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Abstract

The legum e pod borer, M aruca (testulalis) vitrata (Geyer) is one o f the m ajor lim itations to increasing 
the production and productivity of grain legum es in the tropics. Bionom ics, host-plant resistance, 
natural enem ies, cultural practices, and chem ical control of the legum e pod borer have been d is
cussed in this bulletin to identify gaps in present know ledge and to help plan future strategies for 
research on this pest on pigeonpea. W hile inform ation is available on bionom ics and host-plant 
resistance in cow pea, such inform ation on pigeonpea and other legum es is lim ited. Several natural 
enem ies have been recorded on M. vitrata, and pathogens such as Bacillus thuringiensis, Nosema, and 
Aspergillus play an im portant role in regulating its populations under field conditions. Cultural 
practices such as intercropping, tim e of sow ing, density of sow ing, and w eeding reduce the pod 
borer damage. Several insecticides have been found to be effective for controlling this insect. There 
is a need to focus future research on standardizing the resistance screening techniques, identifica
tion and utilization of resistance, and integrated pest m anagem ent strategies for sustainable 
agricultural production.

Resume

L eforeu r des gousses: la bionom ique et la lutte. Le foreur des gousses M aruca (testulalis) vitrata (Geyer) 
constitue une des lim itations im portantes a l'augm entation de la production et de la productivity 
des legum ineuses a grain dans les regions tropicales. La bionom ique, la resistance des plantes- 
hotes, les ennem is naturels, les pratiques culturales, ainsi que la lutte chim ique contre le foreur sont 
exposes dans cet ouvrage dans le but d 'identifier les lacunes d 'inform ations, et de perm ettre la 
planification des strategies futures de recherche sur cet insecte ravageur du pois d 'A ngole. Alors 
que des inform ations sont disponibles sur la bionom ique et la resistance des plantes-hotes chez le 
niebe, de telles inform ations sur le pois d 'A ngole et d 'autres legum ineuses sont lim itees. Plusieurs 
ennem is naturels ont ete constates sur M. vitrata. Des agents pathogenes tels Bacillus thuringiensis, 
Nosema et Aspergillus jouent un role im portant dans la reduction des populations du ravageur en 
m ilieu reel. D es pratiques culturales telles la culture associee, le temps de sem is, la densite de sem is 
et le desherbage perm ettent de lim iter les degats dus au foreur des gousses. N om bre d 'insecticides 
ont fait preuve de leur efficacite dans la lutte contre cet insecte. Les travaux de recherche futurs 
doivent mettre l'accent sur la norm alisation des techniques de criblage pour la resistance, 
l'identification et l'utilisation de la resistance, ainsi que sur les strategies de lutte integree contre le 
ravageur dans le but de realiser la production agricole durable.
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Introduction

Pigeonpea, Cajanus cajan (L.) Millsp. is an im por
tant grain legum e in the sem i-arid tropics (SAT) 
in Asia, eastern Africa, and the Caribbean. It is a 
source of protein for millions of people living in 
these regions (Nene et al. 1990). In India, it is 
sown on nearly 4.6 million ha with an annual 
production of 2.5 m illion tonnes. It is generally 
grown on marginal lands with minimal or no 
inputs in the form of fertilizers and pesticides, 
and is usually intercropped with cereal and fi
ber crops. After the harvest of the m ain crop, 
pigeonpea plants are generally left in the field 
to utilize residual moisture and nutrients. 
W ithin 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 grain harvest; the others being 
either totally damaged by insects or other b i
otic and abiotic factors causing a poor retention 
of flowers and pods.

Area and production of pigeonpea in India 
have increased b y  2% per annum  betw een 1970 
and 1990. However, the productivity has only 
increased at a rate of 0.33% annually. C onsider
able progress has been m ade in developing 
high-yielding cultivars, particularly the short- 
duration (<150 days to m aturity) pigeonpeas, 
w hich have considerable potential for increas
ing pigeonpea production as a m onocrop under 
high planting density (Ariyanayagam  and 
Singh 1994). Short-duration pigeonpea can also 
play an im portant role in cropping system s/ 
crop rotations in the traditional rice-w heat 
cropping system  follow ed in the northern 
Indian plains, and in rice or rice-fallow  system s 
of Southeast Asia. The short-duration pigeon
pea cultivars are less sensitive to photoperiod 
and tem perature, and can be adapted in several 
new er environm ents (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 insects, 
diseases, and m oisture stress. Short-duration 
cultivars suffer greater loss than the intermediate- 
and long-duration cultivars due to insect damage

because of shorter grow ing period, and less 
tim e available to the plant to com pensate for 
insect dam age if the m ain flush is heavily 
dam aged. The m edium - and long-duration 
pigeonpeas, although equally susceptible to 
these insects, have enough tim e to produce 
additional flushes in case the early flushes are 
damaged.

Pigeonpea is dam aged by  over 200 species of 
insects w orldw ide (Reed and Lateef 1990); in
sects dam aging the reproductive parts cause 
the m axim um  reduction in grain yield. Pod 
borer [H elicoverpa (Heliothis) arm igera (Hiibner)], 
pod fly (M elanagrom yza obtusa Malloch), legum e 
pod borer or spotted caterpillar [Maruca 
(testulalis) vitrata (Geyer)], plum e moth 
[Exelastis atom osa (Walsingham)], blister beetles 
(M ylabris spp), pod sucking bugs (Clavigralla 
spp), and bruchids (Collasobruchus spp) are the 
most im portant pests of pigeonpea. However, 
the relative im portance of different species 
varies w ith location, season, and tim e of flower
ing of different cultivars.

As flow ering of the short-duration pigeon
pea cultivars occurs during periods of high 
hum idity and m oderate tem peratures in Sep- 
Oct in India, M aruca  has em erged as an 
im portant pest. M aruca vitrata is a serious 
obstacle for introducing pigeonpea into new 
areas/crop p in g  system s, e.g., in Sri Lanka, 
w here hum idity is very high at flowering: its 
control becom es very difficult because of rapid 
increase in its population. Therefore, it is 
im portant to have a critical look at the basic 
inform ation on biology, population dynam ics, 
insect density/yield-loss relationships, artificial 
rearing, resistance screening techniques, 
sources and m echanism s of resistance, the role 
o f biotic and abiotic factors on population 
fluctuations, the effect of cultural practices in 
minimizing the damage, and rational use of insec
ticides for integrated management o f this insect.

Distribution
The legum e pod borer, M. vitrata, is a serious 
pest of grain legum es in the tropics and
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sub-tropics because of its extensive host range, 
and destructiveness. It is w idely distributed in 
Asia, Africa, Australia, and the Americas (Fig. 1). 
Its recorded distribution stretches from the 
Cape Verde Islands in West Africa to Fiji and 
Sam oa in the Pacific, and also includes the West 
Indies and the Am ericas (HE 1996). It is a seri
ous pest of pigeonpea in India (Sharm a 1998), 
Thailand (Buranapanichpan and N apom peth 
1982), Bangladesh (Das and Islam  1985), Sri 
Lanka (Fellow s et al. 1977), and Pakistan 
(Ahm ed et al. 1987). It has also been recorded as 
a pest of pigeonpea in Australia (Sharma, in 
press), eastern Africa (N yiira 1971), and West 
A frica (Taylor 1978).

Nature of damage
The im portance of M. vitrata as a pest on grain 
legum es results from  its early establishm ent on 
the crop. The larvae w eb the leaves and inflo
rescence, and feed inside on flow ers, flower 
buds, and pods. This typical feeding habit pro
tects the larvae from natural enem ies and other 
adverse factors, including insecticides. The 
flow er bud stage is preferred m ost for oviposi- 
tion, and it is at this stage that the young larvae 
cause substantial dam age, and reduce the crop

potential for flow ering and fruit setting. The 
young larvae bore into the flow er buds, and 
cause flow er shedding by destroying the young 
flow er parts enclosed in the sepals. The success
ful establishm ent of this pest at the flow er bud 
stage is significant in relation to subsequent 
dam age, reduction in grain yield, and efficiency 
of control. Young larvae feed on the style, 
stigm a, anther filam ents, and ovary; besides a 
lim ited feeding on the internal com ponents of 
the corolla (Fig. 2a). Little or no feeding has 
been observed on the anthers (Sharma, in press). 
At this stage the dam age is largely internal and 
there is little or no sign of dam age externally. 
Usually m ore than one larva is present in each 
flower. These subsequently disperse to other 
flow ers and flow er buds on the sam e or other 
adjoining peduncles. The larval m ovem ent is 
facilitated by the silken threads, w hich are used 
as bridges betw een flow ers. After initial dis
persal, larval developm ent is com pleted on sev
eral flow ers /p od s. The larvae m ove from one 
flow er to another as they are consum ed, and a 
larva m ay consum e 4 -6  flow ers before larval 
developm ent is com pleted. Third to fifth-instar 
larvae were capable of boring into the pods 
(Fig. 2b), and consum ing the developing grains 
(Fig. 3) (Taylor 1967). The m oths and larvae of

Figure 2.

a

L arvae o f  Maruca vitrata feeding on pigeonpea peta ls  (a), and on the developing pods (b).
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Figure 3. P igeonpea pods dam aged by the larvae o f  
Maruca vitrata.

M. vitrata are nocturnal (Usua and Singh 1979). 
The larvae, w hich are photo-negative, em erge 
early in the evening and feed on the plant 
throughout the night. In dual-choice assays, the 
third-instar larvae preferred pods rather than 
flow ers or young leaves, and flow ers rather 
than leaves (Sharm a, in press). First-instar lar
vae show ed a strong preference for flow ers 
over pods and leaves.

Extent of losses
Losses in grain yield of 20 to 60% due to M aruca 
dam age in grain legum es have been estim ated

by Singh and Allen (1980). In Bangladesh, pod 
borer dam age has been estim ated to be 54.4% 
during harvest in cow pea, but yield loss w as 
<20%  (Ohno and Alam 1989). In Nigeria, loss in 
cow pea grain yield has been estim ated to be 
72% in 1985 and 48% in 1986, and the econom ic 
threshold is nearly 40% larval infestation in 
flow ers (Ogunwolu 1990).

In pigeonpea, losses due to M. vitrata  have 
been estim ated to be $U S 30 m illion annually 
(ICRISAT 1992). Patel and Singh (1977) re
ported an average of 1.2 larvae per plant, which 
caused 10% dam age to the fruiting bodies, and 
the pod dam age varied from 25 to 40%. 
Vishakantaiah and Jagadeesh Babu (1980) ob
served betw een 9 and 51% infestation at Banga
lore, Karnataka. Patnaik et al. (1986) reported 
8.2 to 15.9% pod dam age, resulting in 3.7 to 
8.9% loss in grain yield in Orissa. In Sri Lanka, 
the pod borer has been reported to cause up to 
84% dam age in pigeonpea (D harm asena et al.
1992, D harm asena 1993).

