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Abstract

The legume pod borer, Maruca (testulalzs) Vltrata (Geyer) IS one of the major hmItatIons to IncreasIng
the productIon and productIvIty of graIn legumes In the trOpICS BIOnomICS, host-plant resIstance,
natural enemIes, cultural practIces, and chemIcal control of the legume pod borer have been dIS
cussed In tills bulletIn to IdentIfy gaps In present knowledge and to help plan future strategies for
research on tills pest on pIgeonpea WillIe InformatIon IS aVaIlable on bIOnOmICS and host-plant
resIstance In cowpea, such InformatIon on pIgeonpea and other legumes IS hmlted Several natural
enemIes have been recorded on M vltrata, and pathogens such as BaCIllus thurmglensls, Nosema, and
AspergIllus play an Important role In regulatIng ItS populatIons under held condItIons Cultural
practIces such as IntercroppIng, tIme of SOWIng, denSIty of SOWIng, and weedIng reduce the pod
borer damage SeverallnsectICldes have been found to be effectIve for controllIng tills Insect There
IS a need to focus future research on standardIZIng the reSIstance screemng techmques, IdentIhca
tIon and utIhzatIon of reSIstance, and Integrated pest management strategies for sustaInable
agncultural productIon

Resume

Le foreur des gousses la blOnomlque et la lutte Le foreur des gousses Maruca (testulalzs) vltrata (Geyer)
constItue une des hmItatIons Importantes al'augmentatIon de la productIon et de la productIvlte
des legumIneuses a graIn dans les regions tropIcales La bIOnomlque, la reSIstance des plantes
hates, les ennemIS naturels, les pratIques culturales, aInSI que la lutte cmmIque contre Ie foreur sont
exposes dans cet ouvrage dans Ie but d'IdentIher les lacunes d'InformatIons, et de permettre la
plamhcatIon des strategies futures de recherche sur cet Insecte ravageur du pOlS d'Angole Alors
que des InformatIons sont dlsporubies sur la bIOnomIque et la reSIstance des plantes-hotes chez Ie
ruebe, de telles mformatIons sur Ie pOlS d'Angole et d'autres legumIneuses sont hmItees Plusleurs
enneWIS naturels ont ete constates sur M vltrata Des agents pathogenes tels BaCIllus thurmglensls,
Nosema et AspergIllus Jouent un role Important dans la reduchon des populatIons du ravageur en
mlheu reel Des pratIques culturales telles la culture assoClee, Ie temps de semIS, la densIte de semIS
et Ie desherbage permettent de hmIter les degMs dus au foreur des gousses Nombre d'msectIcIdes
ont faIt preuve de leur efhcaClte dans la lutte contre cet Insecte Les travaux de recherche futurs
dOlvent mettre l'accent sur la normalIsatIon des techruques de cnblage pour la reSIstance,
l'IdentIfIcatIon et l'utIhsahon de la reSIstance, aInSI que sur les strategIes de lutte Integree contre Ie
ravageur dans Ie but de reahser la productIon agncole durable
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Introduction

PIgeonpea, CaJanus caJan (L) Millsp IS an Impor
tant gram legume m the serm-and trOpICS (SAT)
m ASIa, eastern AfrIca, and the Canbbean It IS a
source of protem for millIons of people hvmg m
these regions (Nene et al 1990) In IndIa, It IS
sown on nearly 4 6 millIon ha With an annual
productIon of 2 5 mIllion tonnes It IS generally
grown on margmal lands With rrnnImal or no
mputs m the form of fertilizers and pestIcIdes,
and IS usually mtercropped With cereal and fI
ber crops After the harvest of the mam crop,
pigeonpea plants are generally left m the fIeld
to uhhze resIdual mOIsture and nutnents
Withm a season, a pigeonpea crop produces
two to three flushes of flowers, but generally
only one of them accounts for a major propor
tIon of the total gram harvest, the others bemg
eIther totally damaged by msects or other bI
otIc and abIOtIc factors causmg a poor retentIon
of flowers and pods

Area and productIon of pigeonpea m IndIa
have mcreased by 2%per annum between 1970
and 1990 However, the productIvIty has only
mcreased at a rate of 033% annually ConsIder
able progress has been made m developmg
hIgh-yIeldmg cultIvars, partIcularly the short
duratIon (<150 days to matunty) pigeonpeas,
whIch have consIderable potentIal for mcreas
mg pigeonpea productIon as a monocrop under
hIgh plantmg densIty (Anyanayagam and
Smgh 1994) Short-duratIon pigeonpea can also
play an Important role In croppmg systems/
crop rotatIons In the tradItIonal nce-wheat
cropping system followed In the northern
IndIan plainS, and m nce or nce-fallow systems
of Southeast ASIa The short-duratIon pigeon
pea cultIvars are less senSItIve to photopenod
and temperature, and can be adapted In several
newer enVIronments (Singh 1991) However, It
has not been pOSSIble to explOIt the full genetIc
potentIal of hIgh-yIeldIng pigeonpea cultIvars
because of extensIve losses due to msects,
dIseases, and mOIsture stress Short-duratIon
cultIvars suffer greater loss than the mtermedIate
and long-duratIon cultIvars due to Insect damage

because of shorter grOWing penod, and less
tIme avaIlable to the plant to compensate for
Insect damage If the main flush IS heavl1y
damaged The medmm- and long-duratIon
pigeonpeas, although equally susceptIble to
these Insects, have enough tIme to produce
addItIonal flushes In case the early flushes are
damaged

Pigeonpea IS damaged by over 200 speCIes of
Insects worldWide (Reed and Lateef 1990), in
sects damaging the reproductIve parts cause
the maXimum reductIon In grain yIeld Pod
borer [Hellcoverpa (HellOthlS) armlgera (Hubner)],
pod fly (Melanagromyza obtusa Malloch), legume
pod borer or spotted caterp111ar [Maruca
(testulalls) vltrata (Geyer)], plume moth
[Exelastls atomosa (Walsmgham)], bhster beetles
(Mylabns spp), pod suckIng bugs (Clavlgralla
spp), and bruchids (Collasobruchus spp) are the
most Important pests of pIgeonpea However,
the relatIve Importance of dIfferent speCIes
vanes WIth locatIon, season, and tIme of flower
mg of dIfferent cultIvars

As flowenng of the short-duratIon pigeon
pea cultIvars occurs dunng penods of hIgh
humIdIty and moderate temperatures In Sep
Oct In IndIa, Mat uca has emerged as an
Important pest Maruca Vltrata IS a senous
obstacle for introdUCing pigeonpea Into new
areas/ cropping systems, e g, In Sn Lanka,
where humIdIty IS very hIgh at flowenng ItS
control becomes very dIfficult because of rapId
Increase In ItS populatIon Therefore, It IS
Important to have a cntIcal look at the basIC
informatIon on bIOlogy, populatIon dynamICS,
Insect densIty/yIeld-loss relatIonshIps, artIfICIal
reanng, reSIstance screemng techmques,
sources and mechamsms of reSIstance, the role
of bIOtIC and abIOtIc factors on populatIon
fluctuatIons, the effect of cultural practIces In
nunmuzmg the damage, and ratIonal use of Insec
tIades for mtegrated management of thIs msect

Distribution
The legume pod borer, M vltrata, IS a senous
pest of gram legumes m the tropICS and
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Sub-trOpICS because of ItS extensIve host range,
and destructiveness It IS Widely dIstnbuted m
ASIa, AfrIca, Austraha, and the Amencas (FIg 1)
Its recorded dlstnbutIon stretches from the
Cape Verde Islands m West AfrIca to FIJI and
Samoa m the PacIfIc, and also mcludes the West
IndIes and the Amencas (lIE 1996) It IS a sen
ous pest of plgeonpea m IndIa (Sharma 1998),
Thailand (Buranapamchpan and Napompeth
1982), Bangladesh (Das and Islam 1985), Sn
Lanka (Fellows et al 1977), and PakIstan
(Ahmed et al 1987) It has also been recorded as
a pest of plgeonpea m AustralIa (Sharma, m
press), eastern AfrICa (Nynra 1971), and West
AfrIca (Taylor 1978)

Nature of damage
The Importance of M vltrata as a pest on gram
legumes results from ItS early establIshment on
the crop The larvae web the leaves and mflo
rescence, and feed mSIde on flowers, flower
buds, and pods ThIs typIcal feedmg habIt pro
tects the larvae from natural enemIes and other
adverse factors, mcludmg msectICIdes The
flower bud stage IS preferred most for OVIpOSI
tion, and It IS at thIs stage that the young larvae
cause substantial damage, and reduce the crop

potential for flowenng and frUIt setting The
young larvae bore mto the flower buds, and
cause flower sheddmg by destroYing the young
flower parts enclosed m the sepals The success
ful establIshment of thIs pest at the flower bud
stage IS sIgnIfIcant m relation to subsequent
damage, reduction m gram Yield, and effICiency
of control Young larvae feed on the style,
stigma, anther fIlaments, and ovary, besIdes a
lImIted feedmg on the mternal components of
the corolla (FIg 2a) Little or no feedmg has
been observed on the anthers (Sharma, m press)
At thIS stage the damage IS largely mternal and
there IS lIttle or no SIgn of damage externally
Usually more than one larva IS present m each
flower These subsequently dIsperse to other
flowers and flower buds on the same or other
adJOImng peduncles The larval movement IS
facilitated by the SIlken threads, whIch are used
as bndges between flowers After mitIal dIS
persat larval development IS completed on sev
eral flowers/pods The larvae move from one
flower to another as they are consumed, and a
larva may consume 4--6 flowers before larval
development IS completed Thud to fIfth-mstar
larvae were capable of bonng mto the pods
(FIg 2b), and consummg the developmg grams
(FIg 3) (Taylor 1967) The moths and larvae of

FIgure 2 Lan'ae of Maruca vltrata feedtng on plgeonpea petals (a), and on the developmg pods (b)
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Ftgure 3 Ptgeonpea pods damaged by the larvae of
Maruca vitrata

M Vltrata are nocturnal (Usua and Smgh 1979)
The larvae, WhICh are photo-negatIve, emerge
early m the evemng and feed on the plant
throughout the mght In dual-chOIce assays, the
third-mstar larvae preferred pods rather than
flowers or young leaves, and flowers rather
than leaves (Sharma, m press) First-mstar lar
vae showed a strong preference for flowers
over pods and leaves

