizium anisopliae (@ 1.25 kg / ha -+
Bacillus thuringiensis (¢ 375 ml / ha and Beauveria bassiana & 1.25 kg / ha -+
Bacillus thuringicasis (0 375 ml / ha with 3.33 and 3.67 larvac per ten plants as

against highest of 6.00 larvae on ten plants recorded in untrcated control plants.
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Table 3 : Effect of various treatments on larval population of H. armigera

at 3, 7. 1Q and 14 davs after second spray during 2002.G4

Treat- Treatment Avcrage larval population of /. --u)‘n'ligera |

ment / ten plants ;

No. 3 days 7 days 10 days 14 days

after after after after
spraying | spraying | spraying | spraying

T, Merarhizium anisopliae (2.5 3.00 2.67 1.67 1.33
Kg/ha) (1.86) (1.77) (1.46) (1.34)

T> Beauveria bassiana (2.5 Kg/ha) 3.33 3.00 2.00 2.00

(1.95) (1.86) (1.58) (1.58)

T; Helicoverpa armigera nuclear 2.33 1.67 1.33 1.33
polyhedrosis virus (250 LLE/ha) (1.68) (1.46) | (1.34) (1.34)

T, Bacillus thuringiensis (PDKV) 2.67 - 2.33 2.00 2.33
(750 ml /ha) (1.77) (1.68) (1.56) (1.68)

Ts Mertarhizium anisopliae (1.25 4.33 3.67 3.00 2.67
Kg/ha) + Helicoverpa armigera (2.20) (2.04) (1.86) (1.77)
nuclear polyhedrosis virus (125
LLE/ha)

Te Metarhizium anisopliae (1.25 4.67 4.33 3.33 3.33
kg/ha) + Bacillus thuringiensis (2.27) (2.20) (1.95) (1.95)

_|PDKV) (375 mlzha)y N R N

T, Beauveria bassicna (1.25 Kg/ha) 4.33 4.00 3.33 3.00
+ Helicoverpa armigera nuclear (2.20) 2.11) (1.95) (1.86)
polyhedrosis virus (125 LE/ha)

Tg Beauveria dassiana (1.25 Kg/ha) 4.67 4.33 4.00 3.67
+ Bacillus thuringiensis (PDKV) (2.206) 2.20) .11 (2.04)
(375 ml/ha)

To Helicoverpa armigera nuclear 3.00 2.67 2.33 2.33
polyhedrosis virus (125 LE/ha) + (1.86) 1.77) (1.68) (1.68)
Bacillus thuringicansis (PDKV) )

(375 ml/ha)
Tio Endosulfan (0.06 %) 1.00 0.33 0.33 0.33
(1.17) (0.88) | (0.88) (0.88)
T, Spinosad (0.01 %) 0.67 0.33 0.33 0.00
(1.05) (0.88) (0.88) (0.71)
T2 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. (m) + 0.14 0.12 0.13 0.11
C.D. at 5% 0.41 0.36 0.39 0.31
C.V. (%0) 12.54 11.88 14.00 11.36

* Figures in parentheses are corresponding square root transformed values
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4.1.2 Effect of various treatment on grain yield of chickpea during 2003-04

The data on grain yield of chickpea as influcnced by various treatments arc
presented in Table 4. All the trecatments produced significantly higher grain yicld
than untreated control. Treatment with spinosad (@ 0.01 % recorded highest grain
vield (16.27 q / ha)Aand did not differ significantly from endosulfan @ 0.06 %
(15.88 q / ha).

Next group of better treatment included Helicoverpa armigera nuclear
pelyhedrosis virus @ 250 LE / ha (14.51 q / ha), Bacillus thuringiensis @ 750 ml
/ ha (14.31 q / ha), Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE /
ha + Bacillus thuringiensis (@ 375 ml / ha (14.02 q / ha) and Merarhizium
anisopliae @ 2.5 kg / ha (13.92 q / ha) which werce at par. These treatments except
former one did not differ significantly from Beauveria bassiana @ 2.5 kg / ha
(13.72 q / ha).

Treatments with Metarhizium anisopliae @ 1.25 kg / ha + Helicoverpa

armigera nuclear polyhedrosis virus @

125 LE / ha, Beauveria bassiana (@ 1.25
kg / ha + Hglicox)el‘;7c7 armigera nuclear polyhedrosis virus (@ 125 LIE / ha,
Metarhizium anisopliae @ 1.25 kg /ha + Bacillus thuringiensis @ 375 ml / ha
and Beauveria bassiana @ 1.25 kg / ha + Bacillus thuringiensis @ 375 ml / ha
produced comparatively lower grain yield i.e. 12.16, 11.86, 11.76 and 11.08 q / ha
receptively. An untreated control yielded 10.20 ¢q / ha grains.
4.1.3 Incremental cost benefit ratio of various treatments during 2003-04
Data presented in Table 4 (Appendix - B) revealed that, treatment with
endosulfan @ 0.06": % emerged as the most economically viable treatment giving
highest ICBR of 1 : 7.45 tollowed by f]elicoverpc-: armigera nuclear polyhedrosis
virus (@ 250 LLE / ha (1 : 4.07). These two treatments were followed by
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Table 4 Effect of various treatments on grain yield of chickpea and
incremental cost benefit ratio during 2003-04
Treat Trcatment W#K—/Iggﬂ_ﬁz:_l‘d ICBR Rank
ment ' (q/ ha)
No.
T Metrarhizium anisopliae (2.5 Kg/ha) 13.92 :1.70 7
T, Beauveria bassiana (2.5 Kg/ha) 13.72 :1.76
T3 Helicoverpa armigera nuclear 14.51 :4.07 2
polyhedrosis virus (250 LE/ha)
Ta Bacillus thuringiensis (PDKV) (750 14.31 :3.31 4
ml /ha)
Ts Metarhizium anisopliae (1.25 Kg/ha) 12.16 1,17 8
+ Helicoverpa armigera nuclear
polyhedrosis virus (125 LE/ha)
Te Metarhizium anisopliae (1.25 kg/ha) 11.76 : 0.88 10
+ Bacillus thuringiensis (PDKV) ‘
(375 ml/ha) L I
Ty Beauveria bassiana (1.25 Kg/ha) + 11.86 : 1.09 9
Helicoverpa armigera nuclear
polyhedrosis virus (125 LE/ha)
Tg Beauveria bassiana (1.25 Kg/ha) + 11.08 : 0.54 11
Bacillus thuringiensis (PDKV) (375
ml/ha)
To Helicoverpa armigera nuclear 14.02 3.32 3
polyhedrosis virus (125 LE/ha) +
Bacillus thuringiensis (PDKV) (375
ml/ha) .
Tio | Endosulfan (0.06 %) 15.88 :7.45 1
T Spinosad (0.01 %) 16.27 :2.68 5
T2 Untreated control 10.20 - -
‘F’test Sig.
S.E. (m) + 0.26
C.D. at 5% 0.78
C.V. (%) 3.43
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Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus
thruringiensis (@ 375 ml / ha, Bacillus thringicnsis (@ 750 ml / ha, spinosad(@
0.01 %, Beauveria bassiana (@ 2.5 kg / ha and Metarhizium anisopliae (@ 2.5 kg
/hawithICBR of1:332,1:3.31,1:2.68,1:1.76, and 1 : 1.70, respectively.

The treatment combination viz., Merarhizium anisopliae (@ 1.25 Kg / ha -+
Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha, Beauveria
bassiana @ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @
125 LE / ha, Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thringiensis ()
375 ml / ha and Beauveria bassiana @ 1.25 kg / ha + Bacillus thringiensis (@ 375
ml / ha were found comparatively 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 on larval population of H. armigera
during 2004-05

4.1.4.1 Larval population of H. armigera, three days after first spray
(2004-05)

Larvétl population of H. armigera three days after first spray (Table 5)
revealed significant differences amongst the various treatments. All the treatments
were significantly superior over untreated control. Among various treatments
endosulfan @ 0.06 % and spinosad @ 0.01 % recorded lowest larval population
i.e. 2.67 larvae per ten plants and were superior over rest of the treatments.

The next effective treatments in order of merit were Helicoverpa armigera
nuclear polyhedrosis virus (@ 250 LE / ha, Bacillus thuringiensis (@ 750 ml / ha,
Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus
thuringiensis (@ 375 ml / ha, Metarhizium anisopliae (@ 2.5 kg / ha, Beauveria

bassiana @ 2.5 kg / ha, Metarhizium anisopliae (@ 1.25 kg / ha + Helicoverpa
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armigera nuclear polyhedrosis virus @ 125 1.IE /. ha which were at par with each
other and recorded 433, 4.67, 5.33, 5.33, 5.67 and 5.67 larvae on ten plants
respectively. Remaining three treatments viz., Beauveria bassiana (@ 1.25 kg / ha
+ Helicoverpa armigera nuclear polyhedrosis virus @ 250 LLE / ha, Merarhizium
anisopliae @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha and Beauveria
bassiana @ 1.25 kg / ha + Bacillus thuringiensis @ 375 ml / ha were less
effective and all have recorded six larvae per ten plants. Untreated plots had
highest of 8.33 larval population per ten plants.

4.1.4.2 Larval population of H. armigera, scven days after first spray
(2004-05)

Data in Table 5 revealed that all the treatments significantly reduced the
larval population of /4. armigera over control. However, spinosad @ 0.01 % has
proved its spperiority by recording least larval population (1.67 per ten plants) and
was at par with endosulfan @ 0.06 % (2.00 larvae per ten plants)

Trea£ments Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE /
ha, Bacillus thuringicnsis @ 750 ml / ha and Helicoverpa armigera nuclear
polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis 375 ml / ha recorded
3.67, 4.33 and 4.67 larvae per ten plants receptively and were at par with each
other. Later two treatments however were again found at par with AMerarhizium
anisopliae @ 2.5 kg / ha, Beauveria bassiana (@ 1.25 kg / ha + Helicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana @ 2.5
kg / ha and Metarhizium anisopliae (@ 1.25 kg / ha + Helicoverpa armigera
nuclear polyhedrosis virus (@ 125 LE / ha which recorded 5.00, 5.67, 5.67 and 5.67
larvae per ten plants, respectively. Remaining two treatments Beauveria bassiana
@ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha and Merarhizium

anisopliae (@ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha were less
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effective having 6.00 larvae per ten plants as against highest ot 8.00 larvae per ten
plants recorded in untreated control.
4.1.4.3 Larval population of H. armigera, ten days after first spray (2004-05)

Larval population of H. armigera in various treatments ten days after first
spray are presented in Table 5. Sigm’ﬁcant differences were observed within the
treatments and all the treatments registered significantly lower larval population
over untreated control. Spinosad @ 0.01 % vx.ras most effective followed by
endosulfan @ 0.06 %  which recorded 1.33 and 1.67 larvae pcr ten plants
respectively and were at par with each other.

Above treatments were followed by Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha, Merarhizium anisopliae (@ 2.5 Kg / ha,
Beauveria bassiarna (@ 2.5 kg / ha, Bacillus thuringiensis (@ 750 ml / 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 treatlnen.ts viz., Metarhizium anisopliae
@ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha,
Metarhizium anisoplice @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha,
Beauveria bassiana (@ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis
virus (@ 125 LE / ha and Beauveria bassiana (@ 1.25 kg / ha + Bacillus
thuringiensis (@ 375 ml / 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 were registered in plots which were not treated.

4.1.4.4 L.arval population of H. armigera, fourteen days after first spray
(2004-05)

It is seen from the data on larval population of H. armigera fourteen

days after first spray (Table 5) that the treatments exhibited significant
67



Table S :

Effect of various treatments on larval population of H. armigera
at 3,7, 10 and 14 days after first spray during 2004-05

Treat- Treatment Average larval population of H. armigera

ment / ten plants

No. 3 days 7 days 10 days 14 days

after after after after
spraying | spraying | spraying | spraying

T, Metarhizivum anisopliae (2.5 5.33 - 5.00 3.67 4.33
Kg/ha) (2.31) (2.23) (1.90) (2.08)

T, Beauveria bassiana (2.5 Kg/ha) 5.67 5.67 4.00 4.67

(2.38) (2.38) (1.99) (2.16)

T, Helicoverpa armigera nuclear 4.33 3.67 3.00 4.00
polyhedrosis virus (250 LE/ha) (2.08) (1.91) (1.72) (1.99)

Ta Bacillus thuringicnsis (PDKV) 4.67 4.33 4.00 4.67
(750 ml /ha) (2.16) (2.08) (2.00) (2.16)

Ts Merarhizium anisopliae (1.25 5.67 5.67 5.00 5.33
Kg/ha) + Flelicoverpa armigera (2.38) (2.38) (2.23) 2.31)
nuclear polyhedrosis virus (125
LLE/ha)

Ts Merarhizium anisopliae (1.25 6.00 6.00 5.33 5.67
kg/ha) + Bacillus thuringiensis (2.44) (2.45) (2.29) (2.37)
(PDKYV) (375 ml/ha)

T, Beauveria bassiana (1.25 Kg/ha) 6.00 5.67 5.33 5.67
+ Helicoverpa armigera nuclear (2.43) (2.37) (2.31) (2.38)
polyhedrosis virus (125 LE/ha) :

Tg Beauveria bassiana (1.25 Kg/ha) 6.00 6.00 5.67 5.67
+ Bacillus thuringiensis (PDKV) (2.45) (2.44) (2.38) (2.38)
(375 ml/ha)

To Helicoverpa armigera nuclear 5.33 4.67 4.33 5.00
polyhedrosis virus (125 LE/ha) + (2.31) (2.15) (2.08) (2.24)
Bacillus thwringicnsis (PDKYV)

(375 ml/ha)
Tio Endosulfan (0.06 %) 2.67 2.00 1.67 2.33
(1.61) (1.38) (1.28) (1.52)
Ty Spinosad (0.01 %) 2.67 1.67 1.33 2.00
(1.63) (1.28) (1.14) (1.38)
T> Untreated control 8.00 8.33 8.00 8.00
(2.82) (2.89) (2.83) (2.83)
‘IF’test Sig. Sig. Sig. Sig.
S.E. (m) + 0.11 0.10 0.12 0.10
C.D. at 5% 0.32 0.31 0.36 0.29
C.V. (%) 8.33 8.40 10.50 7.94

* Figures in parentheses arc corresponding squarc root transformed valucs

68




differences and all the trezatments significantly rqduced the larval population over
control. Treatments spinosad @ 0.01 % and endosulfan (@ 0.06 % proved most
effective and reduced larval population upto 2.00 and 2.33 larvae per ten plants,
respectively and were also statistically at par.

Next effective treatments in order of their efficacy were flelicoverpa
armigera nuclear polyheadrosis virus' (@ 250 LI / ha, Metarhizium anisopliae
@2.5 kg / ha, Beauveria bassiana @ 2.5 kg / ha, Bacillus thuringiensis (@ 750 ml
/ ha and Helicoverpa c¢rmigera nuclear polyhedrosis virus @ 125 LE / ha +
Bacillus thuringiensis (@ 375 ml / ha which recorded 4.00, 4.33, 4.67, 4.67 and
5.00 larvae per ten plants, respectively. Remaining foyr treatments viz.,
Metarhizium anisopliac @1.25 kg / ha + Helicoverpa armigera nuclear
polyhedrosis VirL\IS @125 LE / ha, Metarhizium anisopliade @1.25 kg / ha +
Bacillus thuringiensis (@ 375 ml / ha, Beauveria bassiana @1.25 kg / ha +
Helicoverpa armigera nuclear polyhedrosis virus @125 LE / ha and Beauveria
bassiana @125 kg / ha + Bacillus thuringiensis @375 ml / ha recorded 5.33,
5.67,5.67 and 5.67 larvac per ten plants, respectively. Untreated control registered
highest larval population (8.00 per ten plants).

4.1.4.5 Larval population of H. armigera, three days after second spray
(2004-05)

Data on larval population of H. armigera three days after second spray
(Table 6) showed significantly lower population in all the treatments than untreated
control. Amongst various treatments spinosad (@ 0.01 % recorded least population
(1 larva:: on ten plants) and was at par with endosulfan @ 0.06 % (1.33 larvae per
ten plants). These two trecatments were followed by Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha (3 larvae per ten plants) and DBacillus

thuringiensis @ 750 ml / ha (3.33 larvae per ten plants) which were at par with
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cach other. The later treatment was also at par with Metarhbizium anisopliae (@ 2.5
kg / ha, Beauveria bassiana (@ 2.5 kg / ha and fHelicoverpa armigera nuclear
polyhedrosis virus (@ 125 LE / ha + Bacillus thuringiensis (@375 ml / ha all of
which recorded 4.33 larvae per ten plants. Treatments, Metarhizium anisopliae (@
1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha,
Metarhizium anisopliae @1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha,
Beauveria bassiara @1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis
virus @ 125 LE / ha and Beauveria bassiana (@ 1.25 kg / ha + Bacillus
thuringiensis @ 375 ml / ha were superior over control had recorded 5.00, 5.33,
5.33 and 5.67 larvac on ten plants, respectively. Highest larval population of 7.67
on every ten plants was registered in untreated plots.