In plants of pigeonpea cultivar ICPL 88007, 
infested w ith 0 ,2 ,4 ,8 ,  and 16 larvae per plant at 
the podding stage, there w as a progressive in 
crease in pod dam age w ith an increase in insect 
density (Sharm a, in press). Pod dam age varied 
from 12.4 to 71.2% (Table 1). There w as no

Table 1. Insect density-damage relationships of the legume pod borer, Maruca vitrata, on pigeonpea 
(cultivar ICPL 88007) under greenhouse conditions. Queensland Department of Primary Industries 
(QDPI), Toowoomba, Australia, 1996.

No. of 
larvae 
released 
per plant

No. of 
pods 
per 

plant

No. of 
pods 

damaged 
per plant

Pod
damage

(%)

No. of 
flowers 

dropped 
per plant

No. of 
pupae 

recovered 
per plant

Grain 
yield 

per plant
(g)

Variation 
in grain 

yield
(%)

0 21.6 _ _ — - 2.28 -

2 13.8 1.6 12.4 51.2 0.2 2.30 +0.881
4 11.2 3.0 29.7 52.8 1.2 2.52 +10.53
8 14.6 8.2 59.5 41.4 5.0 1.10 -51.75

16 8.8 6.0 71.2 49.6 5.4 0.76 -66.67

Mean 14.0 3.8 34.6 39.0 2.4 1.792 -23.3
SE ±2.15 ±1.17 ±7.46 ±9.84 ±1.21 ±0.230 ±12.3
LSD at 5% t 6.45 3.51 22.39 29.5 3.63 0.688 37.8

1.+, -  =  Increase (+ ) or decrease (-) in grain yield over the noninfested control plants.
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Figure 4. Eggs laid  by Maruca vitrata fem ales on the under surface o f  leaves singly (a), o r  overlapping (b).

apparent effect on flow er drop w ith an increase 
in insect density. W ith 8 larvae per plant, the 
loss in grain yield was estim ated as 51.75%, and 
with 16 larvae per plant it w as 66.67%.

Bionomics
Eggs are norm ally deposited on flow er buds 
and flow ers although oviposition on leaves, 
leaf axils, term inal shoots, and pods has also 
been recorded (Taylor 1967). A female lays be
tw een 6 and 189 eggs, although 200-300  ova 
have been observed per fem ale. Eggs are light 
yellow, translucent, and have faint reticulate 
sculpturing on the delicate chorion, and m eas
ure 0.65 <-> 0.45 mm. Eggs are usually deposited 
singly (Fig. 4a) or in batches of 2 to 16 (Fig. 4b). 
Fem ales live for 4 -8  days. Eggs hatch in about 
five days. There are five larval instars: I lasts for 
3 .7±0.2 days, II for 3.2+0.14, III for 2 .5±0.16, IV 
for 2.4±0.15, and V for 4.5±0.16 days (Das and 
Islam  1985). Total larval developm ent is com 
pleted in 8 -1 4  days. The larvae are translucent 
and shining, and have six row s of b lack spots 
running from  thorax to abdom en. Because of 
the prom inent b lack 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 flow ers and pods with the 
slightest disturbance, by spinning a silken 
thread. The prepupal period lasts for two days. 
Pupation occurs in a silken cocoon am ongst 
w ebbed leav es/p od s or in soil (Fig. 5). The life

cycle is com pleted in 18 to 35 days (Taylor 1967, 
Akinfenwa 1975, Sharm a, in press). Adults are 
brown to black w ith a w hite patch on the wings 
(Fig. 6). In their norm al resting posture, the 
m oths hold the w ings in a horizontal position, 
unlike other m oths w hich rest with folded

Figure 5. Pupa o f  Maruca vitrata.
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pleted in 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 postem bry- 
onic developm ent is com pleted in 21.8 to 22.6 
days on pigeonpea and adzuki bean (Sharm a, 
in press). Adults begin to lay eggs after a 
preoviposition period of 5 days.

Jackai et al. (1990) observed that four or five 
nights pairing resulted in the highest m ating 
percentage and oviposition. Som e m ales mated 
more than once; w hile the m ajority of the 
fem ales m ated only once. A one-to-one ratio 
(10 m ales : 10 fem ales) gave best results for 
m ating and oviposition. M ating took place 
betw een 2100 h and 0500 h, when tem peratures 
ranged betw een 20° to 25°C and relative 
hum idity (RH) over 80%. Peak moth activity 
has been observed betw een 0200 and 0300 h.

Population dynamics
Peak infestation in Nigeria has been observed 
on early-sow n cow pea in Ju n -Ju l. The first gen
eration adults on cow pea em erge in Jul, and the 
second betw een Jul and Sep. Adults have 
been observed in light traps in m ost m onths, 
although the catches are low  during the off
season. Possibly the insects m igrate from south 
to north, associated w ith m ovem ents of the 
inter-tropical convergence zone, and m ove 
south in N ov-D ee. Adults have been caught in

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

Larval Larval 
survival after period 

Genotypes 2 days (%) (days)

Pupal
period
(days)

Postembryonic 
development 
period (days)

Pupal
mass
(mg)

Pigeonpea
ICPL 85010 87 11.4 9.6 21.0 0.039
ICPL 88007 70 13.0 7.7 20.7 0.043
ICPL 88020 77 12.5 8.5 21.0 0.046
ICPL 90011 70 12.1 8.6 20.7 0.040

Adzuki bean 60 11.7 8.4 20.2 0.039

Mean 73 12.2 8.5 20.7 0.041
SE +7.2 +0.48 ±0.52 ±0.52 ±0.004

Figure 6. Maruca vitrata adult.

wings. There is no diapause in this insect, and 
the populations during the off-season are m ain
tained on w ild hosts such as Vigna triloba, 
Crotalaria spp, or Phaseolus spp (Taylor 1967).

On pigeonpea, egg  incubation lasts 3.13 
days, the larval stage 12.65 days, prepupal 
stage 2.05 days, and pupal stage 8.73 days 
(Vishakantaiah and Jagadeesh Babu 1980). The 
total life cycle from egg to adult is com pleted in 
26.53 days. U nder laboratory conditions, eggs 
hatch in 3 -4  days. Larval developm ent is com 
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light traps betw een 1840 to 0045 h, with a peak 
betw een 2000 and 2100 h (Akinfenw a 1975). In 
Kenya, the legum e pod borer abundance was 
low during the short-rainy season, but infesta
tion w as continuous unless flow er and pod pro
duction ceased (Okeyo-O w uor et al. 1983). 
Atachi and A hohuendo (1989) observed m axi
mum  larval density 40 days after sow ing (DAS) 
on four cultivars, and 47 D A S on six cultivars 
(4 -17  larvae per 20 flow ers) in Benin. Highest 
infestation in flow ers has been recorded on the 
sam e sam pling date on all cultivars (20-70% ).

Populations of M. vitrata have been m oni
tored at ICRISAT-Patancheru through light 
traps (Srivastava et al. 1992) (Fig. 7). M oth 
catches were greatest betw een 45 to 50 standard 
weeks, i.e., from early-N ov to m id-D ec. M axi

m um  num bers of m oths w ere caught during 
N ov (in standard w eeks 46 and 47). Another 
peak w as recorded in Sep in standard w eeks 37 
and 38. A third and sm aller peak occurred in 
early Feb during the 6th standard week. The 
peaks during N ov and Feb coincided with the 
flow ering of m edium - and long-duration geno
types, w hereas the one during Sep m ay have 
been from  the first generation com pleted on 
foliage or early flow ering genotypes or of m i
grant populations. At Hisar, Haryana, India, 
m axim um  moth abundance has been observed 
during 3 7 -43  standard w eeks, i.e., from mid- 
Sep to m id-Oct. Akhauri et al. (1994) observed 
that larval density increased from m id-O ct to 
end-N ov at D holi, Bihar, India, on early- 
flow ering pigeonpeas, and the peak in larval

Standard weeks

Figure 7. P opulation  dynam ics o f  Maruca vitrata a t  ICRISAT-Patancheru, Andhra Pradesh, and a t  Haryana 
Agricultural University, Hisar, Haryana, India (Source: Srivastava e t  al. 1992).
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density occurred during the last w eek of Nov. In 
Sri Lanka, high pod borer density has been 
observed during the maha (main season) (D ec- 
Mar) (Fellows et al. 1977). Larval population was 
high in pigeonpea crops planted in mid-Oct, and 
gradually decreased in the crop planted in mid- 
Nov (Dharmasena et al. 1992). High humidity 
and low temperatures experienced during this 
period may be conducive to the build up of M. 
vitrata populations on pigeonpea.

Alghali (1993a) studied the effect of 
agrom etereological factors on population fluc
tuation of M. vitrata. There w ere sm aller peaks 
in crops planted betw een 5 M ay and 1 Jun, and 
betw een 24 Jun  and 13 Jul, and a larger peak on 
crops planted betw een 24 Aug and 7 Sep. These 
peaks in general coincided with peaks in 
rainfall. Significant relationships have been 
observed betw een pod borer counts and cum u
lative rainfall, and num ber of rainy days be
tw een crop em ergence to 50% flowering.

Host range
M aruca vitrata is an im portant pest of grain 
legum es such as cow pea, pigeonpea, mung 
bean, com m on bean, soybean, adzuki bean, 
groundnut, hyacinth bean, field pea, country 
bean, broad bean, kidney bean, and lim a bean 
(Table 3). It feeds on plant species belonging to 
20 genera and six fam ilies, the m ajority of 
w hich belong to Papilionaceae (Akinfenw a 
1975). Atachi and Djihou (1994) recorded a total 
o f 22 host plants belonging to Papilionaceae, 
C aesalpiniaceae (Fabaceae), M im osaceae 
(Fabaceae), A nnonaceae, M alvaceae, Euphorbi- 
aceae, Rubiaceae, and M oraceae. The m ost 
frequently recorded food plants w ere Cajanus 
cajan, Vigna unguiculata, Phaseolus lunatus, and 
Pueraria phaseoloides. W hile several eggs were 
recorded on Crotalaria retusa, only one larva 
w as recorded in over 1000 sam ples observed.