Extent of losses
Losses m gram yIeld of 20 to 60% due to Maruca
damage m gram legumes have been estImated

by Smgh and Allen (1980) In Bangladesh, pod
borer damage has been estImated to be 544%
durmg harvest m cowpea, but yIeld loss was
<20% (Ohno and Alam 1989) In Nigena, loss m
cowpea gram Yield has been estImated to be
72% m 1985 and 48% m 1986, and the economIC
threshold IS nearly 40% larval mfestatIon m
flowers (Ogunwolu 1990)

In pigeonpea, losses due to M Vltrata have
been estImated to be $US 30 mllhon annually
(ICRISAT 1992) Patel and Smgh (1977) re
ported an average of 1 2 larvae per plant, wmch
caused 10% damage to the frmtmg bodIes, and
the pod damage vaned from 25 to 40%
Vishakantalah and Jagadeesh Babu (1980) ob
served between 9 and 51%mfestatIon at Banga
lore, Karnataka Patnmk et al (1986) reported
82 to 15 9% pod damage, resultmg m 3 7 to
8 9% loss m gram yIeld m Onssa In Sn Lanka,
the pod borer has been reported to cause up to
84% damage m pigeonpea (Dharmasena et al
1992, Dharmasena 1993)

In plants of pigeonpea cultIvar ICPL 88007,
mfested WIth 0, 2, 4, 8, and 16 larvae per plant at
the poddIng stage, there was a progreSSIve m
crease m pod damage With an mcrease m msect
denSIty (Sharma, In press) Pod damage vaned
from 124 to 712% (Table 1) There was no

Table 1 Insect denSity-damage relationships of the legume pod borer, Maruca vltrata, on plgeonpea
(cultlvar ICPL 88007) under greenhouse conditions Queensland Department of Primary Industries
(QDPI), Toowoomba, Australia, 1996

No of No of No of No of No of Gram Vanahon
larvae pods pods Pod flowers pupae YIeld mgram
released per damaged damage dropped recovered per plant yIeld
per plant plant per plant (%) per plant per plant (g) (%)

0 216 228
2 138 16 124 512 02 230 +0881

4 112 30 297 528 12 252 +1053
8 146 82 595 414 50 110 -5175

16 88 60 712 496 54 076 -6667

Mean 140 38 346 390 24 1792 -233
SE ±215 ±117 ±746 ±984 ±121 ±0230 ±123
LSD at 5% t 645 351 2239 295 363 0688 378

1 +, - = Increase (+) or decrease (-) m gram yteld over the nomnfested control plants
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FIgure 4, Eggs lmd by Maruca vltrata females on the under surface of leaves smgly (a), or overlappmg (b)

apparent effect on flower drop wIth an mcrease
m msect densIty WIth 8 larvae per plant, the
loss m gram yteld was estImated as 5175%, and
With 16 larvae per plant It was 66 67%

Bionomics
Eggs are normally deposIted on flower buds
and flowers although OVIposItIon on leaves,
leafaxIls, termmal shoots, and pods has also
been recorded (Taylor 1967) A female lays be
tween 6 and 189 eggs, although 200-300 ova
have been observed per female Eggs are hght
yellow, translucent, and have famt retIculate
sculptunng on the dehcate chonon, and meas
ure 0 65 H 0 45 mm Eggs are usually deposIted
smgly (FIg 4a) or m batches of 2 to 16 (FIg 4b)
Females hve for 4-8 days Eggs hatch m about
fIve days There are fIve larval mstars I lasts for
3 7±0 2 days, II for 3 2±0 14, III for 2 5±0 16, IV
for 2 4±0 IS, and V for 4 5±0 16 days (Das and
Islam 1985) Total larval development IS com
pleted m 8-14 days The larvae are translucent
and shmmg, and have SIX rows of black spots
runmng from thorax to abdomen Because of
the promment black spots on the larva, It IS also
called a spotted caterpIllar The head IS dark
brown The larvae are very active and tend to
fall off the webbed flowers and pods wIth the
shghtest dIsturbance, by spmnmg a sIlken
thread The prepupal penod lasts for two days
Pupation occurs m a SIlken cocoon amongst
webbed leaves/pods or m soIl (FIg 5) The hfe

cycle IS completed m 18 to 35 days (Taylor 1967,
Akmfenwa 1975, Sharma, m press) Adults are
brown to black wIth a whIte patch on the wmgs
(FIg 6) In theIr normal restmg posture, the
moths hold the wmgs m a honzontal posItion,
unlIke other moths whIch rest wIth folded

FIgure 5 Pupa of Maruca vItrata
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Figure 6 Maruca Vltrata adult

wmgs There IS no diapause m thIS msect, and
the populatIons dUrIng the off-season are mam
tamed on wIld hosts such as VIgna trzloba,
Crotalarza spp, or Phaseolus spp (Taylor 1967)

On pigeonpea, egg mcubatIon lasts 3 13
days, the larval stage 12 65 days, prepupal
stage 2 05 days, and pupal stage 8 73 days
(VIshakantalah and Jagadeesh Babu 1980) The
total hfe cycle from egg to adult IS completed m
26 53 days Under laboratory condItIons, eggs
hatch m 3-4 days Larval development IS com-

pleted m 11 to 14 days, and the pupal perIod
lasts for 8 to 11 days The prepupal perIod lasts
for 1 to 2 days (Table 2) The entIre postembry
ornc development IS completed m 21 8 to 22 6
days on pIgeonpea and adzukI bean (Sharma,
m press) Adults begm to lay eggs after a
preovipositIon perIod of 5 days

Jackal et al (1990) observed that four or fIve
rnghts pamng resulted m the hIghest matIng
percentage and OVIposItIon Some males mated
more than once, whIle the majorIty of the
females mated only once A one-to-one ratIo
(10 males 10 females) gave best results for
matIng and OVIposItIon Matmg took place
between 2100 hand 0500 h, when temperatures
ranged between 20° to 25°C and relatIve
humIdIty (RH) over 80% Peak moth actIVIty
has been observed between 0200 and 0300 h

Population dynamics
Peak mfestatIon m NIgerIa has been observed
on early-sown cowpea m Jun-Jul The fIrst gen
eratIon adults on cowpea emerge m Jul, and the
second between Jul and Sep Adults have
been observed m lIght traps m most months,
although the catches are low durmg the off
season PossIbly the msects mIgrate from south
to north, assocIated WIth movements of the
mter-tropical convergence zone, and move
south m Nov-Dec Adults have been caught m

Table 2 Postembryonic development of legume pod borer on plgeonpea and adzukl bean under
laboratory conditions (QDPI, Toowoomba, 1996).

Larval Larval Pupal PostembryonIc Pupal
sUTVlval after penod penod development mass

Genotypes 2 days (%) (days) (days) penod (days) (mg)

Plgeonpea
ICPL 85010 87 114 96 210 0039
ICPL 88007 70 130 77 207 0043
ICPL 88020 77 125 85 210 0046
ICPL90011 70 121 86 207 0040

AdzukJ. bean 60 117 84 202 0039

Mean 73 122 85 207 0041
SE ±72 ±048 ±O 52 ±052 ±O 004

6



lIght traps between 1840 to 0045 h, wIth a peak
between 2000 and 2100 h (Akmfenwa 1975) In
Kenya, the legume pod borer abundance was
low dunng the short-ramy season, but mfesta
tIon was contInuous unless flower and pod pro
ductIon ceased (Okeyo-Owuor et al 1983)
Atachl and Ahohuendo (1989) observed maxI
mum larval densIty 40 days after SOWIng (DAS)
on four cultIvars, and 47 DAS on SIX cultIvars
(4-17 larvae per 20 flowers) m Bemn HIghest
mfestatIon m flowers has been recorded on the
same samplmg date on all cultIvars (20-70%)

PopulatIons of M vztrata have been mom
tored at ICRISAT-Patancheru through lIght
traps (Snvastava et al 1992) (FIg 7) Moth
catches were greatest between 45 to 50 standard
weeks, Ie, from early-Nov to mId-Dec MaxI-

mum numbers of moths were caught dunng
Nov (m standard weeks 46 and 47) Another
peak was recorded m Sep m standard weeks 37
and 38 A thud and smaller peak occurred m
early Feb dunng the 6th standard week The
peaks dunng Nov and Feb comCIded wIth the
flowenng of medmm- and long-duratIon geno
types, whereas the one dunng Sep may have
been from the fIrst generatIon completed on
fohage or early flowenng genotypes or of mI
grant populatIons At Hisar, Haryana, IndIa,
maXImum moth abundance has been observed
dunng 37-43 standard weeks, Ie, from mld
Sep to mId-Oct Akhaun et al (1994) observed
that larval densIty mcreased from mId-Oct to
end-Nov at Dhoh, BIhar, IndIa, on early
flowenng plgeonpeas, and the peak m larval

2

---- Patancheru

'.
f

Hlsar

05

1915117351474339353127

0+-...L..----,r'--"---,---'--------=--,-:..--._-___r--__.__--r-~___r--__.__--'-----._'--___rl......L-__1'_'~~

23

Standard weeks

Figure 7 PopulatlOn dynamzcs of Maruca vltrata at ICRlSAT-Patancheru, Andhra Pradesh, and at Haryana
Agncultural Umverszty, Hzsar, Haryana, Indza (Source Snvastava et al 1992)

7



densIty occurred dunng the last week of Nov In
Sn Lanka, high pod borer densIty has been
observed dunng the maha (mam season) (Dec
Mar) (Fellows et al 1977) Larval population was
hIgh m plgeonpea crops planted m mId-Oct, and
gradually decreased m the crop planted m illld
Nov (Dharmasena et al 1992) High humIdity
and low temperatures expenenced dunng this
penod may be conducIve to the build up of M
vlhata populations on plgeonpea

Alghah (1993a) studIed the effect of
agrometereologrcal factors on population fluc
tuation of M vztrata There were smaller peaks
m crops planted between 5 May and 1 Jun, and
between 24 Jun and 13 Jul, and a larger peak on
crops planted between 24 Aug and 7 Sep These
peaks m general comclded wIth peaks m
ramfall SIgmfIcant relationshIps have been
observed between pod borer counts and cumu
lative ramfall, and number of ramy days be
tween crop emergence to 50% flowermg

