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conditions and in storage (Clement et al. 2000). Amongst the
many insect pests damaging food legumes, the pod borers,
Helicoverpa armigera (Hubner) and H. punctigera
(Wallengren) are the most devastating pests of chickpea and
pigeonpea in Asia, Africa, and Australia. They also damage
other food legumes to varying degrees in these regions
(Sharma 2001). The spotted pod borer, Maruca vitrata (Geyer),
is a major pest of cowpea and pigeonpea, but also damages
other food legumes, except chickpea and lentil (Sharma et al.
1999). The pod fly, Melanagromyza obtusa Malloch and pod
wasp, Tanaostigmodes cajaninae La Sale cause extensive
damage to pigeonpea in India. The leaf miner, Liriomyza
cicerina (Rondani) is an important pest of chickpea in West
Asia and North Africa (Weigand et al. 1994). The spiny pod
borer, Etiella zinckenella Triet. is a major pest of pigeonpea,
field pea, and lentil while the aphid, Aphis craccivora Koch
infests all the food legumes, but is a major pest of cowpea,
field pea, faba bean, and Phaseolus beans. Aphis fabae (Scop.)
is a major pest of faba bean and Phaseolus beans. The pea
aphid, Acyrthosiphon pisum Harris is a major pest of field pea
worldwide. The cotton whitefly, Bemisia tabaci Genn. infests
all the crops, except chickpea, but is an important pest of
Phaseolus spp., black gram, and green gram. The defoliators,
Spodoptera litura (Fab.) in Asia, and S. exigua Hubner in
Asia and North America, are occasional pests. The Bihar hairy
caterpillar, Spilosoma obliqua Walk. is a major pest of green
gram and black gram in North India, while the red hairy
caterpillars, Amsacta spp. damage the rainy season pulses in
South central India. Leathoppers, Empoasca spp. infest most
of the food legumes, but cause economic damage in black
gram, green gram, and Phaseolus beans. Pod sucking bugs,
Clavigralla tomentosicollis Stal., C. gibbosa Spin., Nezara
viridula L.. and Bagrada hilaris Burm., are occasional pests,
but extensive damage has been recorded in cowpea by
C. tomentosicollis in Africa, and C. gibbosa in pigeonpea in
India. The bruchids, Collasobruchus chinensis L. and
C. maculatus Fab. cause extensive losses in storage in all the
food legumes worldwide. The pea weevil, Bruchus pisorum L.
is a major pest of field pea in most production areas (Clement
and Quisenberry 1999).

Insect pests in India cause an average loss of 30% in
pulses valued at $ 815 million, which at times can be 100%
(Dhaliwal and Arora 1994). Helicoverpa armigera — the single
largest yield reducing factor in food legumes, causes an
estimated loss of US $ 317 million in pigeonpea, and $328
million in chickpea (ICRISAT 1992). Globally, it causes an
estimated loss of over $ 2 billion annually, despite over $ 1
billion worth of insecticides used to control this pest (Sharma
2005). In general, the estimates of yield losses vary from 5 to
10% in the temperate regions and 50 to 100% in the tropics
(van Emden et al. 1988). The avoidable losses in food legumes
at current production levels of 60.45 miilion tonnes would be
nearly 18.14 million tonnes (at an average loss of 30%), valued
at nearly US$ 10 billion (Sharma et al. 2005a).

Pest management strategies in grain legumes require
integration of different control tactics. It has long been
recognized that host plant resistance is one of the most
effective management options. However, the progress in
breeding for resistance to insects has been quite slow, and at
times limited by the low levels of resistance available in
cultivated germplasm (Sharma and Ortiz 2002; Sharma et al.
2005a). It is in this context that the application of modern
tools of biotechnology can play a major role to accelerate the
introgression of insect resistance genes into high yielding
cultivars (Sharma et al. 2002, 2004). Recombinant DNA
technologies, besides generating information on quantitative
trait loci (QTL) associated with insect resistance, and gene
sequences and function, also allow the identification of
specific chromosomal regions carrying genes contributing to
traits of economic interest. The use of molecular markers in
conjunction with morphological and biochemical traits for
indirect selection offers greatest potential gains for quantitative
traits with low heritability as these are the most difficult
characters to work with in the field through phenotypic
selection.