Host-plant suitability
Larvae fed on V! unguiculata show ed 0 to 30% 
m ortality (Jackai and Singh 1983), while those

fed on Cajanus cajan, C. am azonas, C. saltiana, 
and C. mucronata suffered 30 to 50% mortality. 
Larvae reared on C. retusa, C. juncea, and C. 
misereniensis suffered 50 to 100% mortality. 
They suggested that C. juncea  could be used as a 
possible trap crop for the pod borer. 
Ram asubram anian and Sundara Babu (1988, 
1989a) studied the suitability of pigeonpea 
(Cajanus cajan), cow pea (Vigna unguiculata 
subsp cylindrica), and hyacinth bean (Dolichos 
lablab  var typicus) as hosts for rearing M. vitrata. 
Rearing of the larvae on different host plants 
led to significant differences in durations of 
prepupal, pupal, m ating, and preoviposition 
periods and also in fecundity and percentage 
egg hatchability. In all cases (except the pre
oviposition period), pigeonpea w as the m ost 
suitable host plant. M ore fem ales than m ales 
were produced on all the host plants. On cow 
pea, there w as a significant increase in m ating 
and preoviposition periods, and a concom itant 
increase in fecundity and egg hatchability. The 
calculated growth indices w ere 4.14 on pigeon
pea, 4.63 on cow pea, and 5.17 on hyacinth 
bean. The num ber of eggs and percentage 
hatchability were greatest w hen the larvae 
were reared on hyacinth bean. The larval 
period lasted for 13.32 days on pigeonpea, 
13.86 days on cow pea, and 12.90 days on 
hyacinth bean. Pupae from the larvae reared on 
hyacinth bean were the heaviest, but the pupal 
period on this host w as longest. Fem ale m oths 
from the larvae reared on hyacinth bean had the 
longest oviposition period, w hereas those 
reared on cow pea had the shortest preoviposi
tion period. Adults em erging from  the insects 
reared on hyacinth bean lived longer than those 
reared on other host plants. C onsidering the 
num ber of eggs laid, the percentage of eggs 
hatched, growth index, adult em ergence, and 
sex ratio, hyacinth bean w as identified as the 
m ost suitable host for culturing M. vitrata.

Oghiakhe et al. (1993) reared the legum e pod 
borer larvae successfully on floral buds, flowers, 
and sliced pods, but not on stem s, term inal 
shoots, or intact pods of cow pea. Sliced pods 
were m ost suitable for growth and development,



Table 3. Host range of the legum e pod borer, M aruca vitrata.

Common name Scientific name Reference

Papilionaceae
Cowpea Vigna unguiculata
Green gram Vigna aureus
Black gram Vigna mungo
Mung bean Vigna radiata

Vigna triloba
Pigeonpea Cajanus cajan

Cajanus indicus
Hyacinth bean Dolichos lablab
Country bean Lablab purpureus
Kidney bean Phaseolus vulgaris
Lima bean Phaseolus lunatus
Adzuki bean Phaseolus angularis
Broad bean Viciafaba
Yard long bean Vigna sinensis
Fusi-sasage Vigna vexillata
Long bean Vigna sesquipedalis
Winged bean Psophocarpus tetra-gonolobus
Soybean Glycine max
Groundnut Arachis hypogaea
African yam bean Sphenostylis stenocarpa

Gliricidia sepium
Grass pea Lathyrus sativus
Pea Pisutn sativum

Pueraria phaseoloides 
Stizolobium sp

Velvet bean Mucuna sp 
Tephrosia Candida 
Tephrosia purpurea 
Crotalaria juncea 
Crotalaria amazonas 
Crotalaria saltiana 
Crotalaria mucronata 
Crotalaria incana 
Crotalaria retusa 
Crotalaria misereniensis

Caesalpiniaceae
Poinciana Poinciana sp 

Pedaliaceae
Sesame Sesamum sp 

Malvaceae
Hibiscus Hibiscus sp

Mimosaceae
Escelerona
dolabriformis

Phelps and Oostihuizen (1958), Taylor (1967) 
Visvanathan et al. (1983)
Taylor (1978), Das and Islam (1985)
Venkaria and Vyas (1985), Das and Islam (1985) 
Taylor (1967)
Taylor (1967), Patel and Singh (1977)
Taylor (1978)
Ramasubramanian and Sundara Babu (1988)
Das and Islam (1985)
Rejesus (1978), Taylor (1978)
Leonard and Mills (1931), Atachi and Djihou (1994) 
Katayama and Suzuki (1984), Passlow (1966) 
Siddig (1992)
Satsijati et al. (1986)
Oghiakhe et al. (1992c)
Ibrahim (1980)
Taylor (1978)
Das and Islam (1985)
Taylor (1978), Traore (1983)
Taylor (1978)
Taylor (1978)
Das and Islam (1985)
Das and Islam (1985)
Atachi and Djihou (1994)
Taylor (1978)
Taylor (1978)
Taylor (1978)
Taylor (1978) 
lackai and Singh (1983) 
lackai and Singh (1983) 
lackai and Singh (1983) 
lackai and Singh (1983)
Jackai and Singh (1983)
Atachi and Djihou (1994), Jackai and Singh (1983) 
Jackai and Singh (1983)

Taylor (1978)

Taylor (1978)

Taylor (1978)

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

Plant
part

Larvae Pupae Adults

Mass
(mg)

Period
(days)

Mass
(mg)

Period
(days)

Longevity
(days)

Leaves 9.5 14.1 31.7 8.0 18.9

Flowers 17.5 12.3 48.4 7.2 19.5

Pods 33.3 11.8 54.0 7.0 22.3

Mean 25.0 12.1 51.1 7.2 19.2
SE ±0.81 ±0.04 ±1.29 ±0.05 ±0.06

follow ed by flow ers, and flow er buds. D evel
opm ent and survival of the larvae were greater 
on pods, follow ed by flow ers and leaves of 
pigeonpea and cow pea (Table 4). Larvae com 
pleted developm ent on cow pea leaves bu t not 
on pigeonpea leaves. Larval and pupal periods 
were prolonged considerably w hen the larvae 
w ere reared on the leaves. In another study, 
Bhagw at et al. (1998) observed that the pod 
borer fem ales preferred pigeonpea to cow pea 
for oviposition. M axim um  oviposition was 
recorded on leaves, follow ed by tender pods 
(24%) on ICPL 87 (Fig. 8). M oths reared as 
larvae on flow ers produced more eggs than 
those reared on pods. However, hatching per
centage was higher in eggs laid by fem ales 
reared on pods than in those reared on flowers.

Swollen pod 3% Matured pod 2%

Figure 8. O vipositional preference by  Maruca vitrata 
on different plant parts o f  pigeonpea (ICRISAT- 
Patancheru, 1997).
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The suitability of four pigeonpea genotypes 
and adzuki as hosts of M. vitrata has also been 
studied under laboratory and greenhouse 
conditions (Sharma, in press). Larval develop
m ent w as com pleted in 11.7 days on adzuki 
bean, and 11.4 to 13.0 days on pigeonpea (Table 
2). Postem bryonic developm ent was com pleted 
in 20.2 days on adzuki bean, and 20.7 to 21.0 
days on pigeonpea under laboratory condi
tions. Under greenhouse conditions, the 
postem bryonic developm ent w as com pleted in 
22.4 to 22.6 days, and the pupal m ass ranged 
from 0.051 to 0.053 g on the ratooned crop 
infested at the flow ering stage. In the crop in
fested at the podding stage, the postem bryonic 
developm ent varied from 21.8 to 22.6 days, and 
the pupal mass from 0.051 to 0.057 g. The devel
opm ent period w as prolonged by 1.4 days and 
the pupal w eight was low er by 0.003 g on the 
ratooned crop, possibly because of increased 
production of secondary plant substances in the 
ratooned crop as a result of physical damage.

Screening for resistance

Field screening techniques

Infester row s of a susceptible cultivar planted 
two w eeks earlier than the test m aterial 
increased the pod borer abundance for resis
tance screening under field conditions (Jackai 
1982). Infester rows running parallel to the test



m aterial can be uprooted six w eeks after crop 
em ergence. Keeping the greenhouse or field 
plots m oist also im proved the efficiency of 
screening for resistance to this insect (Singh and 
Jackai 1988). Flower, pod, and seed damage 
measurements give the m ost reliable assessment 
of pod borer resistance. The larval population 
in flow ers show s m arked differences in infesta
tion levels betw een cultivars, and has been 
suggested as a m eans of com paring the geno
types. W ooley and Evans (1979) suggested that 
flower damage and the ratio of grain yield under 
protected and unprotected conditions could also 
be used as selection criteria to evaluate cowpea 
genotypes for resistance to pod borer. The per
centage flower and pod infestation and the total 
num ber of larvae in flow ers and the pods were 
equally effective for evaluating cow pea resis
tance to the pod borer (Valdez 1989).

In India, m axim um  abundance of the legum e 
pod borer has been observed during O ct-Nov. 
The test m aterial should be grouped according 
to maturity, and the planting tim es adjusted 
such that flow ering and podding occur during 
periods of m axim um  abundance of the legum e 
pod borer. Suitable resistant and susceptible 
controls should be included in each group for 
valid com parisons. M id-Oct plantings were 
suitable to screen pigeonpeas for resistance to 
M. vitrata in Sri Lanka (Dharm asena et al. 1992). 
Sow ing infester row s of a susceptible cultivar 
such as ICPL 87 in the first w eek of Oct has been 
found to be effective in increasing M aruca dam 
age on the test m aterial (Saxena et al. 1998). 
However, infester rows did not increase the pod 
borer damage w hen the plantings were delayed.

Greenhouse and laboratory screening 
techniques

Screening under field conditions is often diffi
cult due to lack of uniform  infestation or low 
levels of infestation. Because of the staggered 
flow ering of pigeonpea cultivars and variation 
in pod borer population density over time, lines 
flow ering at the beginning and end of the crop
ping season m ay escape insect dam age while

those flow ering in m id-season are exposed to 
heavy infestations. Thus, it becom es difficult to 
select lines w ith repeatable resistance under 
field conditions unless the m aterial is tested 
over several seasons and locations. Also, insect 
abundance varies over space and tim e, and this 
m akes it difficult to com pare the results across 
seasons and locations. This problem  can be 
avoided through artificial infestation of the test 
plants under field or greenhouse conditions. 
M ass rearing and infestation techniques can be 
utilized to screen for resistance to this insect 
under uniform  insect density. Levels of resis
tance to the pod borer are low. Therefore, 
research efforts should be focussed on the 
developm ent of resistance screening techniques 
that are sufficiently sensitive to separate lines 
possessing sm all differences in susceptibility to 
the legum e pod borer.

A procedure for m ass rearing of M. vitrata, 
w hich allow s production of over 75 000 eggs 
per m onth has been developed by O chieng et 
al. (1981). Thirty m oths should be placed in the 
oviposition cage containing potted cowpea 
plants. Fifty larvae are optim um  for each rearing 
box. The larval survival declines sharply above 
a density of 50 larvae per box.