4.1.4.6 Larval population of H. armigera, seven days after second spray
(2004-05)

Larval population of H. armigera seven days after second spray (lable 6)
clearly indicates significant differences amongst various treatments. All the
treatments were significantly superior over control in reducing the larval
population. Spraying of spinosad @ 0.01 % and endosulfan @ 0.06 % were most
effective with 0.67 larvae per ten plants. These two treatments were followed by
Helicoverpa armigera nuclear polyhedrosis virus. (@ 250 LE / ha (2 larvae per ten
plants) and Bacillus thuringiensis (@ 750 ml / ha (2.67 larvac per ten plants)
which were at par with each other. Later treatment however, did not differ
significantly from Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE /
ha + Bacillus thuringicensis (@ 375 ml / ha and Metarhizium anisopliae (@ 2.5 kg /
ha which recorded 3.33 and 3.67 larvae per ten plants.

Treatment with Beauveria bassiana (@ 2.5 kg / ha was moderately

effective and recorded 4.00 larvae on ten plants and did not differ significantly from
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Metariizium anisoplicae @ 1.25 kg / ha + Slelicoverpa armigera nuclcar

polyhedrosis virus (o 1225 112 /7 ha, Mcerarhizivum anisopliae (@ 1.25 kg /7 ha

Bacillus thuringiensis & 375 ml / ha and Beauveria bassiana (@@ 1.25 kg / ha -+
Helicoverpa armigera raaclear polyhedrosis virus @ 125 LLIT / ha which recorded
4.67, 5.00 and 5.00 larvae per ten plants, respectively. Treatments Beawveria
bassiana @ 1.25 kg / ha -+ Bacillus thuringiensis (@ 375 ml / ha recorded higher
N = & <& 24
population (5.33 larvac per ten plants) but was superior over contro!l (7.67 larvae

per ten plants)

4.1.4.7 Laxrval population of H. armigera, ten days after second spray
(2004-05)

It is reveled from the data of larval popuiation of H. armigera ten days after
second spray (labic 6) that there were significant ditfferences amongst various
e
t\#Eatments. All the treatments proved significantly superior to untreatcd control.
Amongst various ticatrnents, spinosad (o 0.01 % (0.33 larvae per ten plants) and
endosulfan @ 0.06 % (0.67 larvac per ten plants) were proved most effective and
did not diftfer with cach other.

These treatments were followed by Helicoverpa armigera nuclear
polyhedrosis virus (@& 250 ILE / ha, Merarhizium anisopliae @ 2.5 kg / ha,
Beauveria bassiana (@ 2.5 kg / ha, Bacillus thuringiensis (@ 750 ml / ha and
Flelicoverpa armigera auclear polyhedrosis virus @ 125 LE / ha + Bacillus
thuringiensis (@ 375 ml / ha which recorded 1.67, 2.00, 2.33, 2.33 and 2.67 larvac
per ten plants, respectively. Later treatment however did not differ statistically
from AMerarhizium aniscpliae (@ 1.25 kg 7 ha -+ Helicoverpa armigera nuclear
polyhedrosis virus (@ 125 LE / ha (4 larvae per ten plants) which was also
statistically at par with AMerarhizium anisopliae (@ 1.25 kg / ha + Bacillus

thuringiensis (@ 375 ILE / ha, Beauveria bassiana 9 1.25 kg /ha + FHelicoverpa
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armigera nuclear polyhedrosis virus @ 125 LE / ha and Beawuveria bassicna
@1.25 kg / ha + Bacillus thuringiensis (¢ 375 ml / ha, and all these recorded 4.33
larvae per ten plants. Maximum larvae per ten plants were registered in plots
receiving no treatments.

4.1.4.8 Larval population of H. armigera, fourteen days after second spray
(2004-05)

Population of F. armigera larvae fourteen days after second spray are
presented in Table 6 indicated significantly lower number of larvae in all the
treatments than untreated control. Treatments with spinosad (@ 0.01 % and
endosulfan @ 0.06 % recorded least larval population i.e. 0.33 and 1.00 larva:. on
ten plants, respectively which were at par. Next group of better treatments included
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha, Metarhizium
anisopliaec @ 2.5 kg / ha, Bacillus thuringicnsis (@ 750 ml / ha, Beauveria
bassiana @ 2.5 kg / ha and Helicoverpa armigera nuclear polyhedrosis virus (@
125 LE / ha :F- Bacillus thuringiensis (@ 375 ml / 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 treatments do not differ. statistically from Metarhizium
anisopliae (@ 1.25 kg / ha + Flelicoverpa armigera nuclear polyhedrosis virus (@

125 LE / ha and Beauveria bassiana (@

7 1.25 kg / ha + Helicoverpa armigera

nuclear polyhedrosis virus (@ 125 LE / ha, both recorded 4.00 larvae on ten plants.
Remaining two treatments viz., Merarhizium anisopliae (@ 1.25 kg / ha + Bacillus
thuringiensis (@ 375 ml / ha and Beauveria bassiana @1.25 kg / ha + Bacillus
thuringiensis (@ 375 ml / 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 ¢f various treatments on larval population of F. armigera
at 3,7, 10 and 14 days after sccond spray during 2004-05

Treat- Treatment Average larval population of 71 armigera
ment - Jenplants

No. 3 days 7 days 10 days 14 days
after after after after

spraying | spraying | spraying | spraying

T, Metarhizium anisopliae (2.5 4.33 3.67 2.00 2.33
Kg/ha) (2.08) (2.04) (1.56) (1.68)

T, Beauveria bassiana (2.5 Kg/ha) 4.33 4.00 2.33 2.67

(2.08) (2.11) (1.68) (1.77)

T3 Helicoverpa armigera nuclear 3.00 2.00 1.67 2.00
polyhedrosis virus (250 LE/ha) (1.72) (1.58) (1.46) (1.56)

T Bacillus thuringiensis (PDKV) 3.33 2.67 2.33 2.67
(750 ml /ha) (1.79) (L.77) (1.68) (1.76)

Ts Merarhizium anisopliae (1.25 5.00 4.67 4.00 4.00
Kg/ha) + Helicoverpa armigera (2.23) (2.27) (2.11) Q.11
nuclear polyhedrosis virus (125 '

LLE/ha) .

T, Metarhizium anisopliae (1.25 5.33 5.00 4.33 4.33
kg/ha) + Bacillus thuringicensis (2.31) (2.34) (2.19) (2.20)
(PDKV) (375 ml/ha)

T, Beauveria bassiana (1.25 Kg/ha) 5.33. 5.00 4.33 4.00
+ Helicoverpa armigera nuclear (2.31) (2.34) (2.20) (2.11)
polyhedrosis virus (125 LLE/ha)

Ts Beauveria bassiana (1.25 Kg/ha) 5.67 5.33 4.33 4.33
+ Bacillus thuringriensis (PDKYV) (2.38) (2.41) (2.20) (2.20)
(375 ml/ha) .

To Helicoverpa armigera nuclear 4.33 3.33 2.67 3.00
polyhedrosis virus (125 LE/ha) + (2.08) (1.95) (1.76) (1.86)
Bacillus thuringicnsis (PDKV)

(375 ml/ha)

Tio Endosulfan (0.06 %) 1.33 0.67 0.67 1.00
. (1.14) (1.05) (1.05) (1.17)

T Spinosad (0.01 %) 1.00 0.67 0.33 0.33
(1.00) (1.05) (0.88) (0.88)

T> 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. (m) + 0.11 0.09 0.13 0.16

C.D. at 5% 0.31 0.27 0.39 0.46
C.V. (%) 9.33 8.11 12.98 14.72

* Figures in parentheses are corresponding square root transformed values




4.1.5 Effect of various trcatments on grain yicld of chickpea
during 20904 - (5

Data on grain yield as influenced by various treatments arc presented in
Table 7. All trcatments cvaluated produced significantly higher grain yicld than
untrcated control. Among various trcatments, spinosad @ 0.01 % and cndosulfan
@ 0.06 % proved best and recorded at par grain yicld of 14.90 q / ha and 14.41 q /
ha, respectively. Next group of better trecatments in order of merit were
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha (12.94 q / ha),

Bacillus thuringiensis (@ 750 ml / ha (12.64 q / ha) and Helicoverpa armigera
nuclear polyhedrosis virus 125 LE / ha + Bacillus thuringiensis (@ 375 ml / ha
(12.55q/ lza) and Metarhizium anisopliac @ 2.5 .kg / ha (12.06 ¢} / ha) which werc
at par.

However, the later treatment was at par with Beauveria bassiana (@ 2.5 kg
/ ha and Metarhizium anisopliae @ 1.25 kg / ha + IHelicoverpa armigera nuclear
polyhedrosis virus @ 125 LE / ha which was moderately effective and produced
11.76 and 11.12 q / ha, grain yicld, respectively. Trcatments Beauveria bassiana
@ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 1.EE/ ha
(10.69 q / ha), Metarhizium anisopliae (@ 1.25 kg / ha + Bacillus thuringiensis
@375 ml / ha (10.39 q / ha) and Beauveria ba.s'.s:iana @ 1.25 kg / ha + Bacillus
thuringiensis @ 375 ml / ha (10.19 q / ha) produced comparatively less grain yield
but were better than untreated control (9.12 q / ha).
4.1.6 Incremental cost benefit ratio of various treatments during 2004-05

Data from Table 7 (Appendix C) indicate that, treatment with endosulfan

@0.06 % cxhibited highest incremental cost benefit ratio (1 : 6.29) and proved to

be most economical tratment amongst all.
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Table 7 :  Effect of various treatments on grain yicld of chickpea and
incremental cost benefit ratio during 2004-05

Treat] Treatment Mecan yicld ICBR Rank
ment (q / ha)
No. .
T, Merarhizium anisopliae (2.5 12.06 1:1.17 7
Kg/ha)
T, Beauveria bassiana (2.5 Kg/ha) 11.76 1:1.20 6
T; Helicoverpa armigera nuclear 12.94 1:3.27 2
polyhedrosis virus (250 LE/ha)
Ty Bacillus thuringicnsis (PDKYV) 12.64 1 :2.57 4
(750 ml /ha)
Ts Metarhizium anisopliae (1.25 11.12 1:1.09 8
Kg/ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125
LE/ha)
Te Merarhizium anisopliae (1.25 10.39 1:0.65 10
kg/ha) + Bacillus thuringiensis
(PDKV) (375 ml/ha) o
T, Beauveria bassiana (1.25 10.69 1:0.93 9
Kg/ha) + Helicoverpa armigera '
nuclear polyhedrosis virus (125
LE/ha)
Tg Beauveria bassiana (1.25 10.19 1:0.60 11
Kg/ha) + Bacillus thuringiensis
(PDKYV) (375 ml/ha) o
To Helicoverpa armigera nuclear 12.55 1:2.70 3
polyhedrosis virus (125 LE/ha)
+ Bacillus thuringiensis
(PDKV) (375 ml/ha)
Tio | Endosulfan (0.06 %) 14.41 l1:6.29 ]
T Spinosad (0.01 %) 14.90 1:2.31 5
T2 Untreated control 090.12 -- --
‘F’test Sig
S.E. (m) + 0.33
C.D. at 5% 0.97
C.V. (%0) 4.81
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The next (recauments in order were [flelicoverpa armigera nuclecar
polyhcdrosis vir’us fee; 250 Lk /7 ha (1 3.27), Hlcelicoverpa armigera nuclcar
polyhedrosis virus @ 125 LIE / ha + Bacillus thringicnsis ¢ 375 ml / ha (1 : 2.70)
Bacillus thringiensis (2 750 ml /7 ha (1 : 2.57), spinosad @ 0.01 %, (1 : 2.31),
Beauveria bassiana @ 2.5 kg / ha (1 : 1.20) and Mectarhizium anisopliae @ 2.5
kg/ha(l:1.17).

Treatments viz., Metarhizium anisopliae (@ 1.25 kg / ha + Helicoverpa
armigera nuclear polyhcdrosis virus @ 125 LE /ha, éeauveria bassiana (@ 1.25
LE / ha + ];elicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha,
Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thringiensis (@ 375 ml / ha and
Beauveria bassiana (@ 1.25 kg / ha + Bacillus thringiensis @ 375 ml / ha were
observed less cconomical and registered ICBR of 1 : 1.09, 1 : 0.93, 1 : 0.65 and

1 : 0.60, respectively.

4.1.7 Effect of various treatments on larval population of F. armigera
(Pooled)

4.1.7.1 Larval population of . armigera, three days after first spray (I’ooled)
Two year’s pooled data on larval population of /. armigera three days after
first spray are presented in Table 8 and illustrated graphically in figure 3. It
revealed superiority in all the treatments over control in reducing larval population.
Amongst various treatments spinosad @ 0.01 % and cndosulfan @ 0.06 % were
most effective and reduced larvae upto 1.83 and 2.00 per ten plants, respectively.
Next group of cftective treatments in order of their efficacy were
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha, Bacillus
thuringiensis (@ 750 ml / ha, Merarhizium anisopliae @ 2.5 kg / ha, flelicoverpa
armigera nuclear polyhedrosis virus (@ 125 LI / ha + Bacillus thuringiensis

@375 ml / ha, Beauveria bassiana (@ 2.5 kg / ha and Merarhizium anisopliae
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@1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha
which recol‘decrl 3.67, 3.83, 4.33.4.33, 4.67 and 4.67 larvac on ten plants,
respectively. Remaining three treatments viz., Metarhizium anisopliae @ 1.25 kg /
ha + Bacillus thuringiensis @ 375 ml / ha, Beauveria bassiana (@ 1.25 kg / ha +
Helicoverpa armigera nuclear polyhedrosis virus @ 125 1.1 / ha and Beauveria
bassiana @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha were less
effective and recorded 4.83, 5.00 and 5.00 larvae on ten plants, respectively as
against higher larval population recorded (6.83 per ten plants) in plots receiving no
treatments.

4.1.7.2 Larval population of H. armigera, seven days after first spray (Pooled)

ILarval population of H. armigera seven days after first spray based on two
year’s pooled results(Table 8 , figure 3) revealed significant differences within the
treatments and all the treatments proved signiﬁcantly superior over control.
Treatment . with spinosad @ 0.01 % recorded lowest population (1.17 larvac per
ten plants) which were at par with endosulfan @ 0.06 % (1.50 larvaec per ten
plants) and both were significantly superior to rest of the treatments.

Group of next effective treatments comprised, Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha, Bacillus thuringiensis (@ 750 ml / ha
and Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus
thuringiensis (@ 375 ml / ha which recorded 2.83, 3.33 and 3.67 larvac on ten
plants, respectively and were statistically at p-ar in their effectiveness. Later
treatments was‘ also at par with Metarhizium anisopliae @2.5 kg / ha, Beauveria
bassiana @ 2.5 kg / ha and Merarhizium anisopliae @ 1.25 kg / ha +
Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LLE / ha which recorded

4.00, 4.33 and 4.50 larvae per ten plants, rcspectively. Treatments Beauveria
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bassiana @ 1.25 kg / ha + Helicoverpa armiéera nuclear polyhedrosis virus
@125 LE / ha, Metarhizium anisopliae ¢, 1.25 kg / ha + Bacillus thuringicensis
@ 375 ml / ha and Beauveria bassiana (@ 1.25 kg / ha + Bacillus thuringicnsis
@375 ml / ha recorded 4.67, 5.00 and 5.00 larvac on ten plants, respectively and
were superior over untrcated control (7.33 larvae on ten plants).

4.1.7.3 Larval population of H. armigera, ten days after first spray (Pooled)

Pooled data on larval population of H. armigera ten days after first spray
tabulated in Table 8 (figure 3) clecarly indicated significant supcriority of all the
treatments over untreated control. Treatments ‘wilh spinosad @ 0.01 % and
endosulfan @ 0.06 %. proved most cffective in reducing population up to 1.00 and
1.17 larvae on ten plants, respectively which were at par.

Second group of effective trecatments included FHelicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha, Metarhizium anisopliae (@ 2.5 kg / ha,
Bacillus thuringiensis (@ 750 ml / ha and Beauveria bassiana (@ 2.5 kg / ha with
2.33, 2.83, 3.00 and 3.17 larvae on ten plants, respectively recording at par
performance. Later trecatment was found at par with Felicoverpa armigera nuclear
polyhedrosis virus @ 125 I.LE / ha + Bacillus thuringiensis (@ 375 ml / ha,
Metarhizium anisopliae (@ 1.25 kg / ha + FHelicoverpa armigera nuclear
polyhedrosis virus @ 125 LE / ha, Metarhizium anisopliae (@ 1.25 kg / ha +
Bacillus thuringiensis «¢ 375 ml / ha and Beawuveria bassiana (@ 1.25 kg / ha +
Helicoverpa armigera nuclcar polyhedrosis virus @ 125 LE / ha which recorded
4.17, 4.33 and 4.33 larvac on ten plants, respectively. Treatments Beauveria
bassiana @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha (4.67 larvac per
ten plants) was less effective but was superior over control (7.50 larvae per ten
plants).
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4.1.7.4 Larval population of H. armigera, fourtecen days after first spray
(Pooled)

Pooled data regarding larval population of /4. armigera fourteen days aftler
first spray (Table 8, figure 3) revealed significantly less larval population in all the
treatments than control. Minimum population of larvae were recorded in spinosad
@ 0.01 % (1.83 larvae per ten plants) and did not differ from endosulfan @ 0.06 %
(2.17 larvae per ten plants), which were significantly superior to rest of the
treatments.