Host range
Maruca vltrata IS an Important pest of gram
legumes such as cowpea, pIgeonpea, mung
bean, common bean, soybean, adzukI bean,
groundnut, hyacmth bean, fIeld pea, country
bean, broad bean, kidney bean, and hma bean
(Table 3) It feeds on plant specIes belongrng to
20 genera and SIX famIlIes, the maJonty of
WhICh belong to PapilIonaceae (AkInfenwa
1975) Atachl and DJIhou (1994) recorded a total
of 22 host plants belongrng to Papilionaceae,
Caesalplmaceae (Fabaceae), Mlmosaceae
(Fabaceae), Annonaceae, Malvaceae, EuphorbI
aceae, Rublaceae, and Moraceae The most
frequently recorded food plants were CaJanus
caJan, Vigna unguiculata, Phaseolus lunatus, and
Puerarza phaseololdes WhIle several eggs were
recorded on Crotalarza retusa, only one larva
was recorded mover 1000 samples observed

Host-plant suitability
Larvae fed on V unguiculata showed 0 to 30%
mortahty (Jackal and Smgh 1983), whIle those

8

fed on CaJanus caJan, C amazonas, C saltlana,
and C mucronata suffered 30 to 50% mortalIty
Larvae reared on C retusa, C Juncea, and C
mlse1emenSlS suffered 50 to 100% mortalIty
They suggested that C Juncea could be used as a
possIble trap crop for the pod borer
Ramasubramaman and Sundara Babu (1988,
1989a) studIed the sUItablhty of plgeonpea
(CaJanus caJan), cowpea (Vigna unguiculata
subsp cylmdrzca), and hyacmth bean (Dolzchos
lablab var typiCUS) as hosts for reanng M vltrata
Reanng of the larvae on dIfferent host plants
led to sIgmfIcant dIfferences m duratIOns of
prepupal, pupal, matmg, and preovipositIon
penods and also m fecundIty and percentage
egg hatchablhty In all cases (except the pre
OVIpOSItion penod), pIgeonpea was the most
sUItable host plant More females than males
were produced on all the host plants On cow
pea, there was a sIgmfIcant mcrease m matmg
and preovipositIon penods, and a concomItant
mcrease m fecundity and egg hatchablhty The
calculated growth mdlces were 414 on plgeon
pea, 463 on cowpea, and 517 on hyacmth
bean The number of eggs and percentage
hatchability were greatest when the larvae
were reared on hyacmth bean The larval
penod lasted for 13 32 days on plgeonpea,
13 86 days on cowpea, and 12 90 days on
hyacmth bean Pupae from the larvae reared on
hyacmth bean were the heavIest, but the pupal
penod on thIS host was longest Female moths
from the larvae reared on hyacmth bean had the
longest OVIpOSItion penod, whereas those
reared on cowpea had the shortest preoVIposI
tIon penod Adults emergrng from the msects
reared on hyacmth bean lIved longer than those
reared on other host plants Consldenng the
number of eggs laid, the percentage of eggs
hatched, growth mdex, adult emergence, and
sex ratio, hyacmth bean was IdentifIed as the
most sUItable host for culturmg M vztrata

Oghlakhe et al (1993) reared the legume pod
borer larvae successfully on floral buds, flowers,
and shced pods, but not on stems, termmal
shoots, or mtact pods of cowpea Shced pods
were most sUItable for growth and development,



Table 3 Host range of the legume pod borer, Maruca vitrata

Common name

Cowpea
Green gram
Black gram
Mung bean

Pigeonpea

Hyacmth bean
Country bean
K1dneybean
LIma bean
Adzukr bean
Broad bean
Yard long bean
Fusi-sasage
Long bean
Wmgedbean
Soybean
Groundnut
AfrICan yam bean

Grass pea
Pea

Velvet bean

Pomclana

Sesame

HIbIscus

SClenhftc name

Papllionaceae
VIgna unguIculata
VIgna aureus
VIgna mungo
Vzgna radzata
Vzgna t1 zloba
CaJanus caJan
CaJanus IndlcUS
Dollchos lablab
Lablab purpureus
Phaseolus vulgarzs
Phaseolus lunatus
Phaseolus angularzs
Vlclajaba
VIgna SinenSIS
VIgna vexIllata
VIgna sesquzpedalls
Psophocarpus tetra-gonolobus
Glycine max
ArachIs hypogaea
Sphenostylzs stenocarpa
Glmcldla sepzum
Lathyrus satlvus
PIsum satlvum
Puerarza phaseololdes
Stl201oblum sp
Mucuna sp
Tephrosla candIda
Tephrosza purpurea
Crotalarza Juncea
Crotalarla amazonas
Crotalarza saltlana
Crotalarza mucronata
Crotalarza Incana
Crotalarza retusa
Crotalarza mlserenzensls

Caesalpmlaceae
POInczana sp

Pedaliaceae
Sesamum sp

Malvaceae
HIbISCUS sp

Mlmosaceae
Escelerona
dolabrljormls

Reference

Phelps and Ooshhmzen (1958), Taylor (1967)
Vlsvanathan et al (1983)
Taylor (1978), Das and Islam (1985)
Venkana and Vyas (1985), Das and Islam (1985)
Taylor (1967)
Taylor (1967), Patel and Smgh (1977)
Taylor (1978)
Ramasubramaman and Sundara Babu (1988)
Das and Islam (1985)
ReJesus (1978), Taylor (1978)
Leonard and Mills (1931), Atachl and DJIhou (1994)
Katayama and Suzukr (1984), Passlow (1966)
Slddrg (1992)
SatslJah et al (1986)
OghIakhe et al (1992c)
Ibrahrm (1980)
Taylor (1978)
Das and Islam (1985)
Taylor (1978), Traore (1983)
Taylor (1978)
Taylor (1978)
Das and Islam (1985)
Das and Islam (1985)
Atachl and DJllOU (1994)
Taylor (1978)
Taylor (1978)
Taylor (1978)
Taylor (1978)
Jackal and Smgh (1983)
Jackal and Smgh (1983)
Jackal and Smgh (1983)
Jackal and Smgh (1983)
Jackal and Smgh (1983)
AtachI and DJllOU (1994), Jackal and Smgh (1983)
Jackal and Smgh (1983)

Taylor (1978)

Taylor (1978)

Taylor (1978)

Taylor (1978)
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Table 4 Growth and development of Maruca vltrata on leaves, flowers, and pods of plgeonpea under
laboratory conditions ICRISAT-Patancheru, 1997

Larvae Pupae Adults

Plant Mass Penod Mass Penod LongevIty
part (mg) (days) (mg) (days) (days)

Leaves 95 141 317 80 189

Flowers 175 123 484 72 195

Pods 333 118 540 70 223

Mean 250 121 511 72 192
SE ±o 81 ±O 04 ±129 ±O 05 ±O 06

FIgure 8 OVlposltzonal preference by Maruca vltrata
on dIfferent plant parts of plgeonpea (ICRISAT
Patancheru, 1997)

followed by flowers, and flower buds Devel
opment and survlVal of the larvae were greater
on pods, followed by flowers and leaves of
plgeonpea and cowpea (Table 4) Larvae com
pleted development on cowpea leaves but not
on plgeonpea leaves Larval and pupal penods
were prolonged consIderably when the larvae
were reared on the leaves In another study,
Bhagwat et al (1998) observed that the pod
borer females preferred pigeonpea to cowpea
for OVIposItion MaXImum OVIposItion was
recorded on leaves, followed by tender pods
(24%) on ICPL 87 (FIg 8) Moths reared as
larvae on flowers produced more eggs than
those reared on pods However, hatchmg per
centage was hIgher m eggs laid by females
reared on pods than m those reared on flowers

Swollen pod 3%

Tender pod 24%

Flower 3%

Bud 8%

Stem 12%

Matured pod 2%

Leaf 48%

The smtabilIty of four pigeonpea genotypes
and adzukJ. as hosts of M vltrata has also been
studIed under laboratory and greenhouse
condItions (Sharma, m press) Larval develop
ment was completed m 11 7 days on adzukJ.
bean, and 11 4 to 13 0 days on pigeonpea (Table
2) PostembryonIc development was completed
m 202 days on adzukJ. bean, and 20 7 to 21 0
days on plgeonpea under laboratory condI
tions Under greenhouse condItions, the
postembryonIc development was completed m
22 4 to 22 6 days, and the pupal mass ranged
from 0051 to 0053 g on the ratooned crop
mfested at the flowermg stage In the crop In

fested at the poddmg stage, the postembryonIc
development vaned from 21 8 to 22 6 days, and
the pupal mass from 0 051 to 0 057 g The devel
opment penod was prolonged by 1 4 days and
the pupal weIght was lower by 0 003 g on the
ratooned crop, possIbly because of mcreased
production of secondary plant substances m the
ratooned crop as a result of phySIcal damage

Screening for resistance

Field screening techniques

Infester rows of a susceptible cultIvar planted
two weeks earlIer than the test matenal
mcreased the pod borer abundance for reSIS
tance screenmg under held condItions (JackaI
1982) Infester rows runnIng parallel to the test
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matenal can be uprooted SlX weeks after crop
emergence Keepmg the greenhouse or held
plots mOist also 1mproved the effiClency of
screenmg for res1stance to th1s msect (Smgh and
Jackal 1988) Flower, pod, and seed damage
measurements giVe the most rehable assessment
of pod borer res1stance The larval population
m flowers shows marked dlfferences m mfesta
tion levels between culhvars, and has been
suggested as a means of companng the geno
types Wooley and Evans (1979) suggested that
flower damage and the ratio of gram Yield under
protected and unprotected conditions could also
be used as selechon cntena to evaluate cowpea
genotypes for res1stance to pod borer The per
centage flower and pod mfestation and the total
number of larvae m flowers and the pods were
equally effechve for evaluatmg cowpea reS1S
tance to the pod borer (Valdez 1989)