Jackai and Raulston (1982, 1988), and 
O chieng and Bungu (1983) attem pted rearing of 
M. vitrata on an artificial diet, but the perfor
m ance of the laboratory reared insects declined 
after som e generations. A sem i-synthetic diet, 
com posed of soybean and cow pea flour as basic 
ingredients, has been developed by  Onyango 
and O chieng-O dero (1993). On this diet, 
fecundity of the fem ales from the larvae reared 
on the artificial diet increased w ith advancing 
generations. The pupae from the artificial diet 
w ere lighter than those collected from the field. 
However, fecundity, fertility, adult life span, 
and sex ratio did not differ betw een the insects 
reared on the artificial diet and those collected 
in the field from  natural hosts. On the artificial 
diet, adult em ergence ranged betw een 70 and 
90%. One liter of diet produced nearly 400 
pupae or adults, and a fem ale laid >200 eggs. 
Atachi and Ahounou (1995a) described another

11



diet for rearing M  vitrata. The biological param 
eters (intrinsic rate of increase, net reproductive 
rate, finite rate of increase, capacity for increase, 
mean length of generation, m ean age of moths 
in a cohort at birth of fem ale offspring, sex- 
ratio, and m ortality) of the insects reared on this 
artificial diet, cowpea, and those collected from 
the field were different (Atachi and Ahounou 
1995b). Longevity and fecundity of the insects 
were affected when the larvae were fed on 10% 
sucrose, glucose, or honey.

Dabrowski et al. (1983) developed a m ethod
ology to screen cow pea for resistance to Maruca 
under artificial infestation under greenhouse 
conditions. Plant growth stage m odified the 
expression of cow pea resistance to M aruca. The 
five to seven shoots stage (not younger) was 
m ost suitable for screening for resistance in the 
preflow ering period. By using five eggs per 
plant at the preflow ering stage, it w as possible 
to differentiate betw een the resistant and sus
ceptible lines. The standard error betw een 
plants infested with 10 eggs per plant was lower 
than those infested w ith five eggs per plant. 
Therefore, it is appropriate to use 10 eggs per 
plant to screen for resistance to M aruca. Using

10 or 20 eggs per plant at flow ering differenti
ated cowpea lines for resistance and suscepti
bility based on larval survival and dam age to 
the flow er buds, flow ers, and pods.

Echendu and A kingbohungbe (1990) em 
ployed free-choice and no-choice tests for 
evaluating cow pea resistance to M. vitrata. 
The results confirm ed the levels of resistance of 
different genotypes observed under field condi
tions. In another study, Jackai (1991) used two 
resistance screening techniques to evaluate 
cow pea lines for resistance to M. vitrata. In the 
first assay, the dual-choice arena test (DCAT) 
provided a choice of two varieties to the larva 
for 72 h. A preference hierarchy representing 
the resistance ranking of test varieties was 
obtained using a preference ratio. The relative 
resistance of a given test line when com pared 
w ith either the susceptible or resistant check or 
another test line was determ ined using a feeding 
index. In the second assay, the intact pod test 
(IPT) (a no-choice test) w as conducted in the 
greenhouse. About 2 w eeks were needed to 
com plete this test, but conclusive inform ation 
on seed damage was obtained after 72 h of feeding 
exposure. The two assays were complementary

Figure 9. Pigeonpea plants a t  the flow ering (a) and podding stages (h), ivhich can be in fested w ith 10 eggs o r  10 
first-in star larvae fo r  resistance screening.
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Figure 10. W ire-framed cage (diam eter 40 cm, length 45 cm) to screen fo r  resistance to  the legume p od  borer 
under uniform insect density (a). A view  o f  the pigeonpea genotypes being screened fo r  resistance to the 
legume p od  borer using the cage technique under greenhouse conditions (b).

and provided useful inform ation on 
antixenosis and antibiosis com ponents of resis
tance, and can therefore be used in sequence.

Sharm a (in press) described a cage technique 
to screen pigeonpeas for resistance to the pod 
borer under greenhouse conditions using uni
form  insect pressure at the flow ering (Fig. 9a) 
and podding stages (Fig. 9b) of the crop. The 
plants w ere infested w ith 10 first-instar larvae, 
and covered with a cloth bag  placed around a

w ire-fram ed cage (diam eter 40 cm , length 45 
cm) (Figs. 10a,b). Infested plants were evalu
ated for insect dam age 15 days after releasing 
the insects inside the cages. In the crop infested 
at 50% flow ering, the num ber of pods per plant 
ranged from  8.7 in ICPL 90011 to 13.3 in ICPL 
88007, and the insect dam aged pods from 4.3 in 
ICPL 90011 to 8.3 in ICPL 88007 (Table 5). Per
centage pod dam age and reduction in the num 
ber of pods w as relatively low er in ICPL 90011

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

Genotype

No. of 
pods 
per 

plant

No. of 
pods 

damaged

No. of 
flowers 

per 
plant

No. of 
flowers 

dropped

No. of No. of 
pods in flowers in 

noninfested noninfested 
plants plants

Grain yield (g plant'1) 

Infested Noninfested

ICPL 85010 10.3 5.7 5.7 63.3 12.3 30.0 1.24 2.82
ICPL 88007 13.3 8.3 11.7 123.0 18.0 29.0 1.39 3.79
ICPL 88020 9.0 6.3 12.3 102.0 19.0 9.3 1.93 4.11
ICPL 90011 8.7 4.3 11.3 47.0 12.3 29.3 1.31 2.71

Mean 10.3 6.2 10.3 83.8 15.4 24.4 1.46 3.36
SE ±3.0 ±2.7 ±7.3 ±9.6 ±2.8 ±10.0 ±0.56 ±0.79
LSD at 5% t NS1 NS NS 33.4 9.6 NS NS NS

1. N S = F-test nonsignificant at P <  0.05.
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Table 6. Relative susceptibility of pigeonpea and adzuki bean to the legume pod borer, Maruca 
vitrata, at the podding stage under greenhouse conditions (10 larvae per plant). QDPI, Toowoomba, 
Australia, 1996.

Genotype

No. of 
pods 
per 

plant

No. of 
pods 

damaged 
per plant

No. of 
flowers 

at
15 DAI1

Flowers 
dropped 
per plant

No. of 
pods in 

noninfested 
plants

No. of 
flowers in 

noninfested 
plants

Grain yield (g plant'1) 

Non-
Infested infested

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

Adzuki bean 5 3 0 0 6 0 0 3

Mean 13.6 4.4 1.7 42.6 15.8 10.4 1.8 3.8
SE ±3.9 ±1.1 ±1.8 ±11.4 ±3.8 ±7.9 ±0.61 ±0.81
LSD at 5% t 12.6 NS2 NS 36.4 12.0 25.2 1.96 NS

1. D A I =  D ays after infestation.
2. N S = F-test nonsignificant at P  < 0.05.

□  ICPL 85010 □  ICPL 88007 □  ICPL 88020 □  ICPL 90011
80 -

70 -

60 -

50 -

40 -

30 -

20  -

10 -

SE ±15.2 SE ± 26.0

SE ±  22.9

Pod damage 
(PD)

Reduction in pods 

(RP)

Reduction in grain yield 
(RGY)

Flowering stage - ratoon crop

Figure 11. P od  dam age (PD%), reduction in number o f  pods (RP%), and grain y ield  (RGY%) in fo u r  pigeonpea  
genotypes infested w ith 10 first-in star larvae o f  Maruca vitrata a t  flow ering (Queensland D epartm ent o f  
Primary Industries (QDPI), Toow oom ba, A ustralia, 1996).
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com pared with ICPL 88020 (Fig. 11). However, 
percentage reduction in grain yield  w as low est 
in ICPL 88020, follow ed by ICPL 90011. The 
form er possibly has tolerance as one of the com 
ponents of resistance to pod borer damage. In 
the crop infested at the podding stage, there 
were 15 pods per plant in ICPL 85010 com pared 
w ith 19 pods in ICPL 88007 (Table 6). Percent
age pod dam age w as 30 to 42% in pigeonpea, 
and 60% in adzuki bean. Reduction in grain 
yield w as over 60% in adzuki bean, and 50 to 
55% in ICPL 85010 and ICPL 88020, w hile ICPL 
88007 show ed only 20% reduction in grain 
yield (Fig. 12). This technique can be used to 
test the m aterial under uniform  insect pressure

and the genotype response can be studied both 
at the flow ering (Fig. 13) and podding (Fig. 14) 
stages. This technique can be used to confirm 
the resistance observed under field conditions, 
and also determ ine the levels of resistance in 
different sources of resistance.

Sources of resistance
Early-m aturing pigeonpea varieties suffer 
greater pod borer dam age than the late- 
maturing varieties such as CC 11 and Berhampur 
local (Sahoo and Patnaik 1993). Patnaik et al. 
(1986) did not observe any significant differ
ences in the susceptibility to pod borers of

80

70

60 -

50 -

40

30 -

20 -

10 -

□  ICPL 85010

SE±16.1

□  ICPL 88007 □  ICPL 88020 □  Adzuki bean

SE ±22.9

S E ± 24.0

-10 -

-20  -

Pod damage 
(PD)

Reduction in grain yield 
(RGY)

Reduction in pods 
(RP)

Podding stage

Figure 12. P od  dam age (PD%), reduction in number o f  pods (RP%), and grain y ield  (RGY%) in three pigeonpea  
genotypes and adzuki bean infested w ith 10 first-in star larvae o f  Maruca vitrata a t  50% podding stage 
(QDPI, Toow oom ba, A ustralia, 1996).

15



Figure 13. Legume p od  borer dam age in pigeonpea 
plants in fested w ith first-in star larvae a t  flow ering. 
A ll the flow ers in the in fested p lan t have been 
destroyed by the larvae. The p lant on the le ft is a 
noninfested control.

early-m aturing pigeonpeas. However, ICPL 81, 
Pusa 33, and H 76-208 had low er infestation 
(8.2 to 10.7%) com pared w ith ICPL 1 and ICPL 
151 (15.7 to 15.9%). Prasad et al. (1989a) 
reported that Pusa 855 had the low est pod borer 
dam age (36.3%) over two seasons, follow ed by 
Phule T 14 (43.7%), and ICPL 106 (46%). In 
another trial, M TH  8 suffered low pod borer 
damage, and this w as at par with Phule T 17 
and M TH  9; BR  65 being the m ost susceptible 
(Prasad et al. 1989b).

