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ABSTRACT

Pigeonpea [Cajanus cajan (L.) Millspaugh] is an important food legume of the semi-arid tropics (SAT) sustaining live-
lihood of millions of people. Stagnant and unstable yield per hectare all over the world is the characteristic feature of
this crop. This is primarily ascribed to its susceptibility/sensitivity to a number of biotic and abiotic factors. Among
biotic factors, insects such as pod borer (Helicoverpa armigera), pod fly (Melanoagromyza obtusa) and spotted borer
(Maruca vitrata) substantially damage the crop and result in significant economic losses. Management of these insects
by genetic means has always been considered environment friendly approach. However, genetic improvement has al-
ways been impeded by limited genetic variability in the primary gene pool of pigeonpea. Wild species present in the
secondary and tertiary gene pools have been reported to carry resistance for such insects. However, transfer of resis-
tance through conventional backcrossing has not been much successful. It calls for gene introgression through marker
assisted backcrossing (MABC) or advanced backcross breeding (AB breeding). In this review, we have attempted to
assess the progress made through conventional and molecular breeding and suggested the ways to move further towards

genetic enhancement for insects resistance in pigeonpea.
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1. Introduction

Millions of people in the semi-arid tropics (SAT) are
living below poverty line and their livelihood primarily
depends on rainfed agriculture. Pigeonpea [Cajanus ca-
jan (L.) Millsp.] plays an important role in sustaining the
livelihood of poor people in the SAT regions by forming
an integral component of rainfed agriculture [1]. It is a
multi-purpose legume, which not only provides food and
domestic fuel wood, but also enriches soil by improving
water infiltration and conserving valuable nutrients and
water. It is endowed with several unique features that
allow its plants thrive well in drought prone degraded
soils. Therefore, the cultivation of pigeonpea is likely to
contribute to the overall economic development of the
SAT regions by promoting a sustainable and eco-friendly
agriculture that is subject to easy adoption by the resource
poor farmers.

Pigeonpea is an often cross-pollinated diploid (2n = 2x =
22) crop with 833.07 Mb genome size [2]. Globally, pi-
geonpea is cultivated on an area of 4.92 M ha yielding a
production of 3.65 Mt with an average productivity of
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800 kg/ha [3]. Besides India, Kenya, Uganda, Malawi,
Tanzania, Myanmar, Nepal, Puerto Rico, Dominican Re-
public, and Venezuela are the major pigeonpea-produc-
ing countries. In India, it is mainly cultivated as rainfed
crop in about 3.92 Mha, accounting for more than 80%
of the global pigeonpea production. In the states of Ma-
harashtra, Karnataka and Andhra Pradesh, which account
for >50% of the total pigeonpea area, pigeonpea is grown
almost exclusively as a rainfed crop. From 1950 to 2010,
the area under pigeonpea in India has increased from
2.18 to 3.92 Mha.

However, despite its importance in subsistence and
sustainable agriculture and continued breeding efforts to-
wards genetic improvement, the average global produc-
tivity of pigeonpea has remained static over the last three
decades. The yield gap observed between the potential
yield and on-farm yield is mainly due to prevalence of
various abiotic [4] and biotic factors together with the
cultivation of pigeonpea in marginal lands with low input
supply and lack of efficient management practices [2].
There has been observed wide yearly fluctuations in total
production mainly due to attack by insect pests including
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disease-causing pathogens.

More than 200 insect species have been reported to
feed on pigeonpea from germination to harvest. However,
a large number of insects attacking the crop do not cause
significant loss [5]. Among the variety of insects feeding
on pigeonpea, the pod borer (Helicoverpa armigera
Hubner) is the most damaging pest worldwide, and its
frequent occurrence often results in complete crop fail-
ure. It may alone cause losses to the tune of more than
US $300 million annually [6]. The wide host range, high
degree of migration, indiscriminate pesticide application
by farmers and innate ability of the insect to quickly de-
velop resistance to applied insecticides have made it at-
tain the status of the key pest [7,8]. This insect is pan-
mictic and mobile; this leads to inter-mating of different
geographic groups within the range of migration, result-
ing in high genetic variability within a population. The
high genetic variability helps it evolve and adapt rapidly
in different environments [9].