In Ind1a, mmamum abundance of the legume
pod borer has been observed durmg Oct-Nov
The test matenal should be grouped accordmg
to matunty, and the plantmg times adjusted
such that flowermg and poddmg occur dunng
penods of maXimum abundance of the legume
pod borer Smtable res1stant and susceptible
controls should be mcluded m each group for
vahd compansons M1d-Oct plantings were
smtable to screen p1geonpeas for res1stance to
M vztrata m Sn Lanka (Dharmasena et al 1992)
Sowmg mfester rows of a susceptible cultivar
such as ICPL 87 m the frrst week of Oct has been
found to be effective m mcreasmg Maruca dam
age on the test matenal (Saxena et al 1998)
However, mfester rows d1d not mcrease the pod
borer damage when the plantings were delayed

Greenhouse and laboratory screenmg
techniques

Screenmg under neld cond1tions 1S often d1ffi
cult due to lack of umform mfestation or low
levels of mfestation Because of the staggered
flowermg of p1geonpea cultivars and vanation
m pod borer populahon dens1ty over hme, hnes
flowermg at the begmnmg and end of the crop
pmg season may escape msect damage while

those flowenng m m1d-season are exposed to
heavy mfestations Thus, 1t becomes d1fficult to
select lmes With repeatable res1stance under
neld cond1tions unless the matenal IS tested
over several seasons and locations Also, msect
abundance vanes over space and hme, and thIS
makes 1t d1fficult to compare the results across
seasons and locations Th1S problem can be
aVOided through arhnClal mfestatlOn of the test
plants under neld or greenhouse cond1hons
Mass reanng and mfestation techmques can be
uhhzed to screen for res1stance to thIS msect
under umform msect dens1ty Levels of reS1S
tance to the pod borer are low Therefore,
research efforts should be focussed on the
development of res1stance screenmg techmques
that are suffiClently sens1tive to separate hnes
possessmg small d1fferences m suscephb1hty to
the legume pod borer

A procedure for mass reanng of M vztrata,
Wh1Ch allows production of over 75000 eggs
per month has been developed by Och1eng et
al (1981) Thuty moths should be placed m the
OV1pos1tion cage contammg potted cowpea
plants Fifty larvae are optimum for each reanng
box The larval surv1val declmes sharply above
a dens1ty of 50 larvae per box

Jackal and Raulston (1982, 1988), and
Och1eng and Bungu (1983) attempted reanng of
M vztrata on an amnClal d1et, but the perfor
mance of the laboratory reared msects declmed
after some generations A sem1-synthehc d1et,
composed of soybean and cowpea flour as baSK
mgred1ents, has been developed by Onyango
and Och1eng-Odero (1993) On th1S d1et,
fecund1ty of the females from the larvae reared
on the artinClal d1et mcreased w1th advancmg
generations The pupae from the artinClal d1et
were hghter than those collected from the neld
However, fecund1ty, ferhhty, adult hfe span,
and sex ratio dId not d1ffer between the msects
reared on the artinClal diet and those collected
m the neld from natural hosts On the arhnClal
d1et, adult emergence ranged between 70 and
90% One hter of d1et produced nearly 400
pupae or adults, and a female laid >200 eggs
Atachi and Ahounou (1995a) descnbed another

11



dIet for rearmg M vztrata The blOlogIcal param
eters (mtnnslc rate of mcrease, net reproduchve
rate, hmte rate of mcrease, capacIty for mcrease,
mean length of generahon, mean age of moths
m a cohort at bIrth of female offspnng, sex
raho, and mortahty) of the msects reared on thIS
arhhclal dIet, cowpea, and those collected from
the held were dIfferent (Atacm and Ahounou
1995b) LongeVIty and fecundIty of the msects
were affected when the larvae were fed on 10%
sucrose, glucose, or honey

DabrowskI et al (1983) developed a method
ology to screen cowpea for resIstance to Maruca
under arhhClal mfestahon under greenhouse
condIhons Plant growth stage modlhed the
expresslOn of cowpea resIstance to Maruca The
hve to seven shoots stage (not younger) was
most sUltable for screemng for resIstance m the
preflowenng penod By usmg hve eggs per
plant at the preflowenng stage, It was possIble
to dIfferenhate between the resIstant and sus
cephble hnes The standard error between
plants mfested wIth 10 eggs per plant was lower
than those mfested wIth hve eggs per plant
Therefore, It IS appropnate to use 10 eggs per
plant to screen for resIstance to Maruca Usmg

10 or 20 eggs per plant at flowenng dlfferenh
ated cowpea lmes for resIstance and susceph
bIhty based on larval survIval and damage to
the flower buds, flowers, and pods

Echendu and AkIngbohungbe (1990) em
ployed free-chOIce and no-chOIce tests for
evaluatmg cowpea resIstance to M vztrata
The results confrrmed the levels of resIstance of
dIfferent genotypes observed under held condl
hons In another study, Jackal (1991) used two
resIstance screenmg techmques to evaluate
cowpea hnes for resIstance to M vztrata In the
hrst assay, the dual-chOIce arena test (DeAT)
proVlded a chOIce of two vanehes to the larva
for 72 h A preference hIerarchy representmg
the resIstance rankmg of test vanehes was
obtamed usmg a preference raho The relahve
resIstance of a gIven test hne when compared
WIth eIther the suscephble or resIstant check or
another test hne was determmed usmg a feedmg
mdex In the second assay, the mtact pod test
(IPT) (a no-cholCe test) was conducted m the
greenhouse About 2 weeks were needed to
complete thIS test, but conclUSIve mformahon
on seed damage was obtamed after 72 h of feedIng
exposure The two assays were complementary

Fzgure 9 Ptgeonpea plants at the flowenng (a) and poddmg stages (b), whtch can be mfested wtth 10 eggs or 10
ftrst-mstar larvae for reststance screemng
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Figure 10 WIre-framed cage (dmmeter 40 cm, length 45 cm) to screen for resIstance to the legume pod borer
under umform msect denSIty (a) A Vlew of the plgeonpea genotypes bemg screened for resIstance to the
legume pod borer usmg the cage techmque under greenhouse condltlOns (b)

and proVIded useful information on
antIxenosIS and antibIOSIS components of reSIS
tance, and can therefore be used In sequence

Sharma (In press) descnbed a cage techmque
to screen pIgeonpeas for reSIstance to the pod
borer under greenhouse condItions USing um
form msect pressure at the flowenng (FIg 9a)
and poddmg stages (FIg 9b) of the crop The
plants were Infested With 10 hrst-Instar larvae,
and covered WIth a cloth bag placed around a

wIre-framed cage (dIameter 40 cm, length 45
cm) (FIgs lOa,b) Infested plants were evalu
ated for Insect damage 15 days after releaSing
the Insects inSIde the cages In the crop Infested
at 50% flowenng, the number of pods per plant
ranged from 8 7 In lePL 90011 to 13 3 In lePL
88007, and the msect damaged pods from 4 3 m
lePL 90011 to 83m lePL 88007 (Table 5) Per
centage pod damage and reduction m the num
ber of pods was relatively lower In lePL 90011

Table 5 Relative susceptibility of four pigeonpea genotypes to the legume pod borer, Maruca vltrata,
at the flowering stage (10 larvae per plant In a ratooned crop) QDPI, Toowoomba, Australia, 1996

No of No of No of No of
pods No of flowers No of pods ill flowers In

Gram YIeld (g plant1)per pods per flowers nonmfested nonmfested
Genotype plant damaged plant dropped plants plants Infested Nomnfested

ICPL85010 103 57 57 633 123 300 124 282
ICPL88007 133 83 117 1230 180 290 139 379
ICPL88020 90 63 123 1020 190 93 193 411
ICPL90011 87 43 113 470 123 293 131 271

Mean 103 62 103 838 154 244 146 336
SE ±30 ±27 ±73 ±96 ±28 ±10 0 ±O 56 ±O 79
LSD at 5% t NSI NS NS 334 96 NS NS NS

1 NS = F-test nonslgmfJcant at P< 0 05
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Table 6. Relative susceptibility of plgeonpea and adzukl bean to the legume pod borer, Maruca
vifrafa, at the podding stage under greenhouse conditions (10 larvae per plant) QDPI, Toowoomba,
Australia, 1996.

No of No of No of No of No of
Gram YIeld (g plantl

)
pods pods flowers Flowers podsm flowers m
per damaged at dropped nonmfested nomnfested Non-

Genotype plant per plant 15DAP per plant plants plants Infested mfested

Pigeonpea
ICPL 85010 15 5 0 45 17 0 2 4
ICPL 88007 19 4 5 84 19 2 2 5
ICPL 88020 16 6 2 42 22 40 2 4

AdzukJ. bean 5 3 0 0 6 0 0 3

Mean 136 44 17 426 158 104 18 38
SE ±39 ±11 ±18 ±114 ±38 ±79 ±061 ±O 81
LSD at 5% t 126 NS2 NS 364 120 252 196 NS

1 DAr =Days after mfestahon
2 NS =F-test nonslgmhcant at P < a05

o ICPL85010 o ICPL88007 o ICPL88020 o ICPL 90011
80

70

60

~ 50
l!..-
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Cl
a: 40a:
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SE ±15 2 SE ± 260

-
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- SE ± 22 9 ~

- - -

- 10-
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I
Pod damage

(PO)
Reduction In pods
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Flowering stage - ratoon crop

Reduction In grain yield
(RGY)

Flgure 11 Pod damage (PD%), reduction m number ofpods (RP%), and gram yIeld (RGY%) m four plgeonpea
genotypes mfested with 10 flrst-mstar larvae of Maruca vitrata at flowenng (Queensland Depm tment of
Pnmary Industnes (QDPI), Toowoomba, Australia, 1996)
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compared wIth TCPL 88020 (FIg 11) However,
percentage reductlon m gram YIeld was lowest
m TCPL 88020, followed by TCPL 90011 The
former possIbly has tolerance as one of the com
ponents of resIstance to pod borer damage In
the crop mfested at the poddmg stage, there
were 15 pods per plant m TCPL 85010 compared
wIth 19 pods m ICPL 88007 (Table 6) Percent
age pod damage was 30 to 42% m pigeonpea,
and 60% m adzukI bean Reductlon m gram
YIeld was over 60% m adzukI bean, and 50 to
55% m ICPL 85010 and ICPL 88020, whIle ICPL
88007 showed only 20% reductlon m gram
YIeld (FIg 12) ThIs techmque can be used to
test the matenal under unIform msect pressure

and the genotype response can be studIed both
at the flowenng (FIg 13) and poddmg (FIg 14)
stages ThIS techmque can be used to confIrm
the resIstance observed under fIeld condItIOns,
and also determme the levels of resIstance m
dIfferent sources of resIstance