Figure 14. R eaction  o f  pigeonpea to  Maruca vitrata 
when infested a t  the podding stage. The p lan t on the 
le ft is a  noninfested control.
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Figure 15. Pigeonpea lines show ing resistant (left) 
and susceptible (right) reaction to  Maruca vitrata 
damage.

U nder unsprayed conditions, the highest 
grain yield has been recorded in M PG 537 (2.261 
t h a 1). Lines MPG 664, 665 ,359 , and ICPL 88034 
also gave higher yields than the control cultivar 
ICPL 2 (Saxena et al. 1996). These lines suffered 
10 to 25% M aruca dam age under unsprayed 
conditions in the preceding maha season. In an
other trial, ICPL 89038 and M PG 662 recorded 
yields sim ilar to that of ICPL 2, and were less 
susceptible to M aruca. Similarly, ICPL 87115, 
ICPL 90037, ICPL 89016, ICPL 85045, and ICPL 
86020 also gave high yields and suffered low 
dam age. ICP 909 and T 21, w hich are com para
tively tolerant to pod fly and pod borer, are also 
less susceptible to M aruca.

Saxena et al. (1998) reported the developm ent 
of M aruca-resistant lines through pedigree selec
tion in Sri Lanka (Fig. 15). D ifferences in larval 
num bers and percentage pod dam age were not 
significant between the test entries and the control 
cultivars, both under sprayed and unsprayed 
conditions (Table 7). However, percentage pod 
damage was lower in MPG 537-M1-2 (13%) as 
com pared with the susceptible control, ICPL 87 
(22%). U nder unsprayed conditions, the pod 
borer-resistant lines show ed significant yield 
advantage over the control cultivars. Reduction 
in grain yield w as nearly 25% in the M aruca- 
resistant cultivars (MPG 537-M 1-2-1B, MPG



Table 7. Larval abundance at pod filling, and percentage pod dam age at m aturity in pigeonpea
genotypes. Maha llluppallam a, Sri Lanka, 1996/97 rainy season.

Larval counts1 Pod damage (%)2

Genotype Sprayed Unsprayed Sprayed Unsprayed

Determinate
MPG 537-M1-2-1B 0 15 7 19
MPG 537-M1-2-5B 0 18 4 19
MPG 537-M1-2-M4 0 15 5 18
MPG 537-M1-2-M13 0 16 6 21
MPG 537-M1-2-M16 0 16 5 22

ICPL 87 (control) 0 16 5 22

Mean (n = 15)
SE (var)
SE (spray)
SE (var <-> spray)

0 16
±1.0
±0.6
±1.4

6
±1.4
±1.5
±1.4

20

Nondeterminate
MPG 664-M1-2-M2 4 12 9 19
MPG 664-M1-2-M13 4 12 12 18
MPG 664-M1-2-M22 4 12 10 19
MPG 664-M1-2-M23 2 12 12 21
MPG 664-M1-2-M27 4 9 12 18

UPAS 120 (control) 3 10 15 20

Mean (n = 15) 
SE (var)
SE (spray)
SE (var <-» spray)

4 11
±1.4
±0.6
±2.0

11
±3.1
±1.8
±4.4

19

1. Larval count: m ean o f 5 plants.
2. Pod damage: m ean of 10 plants.

537-M1-2-5B, MPG 537-M1-2-M4, and M PG 537- 
M 1-2-M 16 - determ inate types; M PG 664-M1-2- 
M2, MPG 664-M 1-2-M 13, M PG 664-M1-2-M22, 
and M PG 664-M 1-2-M 27 - nondeterminate 
types) com pared w ith >74.6%  reduction in 
ICPL 87 and 68.9% in UPAS 120 (Table 8). Culti- 
vars M PG 537-M 1-2-1B, M PG 664-M 1-2-M 2, 
and M PG 664-M 1-2-M 13 yielded nearly 2 t ha'1 
com pared w ith 0.6 t h a 1 of ICPL 87 under 
unprotected conditions. U nder protected 
conditions, M PG 537-M 1-2-1B, M PG 537-M 1-2-

M 13, M PG  664-M 1-M 2, M PG  664-M 1-M 13, and 
M PG 664-M 1-M 23 yielded m ore than the con
trol cultivars ICPL 87 and UPAS 120.

M PG 537 has show n consistent superiority 
over the control cultivar, ICPL 87, over three 
years of testing. G enotypes M PG 537-(bulk), 
M PG 533-M 1-2-M 5, ICPL 84023, ICPL 4, MPG 
664-M 1-2-M  20, and ICPL 90036 M 2(C) have 
also shown oviposition nonpreference, reduction 
in larval/p u p al mass, a n d /o r reduced fecundity 
under laboratory conditions.
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Table 8. Perform ance of pigeonpea lines selected for resistance to the legum e pod borer, M aruca
vitrata. Maha llluppallam a, Sri Lanka, 1996/97 rainy season.

Genotype
Days to 
flower1

Days to 
maturity1

Seed yield (t h a1) Yield loss

Sprayed Unsprayed (%)

Determinate
MPG 537-M1-2-1B 62 109 2.39 2.01 15.9
MPG 537-M1-2-5B 59 108 2.07 1.83 11.6
MPG 537-M1-2-M4 60 107 2.09 1.86 11.0
MPG 537-M1-2-M13 57 107 2.37 1.53 35.4
MPG 537-M1-2-M16 58 107 2.09 1.62 22.5

ICPL 87 (control) 63 119 2.36 0.60 74.6

Mean (n = 15) 60 108 2.12 1.52 28.3
SE (var) ±1.4 ±1.4 ±0.23
SE (spray) - - ±0.08
SE (var spray) - - ±0.32

Nondeterminate
MPG 664-M1-2-M2 63 109 2.41 1.99 17.4
MPG 664-M1-2-M13 65 110 2.64 2.19 17.1
MPG 664-M1-2-M22 69 111 2.25 1.67 25.8
MPG 664-M1-2-M23 69 110 2.90 1.68 42.1
MPG 664-M1-2-M27 67 110 2.22 1.92 13.5

UPAS 120 (control) 66 115 2.32 0.70 68.9

Mean (n = 15) 66 110 2.50 1.42
SE (varieties) ±1.5 ±1.1 ±0.20
SE (spray) - - ±0.08
SE (var <-> spray) - - ±0.29

1. Under unsprayed conditions.

Mechanisms of resistance 
Nonpreference

Fem ales of M. vitrata show ed oviposition pref
erence for hyacinth bean, follow ed by cowpea 
and pigeonpea (Ram asubram anian and 
Sundara Babu 1989b). The m axim um  num ber 
of eggs w as laid three days after m ating on the 
preferred host, w hile on cow pea and pigeonpea 
the highest num ber of eggs w as laid on the 
fourth day after m ating. Greenhouse experi
ments in a choice situation have clearly shown 
nonpreference for oviposition as a com ponent 
of resistance in cow pea (M acfoy et al. 1983). 
However, Valdez (1989) did not observe any

oviposition nonpreference in cow pea cultivars. 
Nonpreference for larval feeding has been ob
served by Echendu and Akingbohungbe (1990). 
Attraction and arrest-stay of first-instar larvae 
contributed to the resistance of TVu 946 and 
VITA 5 to the legum e pod borer (Okech and 
Saxena 1990).

Significant differences in oviposition prefer
ence have been observed under m ulti-choice 
conditions on different pigeonpea cultivars 
(Table 9). M axim um  egg num bers (108.4) were 
laid on ICPL 90011 and the low est num ber (0.2) 
on cowpea. U nder no-choice conditions, m axi
m um  oviposition w as recorded on ICPL 87 and 
least on ICPL 90036-M 1-2. G enotypes MPG
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Table 9. Oviposition preference by M aruca vitrata females on nine pigeonpea genotypes and on 
cowpea under laboratory conditions. ICRISAT-Patancheru, 1997/98.

Number ol: eggs laid per female

Genotype Multi-choice No choice

Pigeonpea
MPG 537 (Bulk) 38.6 9.8
MPG 537-M1-2-M5 10.7 3.4
ICPL 90011 108.4 35.4
ICPL 84023 22.7 11.0
ICPL 88034 22.1 5.8
ICPL 4 35.4 7.0
MPG 664-M1-2-M20 38.4 18.8
ICPL 90036-Ml-2(C) 26.7 0.8
ICPL 87 (susceptible control) 28.2 68.8

Cowpea 2.9 0.0

Mean 33.4 16.1
SE ±15.82 ±18.57

537-M 1-2-M 5 (nondeterm inate), ICPL 84023, Antibiosis
ICPL 84034, and ICPL 90036-M l-2(C ) (determ i
nate) have show n nonpreference for oviposi Larval survival in cow pea is low on TVu 946,
tion both under m ulti- and no-choice and this has been attributed to nutritional and
conditions. Trends in genotypic preference for antibiotic factors (M acfoy et al. 1983). Valdez
oviposition w ere dissim ilar under choice- and (1989) observed only a slight effect of the host
no-choice conditions. on larval survival. O kech and Saxena (1990)

Table 10. Growth and development of M aruca vitrata on nine short-duration pigeonpea cultivars
under laboratory conditions. ICRISAT-Patancheru, 1997.

Larva Pupa Adult

Mass Period Mass Period Longevity
Genotype (mg) (days) (mg) (days) (days)

Pigeonpea
MPG 537 (Bulk) 25.3 12.1 48.3 6.7 18.7
MPG 537-M1-2M5 19.6 12.5 48.9 6.7 18.8

ICPL 90011 18.9 12.0 49.4 7.0 19.4
ICPL 84023 10.3 13.2 43.1 7.5 18.5
ICPL 88034 22.6 12.4 50.9 7.0 19.4
ICPL 4 24.0 11.7 54.4 7.4 19.1
MPG 664-M1-2-M20 31.7 11.6 52.2 7.1 18.7
ICPL 90036-M1-2 40.6 11.6 56.9 6.9 20.6
ICPL 87 26.4 11.6 54.4 7.5 19.1

Cowpea 29.6 12.2 50.9 7.3 19.3

Mean 25.0 12.1 51.1 7.2 19.2
SE ±2.26 ±0.11 ±2.78 ±0.11 ±0.14



indicated that antibiosis w as a com ponent of 
resistance in TVu 946 and VITA 5 stem s and 
pods. H ighest larval w eight gain has been re
corded on TVu 3 and least in CES 15-27. C on
sum ption index (Cl) w as higher on TVu 1248 
and TVu 1 com pared w ith 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 low er larval and pupal m ass than those 
reared on ICPL 90036-M 1-2 (Table 10). M oths 
em erging from the larvae reared on ICPL 
960036-M 1-2 produced the m axim um  num ber 
of eggs, follow ed by those reared on ICPL 
90011. Fecundity w as low  w hen the larvae were 
reared on the pods of M aruca-resistant cultivar 
M PG 537-M 1-M 5 (Table 11).