The other most damaging insect, which has been iden-
tified as one of the most important yield reducing factors,
is the pod fly (Melanagromyza obtusa Malloch) [10],
causing an annual loss of US $256 million annually [6].
It causes an average of 34.5% pod damage, which in turn
results in 29.8% grain loss [11]. Besides pod borer and
pod fly, other insects like spotted borer/Maruca (Maruca
vitrata Geyer) and pod sucking bugs (Clavigralla horrida
Germar) pose a big threat to pigeonpea production [12].
Maruca is a serious insect pest of early pigeonpea; yield
losses due to Maruca damage in pigeonpea ranged up to
100%. The development of resistant cultivars and germ-
plasm is one of the best means for controlling this insect
[13]. Scale insect (Ceroplastodes cajani) has also been no-
ticed to reduce yield of pigeonpea [14]. Resistance to stor-
age pests such as bruchid (Callosobruchus spp.) and wee-
vils (Callosobruchus chinensis) is also important in pi-
geonpea, and is lacking in cultivated species [15]. Infesta-
tions from such storage pests intensify the situation and
result in profound seed damage during storage.

Identification and utilization of resistant cultivars against
these insects would provide an environment-friendly solu-
tion and sustainable management of these insect-pests. In
this paper, we have attempted to amass available litera-
ture on host resistance to these insets, and discussed the
ways how best these can be utilized to develop resistant
cultivars for improving yield stability in pigeonpea.

2. Screening of Pigeonpea Genotypes for
Insects Resistance

A number of studies have been conducted to identify
sources of resistance to various insects in pigeonpea.
Thus far, however, only few genotypes have been docu-
mented as resistant in the cultivated accessions. In pi-
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geonpea, differential infestation specificity by insects has
been reported due to a large variation in maturity period.

The extra short-duration varieties (that are harvested
during October-November) and the medium-duration ge-
notypes (which are harvested in December-January) are
more severely damaged (as high as 90% in some years)
by pod borer. The long-duration types, which mature
from February onwards, tend to have lower podborer
damage. Determinate types have heavier damage than the
indeterminate types. “UPAS 120” (an indeterminate va-
riety) is fairly tolerant, whereas “ICPL 151" (a determi-
nate variety) is highly susceptible. More than 14,000 pi-
geonpea germplam accessions have been screened to iden-
tify the sources of resistance to pod borer, but only a few
accessions with low levels of resistance have been de-
tected [16]. Among the cultivated pigeonpea genotypes,
“ICPL 332” (the resistant check) was consistently less
damaged than the susceptible check “ICPL 87”.

The high level of natural incidence of Maruca provides
an opportunity for evaluation of pigeonpea germplasm un-
der field conditions [13]. Screening of the germplasm ac-
cessions revealed a large variation in Maruca damage to
flowers and pods. On an average, the damage in determinate
accessions (66% - 75%) was higher than that of non-deter-
minate accessions (41% - 50%). Selections for resistance to
Maruca damage among and within the resistant lines carried
out for 6 generations under non-sprayed field conditions
showed significant yield advantages over controls. Data on
pod damage and larval counts indicated that the resistance
was conditioned through yield compensation mechanisms.
Further studies in these lines indicated that by using the
resistant genotypes, it is possible to reduce the number of
insecticide sprays for economic yields [13].

Earlier studies on pod fly damage have shown that
early maturing genotypes suffer more damage than the
late maturing ones [17,18], and the determinate types are
less susceptible than the indeterminate types [19,20].
However, empirical evidences reveal that long-duration
varieties, in general, show heavier damage than the early-
maturing types. More than 10,000 germplasm accessions
have been screened for pod fly resistance [21]. Lines
with a high degree of resistance include “PDA 88-2E”,
“PDA 92-1E” [22], “PDA 89-2E” [23], “PDA 92-2E”,
“PDA 92-3E”, and “PDA 93-1E” [24]. These lines can
be used as the sources of resistances in the breeding pro-
grammes, and for cultivation in pod fly endemic areas.
However, field observations indicate that these lines have
small seed size; therefore, these may not be preferred by
the pod fly for laying eggs as small sized seeds may not
sustain developing larvae.

Although several studies have been reviewed on evalua-
tion of different maturity groups of pigeonpea genotypes
for resistance to pod fly [10], no definite conclusions
could be drawn about the relative susceptibility of dif-
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ferent maturity groups to pod fly damage because of un-
staggered flowering and variation in pod fly abundance
over time [15,25]. Also very little is known about the
bases and mechanisms of resistance to pod fly in pi-
geonpea. Therefore, it is important to identify the pod fly
resistant pigeonpea genotypes, and the physico-chemical
traits associated with resistance/susceptibility to pod fly
from a diverse array of genotypes.