Treatments, Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE
/ha, Metarhizium anisopliae @ 2.5 kg / ha, Beauveria bassiana @ 2.5 kg / ha and
Bacillus thuringiensis (@ 750 ml / ha, fromed next group of better treatments and
recorded 3.50, 3.83, 4.17 and 4.17 larvac on tcn plants, respectively. ‘Treatments
applied in combination viz., Helicoverpa armigera nuclear polyhedrosis virus
@125 LE / ha + Bacillus thuringiensis @ 375 ml / ha, Metarhizium anisopliae
@1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @ 125 LLE / ha,
Beauveria bassiana @ 1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis
virus @ 125 LE / ha, Merarhizium anisopliae @ 1.25 kg / ha + Bacillus
thuringiensis @ 375 ml / ha and Beauveria bassiana (@ 1.25 kg / ha + Bacillus
thuringiensis @ 375 ml / ha were less effective and recorded 4.50, 5.00, 5.17, 5.33
and 5.50 larvac on ten plants, respectively, but were superior over control. (7.67
larvac per ten plants).

4.1.7.5 Larval population of H. armigera, three days after sccond spray
(Pooled)

Pooled data on larval population of /1. armigera three days after second
spray are presented in Table 9 and illustrated graphically in figure 4. Treatments
exhibited significant differences and were superior over untreated control. spinosad
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Table 8 : Effect of various trcatments on larval population of H. armigera
at 3, 7, 10 and 14 days after first spray (Pooled)

Treat- Treatment Average larval population of /. armigera

ment / ten plants

No. 3 days 7 days 10 days 14 days

after after after after
spraying | spraying | spraying | spraying

T, Metarhizium anisopliae (2.5 4.33 4.00 2.83 3.83
Kg/ha) _@06) | _(o0a) | .74y | (195

T> Beauveria bassiana (2.5 Kg/ha) 4.67 4.33 3.17 4.17

(2.14) (2.12) (1.83) | (2.03)

Ts Helicoverpa armigera nuclear 3.67 2.83 2.33 3.50
polyhedrosis virus (250 LE/ha) _Q9n (1.75) (1.59) (1.85)

Ta Bacillus thuringiensis (PDKV) 3.83 3.33 3.00 4.17
(750 ml /ha) (1.94) (1.88) (1.78) (2.03)

Ts Metarhizium anisopliae (1.25 4.67 4.50 4.17 5.00
Kg/ha) + Helicoverpa arniigera (2.14) (2.17) (2.09) (2.23)
nuclear polyhedrosis virus (125 .

LE/ha) _

Ts Merarhizium anisopliae (1.25 4.83 5.00 4.33 5.33
kg/ha) + Bacillus thuringiensis (2.18) (2.28) (2.12) (2.30)
(PDKV) (375 ml/ha)

T, Beauveria bassiana (1.25 Kg/ha) 5.00 4.67 4.33 5.17
4+ Helicoverpa armigera nuclear (2.21) (2.20) (2.13) (2.26)
polyhedrosis virus (125 LLE/ha)

T +-Beauveria-bassiana- (125 Kgtha) 5-00 500 467 550
+ Bacillus thuringiensis (PDKYV) (2.22) (2.28) .21 (2.34)
(375 ml/ha) o

To Helicoverpa armigera nuclear 4.33 3.67 3.33 4.50
polyhedrosis virus (125 LE/ha) + (2.006) (1.96) (1.88) 2.11)
Bacillus thuringiensis (PDKV)

(375 mi/ha)
Tio Endosulfan (0.06 %) 2.00 1.50 1.17 2.17
(1.37) (1.28) (1.16) (1.45)
T Spinosad (0.01 %) 1.83 - 1.17 1.00 1.83
(1.31) (1.16) (1.07) (1.33)
T» 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. (m) + 0.08 0.08 0.10 0.07
C.D. at 5% 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 transformed values
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Cost benefit analysis showed that modules with three sprays of
endosulfan was economically most viable recorded highest ICBR followed by
module having Bt — HaNPV - endosulfan, endosulfan — Bt — HaNPV and
NSKV — Bt — HaNPV. However, modules consiéted of Bt — HaNPV — spinosad,
Bt — HaNPV — Bt and spinosad — Bt — HaNPV recorded less ICBR.

To study the seasonal incidence of H. armigera on chickpea, weekly
observations on larval population were taken on ten randomly selected plants
from separately sown plot. Results of the study revealed that the highest
incidence of pest was favoured by temperature range of 11.9 to 32.2 °C and
humidity range of 21 to 64%.

Twenty five eggs and larvae were collected at weekly interval from
separately sown field to study the biotic complex 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., Compoletis chlorideae
and Eriborous sp were pre-dominant in chickpea ecosystem parasitized
maximum up to 36 % larvae of H. armigera.

Effect of malic acid on larval and pupal development 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 larvae oer ten plants) and endosulfan @ 0.06 % (1.17 larvac per
ten plants) were most promising and significantly supcrior over remaining
treatments.

A group of next effective treatments 1in order of merit were Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LE / ha and Bacillus thuringicnsis
@750 ml / l;a which recorded 2.67 and 3.00 larvae per ten plants, respectively.
Later treatments was found at par with FHHelicoverpa armigera_ nuclear
polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis (@ 375 ml / ha,
Merarhizium anisopliae (@ 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. Remaining 4
treatments viz., Metarhizium anisopliae (@1.25 kg / ha + Helicoverpa armigera
nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana (@ 1.25 kg / ha +
Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha, Mectarhizium
anisopliae @ 1.25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha and Beauveria
bassiana @ 1.25 kg / ha + Bacillus thuringicensis (@ 375 ml / ha were
comparatively less effeciive and recorded 4.67, 4.83, 5.00 and 5.17 larvac per ten
plants, respectively as against 7.33 larvac per ten plants observed in an untrcated

control.

4.1.7.6 Larval population of H. armigera, seven days after second spray
(Pooled)

Pooled results for the two years rcgarding larval population seven days
after second spray as influenced by various trcatments are presented in table 9 and
illustrated graphically in figure 4. All the treatments evaluated exhibited significant
differences and recorded significantly lower larval population than control.
Treatment spinosad (@ 0.01 % and endosulfan (@ 0.06 % had statistically at par

effects with 0.50 larvae per ten plants. These two trecatments were followed by
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Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha (1.83 larvae per
ten plants) and Bacillus thuringiensis (@ 750 ml / ha (2.50 larvae per ten plants)
which were at par. Third group of better treatments comprised of Felicoverpa
armigera nuclear polyhedrosis virus @ 125 [.I2 / ha + Bacillus thuringiensis
@375 ml / ha, Mectarhizium anisopliae (@ 2.5 kg / ha and Beauveria bassiana
@2.5 kg / ha exhibited moderate effect and recorded 3.00, 3.17 and 3.50 larvae per
ten plants. Remaining four treatments viz., Metarhizium anisopliae @ 1.25 kg / ha
+ Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha,- Beauveria
bassiana @ 125 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus @125
LE /ha, Metarhizium anisopliaec @ 1.25 kg / ha + Bacillus thuringicensis (@ 375
ml / ha and Beauveria bassiana (@ 1.25 kg / ha + Bacillus thuringiensis (@ 375
ml / ha exhibited less cffect with 4.17, 4.50, 4.67 and 4.83 larvae per ten plants,
respectively. Untreated control had registered highest of 7.00 larvae per ten plants.
4.1.7.7 Larval population of H. armigera, ten days after second spray (Pooled)
Pooled data regarding larval population .of H armigera ten days after
second spray as influence by various treatments (Table 9, figure 4) showed
significantly lower larval population in all the treatments than control. Amongst
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 with each other.
Second group of effective treatment were Felicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha, Metarhizium anisopliae (@ 2.5 kg / ha, Bacillus
thuringiensis (@ 750 ml / ha, Beauveria bassiana (@ 2.5 kg / ha and Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LE / ha + Bacillus thuringiensis
@375 ml / 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 Helicoverpa armigera nuclear polyhedrosis virus @125

—

LE / ha + Bacillus ihuringiensis @ 375 ml/ ha. Other treaiments in order of their
merit were Metarhizium anisopliae (@ 1.25 kg / ha -+ Helicoverpa armigera
nuclear polyhedrosis virus @ 125 LE / ha, Metarhizium anisopliae @ 1.25 kg / ha
+ Bacillus thuringiensis @ 375 ml / ha, Beauveria bassiana @ 1.25 kg / ha +
Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE / ha and Beauveria
bassiana (@ 1.."25 kg / ha + Bacillus thuringiensis (@ 375 ml / ha which recorded
3.50, 3.83, 3.83 and 4.17 larvae on ten plants, fcspcctively. Untreated plots has

registered highest population of larvae i.e. 6.50 per ten plants.

4.1.7.8 Larval population of H. armigera, fourteen days after sccond spray
(Pooled)

Pooled data on population of /. armigera fourtecen days after second spray
(Table 9, figure 4) pertaining to various treatments 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
treatments were followed by Helicoverpa armigera nuclear polyhedrosis virus
@250 LE / ha, Metarhizium anisopliae @2.5 kg / ha, Beauveria bassiana @ 2.5
kg / ha and Bacillus thuringiensis (@ 750 ml / ha which recorded 1.67, 1.83, 2.33
and 2.50 larvae on ten plants, respectively. IHowever, later threce treatments were
found at par with combination of Helicoverpa armigera nuclear polyhedrosis
virus @ 125 LE / ha with Bacillus thuringiensis @375 ml/ ha (2.67 larvac per ten
plants). Other treatments, Metarhizium anisopliae @ 1.25 kg / ha + FHelicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana @1.25

kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha,
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Table 9 : Effect of various treatments on larval population of M. armigera
at 3,7, 10 and 14 days after second spray (Pooled)

Treat- Treatiment Average larval population of H. armigera

ment , / ten plants

No. 3 days 7 days 10 days 14 days

after after after after
spraying | spraying | spraying | spraying

T, Merarhizium anisopliae (2.5 3.67 3.17 1.83 1.83
Kg/ha) (1.97) (1.91) (1.51) (1.51)

T, Beauveria bassiana (2.5 Kg/ha) 3.83 3.50 2.17 2.33

(2.02) (1.99) (1.63) (1.68)

T3 Helicoverpa armigera nuclear 2.67 1.83 1.50 1.67
polyhedrosis virus (250 LLE/ha) (1.70). (1.52) (1.40) (1.45)

T4 Bacillus thuringiensis (PDKYV) 3.00 2.50 2.17 2.50
(750 ml /ha) (1.78) (1.73) (1.62) (1.72)

Ts Metarhizium anisopliae (1.25 4.67 4.17 3.50 3.33
Kg/ha) + Helicoverpa armigera 2.21) (2.15) (1.99) (1.94)
nuclear polyhedrosis virus (125 ’
LE/ha)

Te 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 ml/ha)

T, Beauveria bassiana (1.25 Kg/ha) 4.83 4.50 3.83 3.50
+ Helicoverpa armigera 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 (PDKYV) (2.32) (2.30) (2.15) 2.12)
(375 ml/ha)

To Helicoverpa armigera nuclear 3.67 3.00 2.50 2.67
polyhedrosis virus (125 LE/ha) + (1.97). (1.86) (1.72) (1.77)
Bacillus thuringiensis (PDKYV)

(375 mli/ha)
Tio Endosulfan (0.06 %%) 1.17 0.50 0.50 0.67
(1.15) (0.97) (0.97) (1.03)
Ty Spinosad (0.01 %) 0.83 0.50 0.33 0.17
(1.03) (0.97) (0.88) (0.79)
T2 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. (m) + 0.08 0.07 0.11 0.10
C.D. at 5% 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 transformed values
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Metarhizium anisopliae @1.25 kg / ha v Bacillus thuringicnsis @375 ml/ ha and
Beauveria bassiana @ 1.25 kg / ha + Bacillus thuringiensis @ 375 ml / ha had
recorded 3.33, 3.50. 3.83 and 4.00 larvac on ten plants, respectively. Iighest
number of Helicoverpa larvae were recorded in untreated plants (6.33 per ten
plants).

4.]:.8 Effect of various treatments on grain yield of chickpea (Pooled)

Pooled data on grain yield as influenced by various treatments are
presented in Table 10 and illustrated graphically in figure 5. All the treatments
evaluated were significantly superior over control and produced higher yicld than
the control. Maximum grain yicld was registered in spinosad @ 0.01 % (15.59 q/
ha) followed by endosulfan @ 0.06 % (15.15 q / ha) than rest of the treatments.

Next effective group of treatments yielding higher grain yield were
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha (13.73 ¢ / ha ),
Bacillus thuringiensis @ 750 ml / ha (13.48 q / ha) and FHelicoverpa armigera
nuclear polyhedrosis virus @ 125 LE / ha + Bacillus thuringiensis (@ 375 ml / ha
(13.29 g / ha). Later treatment was also found at par with Merarhizium anisopliae
@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 rhuringiensis
@375 ml / ha recorded comparatively lower grain yield (10.63 q / ha) and was at
par with Metarhizium anisopliae (@1.25 kg / ha + Bacillus thuringiensis @375ml
/ ha (11.08 q / ha), Beauveria bassiana (@1.25 kg / ha + Helicoverpa armigera
nuclear polyhedrosis virus @125 LE / ha (11.28 q / ha) and Merarhizium
anisopliae @1.25 kg / ha + Helicoverpa armigera nuclear polyhedrosis virus
@125 ILE / ha (11.54 q / ha) which were significantly inferior to rest of the

treatments, while minimum yield of 9.66 q / ha was obtained from untreated plots.
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Table 10 : FEffect of various treatments on grain yvield of chickpca and

incremental cost benefit ratio (pooled)

Treaty Treatment Mean yield ICBR Rank
ment (g / ha)
No. .
T, Metarhizium anisopliae (2.5 12.99 1:1.39 7
Kg/ha)
T, Beauveria bassiana (2.5 Kg/ha) 12.74 1:1.47 6
Ts Helicoverpa ar)—nigera nuclear 13.73 1:3.67 2
polyhedrosis virus (250 [LE/ha)
Ta Bacillus thuringiensis (PDKV) 13.48 1:2.93 4
(750 ml /ha) e
Ts Mecrarhizium anisopliae (1.25 11.64 1:1.13 8
Kg/ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125
LE/ha)
Te Metarhizium anisopliae (1.25 11.08 1:0.77 10
kg/ha) -+ Bacillus thuringiensis
(PDKV) (375 ml/ha)
T, Beauveria bassiana (1.25 11.28 1:1.01 o
Kg/ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125
LE/ha) .
Tg Beauveria bassiana (1.25 10.63 1:0.57 11
Kg/ha) + Bacillus thuringiensis
(PDKV) (375 ml/ha)
To Helicoverpa armigera nuclear 13.29 1:3.01 3
polyhedrosis virus (125 LE/ha)
+ Bacillus thuringriensis
(PDKV) (375 ml/ha)
Tio | Endosulfan (0.06 %) 15.15 1 :6.87 1
Tn Spinosad (0.01 %%) 15.59 1:2.50 5
T,2 | Untreated control 9.66 -- --
‘IF’test Sig
S.E. (m) + 0.33
C.D. 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. armigera larva



Plate 3. H armigera larva infected by HaNPV

Plate 4. H. armigera larva infected by
Bacillus thuringiensis



Plate 5. Dead H. armigera larva due
to spinosad treatment

Plate 6. Dead H. armigera larva due



4.1.9 Incremental cost benefit ratio of various trcatments (Pooled)

The data on the impact of various Gtcatments on the cconomical returns
over two seasons presented in Table 10 (Appendix - D) confirmed that application
of cndosul.fan @ 0.06 % was cconomically most viable trcatiment and gave
maximum ICBR of 1 : 6.87. The next ecffective treatments in order were,
Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LLE /7 ha, /lelicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha + Bacillus thringiensis (@ 375
ml / ha, Bacillus thringiensis @ 750 ml / ha and spinosad @ 0.01 % with ICBR of
1:3.67,1:3.01,1:2.93,1:2.50, respectively.

The treatments, Beauveria bassiana (@ 2.5 kg / ha, Metarhizium
anisopliae @ 2.5 kg / ha, Metarhizium anisopliae @ 1.25 kg / ha + IHlelicoverpa
armigera nuclear polyhedrosis virus @ 125 LE / ha, Beauveria bassiana (@ 1.25
kg / ha + Helicoverpa armigera nuclear polyhedrosis virus (@ 125 LE / ha,
Metarhizium anisopliae @ 1.25 kg / ha + Bacillus thringiensis @ 375 ml / ha and

Beauveria bassiana (@

g

1.25 kg / ha + Bacillus thringiensis (@ 375 ml / ha were
less economical and exhibited ICBR of 1 : 1.47.1 :1.39,1:1.13,1:1.01, 1:0.77
and 1 : 0.57, respectively.

4.2 Evaluation of different bio-intensive modules for management of
H. armigera

4.2.1 Effect of various modules on larval population of H. armigera
during 2003-04

Data on cumulative average larval population of . armigera in ditfferent
modules are presented in table 11. All the modules tested were effective in
reducing the larval population than untreated control. However, amongst the
different modules tested module M5 consisted of three sprays of endosulfan
(@0.06% and module Mjs consisted of Bacillus thuringiensis (@ 750 ml / ha —-
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Table 11 :

Effect of various modules on larval population of H. armigera

during 2003-04

Module Components of Module Cuamulative

No. average

' population of
H. armigera
/ ten plants

M, Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 2.67
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.63)
Bacillus thuringiensis @ 750 ml / ha.

M, Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 1.89
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.37)
Endosulfan @ 0.06 %

M; Endosulfan @ 0.06 % - Bacillus thuringiensis @ 750 2.25
ml / ha - Helicoverpa armigera nuclear polyhedrosis (1.50)
virus @ 250 LLE / ha

My Neem Seed Kernel Extract @ 5 % - Bacillus 2.83
thuringiensis (@ 750 ml / ha - Helicoverpa armigera (1.68)
nuclear polyhcedrosis virus (@ 250 1.12 / ha o

M Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 1.56
armigera nuclear polyhedrosis virus @ 250 LLE / ha - (1.24)
Spinosad 0.01 %.

Mg Spinosad @ 0.01 % - Bacillus thuringiensis (@ 750 2.03
ml / ha - Helicoverpa armigera nuclear polyhedrosis (1.42)
virus @ 250 LLE / ha

M- Three sprays of Endosulfan @ 0.06 %. 1.42

(1.19)

Mo Untreated Control 5.78

(2.40)
‘F’test Sig.
S.E. (m) + 0.05
C.D. at 5% 0.17
C. V. (%) 5.92
%k

Average of 12 observations taken at 3, 7, 10 and 14 days after ecach spray

** Figures in the parentheses are corresponding square root transformed values
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Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha - spinosad @
0.01 % were most effective, staiistically at par and recorded 1.42 and |1.56 larvae
per ten plants, respectively.

‘ Modules My (Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa
~armigera nuclear polyhedrosis virus @ 250 LE / ha - endosulfan @ 0.06 %), Me
(spinosad @ 0.01 % - Bacillus thuringiensis © 750 ml / ha - Helicoverpa
armigera nuclear polyhedrosis virus (@ 250 LLE / ha) and M3 (endosulfan @0.06 %%
- Bacillus thuringicnsis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus (@ 250 LE / ha) were moderately effective, statistically at par
and recorded 1.89, 2.03 and 2.25 larvae per ten plants, respectively. Module M,
consisted of Bacillus thuringiensis @ 750 nﬂ' / ha - Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis @ 750 ml /
ha and module M4 consisted of Neem Seed Kernel Extract @ 5 % - Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus
@ 250 LE / ha were least effective, statistically at par and recorded 2.67 and
2.83 larvae per ten plants, respectively. An untreated control had registered tl?e

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 of chickpea *as influenced by various modules are
presented in Table 12. All the modules evaluated produced significantly higher
grain yield than untreated control. However, module M, (Three sprays of
Endosulfan @ 0.06 %), Ms (Bacillus thuringiensis @ 750 ml / ha - Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LE / ha - Spinosad 0.01 %) and M,
(Bacillus thuringiensis @ 750 ml / ha - Helicoverpa armigera nuclear

polyhedrosis virus (@ 250 LE / ha - Endosulfan @ 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, comprising spinosad (@ 0.01 %% - Bacillus thuringiensis (¢ 750
ml / ha = Helicoverpa armigera nuclear polyhedrosis virus (@ 250 L1: / ha, Mj;
consisting of endosulfan @ 0.06 % - Bacillus thuringiensis @ 750 ml / ha -
Helicbverpa armigera nuclear polyhedrosis viru; @ 250 LE / ha and M, having
Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis (@ 750 ml / ha were
statistically at par, moderately effective and produced 15.77, 15.57 and 15.23 q / ha
grain yield, respectively.

Module My consisting Neem Sced Kernel Extract @ 5 % - Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus
@ 250 LE / ha was lecast effective and recorded '14.87 q / ha grain yield but was
significantly superior over untreated control which recorded 10.45 ¢ / ha grain
yield.

4.2.3 Incremental cost bencfit ratio of various modules during 2003-04

Incremental Cost Benefit Ratio of various modules presented in Table 12
(Appendix — E) showed that, maximum return of Rs.5.47 per rupee invested was
obtained from the module 7 consisted of three sprays of endosulfan@ 0.06 %. This
module was followed by module My (Bacillus thringiensis (@ 750 ml / ha —
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LLE / ha — endosulfan (@

0.06 %), M3 (Endosulfan @ 0.06 % - Bacillus thringiensis @750 ml / ha -

Helicoverpa armigera nuclear polyhedrosis virus (@250 LE / ha), M4 (Neem Secd
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Table 12 :

Effect of various modules on grain yield of chickpea and
incremental cost benefit ratic during 2003-04

Module Components of Module Mecean ICBR Rank
No yield
. (q / ha)
M, Bacillus thuringiensis (@ 750 ml / ha - 15.23 1:2.30 6
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Bacillus thuringiensis (@ 750 ml / ha.
M, Bacillus thuringiensis @ 750 ml / ha - 16.21 1:3.42 2
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Endosulfan @ 0.06 % . e
M; Endosulfan @ 0.06 % - Bacillus 15.57 1 :3.04 3
thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LI / ha
My Neem Seed Kernel Extract @ 5 % - 14.87 1:2.82 4
Bacillus thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus (@ 250 LE / ha
M Bacillus thuringiensis @ 750 ml / ha - 16.43 1:2.46 5
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Spinosad 0.01 %.
Mg Spinosad (@ 0.01 % - Bacillus 15.77 1:2.19 7
thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha .
M- Threc sprays of Endosulfan @ 0.06 %. 16.70 1:5.47 |
Mo Untreated Control 10.45 -- -~
‘F’test Sig.
S.E. (m) + 0.19
C.D. at 5% 0.62
2.18

C.V. (%)
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kernel entract @ 5 % - Bacillus thringicnsis (@ 750 ml / ha - Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LE / Ha) and MS (Bacillus thringiensis
@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LLIE / ha
—" spinosad@ 0.01 %) which gave return of Rs.3.42, 3.04, 2.82 and 2.46,
respectively.

The modules M1 (Bacillus thringiensis (@ 250 ml / ha - Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LLE / ha - Bacillus thringiensis (@ 750
ml / ha) and M6 (spinosad @ 0.01 % - Bacillus thringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha) gave
comparatively less return per rupee invested i.e. Rs.2.30 and 2.19, respectively.

4.2.4 Effect of various modules on larval population of H. armigera
during 2004-05

Cumulative average larval population of H. armigera in different modules
are presented in Table 13. It revealed superiority of all the modules in reducing
larval population of H. armigera over untreated control. However, module My
comprising three sprays of endosulfan @ 0.06 % and module Ms containing
Bacillus thuringicnsis @ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - spinosad 0.01 % proved most effective and
were at par with each other. They have recorded 3.22 and 3.58 larvae per ten
plants, respectively.

Module Ms; however did not differ significantly from M, (Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus
@ 250 LE / ha - endosulfan @ 0.06 %) and Mg (spinosad @ 0.01 % - Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus

@ 250 LE / ha) which recorded 3.92 and 4.11 larvae per ten plants, respectively.
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Table 13 : Effect ot various modules on larval population of 1. armigera
during 2004-05

Module Components of Module Cumulative

No. average

population of
H. armigera
/ ten plants

M, Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 5.08
armigera nuclear polyhedrosis virus @ 250 LE / ha - (2.25)
Bacillus thuringiensis (@ 750 ml / ha.

M Bacillus thuringicnsis @ 750 ml / ha - Helicoverpa 3.92
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.98)
Endosulfan (@ 0.06 %

M3 Endosulfan @ 0.06 % - Bacillus thuringiensis (@ 750 431
ml / ha - Helicoverpa armigera nuclear polyhedrosis 2.07)
virus @ 250 LE / ha

My Neem Seed Kernel Extract @ 5 % - Bacillus 5.47
thuringiensis @ 750 ml / ha - Helicoverpa armigera (2.34)
nuclear polyhedrosis virus @ 250 LLE / ha

M3 Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 3.58
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.89)
Spinosad 0.01 %.

Mg Spinosad @ 0.01 % - Bacillus thuringiensis (@ 750 4.11
ml / ha - Helicoverpa armigera nuclear polyhedrosis (2.03)
virus @ 250 1.2/ ha

M5 Three sprays of Endosulfan @ 0.06 %. 3.22

_ __ I R O

My Untrecated Control 8.39

(2.90)
‘F’test Sig.
S.E. (m) + 0.04
C.D. at 5% 0.14
C.V. (%) 3.33
K

Average of 12 observations taken at 3, 7, 10 and 14 days after each spray

** Figures in the parentheses are corresponding square root transformed values
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These two modules (Mb> and Mg) were also at par with M3 (endosulfan @ 0.06 % -
Bacillus thuringicnsis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LLE / ha) which recorded 4.31 larvae pcr ten plants.

Module M| (Bacillus thuringiensis & 750 ml / ha - Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis @ 750 ml / ha)
My (Neem Seed Kernel Extract @ S % - Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha) were
comparatively less effective, statistically at par and recorded 5.08 and 5.47 larvae
on ten plants, respectively. An untrecated control had registered the maximum larval
population of 8.39 larvae per ten plants.
4.2.5 Effects of various modules on grain yicld of chickpea during 2004-05

Data on grain yield of chickpea as influenced by various modules arc
prcsented in Table 14. Amongst different modules evaluated, module M,
composing three sprays of endosulfan @ 0.06 % recorded highest grain yield 15.21
q / ha and was at par with Ms (Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa
armigera nuclear polyhedrosis virus @ 250 LI / ha - spinosad @ 0.01 % and M,
(Bucillus thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - endosulfan @ 0.06 % ) which recorded 14.82
and 14.72 q / ha grain yield, respectively.

Module Mg comprising spinosad @ 0.01 % - Bacillus thuringiensis @ 750
ml / ha - Helicoverpa armigera nuclear polyhedrosis virus (@ 250 L1 / ha and M;
consisting endosulfan 2 0.06 %%- Bacillus thuringicnsis @@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LIE / ha were moderately

effective, statistically equal in effects and recorded 14.29 and 14.11 ¢/ ha grain
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Table 14 :

incremental cost benefit ratio

Lffect of various modules on grain yicld of chickpea and
during 2004-0S

Module Components of Module Mean ICBR | Rank
No yield
(q / ha)
M, Bacillus thuringiensis @ 750 ml / ha - 13.53 1:2.85 7
Felicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Bacillus thuringiensis @ 750 ml / ha.
M> Bacillus thuringiensis @ 750 ml / ha - 14.72 1:2.92 2
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Endosulfan @ 0.06 % i
M3 Endosulfan @ 0.06 % - Buacillus 14.11 1:2.59 3
thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha
My Neem Sced Kernel Extract @ 5 % - 13.13 1:2.22 a4 |
Bacillus thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha L
My Bacillus thuringiensis @ 750 ml / ha - 14.82 1 :2.05 S
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / bha -
Spinosad 0.01 %.
M Spinosad @ 0.01 % - Bacillus 14.29 1:1.86 6
thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclecar
polyhedrosis virus @ 250 LE / ha I
M-, Three sprays of Endosulfan @ 0.06 %. 15.21 1:4.69 1
Mo Untreated Control 09.30 -- --
‘F’test Sig.
S.E. (m) + 0.17
C.D. at 5% 0.57
C.V. (%) 2.21




yield. Module M, (Bucillus thuringiensis @ 750 ml / ha - [flelicoverpea armisrere
nuclear polyhedrosis virus (@ 250 ILIE / ha - Buacillus thuringiensis @ 750 ml / ha)
and My (Neem Seed Kernel Extract @ 5 % - Bacillus thuringiensis @ 750 ml / ha
- lelicoverpa armigera nuclear polyhedrosis virus @ 250 112 / ha) were less
cffective at par and rccorded 13.53 and 13.13 q / ha grain yicld. respectively.
Untreated control (Mg) registered significantly minimum yicld of 9.30 q / ha.
4.2.6 Incremental cost benefit ratio of various treatments during 2004 —05

Data presented in Table 14 (Appendix - IF) showed that module with three
sprays of endosulfan 0.06 % emcrged as most cconomical module. which gave
maximum return of Rs.4.69 per gupce invested. The next economical module in
order were My (Bacillus thringiensis @ 750 ml / ha - Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha- endosulfan @ 0.06 %), M3 (Endosulfan
@ 0.06 Y- Bacillus thringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha), My (Neem sced kernel entract @ 5% - Bacillus
thringiensis @ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus @
250 LE / ha), Ms (Bacillus thringiensis @ 750 LE / ha- Helicoverpa arnﬁgera
nuclear polyhedrosis virus @ 250 LE / ha — spinosad @ 0.01 %) and Mg (Spinosad
@ 0.01 % - Bacillus thringiensis (@ 750 LE / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LLE / ha) which give return of rupees Rs.2.29, 2.59, 2.22.
2.05 and 1.86, respectively per rupee investe.

However, module M, consisted of Bacillus thringiensis «@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha - Bacillus
thringiensis (@ 750 ml / ha was comparatively less economical and gave Rs. 1.85

against the investment of one rupee.
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4.2.7 Effects of various modules on larval population of /1. armigera (Pooled)

Data on cumulative average larval population of /. armigera in diffcrent
modules are presented in Table 15 (figure 6). All the modules evaluated, recorded
significantly lower larval population than untreated control. However, module My
(three sprays of endosulfan @ 0.06 %) and Ms (Bacillus thuringiensis @ 750 ml/
ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha — spinosad
@ 0.01 %) proved most effective and recorded minimum larval population of 2.32
and 2.57 per ten plants, respectively and were at par with cach other.

Module M, comprising Bacillus thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LI / ha - endosulfan @
0.06 %, Mg consisting spinosad @ 0.01 % - Bacillus thuringicnsis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LIE / ha and M3 with
spray of endosulfan @ 0.06 % - Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LIE / ha were at par with
cach other and recorded 2.90, 3.07 and 3.28 larvac per ten plants, rcspectively.

Module M (Bacillus thuringiensis (@ 750 ml / ha - Ielicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis @ 750 ml / ha)
and M4 (Neem Seced Kerncl Extract @ 5 % - Bacillus thuringiensis @ 750 ml / ha
- Helicoverpa armigera nuclear polyhedrosis v.irus @ 250 ILE / ha) were lcss
effective, statistically at par and recorded 3.88 and 4.15 larvac on ten plants,
respectively. An untreated control (Mg) had registered highest of 7.08 larvac per

ten plants.
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Table 15 :

Effect of various modules on larval pepaiation of

. armigere (Pooled)

Module Components of Module Cumulative

No. average

population of
H. armigera
* / ten plants

M, Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 3.88
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.94)
Bacillus thuringiensis (@ 750 ml / ha.

M> Bacillus thuringiensis @ 750 ml / ha - Helicoverpa 2.90
armigera nuclear polyhedrosis virus @ 250 LE / ha - (1.68)
Endosulfan @ 0.06 %

M; Endosulfan @ 0.06 % - Bacillus thuringiensis @ 750 3.28
ml / ha - Helicoverpa armigera nuclear polyhedrosis (1.79)
virus (@@ 250 LE / ha

M, Neem Seed Kernel Extract @ 5 % - Bacillus 4.15
thuringiensis @ 750 ml / ha - Helicoverpa armigera (2.01)
nuclear polyhedrosis virus @ 250 LE / ha

M Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa 2.57
armigera nuclear polyhedrosis virus (@ 250 LLI: / ha - (1.57)
Spinosad 0.01 %. i

Mg Spinosad @ 0.01 % - Bacillus thuringiensis @ 750 3.07
ml / ha - FHelicoverpa armigera nuclear polyhedrosis (1.72)
virus (@ 250 LI / ha

M5 Three sprays of Endosulfan @ 0.06 %. 2.32

(1.49)

Mo Untreated Control 7.08

(2.65)
‘F’test Sig.
S.E. (m) + 0.04
C.D. at 5% 0.11
C.V. (%) 4.87
.

Average of 12 observations taken at 3, 7,

10 and 14 days after cach spray

** Figures in the parentheses are corresponding square root transformed values
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4.2.8 Effects of various modules on grain yicld of chickpea (Pooled)

The data regarding grain yicld of chickpea as influenced by different
modules are presented in Table 16 (figure 7). It revealed significant superiority of
all the modules over control. Module M7 with three sprays of endosulfan @ 0.06
% .and Ms consisting Bacillus thuringiensis (@ 750 ml / ha - Flelicoverpa
armigera nuclear polyhedrosis virus @ 250 LI / ha - spinosad @ 0.01 % were
m;)st effective, statistically same and produced 15..96 and 15.63 q / ha grain yield.
Module M5 was also found at par with My (Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus (@ 250 LE / ha - endosulfan @
0.06 %) which produced 15.47 q / ha grain yield.