MORPHOLOGICAL MARKERS

Phenological traits: Pigeonpea genotypes with
determinate growth habit, clustered pods, and dense plant
canopy are more susceptible to pod borers, H. armigera and
M. vitrata than genotypes with non-clustered pods (Sharma
et al. 1997), while the genotypes with smaller pods, pod wall
tightly fitting to the seeds, and a deep constriction between
the seeds are less susceptible to H. armigera (Nanda et al.
1996). Plant growth habit and crop duration do influence
genotypic susceptibility to pod fly, M. obtusa, but pod wall
thickness, trichome density, and crude fiber content are
associated with resistance to this insect in pigeonpea
(Moudgal et al. 2008). Several morphological traits such as
pod shape, pod wall thickness, and crop duration influence
H. armigera damage in chickpea (Ujagir and Khare 1988). Main
stem thickness, leaflet shape and length, leaf hairiness, and
peg length are associated with resistance/susceptibility to
H. armigera, and tobacco leaf caterpillar, Spodoptera litura
(F.) in wild relatives of groundnut (Sharma er al. 2003).
Groundnut genotypes with dark-green and smaller leaflets
are less susceptible to damage by H. armigera than those
with longer shoots, and larger and light-green leaflets (Arora
et al. 1996). Pubescence on the leaf tip is associated with
reduced defoliation by Helicoverpa zea (Boddie), Spodoptera
exigua (Hubner), and Pseudoplusia includens (Walker) in
soybean (Hulburt er al. 2004).

Leaf hairs and trichomes: Leaf hairs (that do not
produce glandular secretions) play an important role in host
plant resistance to insects. Wild relatives of pigeonpea such
as Cajanus scarabaeoides and C. acontifolius with non-
glandular trichomes are not preferred by H. armigera females
for egg laying (Sharma et al. 2001). Trichomes (hair-like
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outgrowths on the epidermis of plants that produce glandular
secretions) also play an important role in host plant resistance
to insects. Hooked trichomes in bean impair the movement of
the aphid, A. craccivora (Johnson 1953), and potato
leafhopper, E. fabae (Pillemer and Tingey 1978). Glandular
trichomes in pigeonpea are linked to H. armigera susceptibility
(Peter et al. 1995; Sharma er al. 2001). Trichomes and their
exudates in chickpea influence the movement and feeding of
neonate larvae of H. armigera (Stevenson et al. 2005), and
influence the feeding by larvae of spotted pod borer, M. vitrata
in cowpea (Jackai and Oghiakhe 1989), and cabbage looper,
Trichoplusia ni (Hubner) in soybean (Khan et al. 1986).
Trichomes on the pods of Vigna vexillata - a wild relative of
cowpea, are partly responsible for resistance to the pod
sucking bug, Clavigralla tomentosicollis Stal. (Chiang and
Singh 1988).