Moudgal et al. [26] characterized pigeonpea genotypes
for physico-chemical pod traits imparting resistance to
pod fly under field conditions. The non-determinate type
“GP 75” (extra early maturing) and “GP 118" (early ma-
turing), and determinate type “GP 233” (extra early ma-
turing) and “GP 253” (early maturing) genotypes had
significantly lower pod and seed damage as compared to
early maturing checks “Prabhat” (determinate) and “Ma-
nak” (non-determinate), suggesting that resistance to pod
fly is not linked to plant growth habit and maturity period
of pigeonpea genotypes.

For the two other important insects namely pod suck-
ing bugs and scale insects, available information on varie-
tal screening is scanty. Scale insects, which are not the
major pests of annual pigeonpea [5], have been reported
to cause significant yield reduction (>50%) in the sensi-
tive genotype “IPA 11-16” of long-duration pigeonpea

under field condition [14].

The above-mentioned results are based almost exclu-
sively on the field observations. Empirical evidences do
suggest that determinate cultivated types are more sus-
ceptible to pod borer and Maruca than indeterminate
types. However, this differential reaction of growth habit
of pigeonpea genotypes does not hold true for pod fly.
Furthermore, even the genotypes rated as resistant may
be “escapes” because of their maturity period and non-
synchronisation of reproductive period between host and
pest. Still in other resistant genotypes, the degree of re-
sistance may not be high, so that some proportion may be
lost during its transfer and expression in different genetic
backgrounds.

3. Screening of Wild Accessions for Insect
Resistance

Wild relatives of pigeonpea are also useful sources of
resistance to pod borer [27,28]. Wild species especially C.
scarabaeoides [29,30] and C. platycarpus [31] have been
identified as the potential sources of resistance to pod
borer (Table 1). Significant variation in egg-laying, num-
bers of larvae, and pod damage among the wild relatives
of pigeonpea under field conditions have been recorded

Table 1. Morphological and biochemical traits associated with the insect resistant/tolerant and susceptible genotypes of pi-

geonpea’.
SINo Insects/biochemicals Year Remarks Range Range References
Significantly higher in
] ! 14.7% (PDA 88-2E) to 30.4% (MA24) to .
venodd 2006-07 sus:zgrl;)rllet: g:la:s the 21.1% (MA3) 37.0% (Bahar) Srivastava et al. (1994)
B S
2007-08 Sli’iﬁc?fiffi t?lf;l the  167%(PDA88-2E) 10 34% MA2H 1o g diava er al. (1994)
to{’e ot lines 23.4% (MA3) 41.6% (Bahar) :
Significantly higher in
: 9.0% (PDA 88-2E) to 20.8% ( MA24) to .
2006-07  susceptible than the 14.6% (MA3) 25.0% (Bahar) Srivastava et al. (1994)
5 % grain damage tolerant lines
by pod fl ioni i ;
e 2007-08 Slsgrsnctgc?irllatllg tﬁfr? the  113%(PDASS2E)t0 1% MA24 1o g dava et al. (1994)
u to{’e Lt Linos 13.7% (MA3) 30.2% (Bahar) :
Significantly higher in o o o
3 Wax content (%)  2007-08 tolerant than the 3.38% (MA3) t0 4.76% (PDA  2.82% ((,MAL 24 to Das and Odak (1987)
susceptible lines 88-2E) 2.16% (Bahar)
4 Total phenols inpod o oo Slgggi:r‘::lgl;‘lgfg "™ 19.49 mg/g (PDA 88-2E)to  14.27 mg/g (MA-24) to l\gﬁsrdfl:l:t’a‘jl' ((22000%8)?;
walls (mg/g) susceptible lines 16.24 mg/g (MA3) 13.04 mg/g (Bahar) Sunitha et al. (2008)
. Significantly higher in 15.31 mg/, Moudgal et al. (2008);
5 Sf:f;g;“% ) 200708 sisceptiblg than the 8'801?%7%1;? ]/)A(ﬁ%')i) to (MA 24)g © Sharma ot . ((2009)2
garsimg’e tolerant lines O/ melg 18.31 mg/g (Bahar)  Sunitha ef al. (2008)
B . Significantly higher in B o
6 Non-reducing 50, 08~ isceptible than the 10> M&/8 (PDA88-2E)to 26.16% (MA24) to 1y o 0 dak (1987)

sugars (mg/g) tolerant lines
Significantly higher in
susceptible than the
tolerant lines