Other effective modules were Mg, (spinosad @ 0.01 % - Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus

@ 250 LE / ha) and M3 (endosulfan @ 0.06 % - Bacillus thuringicnsis (@ 750 ml /

ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha) which did
not differ significantly and recorded 15.03 and 14.84 q / ha grain yield. Module M,
(Bacillus thuringiensis (@ 750 ml / ha - [lelicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis (@ 750 ml / ha) and My
(Neem Seed Kernel Extract @ 5 % - Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha) were less
effective but recorded significantly higher grain yield (14.38 and 14.00 ¢ / ha.) than
untreated control (My) (9.88 q / ha).
4.2.9 Incremental cost benefit ratio of various modules (Pooled)

Incremental cost benefit ratio of various modules over two scasons
presented in Table 16 (Appendix-6) confirmed the cconomic viability of module 7
consisted of three sprays of endosulfan @ 0.06 % as this module gave highest -
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Table 16: Effeet of various modules on grain yield ¢f chickpea and
incremental cost benefit ratio (Pooled)

Module Components of Module Mean ICBR Rank
No. yield
(q / ha)
M, Bacillus thuringiensis (@ 750 ml / ha - 14.38 1:2.07 6
Helicoverpa armigera nuclear

polyhedrosis virus @ 250 LE / ha -
Bacillus thuringiensis (@ 750 ml / ha.

M, Bacillus thuringiensis @ 750 ml / ha - 15.47 1:3.16 2
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha -
Endosulfan (@ 0.06 %

M3 Endosulfan @ 0.06 % - Bacillus 14.84 1 :2.81 3
thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LLE / ha

My Neem Seced Kernel Extract @ 5 % - 14.00 1:2.51 4
Bacillus thuringiensis @ 750 ml / ha -
FHelicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha

M Bacillus thuringiensis @ 750 ml / ha - 15.63 1:2.25 o)
Helicoverpa armigera nuclear

polyhedrosis virus @ 250 LLE / ha -
Spinosad 0.01 %.

Mg Spinosad @ 0.01 % - Buacillus 15.03 1:2.02 7
thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear
polyhedrosis virus (@ 250 LE / ha
M- Three sprays of Endosulfan @ 0.06 %. 15.96 1:507 1
Mo 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. The module M (Bacillus thringiensis @
750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha-
endosulfan @ 0.06 %), M3 (endosulfan (@ 0.06 %- Bacillus thringiensis @ 750 ml
/ ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha) and My
(Neem seced kernel extract @ 5% - Bacillus thringiensis (@ 750 ml / ha —
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha stand next to
module M- and gave a return of Rs.3.16, 2.81 and 2.51, respectively per rupee
invested.

Remaining modules viz., Ms (Bacillus thringiensis @ 750 LE / ha-
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha — spinosad (@
0.01 %0), M1 (Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha - Bacillus thuringiensis @ 756 ml / ha) and M6
(spinosad @ 0.01 % - Bacillus thuringiensis @ 750 ml / ha - Helicoverpa armigera
nuclear polyhedrosis virus) were proved less economical and gave a return of

Rs.2.25, 2.07 and 2.02, respectively for a rupec invested.

4.3 Relationship between larval population of H. armigera its field
parasitization and weather parameters

Weekly data on population of H. armigera,it’s parasitization under ficld
conditions and the metecorological parameters obtained during rabi, 2003-04 and
2004-05 arc presented in Table 17 and 18 and illustrated graphically in figurc 8 and
9. Co-rclation coefficients obtained between above variables are given in Table 19.
4.3.1 Scasonal incidence of H. armigera

It is seen from the Table 17 and figure 8 that, the incidence of FI. armigera
during rabi, 2003-04 was initiated during 4s5™ metcecorological week (3 larvae /7 10

plants) i.e. nearly one month after sowing. It went on increcasing and reached its
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peak (7 larvae / 10 plants) during 49" and so™ meteorological week with a
temperature variation of 16.5 to 32.2 °C and 11.9 to 31.2 °C while rclative
humidity between 33 to 77 % and 21 to 64 %, respectively during it’s previous

1 metecorological week and was zero during 2™

week. Further it declined up to
meteorological week.

During rabi, 2004-05 the incidence of /. armigera was noticed during 44"
meteorological week (Table 18, figure 9) i.e. 3 larvae / 10 plants with temperaturc
between 14.6 to 33.0 °C, relative humidity 29 to 64 % and no rainfall during its
previous week. Highest population of pests (13 larvae / 10 plants) was recorded in
48" meteorological week with temperaturc between 12.2 to 32.0 °C, relative
humidity 22 to 66 %6, no rainfall during its previous week. Afterwards the
population started decreasing and was minimum (3 larvae / 10 plants) during 2™
meteorological week
4.3.2 Parasitization of the pest

During both the years of investigation no egg and pupal parasitoids
recorded. Only two larval parasitoids viz., Campoletis chlorideae and Iriborus sp
(Plate 7 and 8) were found parasitizing f/f. armigera larvae. The data on
parasitization due to these two parasitoids during rabi, 2003-04 and 2004-05 arec
presented in Table 17 and 18 and illustrated graphically in figure 8 and 9.

During 2003-04, the highest parasitization due to Compoletis chloridecae
(20 %2%) was recorded in so™ metecorological weck where as the parasitization due to

1** meteorological week. The total

Eriborus sp was highest (12 %) in 5
parasitization due to both parasitoids was highest during 51% meteorological week
i.e. 28 per cent. The temperature and relative humidity ranged between 12.6 to

31.4 °C and 26 to 63 %o, respectively during its previous wecck.
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Plate 7. Pupa and Adults of C. chlorideae,
a larval parasitoid of H. armigera

Plate 8. Adults of Eriborus sp., laral
parasitoid of H. armigera




During 2004-05 thc highest parasitization duc to C. chlorideac. Fribries sp
and both of them were recorded in 48" mctcornlogical week 1.e. 24, 12 and 36 per
cent. respectively. The temperature and humidity ranged between 12.9 to 32.0 °C
and 22 to 66 %, respectively.

4.3.3 Correlation studies

Perusal of values in Table 19 revaled that significant positive correlation
between field parasitization and the larval population of the pests.

Mean maximum and minimum temperature as well as morning and evening
humidity exhibited positive correlation with the larval population which were not
significant.

Field parasitization showed positive and non-significant corrclation with
maximum temperature, minimum temperature and morning humidity. Whereas, it
showed negative but non-significant correlation with evening humidity.

Table 19 : Relationship between larval population, ficld parasitization
and weather parameter

Sr. No. Particulars Larval population Ficeld
parasitization

1 Larval Population -- 0.777*

2 Maximum temperature 0.387 0.115

3 Minimurn temperature 0.320 0.118

4 Morning humidity 0.230 0.181

5 Evening humidity 0.009 -0.079

* - Significant at 5 % level

4.4 Effect of malic acid on larval and pupal development of H. armigera
Data regarding the effect of feeding malic acid fortified, water washed and

untreated chickpea leaves on larval and pupal devclopment of /1. armigera during

2003-04 and 2004-05 arc presented in Table-20 and Table-21, respectively. All the
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three feeding methods did not showr any significant effect on development of
various stages of . armigera during both the years.

During 2003-04. larvae reared on malic acid fortified chickpea Icaves took
4.4 + 0.66, 6.9 + 0.54, 5.4 + 0.49, 3.0 + 0.00, 5.4 + 1.02 and 5.3 + 0.90 days tor
completion of 1%, 2" 34 4™ 5" apd 6" larval instars, respectively. Wherceas larvace
reared on water washed and untreated chickpea lcaves 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 completion of 1%, 2™ 3™ 4" 5" g3hqd
6" larval instars, respectively.

Total larval period was recorded shortest when larvae were reared on water
washed chickpea lcaves i.c. 29.9 -+ 1.30 days wcereas, it was longest (32,1 + 1.22)
when they were recared on untreated chickpea leaves. The larvae rearcd on malic
acid fortified chickpea leaves took 30.4 + 1.36 days for completion of larval stage.
The pre-pupal and pupal period recorded in malic acid fortified, water washed and
untreated chickpea leaves were 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 larvac reared on malic acid fortified chickpea
leaves took on an average 3.6 4 0.75, 4.3 +0.81, 4.0 + 0.63, 2.5 + 0.50, 5.0 4 1.10
and 5.3 + 1.04 days for completion of 1%, 2™ 3 4t st 554 6" instars
respectively. However larvac reared on water washed and untreated chic.;kpca 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 4+ 0.87 ; 5.3 + 0.46 ;4.6 + 0.66 ;3.1 +0.70 ; 4.8 4+ 0.75 ; 5.9 -+ 0.70
days for completion of 1%, 2™ 3™ 4™ 5™ qnd 6™ instars, respectively.

Shortest larval, pre-pupal and pupal period were recorded when larvae were

reared on water washed chickpea lcaves i.c. 25.9 4+ 1.22,2.9 + 0.54 and 15.7 -+ 0.90
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days, respectively. Whereas, larvae reared on untreated chickpea leaves registered
longest larval (27.9 + 1.64), pre-pupal (3.2 + 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 completion of larval, pre-pupal and pupal period.
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CHAPTER — V
DISCUSSION

The experimental findings of thce present investigation, described in the
earlier chapter have been discussed in the forgoing pages in the light of available
relgvant literature under respective subhcadings.

5.1 Evaluation of microbial insecticides ecither alone or their combinations
5.1.1 Effect of various treatments on larval population of 71. armigera
S.1.1.1 Larval population of H. armigera, three days after first spray

. The results on larval population of /. armigera, three days after tirst spray,
during both the ycars of experimentation as well as their pooled analysis revealed
more or less similar trend of efficacy duc to vari'ous treatments against this pest.
Amongst various treatments spinosad (0.01 %) and endosulfan (0.06%) were
statistically at par and significantly superior over other treatments.

The remaining treatments viz., Helicoverpa armigera nuclear polyhedrosis
virus (250 LE / ha), Bacillus thuringiensis (750 1.E5 / ha), Helicoverpa armigera
nuclear polyhedrosis virus (125 LE / ha) -+ Bacillus thuringiensis (375 ml / ha),
Merarhizium anisopliae (2.5 kg [/ ha), Beawuveria bassiarna (2.5 kg / ha),
Merarhizium anisopliae (1.25 kg / ha) + Helicoverpa armigera nuclear
polyhedrosis virus (125 (LE / ha), Metarhizivm anisopliae (1.25 kg / ha ) v Bacillus
thuringiensis (375 ml / ha), Beauveria bassiana (1.25 kg / ha) + Helicoverpa
armigera nuclear polyhedrosis virus (125 LLE / ha) and Beauveria bassiana (1.25
kg / ha)+ Bacillus thuringiensis (375 ml / ha) prouced more or less similar effects
but were significantly superior over untreated control.

Present findings regarding significant supecriority of spinosad and

endosulfan over HaNPV and Bt, three days after spraying are almost in accordance
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with those of Dhondc i af. (2005) who reported that spinosad (75 g a.i. / ha) was
significantly superior cver HaNPV (250 LI / ha) in reucing the larval population
of H. armigera 72 hours after spraying and was at par with endosultan (350 g a.i. /
ha) and Bt (100G g / ha). Similar results regarding endosulfan arc reported by
Rabindra ¢ a/.(1991). They have recorded significantly less larval population (3.7
/ 5 plants) in endosulfan(350 g a.i. / ha) than nuclear polyhedrosis virus (250 L) /
ha) at three days after first spray. Supare e¢r «/.(1991) also reported significantly
more larval reduction in endosulfan (0.07 %) than HNPV (250 LIE / ha) at four
days after spraying. Similarly, Ramtecke e¢r «/.(2002) have also registered
significantly less larval population (8.05 / 10 plants) in endosulfan than HaNPV
and Bt.

Sidde Gowda and Suhas Yelshetty (2005) reported at par larval population
with delfin (1500 g / ha), basina (5000 g / ha), [HaNPV (250 LE / ha) and
endosulfan (1000 ml / ha) but were significantly superior over untreated check at
three days after first spray. These findings strongly supported the present finding
regarding equal effectiveness of HaNPV, Bt and Beawveria bassiana. However,
their findings regarding endosulfan are not in accordance with present findings.

Further, Phadtare ¢r a/. (2004) have reported Bt (2 g / 1) and its combination
with Beauveria bassiana (1.2 X 10° spores / ml) as well as HaNPV (2 X 10° PIBS /
ml) and its combination with Beauveria bassiana (1.2 X 107 Spores / ml) produced
statistically equal larval mortality at three days after trcatment under laboratory
condition. These findings are in linc with present findings except the significantly
supecrior performance of Bt and its conlbinalior; with Beauveria bassiana than

HaNPV and its combination with Beawveria bassiana which is not in accordance



with present findings. Efficacy of Metarhizium anisopliae and its combination
with ITaNPV and I3t could not be compared for want of related literature.
S.1.1.2 Larval population of H. armigera, seven days after first spray

Bascd on two ycars results as well as pooled analysis, spinosad (0.01 %)
and endosulfan (0.06 %) did not differ statistically and proved consistently
superior over rest of the treatments. These lwb trecatments were followed by
Helicoverpa armigera nuclear polyhedrosis virus (250 LE / ha), Bacillus
thuringiensis (750 ml / ha) and Helicoverpa armigera nuclcar polyhedrosis virus
(125 1LE / ha) + Bacillus thuringiensis (375 ml / ha).

) Treatments Meruarhizium anisopliae (2.5 kg / ha), Beauveria buassiana (2.5
kg / ha) and their combination viv., Mcetarhizivem anisoplicae  (1.25 kg /7 ha)
Helicoverpa armigera nuclear polyhedrosis virus (125 1LLE / ha), Alerarhizivum
anisopliae (1.25 kg / ha) + Bacillus thuringiensis (375 ml / ha), Beawuveria
bassiana (1.25 kg / ha) + Helicoverpa armigera.nuclear polyhedrosis virus (125
LE /ha) and Beauveria bassiana (1.25 kg / ha) -+ Bacillus thuringiensis (375 ml /
ha) were almost statistically at par but significantly supecrior over untreated control.

Dhonde ez «/. (2005) reported superiority of spinosad (75 g a.i. / ha) and
endosulfan (350 g a.1. / ha) over Bt (1000 g / ha) and HaNPV (250 LE / ha) seven
days after spraying against same pest on the same crops similarly the supcriority of
spinosad was also reported by Dandale ¢7 «/.(2000) and Saindanc (2002) agamst
same pest at same interval but on cotton.

The findings regarding cqual cffectiveness of FlaNPV, Bt and their
combination at half doscs arc in accordance with L.oganathan er «/. (2000). During
their work spicturin (1.0 1 / ha), HaNPV (1.5 X 10'2 roB / ha) have registered
statistically equal larval population secven days after treatment. Similar typc of
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results were alse tound by Srinivisan ¢r ¢/ (1994). Towever, Bhatt and Paicl
(2002) reported that the combination of HaNPV and Bt was significanily superior
then their individual applications which is differing from the present findings.

As regards the cfficacy of fungal pathogens against [/ armigera,
Shivramkrish.na (2004) rcported that Merarhizitm anisopliae  was more clfective
than Beauveria bassiana against same pest on chickpea. He further reported that
these fungal pathogens were not as effective as endosulfan (0.07 %), HaNPV (250
LE / ha) and Bt (750 ml / ha). The trend of cfficacy recorded by him is in full
conformity with the rend obtained in the present investigations.

Combination of Aderarhizium anisopliae (1.25 kg / ha) + [llelicoverpa
armigera nuclcar polyhedrosis virus (125 L1 7ha), Metarhizium anisopliac (1.25
kg / ha) + Bacillus thuringiensis (375 ml / ha), Beauveria bassiana (1.25 kg / ha) +
Helicoverpa armigera rniuclar polyhedrosis virus (125 LE / ha) and Beawuveria
bassiana (1.25 kg / ha) + Bacillus thuringiensis (375 ml / ha) were found least
effective during both the years at both the intervals and their poole effect. These
results could not be compared with the earlier work due to its non availability in
the literature.

It appeared that the spinosad has been tested for the first time against 74
armigera on chickpea during the present studies. However, results obtained during
present studies are fully supported by those obtained by Dandale et al. (2000) who
reported that spinosad (75 and 50 g a.i. / ha) was most effective in controlling the
infestation of H. armigera in green fruiting bodies of cotton at fourteen days after
treatiment. Similar type of results were also reported by Saindane (2002) against

same pest on Cotton.



The present findings regarding the cfficacy of endosulfan ten and fourteen
days after spraying are quitec comparable with Pawar ¢r af. (1987), Datkhile ¢r al.
(1996). Ravi and Verma (199%) and Bhatkare (2000) who clearly reported the
significant superiority of endosulfan over biopesticides.

Equal effectiveness of HaNPV.  Merarhizium  anisopliae.  Beauveria
bassiana and Bacillus thuringiensis found in present investigations is in confirmity
with the results reported by Pharindera Yadav ¢r af. (2005) who reported equal
larval population of /. armigera with deifin (1 kg / ha), basina (1 kg / ha) and
HaNPV (250 LI /7 ha) at cleven and fourteen days after treatment. FHowever, they
have also reported that these treatments did not differ from endosulfan (0.07 %)
which is not in tunc with present findings. Liqual cfficacy of Bt and HaNPV at
fourteen days after treatmient is also reported by Ramitake er al. (2002).

Almost similar typc of effectivity of fungal pathogens was also rcported by
Pharindcra Yadav ¢r al. (2005) and Kulkarni er «/. (2005) which strengthened the
findings related to fungal pathogens in the present study. [However, Sidde Gowda
and Suhas Yelshetty (2005) reported lower larval population of 74 armigera in the
treatment with Basina (5000 g / ha) than delfin (1500 g / ha), HaNPV (250 1.1: / ha)
and endosulfan (1000 ml / ha) at scv-cn days after first spray which is not in
accordance vith present findings. The lower larval population recorded in basina
might be due to application of very high dosc (5000 g / ha) of basina.