BIOCHEMICAL. MARKERS

Secondary metabolites: Secondary metabolites
influence host finding, oviposition, feeding, and survival and
development of insects, and play an important role in imparting
resistance against insects in grain legumes. Quercetin, and
guercetin-3-methyl ether in the pod surface exudates play an
important role in food selection behavior of H. armigera larvae
in pigeonpea (Green et al. 2002, 2003). Total phenols and
tannins in the pod wall of pigeonpea are negatively associated
with pod fly damage (Moudgal et al. 2008). Sterols and
soybean leaf extractables in combination with sucrose are
phagostimulants to the larvae of the cabbage looper, T. ni
(Sharma and Norris 1994a). High acidity in the leaf exudates of
chickpea is associated with resistance to H. armigera
(Srivastava and Srivastava 1989). Malic acid in chickpea leaf
exudates acts as an antifeedant to the H. armigera larvae
(Bhagwat et al. 1995). Oxalic acid inhibits the growth of
H. armigeralarvae when incorporated into artificial diet, while
malic acid shows no growth inhibition (Yoshida ez al. 1995,
1997). The chickpea flavonoids judaicin 7-O-glucoside, 2
methoxy judaicin, judaicin, and maakiain present in wild
relatives of chickpea (Cicer bijugum and C. judaicum) have
shown antifeedant activity towards the larvae of H. armigera
(Simmonds and Stevenson 2001). Stilbene -a phytoalexin,
occurs at high concentrations in pigeonpea cultivars with
resistance to H. armigera (Green et al. 2003). The polar solvent
extractables of the soybean genotype PI 227687 -resistant to
the cabbage looper, T. ni, contains diadzien, coumesterol,
sojagol, and glyceollins. These compounds reduce feeding,
survival, and development of the cabbage looper (Sharma
and Norris 1991, 1994b). In soybean, pinitol confers resistance
to H. zea (Dougherty 1976).

Nutritional factors: Non-protein or unusual amino acids
are known to provide protection against herbivores in several
plant species. The protective effect is elicited through their
structural analogy to the commonly occurring essential amino
acids. Amongst these, L-canavanine, azetidine - 2 - caboxylic

acid, 2, 4-diamino butyric acid, minosine, and 3-hydoxyproline
have significant growth inhibition effects on insects (Parmar
and Walia 2001). L-canavanine is a structural homologue of L-
arginine, and occurs in over 1,500 leguminous plant species.
Some of the non-protein amino acids also act as enzyme
inhibitors. Canaline - a hydrolytic product of canavanine,
inhibits pyridoxal phosphate-dependant enzymes by forming
a covalent bond.

Nutritional factors such as sugars, proteins, fats, sterols,
and essential amino acids, and vitamins also influence host
plant suitability to insect pests. Total soluble sugars in
pigeonpea pod wall influence pod damage by H. armigera.
Protein content of the pod wall is associated with susceptibility,
while total sugars are associated with resistance to M. obtusa
in pigeonpea (Moudgal et al. 2008). Pea varieties deficient in
certain amino acids are resistant to the pea aphid, A. pisum
(Auclair 1963). High amounts of non-reducing sugars and
low amounts of starch in chickpea variety GL 645 possibly
contribute to its low susceptibility to H. armigera (Chhabra
et al. 1990). Green gram varieties with high sugar and amino
acid content in leaves are resistant to whitefly, B. tabaci and
the jassid, Empoasca kerri (Ruth) (Chhabra et al. 1988).
Amylase and protease inhibitors in pigeonpea have been
shown to have an adverse effect on growth and development
of H. armigera (Giri and Kachole 1998). There is considerable
variation in H. armigera gut protease inhibitory activity in
developing seeds of chickpea (Patankar et al. 1999), and
proteinase inhibitors from the non-host plants (groundnut,
winged bean, and potato) are more efficient in inhibiting the
gut proteinases of H. armigera larvae than those from its
favored host plants such as chickpea, pigeonpea, and cotton
(Harsulkar ez al. 1999).