There are significant differences in consum p
tion and utilization of flow ers by  the third- 
instar larvae and pods by the fifth-instar larvae. 
Third-instar larvae consum ed 27 .0-47 .2  m g 
food on the flow ers, and had grow th rates of 
114.7% on ICPL 88020 to 207.3% on ICPL 85010 
(Sharm a, in press) (Table 12). The consum ption

index w as greater on ICPL 90011 com pared 
w ith that on ICPL 88020, ICPL 85010 and ICPL 
88007. Approxim ate digestibility w as low er on 
ICPL 85010 than on ICPL 90011 (Fig. 16). E ffi
ciency o f conversion of digested food into body 
m atter w as low er on ICPL 90011 and ICPL 
88020 as com pared with ICPL 85010 and ICPL 
88007. The fifth-instar larvae consum ed b e
tw een 52.3 and 80.6 m g of food on pods, and 
show ed growth rates of 30.1 to 41.8% (Table 13). 
Food consum ption w as low est on ICPL 85010, 
and m axim um  on ICPL 90011. Approxim ate di
gestibility w as low er on ICPL 85010 com pared 
with that on ICPL 88020, ICPL 90011, and ICPL 
88007 (Fig. 17). Efficiency of conversion of in
gested food into body m atter w as low est on 
ICPL 90011, follow ed by that on ICPL 88020, 
ICPL 88007, and ICPL 85010.

Tolerance

The ability of plants to recover from insect dam 
age is an im portant com ponent of resistance to 
insects in crop plants. There is no relationship

Table 11. Fecundity (number of eggs laid per female) of Maruca vitrata 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) 76.8 41.8 (40.1)1 31.8 55.5 (48.2)
MPG 537-M1-2-M5 43.4 23.1 (28.1) 22.4 35.2 (32.7)

ICPL 90011 118.4 52.4 (46.4) 132.8 77.9 (62.6)
ICPL 84023 95.2 36.2 (36.1) 42.0 58.4 (50.1)
ICPL 88034 99.6 34.8 (35.8) 52.8 65.0 (55.0)
ICPL 4 51.4 37.6 (36.3) 58.2 53.5 (47.4)
MPG 664-M1-2-M20 81.2 40.9 (39.7) 37.0 60.2 (51.0)
ICPL 90036-M1-2 230.2 60.3 (51.1) 189.0 79.6 (64.5)
ICPL 87 100.6 51.0 (45.4) 116.4 63.2 (52.8)

Cowpea 79.2 42.0 (39.9) 72.2 76.5 (62.4)

Mean 97.6 42.0 (39.89) 75.5 62.5 (52.7)
SE ±28.32 ±8.86 (5.79) ±27.35 ±9.12 (6.25)

1. N um bers in parentheses are Arc-sine transform ed values.

20



C
o

n
su

m
p

ti
o

n
 

in
de

x 
(C

l) 
A

p
p

ro
xi

m
at

e 
di

ge
st

ib
ili

ty
 

(A
D

)

21

Fi
gu

re
 

16
. 

C
on

su
m

pt
io

n,
 d

ig
es

tio
n,

 a
nd

 
ut

ili
za

tio
n 

of 
flo

w
er

s 
of 

fo
ur

 p
ig

eo
np

ea
 

ge
no

ty
pe

s 
by 

the
 f

ift
h-

in
st

ar
 

la
rv

ae
 

of 
M

ar
uc

a 
vi

tra
ta

 
(Q

D
PI

, 
T

oo
w

oo
m

ba
, 

A
us

tr
al

ia
, 

19
96

). 
Cl

 
= 

C
on

su
m

pt
io

n 
in

de
x,

 A
D 

= 
ap

pr
ox

im
at

e 
di

ge
st

ib
ili

ty
, 

EC
I 

= 
eff

ic
ie

nc
y 

of 
co

nv
er

si
on

 
of 

in
ge

st
ed

 
fo

od
 

in
to

 
bo

dy
 

m
at

te
r, 

an
d 

EC
D 

= 
eff

ic
ie

nc
y 

of 
co

nv
er

si
on

 
of 

di
ge

st
ed

 
fo

od
 

in
to 

bo
dy

 
m

at
te

r.



C
on

su
m

pt
io

n 
in

de
x 

(C
l) 

A
pp

ro
xi

m
at

e 
di

ge
st

ib
ili

ty
 

(A
D

)

22

Fi
gu

re
 

17
. 

C
on

su
m

pt
io

n,
 

di
ge

st
io

n,
 

an
d 

ut
ili

za
tio

n 
of 

po
ds

 
of 

fo
ur

 
pi

ge
on

pe
a 

ge
no

ty
pe

s 
by 

the
 

fif
th

-i
ns

ta
r 

la
rv

ae
 

of 
M

ar
uc

a 
vi

tra
ta

 
(Q

D
PI

, 
T

oo
w

oo
m

ba
, 

A
us

tr
al

ia
, 

19
96

). 
Cl

 
= 

C
on

su
m

pt
io

n 
in

de
x,

 A
D 

= 
ap

pr
ox

im
at

e 
di

ge
st

ib
ili

ty
, 

EC
I 

= 
ef

fic
ie

nc
y 

of 
co

nv
er

si
on

 
of 

in
ge

st
ed

 
fo

od
 

in
to

 
bo

dy
 

m
at

te
r, 

an
d 

EC
D 

= 
eff

ic
ie

nc
y 

of 
co

nv
er

si
on

 
of 

di
ge

st
ed

 
fo

od
 

in
to 

bo
dy

 
m

at
te

r.



Table 12. Consumption and utilization of flowers of four pigeonpea genotypes by the third-instar 
larvae of Maruca vitrata (dry mass basis). QDPI,Toowoomba, Australia, 1996.

Genotype

Mass of 
food 

consumed 
(mg)

Mass of 
faeces 
(mg)

Mass of 
larvae before 

feeding 
(mg)

Mass of 
larvae after 

feeding 
(mg)

Increase 
in mass 

(mg)

Growth
rate
(%)

ICPL 88020 27.0 9.2 2.1 7.0 4.9 114.7
ICPL 85010 29.3 13.2 1.7 8.7 7.0 207.3
ICPL 90011 47.2 10.5 1.6 6.9 5.3 173.4
ICPL 88007 34.0 16.1 2.5 11.0 8.5 173.9

Mean 34.4 12.23 1.97 8.39 6.4 167.3
SE ±5.78 ±2.49 ±0.36 ±1.54 ±1.2 ±12.41
LSD at 5% t 20.00 8.63 1.23 5.33 NS1 42.94

1. N S =  F-test nonsignificant at P  <  0.05.

between M aruca damage and recovery resis
tance (Table 8). However, ICPL 88034 and MPG 
679, w hich recorded low M aruca damage (10 to 
25%), showed excellent recovery. Although 
larval counts and pod damage were similar on 
resistant and susceptible cultivars, the grain 
yield was significantly greater in the Maruca- 
resistant cultivars than the susceptible ones 
(Saxena et al. 1998). This suggests that some 
genotypes recover quickly following Maruca 
damage.

Factors associated with 
resistance

Plant architecture

Infestation and dam age by  M . vitrata in cowpea 
is influenced by  plant architecture. Canopy 
structure and pod position together or indepen
dently exert a profound effect on cow pea resis
tance to the pod borer. C ultivars w ith pods held 
w ithin the canopy suffer significantly greater

Table 13. Food consumption, mass of larvae, increase in mass, and growth rates of Maruca vitrata 
fifth-instar larvae on the pods of four pigeonpea genotypes (dry mass basis). QDPI, Toowoomba, 
Australia, 1996.

Genotype

Mass of 
food 

consumed 
(mg)

Mass of 
faeces 
(mg)

Mass of 
larvae before 

feeding 
(mg)

Mass of 
larvae after 

feeding 
(mg)

Increase 
in mass 

(mg)

Growth
rate
(%)

ICPL 88020 80.6 36.4 9.8 13.6 3.8 39.0
ICPL 85010 62.7 48.7 11.2 15.9 4.7 41.8
ICPL 90011 59.3 30.8 6.7 8.8 2.1 30.1
ICPL 88007 52.3 30.9 7.7 10.7 3.0 38.9

Mean 63.7 36.7 8.86 12.2 3.34 37.4
SE ±6.19 ±3.58 ±0.62 ±0.91 ±0.40 ±4.26
LSD at 5% t 21.41 12.38 2.13 3.15 1.37 NS1

1. N S = F-test nonsignificant at P  <  0.05.
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Table 14. Yield (t h a ') of Maruca vitrata - resistant line MPG 537 and the susceptible control, ICPL 87, 
under different spray regimes. Maha llluppallama, Sri Lanka, 1994/96.

No. of sprays Season MPG 537 ICPL 87
Superiority of 
MPG 537 (%)

31 1994/95 1.56 0.33 -

1995/96 1.14 (9.5)2 0.81 (10.9) -

Mean 1.35 0.57 137

2 1994/95 1.30 0.37 -

1995/96 1.19 (11.4) 0.77 (10.4) -

Mean 1.25 0.57 119

0 1994/95 0.65 0.06 -

1995/96 0.81 (16.3) 0.68 (13.5) -

Mean 0.73 0.37 97

1. Recom m ended practice.
2. Pod damage at maturity.

dam age than the cultivars where the pods are 
held in the norm al position. Selection and 
breeding cow pea cultivars w ith less dense foli
age and long peduncles holding the reproduc
tive structures above the canopy m ay increase 
resistance to M. vitrata (O ghiakhe et al. 1991a, 
U sua and Singh 1979). A negative relationship 
has been observed betw een pod angle and per
centage pod dam age, as w ell as the seed dam 
age index in tw o cow pea cultivars (Oghiakhe et 
al. 1992a). Pods w ith w ide angles (>89°) were 
dam aged on one, but rarely on both sides. The 
eventual pod size and rate of pod growth ap
peared to be im portant factors in cow pea sus
ceptibility to the pod borer (Tayo 1988).