The findings regarding efficacy of half doses of Merarhizium anisopliae
and Beawveria bassiana in combination with the half doses of HaNPV and Bt can

not be discussed because of non availability of literature.

114



S5.1.1.3 Larval population of . armigera, ten and fourteen days
after first spray

Consistently lowest larval popuiation was recorded in trcatiments with
spinosad (0.01 %) and cndosulfan (0.06 %) during both the years at both the
intervals as well as their pooled effects.

Another group of better treatments consisted HaNPV (250 1.15 /ha),
A;Ieta)‘hizium anisopliae (2.5 k g/ ha), Beauveria bassiana (2.5 kg / ha), Bacillus
thuringiensis (750 ml / ha) and Helicoverpa armigera nuclear polyhedrosis virus
(125 LE / ha) + Bacillus thuringiensis (375 ml / ha) which exhibited more or less
similar performance during indivisual years at both the intervals as well as their
pooled ctffects.

Efficacy of Merarhizium anisopliae during this study is quite comparable

with Kulkarni es a/.(2005) who reported that Metarhizium anisopliae (2 g/ lit.) was

as effective as Bacillus thuringiensis (2 ml / lit.) in reducing /7. armigera larvac
fifteen days after spraying on chickpea. However, Shivramkrishna (2004) reported
significant superiority of endosulfan (0.07 %), HaNPV (250 LI / ha) and Bacillus
thuringiensis (750 ml / ha) over Metarhizium anisoplice (10'° and 10°% spores /
ml) and Beawveria bassiana (10'° and 10% spores / ml) at fourteen days after
spraying which is not in accordance with the pres.cnt tfindings. However, the trend
of efficacy obtained by him is comparable with the present findings.

Less efficacy of combined application of HaNPV and Bt at half doses than
their indivisual applications found strong support in the work by Tustin ¢r al.
(1994).

Lecast effictivity of fungal pathogens in combination with 1 laNPV and 13t at
half doses might be due to their insufficient dose than required to bring higher

mortality coupled with the absence of complementary action between these
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microbial prepara‘ions. However, no work rclating to this fact could be ascertained
from the literature.
5.1.1.4 Larval population of H. armigera, three days after sccond spray

The experimental tindings of both the &'ears and their pooled analysis
indicated that all the treatments followed more or les similar trend of efficacy
against the larvae of /4. armigera, three days after second spray. Among the
various treatments. spinosad (0.01 %) and cndosulfan (0.06%) tound significantly
superior over rest of treatments and were followed by Bacillus thuringiensis (750
ml / ha), Helicoverpa armigera nuclear polyhedrosis virus (250 LE / ha) and
Helicoverpa armigera nuclear polyhedrosis virus (125 LE / ha) + Bacillus
thuringiensis (375 1l / ha).

Treatments Mecrarhizium anisoplicae (1.25 kg / ha) and Beauveria bassiana
(1.25 kg / ha) were less effective but recorded less larval population than
combination of Merarhizium anisopliae (1.25 kg / ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125 LE / ha), Merarhizium anisopliae (1.25 kg / ha) -+
Bacillus thuringiensis (375 ml / ha), Beauveria bassiara (1.25 kg / ha) +
Helicoverpa armigera nuclear polyhedrosis virus (125 LE / ha) and Beauveria
bassiana (1.25 kg / ha) + Bacillus thuringiensis (375 ml / ha).

Dhonde er «l/. (2005) reported equal .effcclivcness of spinosad and
endosulfan three days after spraying against /7. armigera on chickpea.

Whereas, the work carried by Rabindra er «f. (1991), Bhalkare (2000) and
Bhatt and Patel (2002) clearly indicated the significant superiority of endosulfan
over biopesticides against H. armigera on chickpea at three days after second

spraying.
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Equal cfficacy o TTaNPV, Rt and their combination obscrved at three davs
after second spraying get strong support of the work carricd out by Lognathan ¢f
al. (2000) at Sarvanampatti. [t can further be strengthened by Men (1992) who also
observed similar reaction with these two microbial insecticides while working on
Thysanoplusia orichalcea on Sunflower.

. However, Bhatt and Patel (2002) reported significantly superior
performance of combination of these two microbial insecticides than their
indivisual applications.

The findings regarding trend of efficacy of Metarhizium anisopliae and
Beauveria bassiana is quitc comparable with those of Shivramkrishna (2004),
Pharindera Yadav er af. (2005) and Kulkarni er al. (2005).

Phadtare er al. (2004) reported that combinations of Bt (2 g / lht) +
Beauveria bassiana (1.2 X 10° spores / ml) and HaNPV (2 X 10° PIB / ml) +
Beauveria bassiana (1.2 X 10° sporecs / ml) were little more effective than
individual application of Bt (2 g /1) and HaNPV (2 X 10° PIB / ml). This might be
due to application of full dose of these microbials in the combinations. The
findings regarding cfficacy of Metarhizium anisopliae + HaNPV and Metarhizium
anisopliae + Bt could not be compare becausc of non availability of literature.
5.1.1.5 Larval population of . armigera, seven days after sccond spray

Consistently supcrior performance was rcecorded by trcatiments with
spinosad (0.01 %) and cndosulfan (0.06 %) during both thc yecars and their
combine effect.

Another group of better trcatiments consisted of Flelicoverpa armigera
nuclear polyhedrosis virus (250 LE / ha), Bacillus thuringiensis (750 ml / ha),

Helicoverpa armigera nuclear polyhedrosis virus (125 LE / ha) + Bacillus
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thuringiensis (375 ml / ha), Metarhizium anisopliae (2.5 kg / ha)y and Beanveria
bassiana (2.5 kg / ha) which exhibited similar performance during individual years
as well as their pooled cffects.

Combinations of AMetarhizium anisopliae (1.25 kg / ha) + Helicoverpa
armigera nuclear polyhedrosis virus (125 1.E / ha), Metarhizium anisopliac (1.25
kg / ha) + Bacillus thuringiensis (375 ml / ha), Beauveria bassiana (1.25 kg / ha)
+‘Helicoverpa armigera nuclear polyhedrosis virus (125 LE / ha) and Beauveria
bassiana (1.25 kg / ha) + Bacillus thuringicnsis (375 ml / ha) were found least
effective during both the years and their pooled effect.

Information on testing of spinosad against [/ armigera on chickpea is
lacking. However, superiority of spinosad obscrved in present study could be
compare with the carlier work of Dandale e¢r al. (2000) and Saindane (2002) who
reported that spinosad (50 g a.i. / ha) was cffective in reducing the infestation of
1. armigera on cotton seven days after spraying. Significant supcriority of
endosulfan seven days after second spraying as rcvealed in the present work was
also reported by many workers viz., Pawar er «/.(1987), Bhalkare (2000) Bhatt and
Patel (2002) and Sing and Yadav (2005). However, Sidde Gowda and Suhas
Yelshetty (2005) reported cqual effectiveness of endosulfan (1000 ml / ha) with
delfin (1500 g / ha), basina (5000 g / ha) and HaNPV (250 LE / ha) at seven days
after second spraying which might be due to higher dosages used by them.

Pawar et al. (1987) and Sarode er al. (1993) reported significant superiority
of’HNPV against /. armigera on chickpea at seven days after spraying. Bhalkare
(2000) reported that HaNPV (250 LE / ha) and Bt (1 Ilit. / ha) werc cqually
effective and stood next to endosulfan (0.07 %6) in reducing larval population of £

armigera seven days after second spray. Loganathan er «/.(2000) reporfed cqual
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effectiveness of spicturine (1.00 1 /7 ha), tlaNPV (1.5 X 10Y7 POI3 /7 ha) and
spicturing (1.0 1/ ha) + HaNPV (1.5 X 10'? POB /7 ha) at scven days alter sccond
spray. Bhatt and Patcl (2002) found that HaNPV (250 L1/ ha) and Bt (1 kg / ha)
were equally effective and stood next to the endosulfan (0.07 %) in recording mean
per cent larval mortality at 1 week after seccond spray. All these findings strongly
support the present findings regarding IHHaNPV, Bt.and their combination.
‘I-Iowever, cfficacy of Metarhizium anisopliae, Beauveria bassiana and
their combinations could not be discussed due to non-availability of similar

literature.

5.1.1.6 Larval population of H. armigera, ten and fourteen days
- after second spray

The results on the larval population of 7/ armigera ten and fourtecn days
after sccond spray during both the years of field trials and when pooled together
showed more or less similar trend of efficacy with various trcatments. Treatment
with spinosad (0.01 %) was found most cffective and did not differ significantly
from endosulfan (0.06%).

The next effective group of treatments consisted of Helicoverpa armigera
nuclear polyhedrosis virus (250 LE / ha), Merarhizium anisopliae (2.5 kg /ha),
Beauveria bassiana (2.5 kg / ha) and Bacillus thuringiensis (750 ml / ha). The
combined applications of these treatments viz., [felicoverpa armigera nuclear
polyhedrosis virus (125 LY / ha) + Bacillus thuringiensis (375 ml / ha),
Metarhizium anisopliae (1.25 kg / ha) + [llelicoverpa armigera nuclear
polyhcdrosis virus (125 115 /7 ha), Metarhizium anisopliae (1.25 kg / ha) + Bacillus
thuringiensis (375 ml / ha), Beawveria bassiana (1.25 kg / ha) + Helicoverpa
armigera nuclear polyhedrosis virus (125 LE / ha) and Beauveria bassiana (1.25

kg / ha) + Bacillus thuringiensis (375 ml / ha) were least effective but were
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significantly supcrior over untreated control at both the intervals and at both the
years as well as their pooled effecet.

The results rcgarding the efficacy of endosulfan over HaNPV could be
compared with those of Pawar er al.(1987) who reported significantly less larval
population of H. armigera in endosulfan (0.05 %) than HNPV (250 1.IZ / ha) at
l‘ourtect‘l days afier sccond spraying. Similarly Bhalkare (2000) also reported
significant superiority of endosulfan (0.07 %) over FlaNPV (250 [.I2 /7 ha) and Bt (1
lit. / ha) which produced equal effect at fourteen days after second spray.

The findings regarding the efficacy of other treatments could not be
compared because of non availability of literature on similar type of work specially
on chickpea. However, Dandale (2000) reported that spinosad (75 and 50 g a.i. /
ha) was most effective in controlling the infestation of /. armigera on cotton
fourteen days after treatment. Efficacy of spinosad against H. armigera was also
reported by Saindane (2002) on cotton, Jesmi Vijayan (2005) on tomato and
Gaikwad and Bhamare (2006) on cotton.

Similarly, the equal efficacy of fungal pathogens, HaNPV and Bt observed
in the present work could be compared with the results reportcd by Pharindera
Yadav er al.(2005) and Kulkarni e/ a/.(2005).

The lower efficacy of combined application of HaNPV and Bt at half doses
over their individual applications found support with the work carried by
Srinivisan er al. (1994), Tustin ez al. (1994) and Loganathan er al/. (2000).

Phadtare et al. (2004) reported that combined application of HaNPV (2 X
102 PIB / ml) + Beauveria bassiana (1.2 X 108 sioores / ml) is less etfective than
individual application of FlaNPV (2 X 10° PIB / ml) which is in accordance with
present findings. However their findings regarding cqual effectiveness of Bt g/
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D with Bt (2 g /1) + Beauveria bassiana (1.2 X 10° sporces 7/ mb) and lower cfficacy
of Beauveria bassiana (1.2 X 10° spores / ml) alone are in contradiction to present
findings. The reason for getting higher mortality incombined application ol 13 i
Beauveria bassiana might be due to use of full doses in combination.
5.1.2 Effect of various treatments on grain yield of chickpea

The year-wise grain yield of chickpea as well as their pooled data revealed
that maximum yield was harvested from the plots treated with spinosad (0.01 %)
which did not differ from endosulfan (0.06 %).

The treatments viz., IHelicoverpa armigera nuclear polyhedrosis virus (250
LE / ha); Bacillus thuringiensis (750 ml / ha) and HHelicoverpa armigera nuclcar
polyhedrosis virus (125 LE / ha) -+ Bacillus thuringicnsis (375 ml / ha) from the
next effective group producing better grain yield and were followed by
Metarhizium anisopliae (2.5 kg / ha) and Beauveria bassiana (2.5 kg / ha).

Treatments, Metarhizium anisopliae (1.25 kg / ha) + Helicoverpa armigera
nuclear polyhedrosis virus (125 LE / ha), /icau\.’eria bassiana (1.25 kg / ha) +
Helicoverpa armigera nuclear polyhedrosis virus (125 LE / ha), Metarhizium
anisopliae (1.25 kg / ha) + Bacillus thuringiensis (375 ml / ha) and Beauveria
bassiana (1.25 kg / ha) -+ Bacillus thuringiensis (375 ml / ha) harvested less grain
yield but were significantly higher than untrecated control.

The present findings regarding highest grain yicld of chickpea harvested
from spinosad and cendosulfan are in accordance with Dhondc er al. (2005).
Similarly, Gaikwad and Bhamare (2005) also recorded highest seed yield of cotton
from spinosad (50 g a.i. / ha) which did not diffc.r from that of cndosultan (300 g
a.i. / ha). Efficacy of endosulfan in producing significantly highest grain yicld of
chickpea is also reported by various workers viz., Pawar et al. (1987), Pawar e/ al.
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(1990), Datkhile e¢r «a/. (1996), Shukala ¢ a/. (1996), Vyas and lLakhchaura (1996).
Ujagir et @l. (1997), Bhalkare (2000) and Pharindcra Yadav e¢r af. (2005).

Equal grain yield harvested from HaNPV, I3t and their combinations could
be compared with l.oganathan e/ a/. (2000) and Bhatt and Patel (2002). Equal grain
yield of chickpea trom the plots treated with HaNPV and Bt is also supported by
Pawar er al. (1999) and Pharindera Yadav (2005) Sidde Gowda and Suhas
Yelshe‘tty (2005).

The yield obtained from Mertarhizium anisopliae and Beauveria bassiana
treated plots could be compared with Shivramkrishna (2004), who also observed
samé trend in producing higher grain yield from the mycoinsccticides. Similar
results in case of Beawuveria bassiana werce also rceported by Pharindera Yadav
et al. (2005) Sidde Gowda and Suhas Yelshetty (2005).

The yield obtained from the plots treated with combincd application of
Metarhizium anisopliac with HaNPV or Bt and Beauveria bassiana with HaNPV
or Bt could not be compared because of want of literature on this aspect.

5.1.3 Incremental cost benefit ratio of various treatments

The results on incremental cost benefit ratio of various trcatments during
both the years as well as their pooled results showed that endosulfan @ 0.06 % was
economically most viablc followed by FHelicoverpa armigera nuclear polyhedrosis
virus @ 250 LE / ha, Helicoverpa armigera nuclear polyhedrosis virus @ 125 LE
/ ha -+ Bacillus thuringiensis @ 375 ml / ha, Bacillus thuringiensis (@ 750 ml / ha
and spinosad @ 0.01 %.

The treatments Beawuveria bassiana @ 2.5 kg / ha and Metarhizium
anisopliae (@ 2.5 kg / ha were economically less effective but were economically

more viable than the treatment combinations viz., Metarhizium anisopliae @ 1.25
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kg / ha + Flelicove: . ormige-za  nuclear nolvhedrosis vicgs (@ 125 LD - ha,
Beauveria bassiaaua 0 1.25 kg / ha + Helicoverpa armigera nuclear polyhcdrosi.\;
virus @ 125 LE / bha, Metarhizium anisopliae @ 1.25 kg / ha + Bacillus
thuringiensis (@ 375 ml / ha and Beauveria bassiana @ 1.25 kg / ha t Bacillus
thuringiensis (@ 375 ml/ ha.

_Present trend of economic ranking of treatments viz., endosulfan, HaNPV,
HaNPV + Bt and Bt is in conformity with Bhatt and Patel (2002) who also reported
that endosulfan @ 0.07 % was economically most viable and followed by HaNPV
@ 250 LE / ha, HaNPV @ 125 LLE / ha -+ Bt @ 0.5 kg / ba and Bt @ 1 kg / ha.
However, they reported that Bt was uncconomical due to his high cost. Somecwhat
similar trend of efficacy was also reported by lLoganathan er al. (2000) at
Sarvanampatti where they found that HaNPV @ 1.5 X 10'? POB / ha was most
economical and was followed by spicturin 1.00 lit. / ha + HaNPV @ 1.5 X 10'2
POB / ha and spicturin 1.00 lit / ha. More economic viability of endosulfan over
HaNPV and Bt was also reported by Datkhile er al. (1996), Wanjari er al. (1998)
and Ramtake ef al/. (2002).

In present study, spinosad although recorded highest grain yicld but
economically ranked 5" after endosulfan, HaNPV, HaNPV - I3t and Bt due to its
high cost. Similar results was also reported by Dhonde ef al. (2005) on chickpea
and Gaikwad and Bhamare (2006) on cotton.

Less economical viability of fungal pathogens viz., Metarhizium anisopliae
and Beauveria bassiana observed during present study find support in the work by
Undirwade er al. (2004) against same pest on pigeon pea. However, Sidde Gowda

and Suhas Yelshetty (2005) found that basina @ 500 g / ha was cconomically more
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superior than delfin @ 1500 g / ha, this may be due o> difftcrent doses of
insecticides used in thir investigation.