Total amino
7 acids (mg/e) 2007-08

23.29 mg/g (MA3)

1.12 mg/g (PDA 88-2E) to
2.20 mg/g (MA3)

31.08% (Bahar)

2.42 mg/g (MA-24) to

4,08 /g (Bahar) | Moudgal et al. 2008)

"Modified after Pandey et al. (2011).
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[32]. Accessions belonging to R. aurea, C. scarabaeoides,
C. sericeus, C. acutifolius, and F. bracteata have shown
high levels of resistance to pod borer, while the acces-
sions belonging to C. cajanifolius (ICPW 28) were as
susceptible to pod borer as the cultivated pigeonpea (ICPL
87). There was considerable variation in pod damage
among different accessions of C. scarabaeoides, sug-
gesting that it might be important to evaluate available
accessions before selecting a particular accession for its
utilization in breeding for resistance to insect pests. In
several accessions, the numbers of eggs or larvae re-
corded on the marked portion of the inflorescences came
to naught (zero); nevertheless, some extent of pod dam-
age was recorded in most of the accessions tested. The
pod borer moths have the choice to lay eggs also on other
inflorescences (at the flowering stage) of the same plant;
the larvae from the neighbouring branches migrate to
others and cause pod damage, resulting in differences in
egg laying, larval numbers, and pod damage.

Significant inter- and intra-species differences in the
relative susceptibility to pod fly and pod wasp damage
have been observed among wild accessions [33]. Acces-
sions belonging to C. scarabaeoides, C. sericeus, Rhyn-
chosia bracteata, C. acutifolius, C. lineatus, and C. albi-
cans showed resistance to pod fly damage, while those
from C. platycarpus, C. cajanifolius and R. aurea were
susceptible. For the pod wasp, some of the accessions
from C. scarabaeoides, C. albicans, Flemingia stricta,
and R. bracteata showed resistant reaction, while “ICPW
83” (C. Scarabaeoides) showed a susceptible reaction.
“ICPW 1417, “ICPW 2787, and “ICPW 280” (C. scara-
baeoides), “ICPW 214” (R. bracteata), “ICPW 14” (C.
albicans), and “ICPW 202” (F. stricta) showed resis-
tance to both pod fly and pod wasp damage. There was a
negative association between pod wasp and pod borer
damage; it thus appeared important to keep track of the
relative susceptibility of pigeonpea genotypes to pod
wasp, while breeding for resistance to pod fly [33].

From the above review, it appears that most of the
wild relatives (excluding C. cajanifolius) are indeed very
good sources of resistance to various insects feeding on
pigeonpea. These need to be reconfirmed and exploited
in breeding programme for transfer of insect resistance to
the cultivated types.

4. Morphological Markers Imparting
Resistance to Insects

Host plant resistance is an important component for mini-
mizing the losses due to insect pests. To develop breed-
ing strategies for resistance to insect pests, an under-
standing of different morphological and biochemical
components of resistance is essential [32]. Association of
several morphological traits such as pod toughness, struc-
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ture of pod wall, and trichomes on the pod surface with
resistance to pod borer has been reported [30]. Some
information on the nature and density of trichomes on the
pods of different accessions of wild relatives of pigeon-
pea and their association with insect resistance, although
not investigated fully, has been generated in pigeonpea
and the related wild species, C. scarabaeoides [32].
Types of trichomes and their orientation, density and
length have been found to influence host plant resis-
tance/susceptibility to insect pests [32,34-37]. Trichomes
and trichome exudates on the pod wall surface play an
important role in the ovipositional behavior and host se-
lection process of insect herbivores [38]. However,
trichomes at times also impart susceptibility to insects
like whitefly (Bemisia tabaci Gen.) in cotton [39].
Trichomes in Cajanus species have been classified as
glandular (4 & B) and non-glandular (C & D). Trichomes
A and D are longer than B and C types, respectively. The
high density of type A (a characteristic feature present on
the pods of cultivated types) increases the vulnerability
of the host plant to pod borer to feed on the pods [32,37].
Dense non-glandular trichomes (type C) on pods of wild
pigeonpea possibly act as a physical barrier to feeding by
the young larvae of pod borer [27], while the glandular
trichomes (type 4) in C. cajan act as attractants [40] or
phagostimulants for H. armigera [41]. There is an indi-
cation that the exudates from type A4 trichome contain a
feeding stimulant for the larvae [41]. The type B trichome
appears to give no protection against this insect. How-
ever, they are the source of characteristic pigeonpea fra-
grance [42]. Significantly high numbers of type B
trichomes were observed on the pods of C. lineatus, C.
albicans, and C. cajanifolius as compared to those on the
pigeonpea cultivar “ICPL 87” [32]. The fragrance of the
pods of C. lineatus might also be due to the presence of
high density of type B trichomes. The contents of type B
trichomes are liberated only when the cell wall is rup-
tured, often caused by chewing actions of the insects
such as pod borer or by abiotic factors such as high tem-
peratures or low air humidity [43]. High density of
trichome C (5 times more than that of C. cajan) was pre-
sent on the calyxes and pods of C. scarabaeoides. Sig-
nificant negative correlations were observed for the
trichome C (density) with damage to buds, flowers and
pods, number of eggs and larvae on the inflorescences.
Although, there were a few significant negative correla-
tions observed between type D trichomes and different
sites of pod borer damage, their magnitude was too low
to have any significant contribution on the resistance to
pod borer damage. It, therefore, appears that selection of
plants bearing pods with high density of type C trichome
and low density of type A trichomes will be useful in
breeding for resistance to pod borer [37]. The presence of
low density of trichome C in the accessions of C. cajani-
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folius and cultivated species is perhaps the consequence
of human directed domestication and selection.