Sources of resistance
Early-maturmg pIgeonpea vanetles suffer
greater pod borer damage than the late
matunng vanetles such as CC 11 and Berhampur
local (Sahoo and Patnalk 1993) Patnalk et al
(1986) dId not observe any sIgnIfIcant dIffer
ences m the susceptlbility to pod borers of

SE±240

r--

I---

'-----

Reduction In pods
(RP)
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-t 50

>
c:l
IX 40a:
IX
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c.. 30
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D ICPL85010

SE±161

I--

Pod damage
(PD)

D ICPL88007 D ICPL88020 D Adzuklbean

SE±229

Reduction m gram yield
(RGY)

Poddmg stage

FIgure 12 Pod damage (PD%), reductton m numberofpods (RP%), andgram yteld (RGY%) m three ptgeonpea
genotypes and adzukt bean mfested wtth 10 ftrst-mstar larvae of Maruca vltrata at 50% poddmg stage
(QDPI, Toowoomba, Australta, 1996)
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FIgure 13 Legume pod borer damage In plgeonpea
plants Infested wIth flrst-Instar lan'ae at flowering
All the flowers In the Infested plant have been
destroyed by the larvae The plant on the left IS a
nonlnfested control

early-maturmg pigeonpeas However, ICPL 81,
Pusa 33, and H 76-208 had lower mfestatIon
(8 2 to 10 7%) compared With ICPL 1 and ICPL
151 (157 to 159%) Prasad et al (1989a)
reported that Pusa 855 had the lowest pod borer
damage (363%) over two seasons, followed by
Phule T 14 (437%), and ICPL 106 (46%) In
another tnal, MTH 8 suffered low pod borer
damage, and thIS was at par WIth Phule T 17
and MTH 9, BR 65 bemg the most susceptible
(Prasad et al 1989b)

FIgure 14 Reaction of plgeonpea to Maruca vltrata
when Infested at the podding stage The plant on the
left IS a nonlnfested control
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FIgure 15 Plgeonpea lines shOWing resIstant (left)
and susceptIble (rzght) reaction to Maruca vltrata
damage

Under unsprayed condItions, the hIghest
gram Yield has been recorded m MPG 537 (2 261
t ha-1

) Lmes MPG 664, 665, 359, and ICPL 88034
also gave hIgher Yields than the control culhvar
ICPL 2 (Saxena et al 1996) These hnes suffered
10 to 25% Maruca damage under unsprayed
conditions m the precedmg maha season In an
other tnal, ICPL 89038 and MPG 662 recorded
Yields SImIlar to that of ICPL 2, and were less
susceptible to Maruca SImIlarly, ICPL 87115,
ICPL 90037, ICPL 89016, ICPL 85045, and ICPL
86020 also gave hIgh Yields and suffered low
damage ICP 909 and T 21, whIch are compara
tively tolerant to pod fly and pod borer, are also
less susceptible to Maruca

Saxena et al (1998) reported the development
of Maruca-resIstant hnes through pedigree selec
tion m Sn Lanka (FIg 15) DIfferences m larval
numbers and percentage pod damage were not
sigruflcantbetween the test entrIes and the control
culhvars, both under sprayed and unsprayed
conditions (Table 7) However, percentage pod
damage was lower m MPG 537-Ml-2 (13%) as
compared WIth the susceptible control, ICPL 87
(22%) Under unsprayed condItions, the pod
borer-resIstant lInes showed sIgmfIcant Yield
advantage over the control cultIvars Reduction
m gram Yield was nearly 25% m the Maruca
reSIstant culhvars (MPG 537-Ml-2-lB, MPG



Table 7. Larval abundance at pod filling, and percentage pod damage at maturity In plgeonpea
genotypes Maha lIIuppallama, Sri Lanka, 1996/97 rainY season

Larval countsl Pod damage (%)2

Genotype Sprayed Unsprayed Sprayed Unsprayed

Determmate
MPG 537-MI-2-lB 0 15 7 19
MPG 537-MI-2-5B 0 18 4 19
MPG 537-MI-2-M4 0 15 5 18
MPG 537-MI-2-MI3 0 16 6 21
MPG 537-MI-2-MI6 0 16 5 22

ICPL 87 (control) 0 16 5 22

Mean (n == 15) 0 16 6 20
SE (var) ±10 ±14
SE (spray) ±06 ±15
SE (var H spray) ±14 ±14

Nondetermmate
MPG 664-MI-2-M2 4 12 9 19
MPG 664-MI-2-MI3 4 12 12 18
MPG 664-MI-2-M22 4 12 10 19
MPG 664-MI-2-M23 2 12 12 21
MPG 664-MI-2-M27 4 9 12 18

UPAS 120 (control) 3 10 15 20

Mean (n == 15) 4 11 11 19
SE (var) ±14 ±31
SE (spray) ±O6 ±18
SE (var H spray) ±20 ±44

1 Larval count mean of 5 plants
2 Pod damage mean of 10 plants

537-Ml-2-5B, MPG 537-Ml-2-M4, and MPG 537
Ml-2-M16 - determmate types, MPG 664-Ml-2
M2, MPG 664-Ml-2-M13, MPG 664-Ml-2-M22,
and MPG 664-Ml-2-M27 - nondetermmate
types) compared WIth >746% reduchon In

ICPL 87 and 689% In UPAS 120 (Table 8) Culh
vars MPG 537-Ml-2-lB, MPG 664-Ml-2-M2,
and MPG 664-Ml-2-M13 YIelded nearly 2 t ha 1

compared WIth 0 6 t ha-1 of ICPL 87 under
unprotected condItIOns Under protected
condlhons, MPG 537-Ml-2-lB, MPG 537-Ml-2-

M13, MPG 664-M1-M2, MPG 664-M1-M13, and
MPG 664-M1-M23 YIelded more than the con
trol culhvars ICPL 87 and UPAS 120

MPG 537 has shown consIstent supenonty
over the control culhvar, ICPL 87, over three
years of teshng Genotypes MPG 537-(bulk),
MPG 533-Ml-2-M5, ICPL 84023, ICPL 4, MPG
664-Ml-2-M 20, and ICPL 90036 M2(C) have
also shown OVlposlhon nonpreference, reduchon
In larval/pupal mass, and / or reduced fecundIty
under laboratory condIhons
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Table 8. Performance of plgeonpea lines selected for resistance to the legume pod borer, Maruca
vitrata. Maha lIIuppallama, Sri Lanka, 1996/97 ramy season

Days to Days to
Seed YIeld (t ha 1) YIeld loss

Genotype flower1 matunty1 Sprayed Unsprayed (%)

Deternunate
MPG 537-Ml-2-lB 62 109 239 201 159
MPG 537-Ml-2-5B 59 108 207 183 116
MPG 537-Ml-2-M4 60 107 209 186 110
MPG 537-Ml-2-M13 57 107 237 153 354
MPG 537-Ml-2-M16 58 107 209 162 225

ICPL 87 (control) 63 119 236 060 746

Mean (n = 15) 60 108 212 152 283
SE (var) ±14 ±14 ±023
SE (spray) ±008
SE (var~ spray) ±032

Nondetennmate
MPG 664-Ml-2-M2 63 109 241 199 174
MPG 664-Ml-2-M13 65 110 264 219 171
MPG 664-Ml-2-M22 69 111 225 167 258
MPG 664-Ml-2-M23 69 110 290 168 421
MPG 664-Ml-2-M27 67 110 222 192 135

UPAS 120 (control) 66 115 232 070 689

Mean (n = 15) 66 110 250 142
SE (vanetIes) ±15 ±11 ±020
SE (spray) ±O 08
SE (var~ spray) ±029

I Under unsprayed condthons

Mechanisms of resistance
Nonpreference

Females of M vltrata showed OVlposlhon pref
erence for hyacmth bean, followed by cowpea
and plgeonpea (Ramasubramaman and
Sundara Babu 1989b) The maXImum number
of eggs was laId three days after mahng on the
preferred host, whl1e on cowpea and plgeonpea
the hIghest number of eggs was laId on the
fourth day after matmg Greenhouse expen
ments m a chOIce sltuahon have clearly shown
nonpreference for OVlposlhon as a component
of resIstance m cowpea (Madoy et al 1983)
However, Valdez (1989) dId not observe any
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OVlposlhon nonpreference m cowpea culhvars
Nonpreference for larval feedmg has been ob
served by Echendu and Akmgbohungbe (1990)
Attrachon and arrest-stay of frrst-mstar larvae
contnbuted to the resIstance of TVu 946 and
VITA 5 to the legume pod borer (Okech and
Saxena 1990)

Slgmhcant dIfferences m OVlposlhon prefer
ence have been observed under mulh-chOIce
conmhons on dIfferent pigeonpea culhvars
(Table 9) MaxImum egg numbers (108 4) were
laId on ICPL 90011 and the lowest number (0 2)
on cowpea Under no-chOIce condIhons, maXI
mum OVlposlhon was recorded on ICPL 87 and
least on ICPL 90036-MI-2 Genotypes MPG



Table 9 Oviposition preference by Maruca vitrata females on nine pigeonpea genotypes and on
cowpea under laboratory condltlons.ICRISAT-Patancheru, 1997/98

Number of eggs laId per female

Genotype

Pigeonpea
MPG 537 (Bulk)
MPG 537-Ml-2-M5
lCPL 90011
lCPL 84023
lCPL 88034
lCPL4
MPG 664-Ml-2-M20
ICPL 90036-Ml-2(C)
ICPL 87 (susceptible control)

Cowpea

Mean
SE

Multi-chOIce

386
107

1084
227
221
354
384
267
282

29

334
±1582

No choICe

98
34

354
110
58
70

188
08

688

00

161
±1857

537-Ml-2-M5 (nondeternunate), ICPL 84023,
ICPL 84034, and ICPL 90036-Ml-2(C) (deterrm
nate) have shown nonpreference for OVlpOSI
han both under mulh- and no-chOIce
conmhons Trends m genotypIC preference for
OVlposlhon were msslffillar under chOIce- and
no-chOIce conmhons

Antibiosis

Larval survIval m cowpea IS Iowan TVu 946,
and tros has been attnbuted to nutntIOnal and
anhbIOhc factors (Maday et al 1983) Valdez
(1989) observed only a slIght effect of the host
on larval SUrvIval Okech and Saxena (1990)

Table 10 Growth and development of Maruca vitrata on nme short-duration pigeonpea cultlvars
under laboratory conditions ICRISAT-Patancheru, 1997.