The present finding rcgarding lcast cconomic viability of combinced
application of fungal pathogens with HaNPV or Bt could not be compared because
of non availability of literature.

5.2 E,valuation of different modules against Ff. armigera on chickpea
5.2.1 Effect of various modulcs on larval population of H. armigera

The results on cumulative average larval population of /4 armigera in
different modules, during both the years of experimentation as well as their pooled
analysis revealed more or less similar trend of efficacy against this pest. All the
modules evaluated rccorded significantly less larval population than control.
Amongst the various nmodules tested, module My consisted of three sprays of
endosulfan @ 0.06 % rccorded least larval population and did not differ from
module Ms comprising Bacillus thuringicnsis (@ 750 ml / ha - [llelicoverpa
armigera nuclear polyhedrosis virus @ 250 LE / ha- spinosad @ 0.01 %.

Thesc two modulces were followed by module My (Bacillus thuringiensis (0
750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LLE / ha --
endosulfan @ 0.06 %), My (spinosad @ 0.01 % - Bacillus thuringiensis (@ 750 ml /
ha - Helicoverpa armigeira nuclear polyhedrosis virus @ 250 LE / ha) and M;
(endosulfan @ 0.06 %- Bacillus thuringiensis @@ 750 ml / ha - FHelicoverpa
armigera nuclear polyhedrosis virus @ 250 LLE / ha).

However, module M, having Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha - Bacillus
thuringiensis (@ 750 ml / ha and module M4 with Neem Sced Kernel Lintract @ 5%
- Bacillus rthuringiensis @ 750 ml / ha - Helicoverpa armigera nu(;lear
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polyhedrosis virus @ 250 LIS / ha were less ceffective and recorded comparatively
more larval population than other modules during both the years and their poolced
results.

The present finding regarding supcriority of application of chemical
insecticide (3 sprays of endosulfan) could be compared with those of Kumawat and
Zheeba _ (1999) who reported alternate application of monocrotophos and
endosulfan as most effective.

Similarly, the present finding regarding efficacy of module M> having first
two sprays of biopesticides (Bt and HaNPV) followed by third spray of endosulfan
could be compared with the results obtaincd by Sanap and Pawar (1998) who
reported that modules with first two sprays of biopesticides (cither NPV or NSKI:)
followed by third spray of endosulfan were most effective against /. armigera on
chickpea. Similarly, Singh er al/. (2000) also found that modules consisted of
HaNPV @ 250 LE / ha — Btk @ 1500 ml / ha — endosulfan @ 1250 ml / ha was
most effective against same pest on same crop.

Similarly, present findings regarding significantly less larval population
recorded in module M, (Bt — HaNPV- Bt) than control is in line with the study
conducted at TNAU, Coimbatore (Annonymous, 2003 c¢.) who also reported
significantly less larval population of A warmigera in almost similar typce of
module.

Results regarding cfficacy of modules consisted of spinosad could not be
compared with earlier work because of not availability of literaturc.

5.2.2 Effect of various modules on grain yicld of chickpea

The results rcecgarding grain yicld of chickpea as influcnce by various

modules showed more or less same trend of efficacy during both the ycars of ficld
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trials and when poolcd togecther. Module M5 with 3 sprays of endosulfan 42 0.06 %
produced highest grain yield and was statistically at par with module My consisted
of Bacillus thuringicnsis @ 750 ml / ha - FHelicoverpa armigera nuclear
polyhedrosis virus @ 250 LE / ha — spinosad @ 0.01 % and module M; having
Bacillus thuringiensis @ 750 ml / ha - Helicoverpa armigera nuclcar polyhedrosis
virus @ 250 LE / ha — endosulfan @ 0.06 %.

Module Mg having spinosad @ 0.01 % - Bacillus thuringiensis @ 750 ml /
ha - Helicoverpa carmigera nuclear polyhedrosis virus @ 250 LI / ha and module
Mj3; having endosultan @ 0.01 % - Bacillus 1)7uringiensis @ 750 ml / ha -
f]e‘licoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha were moderately
effective but produccd more grain yield than module M; consisted of Bacillus
thuringiensis @ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus (@
250 LE / ha - Bacillus thuringiensis @ 750 ml / ha and modulc My comprising of
necem sced kernel extract @ 5 % - Bacillus thuringiensis @@ 750 ml / ha and
Helicoverpa armigera nuclear polyhedrosis virus @@ 250 LI/ ha.

Equal grain yield obtained in module with 3 sprays of endosulfan and
module consisted of first two sprays of biopcsticidcs (Bt and HaNPV) followed by
third spray of endosulfan could be compared with Sanap and Pawar (1998) who
also harvested equal grain yield from plants trcated with three sprays of endosulfan
and those treated with first two sprays of bio pesticides (NPV or NSKE) followed
by third spray of endosulfan. Similarly, Sing er «/. (2000) also obtained more grain
yield from module consisted of HaNPV — Bt — endosulfan. Similar results were
also obtained by Khajuria ¢z @/. (2006) against same pcst on tomato.

Similarly, present findings regafding significantly higher grain yield
harvested from module M, (Bt - FHaNPV — Bt) than control could be compz;re with
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the findings of Annonymous, (200% C) who also harvested significantly morce grain
yield of chickpea from Bt — HaNPV — Bt - HaNPV alternations than control.
However, efficacy of modules consisted of spinosad could not be discussed as no
work on these lines could be detected from the literature scarched.
5.2.3 Incremenfal cost benefit ratio of various modules

Incremental cost benefit ratio of various modules during both the years and
their pooled results showed that module consisted of three sprays of endosulfan @
0.06 % was economically most viable giving highest cost benefit ratio and was
followed 'by module M, consisted of Bacillus thuringiensis (@ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha — endosulfan @
0.06 %% and module M3 comprising of cndosulfan @ 0.06 % - Bacillus
thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus
(@ 250 LE / ha.

Module M4 having neem seed kernel extract (@ S % - Bacillus thuringiensis
@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis virus @ 250 LLEE / ha
an module Ms with Bacillus thuringiensis @ 750 ml / ha - Helicoverpa armigera
nuclear polyhedrosis virus @ 250 LE / ha — spinosad @ 0.01 % gave better returns
and was followed by module M, having Bacillus thuringiensis @ 750 ml / ha -
Helicoverpa armigera nuclear polyhedrosis virus @ 250 LE / ha - Bacillus
thuringiensis (@ 750 LI / ha. Module M, comprising of spinosad @ 0.01 % -
Bacillus thuringiensis (@ 750 ml / ha - Helicoverpa armigera nuclear polyhedrosis
virus (@ 250 LE / ha was cconomically least cffective.

Present finding regarding highest ICBR obtained in module with three
sprays of endosulfan @ 0.06 % could be compared with that obtained by Sanap
and Pawar (1998) and Kumawat and Jheecba (1999). Similarly, present findings
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regarding economical viability of module M; consisted of Bt — HaNPV -
endosulfan and M having endosulfan - Bt - HaNPV over modules My (NSKI1: —
Bt — HaNPV) and M, (BBt — HaNPV — Bt) is also supported by the work by Sanap
and Pawar (1998) and Sing ¢ a/. (2000) who found that modules with two sprays
of biopesticides and onc spray of cndosulfan were cconomically superior than
those having all the three sprays of biopesticides.

Economic viability of modules comprising spinosad could not be compared
with earlier work because of non availability of similar type of literature. However,
least ICBR obtained from these modules was due to very high cost of spinosad.

5.3 Relationship between larval population of H. armigera, its field
parasitization and weather parameters

5.3.1 Seasonal incidence of H. armigera

During both the years of study incidence of F1. armigera was noticed one
month after sowing. It then gradually increased and reached its peak during 4ot
and 50" meteorological week during 2003-04 with maximum and minimum
temperature variation of 16.5 to 32.2 and 11.9 to 31.2 °C while relative humidity
between 30 to 77 % and 21 to 64 %, respectively during the . prcceding weeks.
During 2004-05 peak incidence of pest was obscnivccl in 48™ meteorological week
with temperature between 12.9 to 32.0 °C and relative humidity between 22 to 66%
during its preceding week. It then gradually decrease and was minimum at the time
of harvesting.

Peak activity of pest observed between 48" to 50™ meteorological week in
the present study are in line with study by Yadava and Lal (1985) who also
observed peak activity of this pest on chickpea during 47" and 50" meteorological
weeks. Likewise, Yadava et al. (1991) also obselived peak activity of pest during

47" — 515 meteorological weeks. Similarly, Patel and Koshiya (1999) observed the
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highest incidence of pest during 3™ week of December which is quitc in
accordance with present findings.

Vaishampayan and Veda (1980) observed that relative humidity below 75%
during major active period from December to February gave a clear indication of
higher population build up of pest on gram which supported the present study as
relative humidity was below 75 % at the time of peak incidence of pest during both
the years.

- Similarly, an observation of Anwar and Shafique (1992) and Tomar and
Sehgal (1993) thar pcak incidence of pest was associated with flowering and
podding stages of crop wcere also in accordance with present findings.

5.3.2 Parasitization of the pest

During both the years of investigations no egg and pupal parasitoids was
recorded from FH. warmigera eggs or pupac whereas, two parasitoids viz.,
Compoletis chlorideae and FEriborus sp were found parasitizing . armigera
larvac. Among these two larval parasitoids, C. chlorideae was most predominant
with highest parasitization of 20 % In 50" meteorological week whereas,
maximum parasitization (12 %) due to Eriborous sp was observed in 51°
meteorological weeck during 2003-04. Total parasitization due to both the
parasitoids was maximum in 51°% meteorological ‘week with temperature between
12.6 to 31.4 °C and relative humidity between 26 to 63 % during its previous week.

However, during 2004-05 the maximum parasitization due to C. chlorideae
(24 %0), Eriborous sp (10 %) and both parasitoids (36 %) was observed in 48"
meterological week with temperature between 12.9 to 32.0 °C and rclative
humidity between 22 to 66 % during the prececding week. No such detaliled work
on this pest was available in the literature screened. Hence the present finding
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Prezent Onding regarding absence of cgg parasitoids i chickpea are in
comicimily with Yadav and Patcl (1981). Yadav e/ al. (1982) and Kulat ¢/ al.
(199%) who alse reported ineitectiveness of egg parasitoids in cnickpea due to
acidic secretion pro:iuced by the leaves.
3.3.2 Carrelations studies

During present study positive and significant correlation was observed
between field parasitization and the larval popuiation of the pest

Similarly, mean maximum and minimum temperature as well as mean
morning and evening humidity showed positive non-significant correlations with

the larval populatior:. Whereas, ficld parasiiization shewed positive non-significant

correlation withh maximum temperature, minimurne temperature  and  morning

™

hunudity. While 11 showed negative and non-significant correlation with cvening

. The posiiive comelation observed between larval population and field
Darasitizaiien during nressnt study is in accordance with Vaishampz-.yan and Veda
(19%0; and evi ¢f of (C0Z5. Shanilarly, Yaishampayan and Veda (1980G), Yadav
1

5y, Yaaay er 2f (1991) and Metange ef &L (2002) also obrserved the
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positve  correlation between larval population and maximum and minimum
temperaiare which in aiso i accordance with present indings. However, present
findings of correlation swdies between fieid parasitization and weather parameters
could mot be compared duc 16 non-avaiiability of similar report in the literature
reviewed.

5.4 Effect of malic acid on larval and pupal development

Results regardinz effect of feeding malic acid fortified chickpea leaves,

waier washed chickpea lzoves and untreated chickpea ieaves ou larval and pupal

development of F. armigera weve non-significant suggesting that malic acid had

no zfice: on larval and pupal developmient of /1 armigera. Larvae reared by

difFerent feeding mzthads tock on an average 29.9 + 1.30 to 32.1 + 1.22 and 25.9 4

1.22 to 27.9 -+ 1.64 days tor completion of 1is larval stage during 2003-04 and

2004-0S, respectively. Whereas it took 3.1 1+ 0.54 to 3.2 + 0.46 and 16.9= $.94 to

>

17 4

. < 1.20 days and 2.9 4 0.54 10 3.2 + .73 days and 15.7 + 0.1¢ ¢ 16.7 1+ 1.08
days for completion of per-pupal and pupal stages in different feeding methods
during 2003-04 and 2004-05. respectively.

Present finding regarding non-significant effect of malic acid on larval and
pupai developrnent of /. armigera are strongly supported by Yoshida ef ai. {1995
who alse reported that raalic acid had no effect on larval growth of /L armizerd.
Whereas, 1atal lacval pre-pupal and pupal period ebserved during present study arc
quite comparable with Ghosly ¢ «/. (1986), Sharma and Chaudhar: {1988) and

Valand and Patei {1992)
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CHAPTER — VI
SUMMARY

Field experiments were carried out during present study with  a view (o
evaluate some microbiil insecticides either alone or in combination, to evaluate
some modules for bio-intensive modules of Helicoverpa armigera and to study the
biotic compliex and scasonal incidence of pest on chickpea. Beside these field
experiments a laboratory study was also carriced out to study the ceffect of malic
acid on larval and pupal development of £ armigera.

To evaluate microbial insecticides and their combinations a ficld
experiment was laid cut In randorniied block design with three replications and
tweive treatments including control. Microbial insecticide such as Aerarbiizivia
aritsopliae (2.5 kg / ha), Beauveria bassiona (2.5 kg / ha), HaNPV (250 LE / ha),
Bt (750 ml / ha) and their combinations at half doscs viz., Merarhizium anisopliae
(1.25 kg / ha) + HaNPV (125 LE / ha), Metarhiziun anisopliae (1.25 kg / ha) + Bt
(375 mlt / ha)., Bceawvveria bassiana (1.25 kg /7 ha) -+ HaNPV (125 LI 7 ha).
Beauveric bassicna (1.25 kg /7 ha) + Bt (375 ml /'ha) and HaNPV (125 .17/ haj) +
Bt {375 ml / ha) wzare evaluated against standard check endosulfan (0.06 %6 and
nzw moiecule spinosad (G.01 %).

Similarly, other field experiments were also laid ot in randomized block
desizgn with three replications for evaluation of different module for bio-intensive
management of . armigera. Six different modules viz., Bt (750 mil / ha) — HaNPV
(250 LE / ha) - Bt (750 ml / ha), Bt (750 ml / ha) - FHaNPV (250 LE / ha) —
endosulfan (0.06 20). eadosulfan (0.06 20} -- B (750 ml / ha) - HaNPV (250 1LI: /
fia), NSKE (5 %) - Bt (750 mil / ha) — HaNPV (250 LE /7 ha). Bt (750 mnl 7 ha) -

HaNPV (250 LE /7 haj - spinesad (0.01 26) and spinosad (0.01 26) — Bt (750 ini /
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raj - Hahd® Vv (230 0.5 ) ha were evaluated againsi standard check ie. three sprays
of eodoesulian sad unwraaisd control.

Roth these neld experimmenis were \,onduu(*d ar the Netd of Depariment of
Entomology, Dr. FIDJKYV, Akola during post rainy seasons of 2003-04 and 2004-05.
Applicadons of treatiment were initiated after attaining cconomic ihreshold ievel
and repeated at fiftecn days interval. Observations on larval count at 3, 7. 10 and
14 days after spraying were recorded. Similarly, grain yield was also recorded
from individual treatment / module.

To study the seasonal incidence of pest, weekly observations en larval
population of pest on ten randomly sclected plants from separatcly sown plot were

vuderiaken. Twenty f(ive cggs and larvae were collected at weekly iterval and

were reared in the laboratory and observed daily for emergence ot parasitoid.

val development of I, armiyera was
siudied by rearing the larvae on malic acid fortified, water washed and untreated
chickpea leaves till the adult emergence. The results so obtained are summarized as

6.1 Evaluatin of microbial insecticides ecither alone or in combination

6.1.1  Effect of varicus treatments on Jarval population of H. armigere 3 and
7 days after spraying

Similar resulizs were observed in larval population duc to vartous treatments
aficr both sprays at both the intervals. Lowest larval population was recorded in

spinesad (0.01 %4) and endosulfan (0.006 %6). Treatment HalNPV (250 LLE / ha), i3t
(550G mi/ ha) and their combination HaNPV (125 LE 7 ha) + Bt (375 ml / ha) stood
next to dhese und were foilowed by Afetairhizium anisopdice (2.5 kg /7 ha) and
Beauveria bassviana (2.5 kg 7 ha).

Treatment combinations viz., Metarhizium anisopliae (1.25 kg / ha)

HaNPV 25 LE / na), Metarhiziun arisopiice (1.25 kg / ha) + Bt (375 ml / ha),
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Geaieveric baresiare: (1028 Ky 2 a) v HaNTY (125 U 7 ha)y and Beaiverica bassicirio
(123 ke /hag - B00373 nil 7 kray recorded more larval population thuas proved least
citective.

H.1.2  iEifect of varicus treatments oa arvar pepulation of . armigera ten
and four cen davs after spraying

Simiiar results were cbserved in larval popuiation duc to various treatments
after both sprays at both the intervals, treatments spinosad (G.61 %) and endosulfan
(0.06 ¢%) were consistently {ound most eftective by recording least larval
population. These iwo treatments were f{oilowed by HaNPV (250 LE / ha).
Atetarfhizivim anisopliae (2.5 kg 7 ha) and Beawveria bassicrc (2.5 kg 7 ha).