MOLECULAR MARKERS

Chickpea: The preliminary linkage map based on
interspecific crosses of Cicer arietinum x C. reticulatum and
Cicer arietinum x Cicer echinospermum was made available
by Gaur and Slinkard (1990a, b). The mapping population
derived from a cross between a wilt-resistant kabuli variety
(ICCV 2) and a wilt-susceptible desi variety (JG 62) has been
used to develop the first molecular map of chickpea based on
an intraspecific cross (Cho et al. 2002). Mapping complex
traits such as resistance to pod borer, H. armigera in chickpea
has just made a beginning (Lawlor et al. 1998). A mapping
population of 126 F,, RILs of ICCV 2 x JG 62, has been evaluated
for resistance to H. armigera. The overall resistance score (1
= <10 leaf area and/or pods damaged, and 9 = >80% leaf area
and/or pods damaged) varied from 1.7 to 6.0 in the RIL
population compared to 1.7 in the resistant check, ICC S06EB,
and 5.0 in the susceptible check, ICCV 96029. The results
indicated that there is considerable variation in this mapping
population for susceptibility to H. armigera. Another RIL
mapping population from the cross between Vijay
(susceptible) x ICC 506EB (resistant) has also been evaluated
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for resistance to H. armigera. Efforts are also underway to
develop interspecific mapping populations based on the
crosses between ICC 3137 (C. arietinum) x 1G 72933
(C. reticulatum) and 1ICC 3137 x IG 72953 (C. reticulatum) for
resistance to pod borer and to identify QTLs linked to various
components of resistance to H. armigera (Sharma et al. 2005b).

Pigeonpea: A few studies have been conducted to
investigate polymorphism in pigeonpea and its wild relatives
(Sharma et al. 2005b). Recently developed microsatellite
markers have detected polymorphism in diverse pigeonpea
germplasm (Burns et al. 2001). Panguluri et al. (2006) used
AFLP markers to detect polymorphism in cultivated pigeonpea
and two of its wild relatives Cajanus volubilis Lour. and
Rhynchosia bracteata Benth. ex Bak. High levels of resistance
to pod borer, H. armigera, and pod fly, M. obtusa, have been
identified in wild relatives of pigeonpea such as
C. scarabaeoides, C. sericeus, and C. acutifolius (Sharma et
al. 2001, 2003), which can be easily crossed with the cultivated
species. A mapping population based on C. cajan x
C. scarabaeoides is under development, and will be evaluated
for resistance to H. armigera to identify QTLs linked to
resistance to this insect (Sharma er al. 2005b).

Cowpea: A cross between resistant, IT 84S-2246-4
(cultivated), and susceptible, NI 963 (wild) genotypes of
cowpea has been evaluated for aphid infestation
(A. Craccivora) reaction (Myers et al. 1996). One RFLP marker,
bg4D9b, has been found to be tightly-linked to the resistance
gene (Racl), and several flanking markers in the same linkage
group (linkage group 1) were also identified. Githiri et al. (1996)
suggested that there in no linkage between aphid resistance
genes and the genes controlling morphological traits or AAT
isozyme.

Common bean: Near-isogenic lines differing for the
bean common mosaic virus (BCMYV) resistance allele, bc-3
have been screened to identify RAPD markers linked to BCMV
(Haley et al. 1994). Bulk segregant analysis identified eight
markers associated with resistance to potato leafthopper,
E. fabae, and four markers that were associated with resistance
to E. kraemeri Ross and Moore (Murray et al. 2004).
Mesoamerican bean lines, BAT 881 and G 21212 showed
transgressive segregation for resistance to thrips, Thrips palmi
Karny (Frei et al. 2005), and a major QTL (7pr6.1) located on
LG b06 explained up 10 26.8% of variance for thrips resistance.

Mungbean : A gene from TC 1966 conferring resistance
to bruchid, Callosobruchus sp. has been mapped using RFLP
markers (Young et al. 1992). The RAPDs have been used to
identify markers linked to the bruchid resistance (Villareal et
al. 1998). Bruchid resistance gene mapped 14.6 cM from the
nearest RAPD marker Q04, and 13.7 ¢cM from the nearest RFLP
marker pM151b. The gene was at 25 cM distance from pM151a.
Yang et al. (1998) used MAS approach in backcross breeding
for introgression of bruchid resistance in green gram.