Larva Pupa Adult

Mass Penod Mass Penod LongeVIty
Genotype (mg) (days) (mg) (days) (days)

Pigeonpea
MPG 537 (Bulk) 253 121 483 67 187
MPG 537-Ml-2M5 196 125 489 67 188
ICPL90011 189 120 494 70 194
lCPL84023 103 132 431 75 185
lCPL88034 226 124 509 70 194
ICPL4 240 117 544 74 191
MPG 664-MI-2-M20 317 116 522 71 187
lCPL 90036-Ml-2 406 116 569 69 206
ICPL 87 264 116 544 75 191

Cowpea 296 122 509 73 193

Mean 250 121 511 72 192
SE ±226 ±O 11 ±278 ±O 11 ±O 14
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mdicated that antibIOsIs was a component of
resIstance m TVu 946 and VITA 5 stems and
pods HIghest larval weIght gam has been re
corded on TVu 3 and least m CES 15-27 Con
sumption mdex (CI) was hIgher on TVu 1248
and TVu 1 compared With CES 15-27, TVu 161
1-2, TVu 461, TVu 946, TVu 1016-1, and TVu
1499-1

In pigeonpea, larvae reared on ICPL 84023
had lower larval and pupal mass than those
reared on ICPL 90036-MI-2 (Table 10) Moths
emergmg from the larvae reared on ICPL
960036-MI-2 produced the maximum number
of eggs, followed by those reared on ICPL
90011 FecundIty was low when the larvae were
reared on the pods of Maruca-resIstant cultIvar
MPG 537-MI-M5 (Table 11)

There are sIgnIfIcant dIfferences m consump
tion and utilization of flowers by the thrrd
mstar larvae and pods by the fIfth-mstar larvae
Thrrd-mstar larvae consumed 27 0-47 2 mg
food on the flowers, and had growth rates of
1147% on ICPL 88020 to 207 3% on ICPL 85010
(Sharma, m press) (Table 12) The consumption

mdex was greater on ICPL 90011 compared
wIth that on ICPL 88020, ICPL 85010 and ICPL
88007 ApprOXimate dIgestibIlIty was lower on
ICPL 85010 than on ICPL 90011 (FIg 16) Effi
CIency of converSIOn of dIgested food mto body
matter was lower on ICPL 90011 and ICPL
88020 as compared wIth ICPL 85010 and ICPL
88007 The fIfth-mstar larvae consumed be
tween 52 3 and 80 6 mg of food on pods, and
showed growth rates of 30 1 to 41 8% (Table 13)
Food consumption was lowest on ICPL 85010,
and maXImum on ICPL 90011 ApproXImate dI
gestibIlIty was lower on ICPL 85010 compared
With that on ICPL 88020, ICPL 90011, and ICPL
88007 (FIg 17) EffiCiency of converSIOn of m
gested food mto body matter was lowest on
ICPL 90011, followed by that on ICPL 88020,
ICPL 88007, and ICPL 85010

Tolerance

The ability of plants to recover from msect dam
age IS an Important component of resIstance to
msects m crop plants There IS no relatIonsmp

Table 11 Fecundity (number of eggs laid per female) of Maruca vltrata females reared as larvae on
flowers and pods of pigeonpea genotypes under laboratory conditions ICRISAT·Patancheru, 1997.

Flowers Pods

Genotype Eggs Eggs hatched (%) Eggs Eggs hatched (%)

Pigeonpea
MPG 537(Bulk) 768 418 (401)1 318 555 (482)
MPG 537-Ml-2-M5 434 231 (281) 224 352 (327)
ICPL90011 1184 524 (464) 1328 779 (626)
ICPL 84023 952 362 (361) 420 584 (501)
ICPL 88034 996 348 (358) 528 650 (550)
ICPL4 514 376 (363) 582 535 (474)
MPG 664-Ml-2-M20 812 409 (397) 370 602 (510)
ICPL 90036-Ml-2 2302 603 (511) 1890 796 (645)
ICPL87 1006 510 (454) 1164 632 (528)

Cowpea 792 420 (399) 722 765 (624)

Mean 976 42 0 (3989) 755 625 (527)
SE ±2832 ±886 (579) ±2735 ±912 (625)

1 Numbers m parentheses are Arc-sme transformed values
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Table 12 Consumption and utilizatIon of flowers of four pigeonpea genotypes by the thlrd-mstar
larvae of Maruca vitrata (dry mass basIs) QDPI, Toowoomba, Australia, 1996

Mass of Mass of Mass of
food Mass of larvae before larvae after Increase Growth

consumed faeces feedmg feedIng mmass rate
Genotype (mg) (mg) (mg) (mg) (mg) (%)

ICPL 88020 270 92 21 70 49 1147
ICPL 85010 293 132 17 87 70 2073
ICPL 90011 472 105 16 69 53 1734
ICPL 88007 340 161 25 110 85 1739

Mean 344 1223 197 839 64 1673
SE ±578 ±249 ±O 36 ±154 ±12 ±1241
LSD at5% t 2000 863 123 533 NSI 4294

1 NS = F-test nonslgrufJcant at P " 0 05

between Maruca damage and recovery reSIS
tance (Table 8) However, ICPL 88034 and MPG
679, wmch recorded low Maruca damage (10 to
25%), showed excellent recovery Although
larval counts and pod damage were smular on
resIstant and suscephble culhvars, the gram
YIeld was sIgmf1cantly greater m the Maruca
resIstant culhvars than the suscephble ones
(Saxena et al 1998) Tms suggests that some
genotypes recover qUIckly followmg Maruca
damage

Factors associated with
resistance

Plant architecture

InfestatIOn and damage by M vltrata m cowpea
IS mfluenced by plant archItecture Canopy
structure and pod posIhon together or mdepen
dently exert a profound effect on cowpea reSIS
tance to the pod borer Culhvars wIth pods held
WIthm the canopy suffer SIgnIfIcantly greater

Table 13 Food consumptIon, mass of larvae, mcrease m mass, and growth rates of Maruca vltrata
flfth-mstar larvae on the pods of four pigeonpea genotypes (dry mass baSIS) QDPI, Toowoomba,
Australia, 1996.

Mass of Mass of Mass of
food Mass of larvae before larvae after Increase Growth

consumed faeces feedIng feedIng In mass rate
Genotype (mg) (mg) (mg) (mg) (mg) (%)

ICPL 88020 806 364 98 136 38 390
ICPL 85010 627 487 112 159 47 418
ICPL 90011 593 308 67 88 21 301
ICPL 88007 523 309 77 107 30 389

Mean 637 367 886 122 334 374
SE ±619 ±358 ±O 62 ±091 ±O 40 ±426
LSD at 5% t 2141 1238 213 315 137 NSI

1 NS = F-test nonslgrufJcant at P " 0 05
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Table 14 Yield (t ha 1) of Maruca vitrata - resIstant line MPG 537 and the susceptible control, ICPL 87,
under different spray regimes Maha lIIuppallama, Sn Lanka, 1994/96

Supenonty of
No of sprays Season MPG 537 lePL87 MPG 537 (%)

31 1994/95 156 033
1995/96 114 (95)2 081 (109)

Mean 135 057 137

2 1994/95 130 037
1995/96 119 (114) 077 (104)

Mean 125 057 119

0 1994/95 065 006
1995/96 081 (163) 068 (13 5)

Mean 073 037 97

I Recommended prachce
2 Pod damage at mahlnty

damage than the cultivars where the pods are
held m the normal posItion Selection and
breedmg cowpea cultivars wIth less dense foh
age and long peduncles holdmg the reproduc
tive structures above the canopy may mcrease
resIstance to M vltrata (OghIakhe et al 1991a,
Usua and Smgh 1979) A negative relationshIp
has been observed between pod angle and per
centage pod damage, as well as the seed dam
age mdex m two cowpea cultivars (Oghiakhe et
al 1992a) Pods With Wide angles (>89°) were
damaged on one, but rarely on both sIdes The
eventual pod SIze and rate of pod growth ap
peared to be Important factors m cowpea sus
ceptibIhty to the pod borer (Tayo 1988)

Tall and mtermedIate type cultivars
(nondetermmate type) of pigeonpea have
fewer flowers per cluster than shorter cultivars
(determmate type), and a dIsproportionately
lower number of pod borer larvae per 100 flow
ers Genotypes wIth branchmg and loose flower
arrangements were less susceptible to legume
pod borer damage (Fellows et al 1977) Saxena
et al (1996) also observed that nondetermmate
type pigeonpea lmes were less susceptible to
Maruca damage than the determmate types
(FIg 18) The average score of the determmate
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lmes was 7 I, whIle the correspondmg value for
the nondetermmate group was 5 3 ThIS sug
gests that, m general, the determmate hnes hav
mg a clustered mflorescence are more prone to
Maruca damage than the nondetermmate geno
types whIch have long fruIting branches and a
loose mflorescence Lateef and Reed (1981) also
suggested that determmate types suffered
greater pod borer damage than the non
determmate types In the case of cowpea, hnes
havmg clustered pods have been found to be
more susceptible (Usua and Smgh 1979) SImI
larly, pigeonpea genotypes wIth clustered pods
may be more susceptible than genotypes With a
nonclustered poddmg habIt (FIg 19) However,
there was a large vanation for Maruca damage
WIthm each growth type In the determmate
group, only four lmes (MPG 359, 531, 532, and
566) suffered a damage ratmg of <3, whIle m
the nondetermmate group, 12 lmes showed a
damage ratmg of <3 None of the
nondetermmate types showed 100% Maruca
damage On the contrary, 18 determmate types
suffered complete damage In the
nondetermmate group, 56% of the lmes tested
showed <50% damage, while m the determI
nate group, 85% of the hnes had >50% damage
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Figure 18 Determmate (left) and nondetermmate (rIght) growth habit ofplgeonpea genotypes The lmcs with
nondetermmate branchmg habit are less susceptible to Maruca vitrata damage