Tall and interm ediate type cultivars 
(nondeterm inate type) of pigeonpea have 
few er flow ers per cluster than shorter cultivars 
(determ inate type), and a disproportionately 
low er num ber of pod borer larvae per 100 flow 
ers. Genotypes w ith branching and loose flower 
arrangem ents were less susceptible to legum e 
pod borer dam age (Fellows et al. 1977). Saxena 
et al. (1996) also observed that nondeterm inate 
type pigeonpea lines w ere less susceptible to 
M aruca dam age than the determ inate types 
(Fig. 18). The average score of the determ inate

lines w as 7.1, w hile the corresponding value for 
the nondeterm inate group w as 5.3. This sug
gests that, in general, the determ inate lines hav
ing a clustered inflorescence are m ore prone to 
M aruca dam age than the nondeterm inate geno
types w hich have long fruiting branches and a 
loose inflorescence. Lateef and Reed (1981) also 
suggested that determ inate types suffered 
greater pod borer dam age than the non
determ inate types. In the case of cow pea, lines 
having clustered pods have been found to be 
m ore susceptible (Usua and Singh 1979). Sim i
larly, pigeonpea genotypes w ith clustered pods 
m ay be m ore susceptible than genotypes w ith a 
nonclustered podding habit (Fig. 19). However, 
there w as a large variation for M aruca dam age 
w ithin each growth type. In the determ inate 
group, only four lines (MPG 359, 531, 532, and 
566) suffered a dam age rating of <3, w hile in 
the nondeterm inate group, 12 lines show ed a 
dam age rating of <3. N one of the 
nondeterm inate types show ed 100% M aruca 
damage. On the contrary, 18 determ inate types 
suffered com plete damage. In the
nondeterm inate group, 56% of the lines tested 
show ed <50% dam age, w hile in the determ i
nate group, 85% of the lines had >50% damage.



Figure 18. Determ inate (left) and nondeterminate (right) grow th h ab it  o f  pigeonpea genotypes. The lines with  
nondeterm inate branching h ab it  are less susceptible to  Maruca vitrata damage.

Therefore, factors other than the flow ering 
habit m ay also be im portant in pigeonpea resis
tance to M aruca.

Anatomical characteristics

Anatom ical features of the stem and pod wall 
were associated with resistance to M. vitrata in 
cow pea (Oghiakhe et al. 1991b). The anatomical 
m icro-environm ent of the area im m ediately 
beneath the stem  epiderm is seem ed to im pose 
severe lim itations on larval m ovem ent and 
feeding w ithin the tissue. Although stem 
anatom y w as considered to be an im portant 
factor, this did not appear to be the case in pod 
w all resistance to M. vitrata. The toughness of 
nonintact and intact pod walls increased with 
age, but the rate varied at different growth

stages of the pod as w ell as betw een cultivars 
(O ghiakhe et al. 1992b). Jackai and Oghiakhe 
(1989) observed that in two w ild cow pea (Vigna 
vaxillata) accessions (TVNu 72 and TVN u 73), 
feeding and developm ent w ere deterred on the 
pods w ith or w ithout trichom es com pared with 
the susceptible variety IT 84E-124. A sim ilar 
effect has also been observed on seeds and 
flow ers. M aruca  larvae fed and developed 
better when the trichom es w ere rem oved. The 
grow th index w as 13x less w hen the trichom es 
were left intact both on TVN u 72 and TVNu 73. 
It appears that the resistance of these lines is 
based on trichom es and phyto-chem icals. Thick 
and com pact collenchym a cells in the stems and 
fibrous tissues on the petal surface contributed 
to resistance. Trichom es varied in length and 
density, but not in type on different plant parts
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Figure 19. Clustered (left) and nonclustered (right) podding h ab it  o f  pigeonpea. G enotypes w ith clustered  
podding h ab it  are more susceptible to  Maruca vitrata.

affect the growth and developm ent of M. vitrata. 
Sugar and protein content of different genotypes 
m ay also influence the nutritional value of 
different genotypes for the growth and devel
opm ent of larvae.

Sugar content in the pod walls o f cowpea cul
tivar TVNu 72 w as greater than in IT 82D-716, 
and phenol content was low er in the pod w all of 
TVNu 72, but the reverse w as true for fresh and 
dry seeds. N either sugars nor phenols seem ed to 
be involved in the resistance of TVNu 72 to M. 
vitrata (Oghiakhe et al. 1993). Phenol concentra
tion varies significantly betw een different plant 
parts, and generally decreases with an increase 
in plant age. Otieno et al. (1985) indicated that an 
ethyl-acetate soluble fraction of methanol 
extracts of stems of TVu 946 showed greater 
feeding inhibition than the extract from ICG 1.

(Oghiakhe et al. 1992c). Trichome density de
creased w ith plant age. Significant correlations 
have been observed betw een trichom e density 
and pod borer dam age, but trichom e length 
m ay be less im portant than density.

In pigeonpea, trichom es have been show n to 
be associated with resistance to H. armigera 
(Shanow er et al. 1996). However, there is no in
form ation on the role of trichom es in pigeonpea 
in im parting resistance to M . vitrata.

Biochemical factors

There are no specific studies on biochem ical 
m echanisms of resistance to legum e pod borer in 
pigeonpea. However, the secondary plant sub
stances present in pigeonpea, w hich affect the 
plant suitability to other insects, are likely to
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Components of integrated pest 
management

Natural enemies

Several parasites and predators have been re
corded on M. vitrata by Agyen-Sam pong (1978), 
Barrion et al. (1987), U sua and Singh (1977), 
O keyo-O w uor et al. (1991), ICRISAT (1978, 
1981), Subasinghe and Fellow s (1978), and 
Odindo et al. (1989); and sum m arized by 
Sharm a (1998). Parasites recorded on larvae/ 
pupae include tachinids [Aplomya metallica 
(Wiedemann), Exorista xanthaspis (Wiedemann), 
Palexorista solennis  (Walker), Peirbaea orbata 
(Wiedemann), Zygobothria atropivora (Robineau- 
Desvoidy), Zygobothria ciliata (Wulp), 
Thelairosoma sp, Pseudoperichaeta laevis 
(Villeneuve), Pseudaperichaeta sp, and 
Thecocarcelia incedens (Rondani)], braconids 
[Apanteles teragam ae Vierek, Apanteles sp, Bracon 
greeni Ashmead, Bracon  sp, Braunsia sp, 
Cardiochiles philippinensis Ashmead, Chelonus sp, 
Snellenius manilae Ashmead, Phanerotoma 
handecasisella  Cameron, and Phanerotoma sp], 
chalcidids [Antrocephalus sp nr subelongatus 
Kohl, A ntrocephalus sp, and Brachymeria sp], 
eulophids [Nesolynx thymus (Girault), 
Tetrastichus sesam iae Risbec, and Tetrastichus sp], 
ichneum onids [Caenopimpla arealis (Cushman), 
Charops nigrita Gupta and Maheswary, M eloboris 
sinicus (Holmgren), and M etopius rufus browni 
Ashmead], pterom alids [Trichomalopsis sp], 
scelionids [Telenom us sp], m ites [Dinothrombius 
sp], nem atodes, protozoa [M ettesia sp, N osema 
marucae sp n and Nosema sp], and bacteria [Bacil
lus sp and Clostridium  sp].

Predators include derm apterans [Diapera- 
stichus erythrocephala Olivier], m antids [Poly- 
spilota sp and Spodromantis sp], carabids 
[Chlaenius sp and Cicindela lacrymosa (Fabri- 
cius)], coccinellids [Coccinella repanda 
(Thunberg), M enochilus sexm aculatus (Fabricius), 
and Synharmonia octom aculata  (Fabricius)], 
anthocorids [Orius tantillus Motschulsky], 
form icids [Camponotus sericeus Fabricius and

Cam ponotus rufoglaucus (Jerdon)], vespids 
[Ropalidia flavopicta flavobrunnea  van der Vecht], 
selenopids [Selenops sp], araneids [Nephila 
maculata (Fabricius)], oxyopids [Oxyopes javanus 
Thorell], salticids [Evarcha sp, M arpissa 
bengalensis Tikader, and M arpissa calcutaensis 
Tikader], and sparassids [Heteropoda venatoria 
(Linnaeus)].

O keyo-O w uor and O loo (1991) carried out 
key-factor analysis of M. vitrata  populations in 
Kenya. The total m ortality from egg to adult 
stage was nearly 98 to 99% , and highest m ortal
ity  occurred betw een the egg stage and the 
third-instar larvae, w hilst the fourth-instar lar
vae suffered low est mortality. The causes of 
m ortality w ere disappearance, follow ed by dis
ease. Parasitism  contributed m inim ally to M. 
vitrata mortality. There w as no correlation be
tw een population density and m ortality at the 
sam e stage (O keyo-O w uor et al. 1991). A pupal 
endoparasitoid, Antrocephalus sp, w as the pre
dom inant natural enemy, w hile N osem a  sp and 
Bacillus sp caused the highest natural mortality. 
Parasitoids and pathogens contributed 40.7% to 
the total generation m ortality (K) at site 1 and 
35.6% at site 2. Parasitism  only contributed 
3.3% of the total generation m ortality at site 1 
and 3.8% at site 2. M ortality due to disappear
ance, w hich also included predation, accounted 
for 59.4 and 64.8% of K  at the respective sites. 
Life table data and survival curves for the pest 
revealed high generation m ortality (about 
98%), m ost of w hich occurred in the early life 
stages of the pest. The results suggested a high 
potential for utilizing biocontrol agents for the 
m anagem ent of this pest.

Inform ation on the role of various natural 
enem ies in regulating the legum e pod borer 
populations is scanty or unavailable. Published 
inform ation indicates that parasitoid contribu
tion to the total natural m ortality is very low. 
Pathogens seem  to play a m ajor role in the 
control of pod borer populations under field 
conditions. This area of research needs to be 
pursued in future to exploit natural enem ies for 
the m anagem ent of this pest.



Cultural practices

Pod borer populations tended to build up over 
the season, and the pod borer infestation 
increased on the late sow n crops (Alghali 
1993a). Grain yield also decreased in late-sow n 
crops. Sim ultaneous sow ings of m aize and 
cow pea increased pod borer infestation in cow 
pea (Ezueh and Taylor 1984), w hereas sowing 
cowpea 12 w eeks after m aize reduced the 
legum e pod borer damage.

Pod borer dam age in m onocrops w as greater 
than the m aize -  cow pea -  sorghum  in ter/ 
m ixed crops (A m oako-A tta and Om olo 1982, 
O m olo et al. 1993). Pod borer incidence w as sig
nificantly low er in intercropped, and at higher 
plant populations than in pure stands, and in 
low er plant populations of com m on bean, 
Phaseolus vulgaris (Karel 1993). Flow er and pod 
dam age w as significantly low er in an intercrop 
com bination of one third bean -  tw o thirds 
maize. However, Alghali (1993b), N atarajan et 
al. (1991), and Patnaik et al. (1989) reported no 
effect of intercropping on M. vitrata damage. 
Cow pea w eeded 2, 3, or 4 tim es had less flower 
infestation by M. vitrata than the nonweeded 
plots (Ofuya 1989). However, effects of w eed
ing frequency on pod dam age by M. vitrata are 
not consistent.