Soybean: There has been limited success in developing

soybean cultivars with resistance to insects because of the
quantitative nature of resistance and linkage drag from the
donor parents. Rector ez al. (1998) used 139 RFLPs to identify
the QTLs associated with resistance to corn earworm, H. zea
in a population derived from Cobb (susceptible) x P1 229358
(resistant). One major and two minor QTLs were identified for
resistance to H. zea. Another RFLP map based on Cobb x PI
171451 and Cobb x PI 227687 has also been developed by
Rector et al. (1999). Among the three resistant genotypes, a
QTL on LG H was shared among all three resistant genotypes
(P1171451,P1227687, and P1229358), and a major QTL on LG
M was shared between PI 171451 and P1229358. A minor QTL
on LG C2 was unique to P 227687, and a minor QTL on LG D!
was unique to PI 229358. Resistance to defoliating insects in
soybean is expressed as a combination of antibiosis and
antixenosis mechanisms of resistance (Rector et al. 2000). An
antibiosis QTL on linkage group LG M was detected in both
Cobb x P1 171451 and Cobb x PI1 229358. An antixenosis QTL
was also significant at this location in these two crosses.
Antibiosis was conditioned by the resistant parent alleles on
LGs G M, and B2, whereas the susceptible parent, Cobb,
provided antibiosis alleles at LGs F and J.

Groundnut: The first genetic linkage map of cultivated
groundnut contained 350 RFLP loci distributed across 22
linkage groups, with a total map distance of approximately
2,700 cM (Burow et al. 1999). RAPD (RKN 229, RKN 410, and
RKN 440) and RFLP (R2430FE, R2545E, and S1/37F) markers
linked with resistance to root-knot nematode have also been
identified (Burow et al. 1996; Choi et al. 1999). Resistance to
the rosette aphid vector, A. craccivora, has been identified in
the breeding line ICG 12991 and is controlled by a single
recessive gene (Herselman ez al. 2004), which was mapped on
linkage group 1 at 3.9 cM from a marker originating from the
susceptible parent, explaining 76.1% of the phenotypic
variation for aphid resistance.

GENE SYNTENY

There has been a considerable interest in exploiting
gene synteny by using SSR markers identified in intensively
studied crops such as pea, soybean, and Medicago in lesser-
studied crops such as chickpea, pigeonpea, and lentil. A
comparison of the linkage maps of Cicer, Pisum, Lens, and
Vicia has revealed that these legumes share many common
linkage groups. The extent of conservation of linkage
arrangement may be as much as 40% of the genome (Weeden
et al. 2000). The high level of conservation of linkage groups
among Cicer, Pisum, Lens, and Vicia suggests that these
genera are very closely related. There is a nearly 60% chance
that microsatellites isolated in pea will amplify in chickpea
(Edwards et al. 1996), although there is less than 20% chance
in the reverse direction (Pandian et al. 2000). Combining
empirical lab-based approaches with bioinformatic strategies
will be helpful in developing efficient systems for screening
the vast public domain sequence databases of soybean and
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Medicago to liberate sequences of most value for molecular
breeding in chickpea and pigeonpea. Information on conserved
gene sequences among these genera will also facilitate
prediction of gene location in crops based on its location in
other genera.

CONCLUSIONS

A beginning has been made in developing genetic
linkage maps of many crops. However, the accuracy and
precision of phenotyping for resistance to insect pests remains
a critical constraint in many crops. Improved phenotyping
systems will have substantial impact on both conventional
and MAS to breed for resistance to insect pests, in addition
to the more strategic research that feeds into these endeavors.
There are very few reports concerning the application of MAS
for resistance to insect pests in grain legumes. However, those
available fail to demonstrate an increase in efficiency of MAS
over conventional breeding approaches. A combination of
morphological, biochemical and molecular markers is needed
to introgress insect resistance genes from both cultivated
germplasm, and wild relatives of grain legumes to accelerate
the process of developing cultivars with insect resistance to
increase crop productivity and improve livelihoods of the rural
poor.
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