Therefore, factors other than the flowenng
habIt may also be Important In pigeonpea reSIs
tance to Maruca

AnatomIcal characteristics

AnatomIcal features of the stem and pod wall
were assoCiated With resIstance to M Vltrata In
cowpea (Oghiakhe et al 1991b) The anatomIcal
mIcro-enVIronment of the area ImmedIately
beneath the stem epIdermIs seemed to Impose
severe lIrmtations on larval movement and
feeding Within the tissue Although stem
anatomy was consIdered to be an Important
factor, thIs dId not appear to be the case In pod
wall reSIstance to M vltrata The toughness of
nomntact and Intact pod walls Increased With
age, but the rate vaned at dIfferent growth

stages of the pod as well as between culhvars
(Oghiakhe et al 1992b) Jackal and Oghiakhe
(1989) observed that In two wIld cowpea (Vzgna
vaxlllata) acceSSIOns (TVNu 72 and TVNu 73),
feedmg and development were deterred on the
pods WIth or Without tnchomes compared WIth
the susceptible vanety IT 84E-124 A SImIlar
effect has also been observed on seeds and
flowers Maruca larvae fed and developed
better when the tnchomes were removed The
growth Index was 13x less when the tnchomes
were left Intact both on TVNu 72 and TVNu 73
It appears that the reSIstance of these lInes IS
based on tnchomes and phyto-chemicals ThIck
and compact collenchyma cells In the stems and
fibrous tissues on the petal surface contnbuted
to reSIstance Tnchomes vaned In length and
denSIty, but not In type on dIfferent plant parts
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FIgure 19 Clustered (left) and nonclustered (rtght) poddmg habtt of pIgeonpea Genotypes wIth clustered
poddmg habtt are more susceptIble to Maruca vltrata

(Oghiakhe et al 1992c) Tnchome density de
creased with plant age SigmfIcant correlatIons
have been observed between tnchome density
and pod borer damage, but tnchome length
may be less important than density

In pigeonpea, tnchomes have been shown to
be assoCiated with resistance to H armlgera
(Shanower et al 1996) However, there is no m
formatIon on the role of tnchomes m pigeonpea
m impartmg resistance to M vltrata

Biochemical factors

There are no speCifIc studies on biOchemical
mechamsms of resistance to legume pod borer m
pigeonpea However, the secondary plant sub
stances present m pigeonpea, which affect the
plant sUitability to other msects, are hkely to
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affect the growth and development of M vltrata
Sugar and protem content of illfferent genotypes
may also mfluence the nutntIonal value of
different genotypes for the growth and devel
opment of larvae

Sugar content m the pod walls of cowpea cul
tIvar TVNu 72 was greater than m IT 82D-716,
and phenol content was lower m the pod wall of
TVNu 72, but the reverse was true for fresh and
dry seeds Neither sugars nor phenols seemed to
be mvolved m the resistance of TVNu 72 to M
vltrata (Ogmakhe et al 1993) Phenol concentra
tIon vanes sigmfIcantly between different plant
parts, and generally decreases With an mcrease
m plant age OtIeno et al (1985) mdicated that an
ethyl-acetate soluble fractIon of methanol
extracts of stems of TVu 946 showed greater
feedmg mhibitIon than the extract from leG 1



Components of integrated pest
management

Natural enemies

Several parasItes and predators have been re
corded on M vltrata by Agyen-Sampong (1978),
Barnon et al (1987), Usua and Smgh (1977),
Okeyo-Owuor et al (1991), lCRISAT (1978,
1981), Subasmghe and Fellows (1978), and
Odmdo et al (1989), and summarIZed by
Sharma (1998) ParasItes recorded on larvae/
pupae mclude tachImds [Aplomya metalllca
(WIedemann), Exorzsta xanthaspls (WIedemann),
Palexorzsta solenms (Walker), Pelrbaea orbata
(WIedemann), Zygobothrza atroplVora (Robmeau-
DesvOldy), Zygobothrza cILIata (Wulp),
Thelalrosoma sp, Pseudoperzchaeta laevIs
(Villeneuve), Pseudaperzchaeta sp, and
Thecocarcella mcedens (Rondam)], bracomds
[Apanteles teragamae VIerek, Apanteles sp, BJacon
greem Ashmead, Bracon sp, Braunsla sp,
CardlOchlles phlllppmensls Ashmead, Chelanus sp,
Snellemus mamlae Ashmead, Phanerotoma
handecaslsella Cameron, and Phanerotoma sp],
chalcidids [Antrocephalus sp nr subelongatus
Kohl, Antrocephalus sp, and BJachymerza sp],
euiophids [Nesolynx thymus (Grrault),
Tetrastlchus sesamzae RIsbec, and Tetrastlchus sp],
Ichneumomds [Caenoplmpla arealzs (Cushman),
Charops mgrlta Gupta and Maheswary, Meloborzs
smlCUS (Holmgren), and Metoplus rufus browm
Ashmead], pteromahds [Trzchomalopsls sp],
scehomds [Telenomus sp], mItes [Dmothromblus
sp], nematodes, protozoa [Mettesla sp, Nosema
marucae sp n and Nosema sp], and bactena [Baczl
Ius sp and ClostrIdIum sp]

Predators mclude dermapterans [Dzapera
stlchus erythlOcephala OhVler], manhds [Poly
spzlota sp and Spodromantls sp], carabids
[Chlaemus sp and Clcmdela lacrymosa (Fabn
CIUS)], coccmelhds [Coccmella repanda
(Thunberg), Menochzlus sexmaculatus (FabncIUs),
and Synharmoma octomaculata (FabncIUs)],
anthoconds [Onus tantlllus Motschulsky],
formicids [Camponotus serzceus FabncIUs and

Camponotus rufoglauclls (Jerdon)], vespids
[Ropalldza flavoplcta flavobrunnea van der Vecht],
selenopids [Selenops sp], araneids [Nephzla
maculata (FabncIUs)], oxyopids [01:yopes Javanus
Thorell], salhClds [Evarcha sp, MarpIssa
bengalensls TIkader, and MarpIssa calclltaensls
TIkader], and sparassids [Heteropoda venatorza
(Lmnaeus)]

Okeyo-Owuor and 0100 (1991) carned out
key-factor analysIs of M vltrata populahons m
Kenya The total mortahty from egg to adult
stage was nearly 98 to 99%, and hIghest mortal
Ity occurred between the egg stage and the
third-mstar larvae, whIlst the fourth-mstar lar
vae suffered lowest mortahty The causes of
mortahty were dIsappearance, followed by dIs
ease ParasIhsm contnbuted mmimally to M
vltrata mortahty There was no correlatIOn be
tween populahon denSIty and mortahty at the
same stage (Okeyo-Owuor et al 1991) A pupal
endoparasitoId, Antrocephalus sp, was the pre
dommant natural enemy, whIle Nosema sp and
BaCIllus sp caused the hIghest natural mortahty
ParasitOids and pathogens contnbuted 40 7% to
the total generahon mortahty (K) at SIte 1 and
35 6% at SIte 2 ParasIhsm only contnbuted
33% of the total generatIOn mortahty at SIte 1
and 3 8% at SIte 2 Mortahty due to dIsappear
ance, WhICh also mcluded predahon, accounted
for 594 and 648% of K at the respective SItes
Life table data and survIval curves for the pest
revealed hIgh generahon mortahty (about
98%), most of whIch occurred m the early lIfe
stages of the pest The results suggested a hIgh
potential for utIhzmg blOcontrol agents for the
management of thIS pest

Informahon on the role of vanous natural
enemIes m regulahng the legume pod borer
populahons IS scanty or unavaIlable PublIshed
mformahon mdicates that parasitOid contnbu
hon to the total natural mortalIty IS very low
Pathogens seem to play a major role m the
control of pod borer populations under held
condIhons ThIS area of research needs to be
pursued m future to explOit natural enemIes for
the management of thIS pest
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Cultural practices

Pod borer populations tended to build up over
the season, and the pod borer mfestatIon
mcreased on the late sown crops (Alghah
1993a) Gram yIeld also decreased m late-sown
crops SImultaneous sowmgs of malze and
cowpea mcreased pod borer mfestatIon m cow
pea (Ezueh and Taylor 1984), whereas sowmg
cowpea 12 weeks after maIze reduced the
legume pod borer damage

Pod borer damage m monocrops was greater
than the malze - cowpea - sorghum mter /
mIxed crops (Amoako-Atta and Omolo 1982,
Omolo et al 1993) Pod borer mCldence was Slg
mfIcantly lower m mtercropped, and at hIgher
plant populations than m pure stands, and m
lower plant populations of common bean,
Phaseolus vulgarzs (Karel 1993) Flower and pod
damage was slgmfIcantly lower m an mtercrop
combmatIon of one thIrd bean - two thIrds
malze However, Alghah (1993b), NataraJan et
al (1991), and Patnalk et al (1989) reported no
effect of mtercroppmg on M vltrata damage
Cowpea weeded 2, 3, or 4 times had less flower
mfestatIon by M vltrata than the nonweeded
plots (Ofuya 1989) However, effects of weed
mg frequency on pod damage by M Vltrata are
not consIstent

Chemical control

Effective control of the pod borer on cowpea
has been achIeved wIth endosulfan (apphed at
35 DAS tWIce at weekly mtervals) (Jackal 1983),
one spray of cypermethnn, blphenthnn,
cyhalothnn, and m combmatIon wIth dl
methoate (Amatobl 1994), a mIXture of
cypermethnn + mmethoate usmg an Electrodyn
sprayer (Jackal et al 1987), or two applIcations
of cypermethrm + dlmethoate at 10-day mter
vals (begInmng at bud formation) (Amatobl
1995) Atachl and Sourokou (1989) reported
that a sequence of deltamethnn - dlmethoate 
deltamethnn sprays resulted m the hIghest
gram yIeld (1 37 t ha I) Spray regimes whIch
termmated early offered better protection
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agamst the pod borer, but were madequate for
controllmg sucking msects Calendar-based
sprays resulted m less borer mfestatIon than
when sprays were based on economIC thresh
olds (Afun et al 1991) However, dIfferences m
gram yield between the calendar-based sprays
and those based on economIC thresholds were
not slgmfIcant Crop momtonng reduced the
number of sprays by half compared wIth those
based on calendar schedules