Treatmaznts Bt (750 m! / ha) and HaiNPV (125 LI/ ha) -+ Bt (375 ml 7 ha)

recorded  moderaie  carval  population while treaiment combinations viz
Afctarhizion arnisopliae {1.25 kg / ha) ¢+ HadPV (125 LE /7 ba), Merarhiziun:

arizopliae (1.25 kg 7 haY + Bt (375 ml) / ha), Beauveria bassicorra (.25 Kg / ha) ¢
HaNPV (125 LE / hay and Beauveria bassiano (1.25 kg / ha) -+ B3t (375 mt / ha)
was consistently iess ctfective in reducing /. vrmigera number.
6.1.3  fiffect of various treatments on grain yield of chickpea

Highest giain yicld of chickpea was harvested irom the plots treaicd with
spinesad (C.01 %) and cndosulfan {(0.06 %) which produced statistically ai par
grain yield.

These vwo vcatments were follocwed by HaNPV (250 1.1 7 ha), Bt (7530 ml /
ha) and HaNPV (125 L.IZ /7 ha) + Bt (375 mi / ha). Application ol imyco-inscaticides
such as Merarhizi:on anisopliae (2.5 kg / ha) and Beauveric bassianca (2.5 kg / ha)
also  produccd beticr grain yicld but their combinations viz.,, Metarhizium

aiilsoplice (V.25 ko /7 hady + HaNPV (125 1Y 7 hQ), Beawveric Sassicnag (V.25 kg /
£
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hay + HaNPV (i25 1.« 7/ hWa), AMerarhizium anisoplicae (1.25 kg / hagy + BU (375 !/

ha) and Beauveric Hoessicna (125 kg /7 ha) - BL(375 inl / ha) gave least grain yield.
6.1:4 Yacremental cost benefit ratio of various trcatments
ICBR of various treatments clearly showeaed that andosulfan (0.06 %26) was
cconomically rnos: viable treaunent followed by FHalNPV (250 LIZ /ha) and HaNPV
(125 1LE / ha) + Bt (375 ml / ha).
| Next economical treatment in order were 13t (750 ml / ha), spinosad (0.0}
W), Beauveria bassicnc (2.5 kg / ha) and Metarhiziin anisopliae (2.5 kg / ha).
However trcatment combinations of myco-insccticides such as Aetarhizivm
axniveplice (1.25 kg / ha) + HaNPV (125 LE / ha), Beauveria bassiarica (1.25 kg /
haj ~ HaNPV (125 1k /7 ha). Metarhizium anisopliae (1.25 kg / ha) 4+ Bt (375 ml /
fia) and Beauveria bassiana (1.25 kg / ha) -+ Bt (375 ml / ha) gave less [CBBR. but

were economically viable over control.

6.2 Evaluation of different modules for bio intensive management of
H. armigera

6.2.1 Effect of various modules on larval population of /. armigera

Module M3 consisted of three sprays ot cndosulfan (0.06 2%6) was most
cffective and recorded least cumulative average population of 7/ arniigera. This
modulce did not differs from module My consisied of 131 (750 ml /7 ha) - HaNPV (250
i.£ /7 ha) - spinocsad (2.01%6).

Module M, comprising of Bt (750 ml / ha) — HaMNPV (250 LI / ha) —
endosulfan (0.06 %), Mg having spinosad {(0.01 2¢) - Bt (750 ml 7 ha) -- HaNPV
(25C¢ L1 /7 ha) and My with endosulfan (0.06 %) - - Bt (750 m! /7 ha) -- HaNPV (250

L.E / ha} were moderwely efjective in reducing F. arniigera population.



HFlowever, modaie Vi consisted of BU(730'ml /7 ha) - HaNPV (250 Ll / ha)
- AR (750 i /o) ano Moo having NSKUE (5 % 3 138 (750 mib /7 ha) - TlaNDPV (2506
[.£2 / ha) were less oftccive.

6.2.2 Effect of varions moduies on grain vield of chickpea

Module i with three sprays of endosulfan (0.06 %) produced highest
grain yield which was at par with that produced by module Ms having 13t (750 ml /
ha) - HaNPV (250 LE_‘Z / ha) — spinosad (0.01 %,).

These two modules were followed by module M, comprising Bt (750 ml /
ha) - HaNPV (250 LE / ha) - endosulfan (0.06 %%), Mg having spinosad (0.01 %) —
13t (750 mt / ha) - HaNPV (250 LE / hay and M3 with endosulfan (0.06 %) -- 13t
(756G ml/ ha) -- HaNPV {250 1.E / ha).

However, module M, consisted of Bt (750 ml / ha) -- HaNPV (250 1.2/ ha)
-~ Bt (750 ml / ha) and M, consisted of NSKI: (5 %) — Bt (750 il / ha) — HaNPV
(250 LE / ha) recorded lowest grain yield.

6.2.3 Incremental cost benefit ratio of various modules

Module My with three sprays of endosulfan (0.06 %) was cmerged as most
ccouoniically viable module followed by modulc. M, comprising of Bt (736G il /
ha) — HaNPV (256 LE / ka) -- endosulfan (0.006 %)

| Next economically viable module in order swerc Mj endosulfan (0.06 %) -
13t {750 ml / ha) - HaNI'V (250 LE / ha), M. NSKI: (3 %) - Bt (750 m! / ha) -
HaNPV (250 LE /ha), Ms Bt { 750 ml / ha) — HaNPV (250 LE / ha) — spinosad (0.0
%) and M, Bt (750 rni / ha) - HaNFV (250 LE / ha) - Bt (750 ml / ha}.
However, moduic Mg consisted of spinosad (0.01 %) - Bt { 750 ml / ha) -

HaMNfPV (250 LE /7 bha) =tcod last in economical ranking.

136



.3 Relationship Dbetwnen Iarval population of M. armigera, its ficld
patasitization and westner parameters

6.3.1 Secasenz! incidence of M. armaigerd

During, rat:i 2003-04. incidence of /1 armigera on chickpea crop was
noticed one month aticr sowing which reached at its peat(7 larvac / 10 plants)
during 49" and 50" metecorological week It was seen to be favoured by
temperature between 16 5 1o 32.2 and 11 9 (¢ 312 °C while humidity between 33
ta 77 % and 21 to 64 %6 of its previous weck, respectively.

During rabi 2004-05, peak incidence of pest (13 larvac / 10 plants) was
"

noticed during 48" meteorological week favoured by temperature between 12.9 to

57 0 9% and relative humidity 0of 22 to 86 % during its previous week.
6.5.2  PCarasitization of pests

Mo egg and pupal parasitoid was recorded from eggs and pupac of
H. armigero. Hovrever, two larval parasitoids viz., Compoielis chlorideae arid
Eriborous sp was found parasitizing . armigera larvae. Highest parasitization due
to both these parasitoids was observed in 51% meteoroiogical week of 2003-04
favoured by temperature of 12.6 to 31.4 °C and relative humidity between 26 o
63% whereas, during 2004-05 the highest incidencc was noticed duine, 48"
meteorological week favoured by temperature . 129 o 32.0 °C auvd rcladve
humidity 22 to 66 %%
6.2.3 Correlation studics

Significant positive correlation was observed between larval population and

field varasitization. Whercas, correlation between larval populatton and field

parasiiization with weather pararnetiars was aon significant.
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6.4 Effect of malic iacid on larval and pupal development

Malic acid has shown non significant etfect on larval and pupal
development of . armigera during both the years of investigations.

Finally it is concluded that microbial insccticides are effective against
H. armigera on chickpea. Amongst various microbial insccticides TTaNPV @) 250
LE / ha, Bt @ 750 ml / ha and their combination at half doscs were most effective.
New molecule, spinosad had proved its superiority and could bc a good alternative
for endosulfan. However, its high cost reduced its cconomical viability.

Amongst various modules tc;stcd, modulces consisted of first two sprays of
Bt (750 ml / ha) and HaNPV (250 LE / ha) followed by third spray of spinosad
(0.01 %) or cndosulfan (.06 %) wcre cffective again /1 armigera  which couid
reduce the load of chemical pesticides and environmental pollution.

Study on scasonal incidence of pest showed that the maximum incidence of
pest was occurred at flowering and podding stage of crop and that in the month of
December (48™ to 51 met.week).

Compoleris chlorideae and Zriborous sp were the most pre-dominant larval
parasitoids in chickpea under Vidharbha conditions. Its significant positive
corrclation with the pest population suggested that these are the important naturai
mortality factors of 77, arnigera.

Study on effect of malic acid on larval and pupal development indicated

that malic acid has no significant effect on larval and pupal development of

H. armigera.
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In order to cvaluate cfficacy of microbial insecticides and their
combinations, a ficld cxperiment was laid out in RBD with three replications.
Microbial insecticides such as Metarhiziuon anisopliae (2.5 kg / ha), Beauveria
bassiana (2.5 kg / ha), HHaNPV (250 1.I: /7 ha), I3t (750 ml / ha) and thcir
combinations viz., Metarhizium anisopliac (1.25 kg / ha) + HaNPV (125 LI3 /
ha), Metarhizium anisopliae (1.25 kg / ha) + Bt (375 ml / ha), Beauveria
bassiana (1.25 kg / ha) + HaNPV (125 LY./ ha), Beauveria bassicrna (1.25 kg, /
ha} + Bt (375 ml / ha) and FlaNPV (125 .12 /7 ha) ¢+ 13t (375 ml / ha) were
cvaluated in comparison with endosulfan (0.06 %), spinosad (0.01 %) and
untreated control.

Pooled results of the study indicated consistently superior performance
of =pinosad and endosulfan in reducing the larval population at all the intervals.
Thase two treatments were followed by HaNPV, Bt, HaNPV + Bt, Metarhizium
anivopliae and Beauveria bassiana ‘at three and seven days after spraying.
Wlhereas, at 10 and 14 days after spraying trecatment with fungal pathogens
recorded less larval population than Bt and [HaNPV 4 Bt combinations.
Trecatment combinations viz., Metarhizium anisovliae + HaNPV, Metarhizium
ar. sopliae + Bt, Beauveria bassiana + HaNPV and Beauveria bassiana v 13t
w re consistently found less cffective.

As rcegards grain yicld spinosad and endesulfan produccd highest grain
yicld and were followed _by HaNPV and Bt. HaNPV + Bt, Merarhizium

asitsopliae, Beauveria bassiana, Metarhizium cisopliae + 1HalNPV, Beauveria



bassiana + HaNPV, Metarhizium anisopliae + Bt and Beauveria bassiana + Bt.
Cost benefit analysis of treatments showced that endosulfan was most
economical treatracnt followed by HaNPV, HaNPV + Bt and Bt. Spinosad
though produced highest grain yield ranked £if£th and was followed by
Metarhizium anisopliae, Beauveria bassiana, Metarhizium anisopliae -+
HaNPV, Beauveria bassiana + HaNPV., Metarhizium anisopliae + Bt and
Beauveria bassiana + Bt.

To evaluate various bio-intensive module another field experiment was
laid out in RBD with three replications. Six bio-intensive modules viz., Bt (750
ml / ha) — HaNPV (250 LE /ha) — Bt (750 ml / ha), Bt (750 ml / ha) — HaNPV

(250 LE /ha) — endosuifan (0.06 %), endosultan (0.06 %) - Bt (750 ml / ha) —

HaNPV (250 LE /ha), NSKE (5 %) - Bt (750 ml / ha) — HaNPV (250 LE /ha),
Bt (750 ml / ha) -- HaNPV (250 LE /ha) — spinosad (0.01 %) and spinosad (0.01
%) - Bt (750 ml / ha) — HaNPV (250 LE /ha) were eveluated against three
sprays of endosulfan (0.06 %) and untreated control.

Module with three sprays of endosulfan rccorded lowest larval
population and highest grain yield and was at par with module consisted of Bt —
HaNPV — spinosad. Both these modules werce followed by modules comprising
of Bt — HaNPV - endosulfan, spinosad — Bt -- HaNPV and endosulfan - Bt —
HaNPV which rccorded moderate larval population and grain yield. However,
module containing Bt — HaNPV — Bt and NSKE — Bt — HaNPV recorded

highest larval population and lowest grain yicld.



Cost benetit analysis showed that modules with threce sprays of
endosulfan was cconomically most viable recorded highest ICBR followed by
module having Bt - HaNPV — endosulftan, cndosultan — Bt — HaNPV and
NSKYV — Bt - HaNPV. llowever, modulcs consisted of Bt — INaNPV — spinosad,
Bt -- HaNPV — Bt and spinosad — Bt — HaNPV récordcd less ICBR.

To study the scasonal incidence of /. armigera on chickpca, weekly
observations on larval population were taken on ten randomly sclected plants
from separately sown plot. Results of the study revealed that the highest
incidence of pest was favoured by temperalurc‘; range of 11.9 to 32.2 °C and

humidity range of 21 to 64%.

Twenty five eggs and larvae—werc—cotlected at weckly interval from

separately sown field to study the biotic complex of the pest. LEggs was kept in
hatching while larvac were reared in the laboratory till the adult emecrgence.
The study revealed that only two larval pal'asifoids viz., Compoletis chlorideae
and Eriborous sp  were pre-dominant in chickpea ecosystem  parasitized
maximum up to 36 larvac of H. armigera.

Effect of malic acid on larval and pupal devclopment was studicd by
rearing the larvae up to adult stage on malic acid enriched, water washed and
untreated chickpea lecaves. Obscrvations on larval, pre-pupal and pupal period
showed that malic acid has no significant effect on larval “and pupal

developmernt on H. arniigera.



bassiana + HaNPV, Metarhizium anisopliae + Bt and Beauveria bassiana + Bt.
Cost benefit analysis of treatments showed that endosulfan was most
economical treatment followed by HaNPV, HaNPV + Bt and Bt. Spinosad
though produced highest grain yield ranked fifth and was followed by
Metarhizium anisopliae, Beauveria bassiana, Metarhizium anisopliae +
HaNPV, Beauveria bassiana + HaNPV, Metarhizium anisopliae + Bt and
Beauveria bassiana + Bt.

To evaluate various bio-intensive modules another field experiment was
laid out in RBD with three replications. Six bio-intensive modules viz., Bt (750
ml / ha) — HaNPV (250 LE /ha) — Bt (750 ml / ha), Bt (750 ml / ha) — HaNPV
(250 LE /ha) — endosulfan (0.06 %6), endosulfan (0.06 %) - Bt (750 ml / ha) —
HaNPV (250 LE /ha), NSKE (5 %) - Bt (750 ml / ha) — HaNPV (250 LE /ha),
Bt (750 ml / ha) — HaNPV (250 LE /ha) — spinosad (0.01 %) and spinosad (0.01
%) - Bt (750 ml / ha) — HaNPV (250 LE /ha) were evaluated against three
sprays of endosulfan (0.06 %) and untreated control.

Module with three sprays of endosplfan recorded lowest larval
population and highest grain yield and was at par with module consisted of Bt —
HaNPV — spinosad. Both these modules were followed by modules comprising
of Bt — HaNPV — endosulfan, spinosad — Bt — HaNPV and endosulfan - Bt —
HaNPV which recorded moderate larval population and grain yield. However,
module containing Bt — HaNPV — Bt and NSKE — Bt — HaNPV recorded

highest larval population and lowest grain yield.



In order to evaluate efficacy of microbial insecticides and their
combinations, a field experiment was laid out in RBD with three replications.
Microbial insecticides such as Metarhizium anisopliae (2.5 kg / ha), Beauveria
bassiana (2.5 kg / ha), HaNPV (250 LE / ha), Bt (750 ml / ha) and their
combinations viz., Metarhizium anisopliae (1.25 kg / ha) + HaNPV (125 LE /
ha), Metarhizium anisopliae (1.25 kg / ha) + Bt (375 ml / ha), Beauveria
bassiana (1.25 kg / ha) + HaNPV (125 LE / ha), Beauveria bassiana (1.25 kg /
ha) + Bt (375 ml / ha) and HaNPV (125 LE / ha) + Bt (375 ml / ha) were
evaluated in comparison with endosulfan (0.06 ©96), spinosad (0.01 %) and
untreated control.

Pooled results of the study indicated consistently superior performance
of spinosad and endosulfan in reducing the larval population at all the intervals.
These two treatments were followed by HaNPV, Bt, HaNPV + Bt, Merarhizium
anisopliae and Beauveria bassiana at three and seven days after spraying.
Whereas, at 10 and 14 days after spraying treatment with fungal pathogens
recorded less larval population than Bt and HaNPV + Bt combinations.
Treatment combinations viz., Metarhizium anisopliae + HaNPV, Metarhizium
anisopliae + Bt, Beauveria bassiana + HaNPV and Beauveria bassiana + Bt
were consistently found less effective.

As regards grain yield spinosad and endosulfan produced highest grain
yield and were followed by HaNPV and Bt, HaNPV + Bt, Metarhizium

anisopliae, Beauveria bassiana, Metarhizium anisopliae + HaNPV, Beauveria
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ABSTRACT

To evaluate the efficacy of microbial 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 malic acid on larval and

pupal development of H. armigera present investigations were undertaken at

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola during rabi season of 2003-

04 and 2004-05.