Chemical control

Effective control of the pod borer on cow pea 
has been achieved with endosulfan (applied at 
35 D A S twice at w eekly intervals) (Jackai 1983); 
one spray of cyperm ethrin, biphenthrin, 
cyhalothrin, and in com bination w ith di- 
m ethoate (Am atobi 1994); a m ixture of 
cyperm ethrin + dimethoate using an Electrodyn 
sprayer (Jackai et al. 1987); or two applications 
of cyperm ethrin + dim ethoate at 10-day inter
vals (beginning at bud form ation) (Am atobi 
1995). Atachi and Sourokou (1989) reported 
that a sequence of deltam ethrin - dim ethoate - 
deltam ethrin sprays resulted in the highest 
grain yield (1.37 t h a 1). Spray regim es w hich 
term inated early offered better protection

against the pod borer, but were inadequate for 
controlling sucking insects. Calendar-based 
sprays resulted in less borer infestation than 
when sprays were based on econom ic thresh
olds (Afun et al. 1991). However, differences in 
grain yield betw een the calendar-based sprays 
and those based on econom ic thresholds were 
not significant. Crop m onitoring reduced the 
num ber of sprays by half com pared w ith those 
based on calendar schedules.

Decam ethrin, cyperm ethrin, and fluvalinate 
caused the highest m ortality o f the legum e pod 
borer larvae three days after spraying under 
laboratory conditions (Bhalani and Prasana 
1987). Plots sprayed with synthetic pyrethroids, 
except fen valerate at 0.01%, show ed least dam 
age to the pods at harvest. Significantly greater 
grain yield w as recorded in plots treated with 
fluvalinate, follow ed by those treated with 
cyperm ethrin, decam ethrin, and fenvalerate at 
higher dosages. Sam olo and Patnaik (1986) 
reported that of the six insecticides tested, 
m onocrotophos and endosulfan (0.5 kg a.i. h a 1) 
were m ost effective, and three applications of 
endosulfan starting at flow er initiation (at 20 
days interval) were m ost effective. Foliar appli
cation of cyperm ethrin (0.008%) or dim ethoate 
(0.07%) at flow ering or w hen egg num bers 
reached 2 per m eter row, and then repeated at 
10-15 days interval provided effective protection 
against M. vitrata (Rahman 1991). Cypermethrin 
(75 g a.i. h a 1) sprayed three times, has been 
found to be effective against pod borers, 
follow ed by decam ethrin (12.5 g a.i. ha'1), 
fenvalerate (150 g a.i. h a 1), and endosulfan (400 
g a.i. h a 1) (Sontakke and M ishra 1991). The 
latter showed the highest cost-benefit ratio. 
Sprays of 0.07% traizophos or endosulfan, and 
0.04% m onocrotophos resulted in m axim um  
reduction in pod borer dam age (Sundara Babu 
and Rajasekaran 1984). D ust form ulations of 
phoxim, endosulfan, and phosalone (4%) also 
gave effective control of the legum e pod borer. 
Venkaria and Vyas (1985) reported that the least 
num ber of pods were dam aged in plots treated 
with fenvalerate (0.01%), endosulfan (0.07%) + 
m iraculan (a plant growth stim ulant), followed



by those treated with fenvalerate (0.01%), 
endosulfan (0.07%) + m iraculan, and m ono
crotophos (0.04%). Thiodicarb (613 ppm) and 
ethofenprox (125 ppm ) were as effective as 
m etham idophos (200 ppm) for the control of 
legum e pod borer on pigeonpea in Sri Lanka 
(Dharm asena 1993). Insecticide application in
creased the grain yield by 28% . Thiodicarb 
sprays resulted in m axim um  increase (43%) in 
grain yield over two seasons.

Four sprays of cyperm ethrin 0.008% (1st 
spray at initiation of flow ering, 2nd spray at 
50% flow ering, 3rd spray at 100% flow ering, 
and 4th spray at 100% pod setting) were effec
tive for protecting the pigeonpea crop against 
M aruca (Rahm an and Rahm an 1988). This 
schedule also offered the highest benefit-cost 
ratio (6.23). D im ethoate w as not as effective as 
cyperm ethrin. The num ber of flow ers, pods, 
and seeds per plant w as significantly greater in 
plots treated w ith insecticides based on the eco
nom ic threshold level of 10 larvae per 100 flow 
ers (3 insecticide applications) than in the 
untreated plots. The differences in the num ber 
of flow ers, pods, and seeds per plant were not 
significant betw een 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. vitrata on pigeonpea (Dharm asena et al. 
1992).

Natural/biopesticides

Bacillus thuringiensis (Bt) (Karel and Schoon- 
hoven 1986) and neem  seed pow der and neem 
kernel extract (Singh et al. 1985, Jackai et al. 
1992) are effective against legum e pod borer. 
Flow er infestation w as not influenced by 5 and 
10% neem  leaf extracts in cowpea, except in 
1994 (Bottenberg and Singh 1996). N eem  leaf 
extract applied four tim es on Cv 715 resulted in 
less pod borer dam age than on Cv 941. Neem 
application reduced pod dam age by 12% in Cv 
715, and by 16% in Cv 941. In pigeonpea, trials 
conducted to assess the utility of M aruca- 
resistant cultivars for m anaging this pest 
revealed that pod borer-resistant lines can

reduce the num ber of insecticide sprays at least 
by one under certain conditions (Table 14) 
(Saxena et al. 1998).

Conclusions
Inform ation on the biology of M. vitrata has 
been generated for cow pea, and to a limited 
extent for pigeonpea. C om prehensive inform a
tion is needed on the population dynam ics of 
this insect, and the factors that lead to rapid 
population build up. This inform ation w ill be 
useful to screen for resistance under natural 
infestation, developm ent of resistance screen
ing techniques, and appropriate m anagem ent 
strategies for controlling this pest. Such infor
m ation can be generated through light traps, 
and sequentially planted crops. A few  suscep
tible and resistant cultivars m ay be included in 
such studies to quantify the role of plant resis
tance in m inim izing the dam age by this pest.

Som e inform ation is available on insect 
density-yield loss relationships. This w ill be 
useful for estim ating econom ic thresholds, the 
level of insect infestation needed to screen for 
resistance, and the desirable levels of resistance 
needed in the com m ercial cultivars to m inim ize 
losses due to this insect.

Screening for resistance has been carried out 
using natural infestation, and m ulti- and no
choice tests under greenhouse and laboratory 
conditions. L aboratory/greenhouse tests are 
useful for confirm ing the resistance observed 
under field conditions. Ten eggs per plant are 
adequate to screen for resistance to this insect in 
cow pea. The larvae can be reared on natural 
hosts/artificial diet in the laboratory. Procedures 
for infestation and evaluation of resistance 
under field and greenhouse conditions should 
be standardized and adopted across locations 
in crop im provem ent program s.

Considerable inform ation has been generated 
on genotypic resistance/suscep tib ility  to M. 
vitrata in cow pea, w hile such inform ation on 
pigeonpea and other pulse crops is scanty. 
Levels of resistance seem  to be repeatable 
across seasons. Im portant sources of resistance



to other yield-reducing traits should be evalu
ated for resistance to the pod borer to identify 
lines w ith m ultiple resistance to insects and 
other yield-reducing factors.

Several plant characteristics such as stem 
and pod w all thickness, and podding habit 
(clusters versus spread out pods, pod angle, 
etc.) contribute to decreased susceptibility to 
M aruca. Som e of these characteristics such as 
growth habit, pods exposed above the foliage, 
days to com plete flow ering, and tim e required 
for pod m aturity can be used to select geno
types as possible candidates for resistance to 
M aruca. The relative contribution of these traits 
should be assessed in a diverse array of geno
types with resistance to M aruca. This m aterial 
can also be used to quantify the contribution of 
nonpreference, antibiosis, and tolerance m echa
nism s of resistance. This will also help to identify 
lines with different m echanism s of resistance, 
w hich can be used in the resistance breeding 
program  to increase the levels and diversify the 
bases of resistance to M. vitrata.

Several natural enem ies have been reported 
on M. vitrata. Pathogens have been reported to 
be m ost im portant as population regulating 
factors in the field. In this regard, the usefulness 
and effectiveness of Bacillus thuringiensis, 
Nosema, and Aspergillus m ay be explored for 
integrated m anagem ent of this pest.

Cultural practices such as intercropping, 
weeding, tim e of sowing, density of sowing, 
and pruning have been show n to reduce the 
dam age by the legum e pod borer. However, the 
results are not consistent over seasons or 
locations. Such studies should be repeated 
involving large plots, and possibly including 
genotypes that are less susceptible to this insect.

Several insecticides have been evaluated for 
the control of this insect. Future studies should 
focus on insecticide application based on 
econom ic thresholds, and tim ing of insecticide 
application. Em phasis should also be placed on 
using the biorational pesticides for integrated 
m anagem ent of this insect. Various control 
options for m inim izing the losses due to M. 
vitrata  should be tested in farm ers' fields in

collaboration with the NARS and other organi
zations. A network of IARCs w orking on M aruca 
may be established to share the inform ation and 
technology for integrated m anagem ent of M. 
vitrata.
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A b ou t IC R IS A T

The sem i-arid tropics (SAT) encom passes parts of 48 developing countries including m ost o f India, 
parts of southeast Asia, a sw athe across sub-Saharan Africa, m uch of southern and eastern Africa, 
and parts of Latin Am erica. M any of these countries are am ong the poorest in the w orld. A pproxi
mately one-sixth of the w orld 's population lives in the SAT, w hich is typified by unpredictable 
weather, lim ited and erratic rainfall, and nutrient-poor soils.

ICRISAT's m andate crops are sorghum , pearl m illet, finger m illet, chickpea, pigeonpea, and 
groundnut; these six crops are vital to life for the ever-increasing populations of the sem i-arid trop
ics. ICRISAT's m ission is to conduct research w hich can lead to enhanced sustainable production of 
these crops and to im proved m anagem ent of the lim ited natural resources of the SAT. ICRISAT 
com m unicates inform ation on technologies as they are developed through w orkshops, networks, 
training, library services, and publishing.

ICRISAT w as established in  1972. It is one of 16 nonprofit research and training centers funded 
through the Consultative G roup on International Agricultural Research (CGIAR). The C G IA R  is an 
inform al association of approxim ately 50 public and private sector donors; it is co-sponsored by the 
Food and A griculture O rganization of the United N ations (FAO), the United N ations Developm ent 
Program m e (UNDP), the United N ations Environm ent Program m e (UN EP), and the World Bank.
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