Decamethnn, cypermethrm, and fluvalmate
caused the hIghest mortalIty of the legume pod
borer larvae three days after sprayIng under
laboratory condItions (Bhalam and Prasana
1987) Plots sprayed wIth synthetic pyrethrOlds,
except fenvalerate at 0 01 %, showed least dam
age to the pods at harvest SlgmfIcantly greater
gram yIeld was recorded m plots treated wIth
fluvalmate, followed by those treated wIth
cypermethrm, decamethnn, and fenvalerate at
hIgher dosages Samolo and Patnalk (1986)
reported that of the SIX msectIcides tested,
monocrotophos and endosulfan (0 5 kg a I ha-I )

were most effective, and three applIcations of
endosulfan startmg at flower ImtIatIon (at 20
days mterval) were most effective FolIar applI
cation of cypermethnn (0008%) or dlmethoate
(0 07%) at flowenng or when egg numbers
reached 2 per meter row, and then repeated at
10-15 days mterval proVIded effective protection
agamst M Vltrata (Rahman 1991) Cypermethnn
(75 g a I ha I) sprayed three times, has been
found to be effective agamst pod borers,
followed by decamethnn (12 5 g a I ha I),
fenvalerate (150 g a I ha-I ), and endosulfan (400
g a I ha-I

) (Sontakke and Mlshra 1991) The
latter showed the hIghest cost-benefIt ratio
Sprays of 0 07% tralzophos or endosulfan, and
004% monocrotophos resulted m maXImum
reductIOn m pod borer damage (Sundara Babu
and RaJasekaran 1984) Dust formulations of
phoxlm, endosulfan, and phosalone (4%) also
gave effective control of the legume pod borer
Venkana and Vyas (1985) reported that the least
number of pods were damaged m plots treated
with fenvalerate (0 01 %), endosulfan (0 07%) +
mlraculan (a plant growth stimulant), followed



by those treated wIth fenvalerate (0 01 %),
endosulfan (0 07%) + rruraculan, and mono
crotophos (004%) TillodIcarb (613 ppm) and
ethofenprox (125 ppm) were as effectIve as
methamIdophos (200 ppm) for the control of
legume pod borer on pIgeonpea m Sn Lanka
(Dharmasena 1993) InsectICIde applIcatIon m
creased the gram YIeld by 28% ThIOdIcarb
sprays resulted m maxImum mcrease (43%) m
gram YIeld over two seasons

Four sprays of cypermethrm 0008% (1st
spray at InItIatIon of flowermg, 2nd spray at
50% flowermg, 3rd spray at 100% flowenng,
and 4th spray at 100% pod settIng) were effec
tIve for protectmg the pIgeonpea crop agamst
Maruca (Rahman and Rahman 1988) ThIS
schedule also offered the hIghest benefIt-cost
ratIo (623) Dlmethoate was not as effectIve as
cypermethnn The number of flowers, pods,
and seeds per plant was sIgnIfIcantly greater m
plots treated WIth msectICIdes based on the eco
nOmIC threshold level of 10 larvae per 100 flow
ers (3 msectICIde applIcatIOns) than m the
untreated plots The chfferences m the number
of flowers, pods, and seeds per plant were not
sIgnIfIcant between plots sprayed 3 and 4 tImes
It has been concluded that 10 larvae per 100
flowers can be consIdered as a tentatIve threshold
for M vztrata on pIgeonpea (Dharmasena et al
1992)

Natural/biopesticldes

BacIllus thurmgzensls (Bt) (Karel and Schoon
hoven 1986) and neem seed powder and neem
kernel extract (Smgh et al 1985, Jackal et al
1992) are effectIve agamst legume pod borer
Flower mfestatIon was not mfluenced by 5 and
10% neem leaf extracts m cowpea, except m
1994 (Bottenberg and Smgh 1996) Neem leaf
extract applIed four tImes on Cv 715 resulted m
less pod borer damage than on Cv 941 Neem
applIcatIOn reduced pod damage by 12% m Cv
715, and by 16% m Cv 941 In pIgeonpea, tnals
conducted to assess the utility of Maruca
resIstant cultIvars for managmg tills pest
revealed that pod borer-resIstant lInes can

reduce the number of msectICIde sprays at least
by one under certam condItIons (Table 14)
(Saxena et al 1998)

Conclusions
InformatIon on the bIOlogy of M vztrata has
been generated for cowpea, and to a lImIted
extent for pIgeonpea ComprehensIve mforma
tIon IS needed on the populatIon dynamlCs of
thIS msect, and the factors that lead to rapId
populatIon bUIld up ThIS mformatIOn wIll be
useful to screen for reSIstance under natural
mfestatIon, development of reSIstance screen
mg technIques, and appropnate management
strategIes for controlling thIS pest Such mfor
matIon can be generated through lIght traps,
and sequentIally planted crops A few suscep
tIble and reSIstant cultIvars may be mcluded m
such studIes to quantIfy the role of plant reSIS
tance m mInImIZmg the damage by thIS pest

Some mformatIon IS aVailable on msect
denSItY-YIeld loss relatIOnshIps ThIS WIll be
useful for estImatIng economlC thresholds, the
level of msect mfestatIon needed to screen for
reSIstance, and the deSIrable levels of reSIstance
needed m the commercIal cultIvars to mmlmlze
losses due to tills msect

Screenmg for reSIstance has been carned out
usmg natural mfestatIon, and multI- and no
chOIce tests under greenhouse and laboratory
condItIons Laboratory! greenhouse tests are
useful for confIrmmg the reSIstance observed
under fIeld condItIons Ten eggs per plant are
adequate to screen for reSIstance to thIS msect m
cowpea The larvae can be reared on natural
hosts! art1&Clal dIet m the laboratory Procedures
for mfestatIon and evaluatIon of reSIstance
under fIeld and greenhouse condItIOns should
be standardIZed and adopted across locatIOns
m crop Improvement programs

ConsIderable mformatIon has been generated
on genotypIc resIstance! susceptIbIlIty to M
vltrata m cowpea, whIle such mformatIon on
pIgeonpea and other pulse crops IS scanty
Levels of reSIstance seem to be repeatable
across seasons Important sources of reSIstance
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to other yleld-reducmg traIts should be evalu
ated for resIstance to the pod borer to IdentIfy
hnes wIth multIple resIstance to msects and
other yleld-reducmg factors

Several plant charactenstIcs such as stem
and pod wall thIckness, and poddmg habIt
(clusters versus spread out pods, pod angle,
etc) contnbute to decreased susceptIblhty to
Maruca Some of these charactenstIcs such as
growth habIt, pods exposed above the fohage,
days to complete flowermg, and tIme reqUIred
for pod matunty can be used to select geno
types as pOSSIble candIdates for reSIstance to
Maruca The relatIve contnbutIon of these traIts
should be assessed m a dIverse array of geno
types WIth reSIstance to Maruca ThIS matenal
can also be used to quantIfy the contrIbutIon of
nonpreference, antIbIosIs, and tolerance mecha
msms of reSIstance ThIs will also help to IdentIfy
lmes WIth dIfferent mechamsms of reSIstance,
whIch can be used m the reSIstance breedmg
program to mcrease the levels and dIversIfy the
bases of reSIstance to M vltrata

Several natural enemIes have been reported
on M vztrata Pathogens have been reported to
be most Important as populatIon regulatmg
factors m the fIeld In thIS regard, the usefulness
and effectIveness of BaCillus thurmgzensls,
Nosema, and Aspergzllus may be explored for
mtegrated management of thIS pest

Cultural practIces such as mtercroppmg,
weedmg, tIme of sowmg, denSIty of sowmg,
and prumng have been shown to reduce the
damage by the legume pod borer However, the
results are not conSIstent over seasons or
locatIOns Such studIes should be repeated
mvolvmg large plots, and pOSSIbly mcludmg
genotypes that are less susceptIble to thIs msect

Several msectIcides have been evaluated for
the control of thIS msect Future studIes should
focus on msectICIde apphcatIon based on
economIC thresholds, and tImmg of msectIcide
apphcatIon EmphasIs should also be placed on
usmg the bIOratIonal pestIcIdes for mtegrated
management of thIS msect VarIous control
optIons for mlmmlzmg the losses due to M
vltrata should be tested m farmers' fIelds m
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collaboratIon WIth the NARS and other orgam
zatIons Anetwork of IARCs workIng on Maruca
may be estabhshed to share the mformatIon and
technology for mtegrated management of M
vltrata
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About ICRISAT

The semI-and trOpICS (SAT) encompasses parts of 48 developIng countnes IncludIng most of IndIa,
parts of southeast ASIa, a swathe across sub-Saharan AfrIca, much of southern and eastern Afnca,
and parts of Lahn Amenca Many of these countrIes are among the poorest In the world ApproxI
mately one-sIxth of the world's popuIahon lIves In the SAT, whIch IS typlfred by unpredIctable
weather, lImIted and errahc raInfall, and nutnent-poor SOlIs

ICRISAT's mandate crops are sorghum, pearl mIllet, frnger mIllet, chIckpea, plgeonpea, and
groundnut, these SIX crops are VItal to lIfe for the ever-IncreasIng populahons of the semI-and trop
ICS ICRISAT's mISSIOn IS to conduct research whIch can lead to enhanced sustaInable produchon of
these crops and to Improved management of the lImIted natural resources of the SAT ICRISAT
commurncates Informahon on technologres as they are developed through workshops, networks,
traIrnng, lIbrary serVIces, and publIshIng

ICRISAT was establIshed In 1972 It IS one of 16 nonprofrt research and tralrnng centers funded
through the Consultahve Group on Internahonal Agncultural Research (CGIAR) The CGIAR IS an
Informal assoclahon of approXImately 50 publIc and pnvate sector donors, It IS co-sponsored by the
Food and Agnculture Orgarnzahon of the Urnted Nahons (FAO), the Urnted Nahons Development
Programme (UNDP), the Urnted Nahons EnVIronment Programme (UNEP), and the World Bank