The non-glandular trichomes, which were present at
much higher densities on the wild relatives of pigeonpea
than on the cultivated pigeonpea, may also act as a phy-
sical barrier to feeding by the pod borer larvae [32]. The
results suggest that non-glandular trichomes (types C and
D) have a significant influence on genotypic susceptibil-
ity to pod borer in wild relatives of pigeonpea, and these
can be used as marker traits to breed for resistance to pod
borer. Expression of resistance to pod borer has also been
associated with low amounts of sugars and high amounts
of tannins and polyphenols. Wild accessions of pigeon-
pea with non-glandular trichomes (types C and D) or low
densities of glandular trichomes (type A4), and high
amounts of polyphenols and tannins may be used in wide
hybridization to develop pigeonpea cultivars with resis-
tance to H. armigera.

A number of morphological markers has been sug-
gested as the basis of host plant resistance to pod fly.
Singh et al. [44] observed that cultivars with thick pod
wall were more resistant to pod fly. According to Moudgal
et al. [26], pod wall thickness and trichome density were
found to be negatively associated (r = —0.83"" to —0.97"")
with pod fly infestation. Accordingly, they suggested to
utilize these traits (trichome density and pod wall thick-
ness) as morphological markers to identify pigeonpea
genotypes with resistance to pod fly for their utilization
in breeding programmes aiming at improving pod fly
resistance.

It is thus obvious that selection for high density of C
trichomes (or low density of 4 trichomes) will result in
resistance to pod borer in pigeonpea. Similarly, pigeon-
pea genotypes with thick pod wall are likely to be resis-
tant to pod fly.

5. Biochemical Basis of Resistance to Insects

In addition to morphological traits, biochemical con-
stituents present in the cells and tissues of the host plant
exert a profound influence on the biology of insect pests
[45,46]. Certain biochemicals are produced by plant spe-
cies in varying quantities and proportions, which affect
the behaviour of phytophagous insects in various ways
[47]. Chemical compounds in trichome exudates and on
pod wall surface also influence the host plant selection
and colonization by pod borer [40,41,48]. Chemicals ex-
tracted in acetone from C. scarabaeoides pod surface
resulted in feeding inhibition, whereas compounds ex-
tracted in methanol from the pod surface of cultivated
pigeonpea acted as phagostimulants [27,41]. In addition,
pigeonpea also contains anti-nutritional factors such as
proteinase inhibitors, oligosaccharides, phenols, tannins,
and phytic acid [49], which may influence the host plant
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suitability to pod borer. Studies have been undertaken to
ascertain the role of amounts of soluble sugars, proteins,
polyphenols, and tannins in the pods of wild relatives of
pigeonpea in relation to expression of resistance to pod
borer [32]. Total soluble sugars were found to be higher
in the pods of cultivated pigeonpea than in the wild rela-
tives, and this may be one of the factors leading to
greater feeding by H. armigera larvae on the pods of
cultivated pigeonpea compared to that on the wild ac-
cessions [32].

MacFoy et al. [50] recorded high concentrations of
sugars and amino acids in the cowpea cultivar “Vita-1”,
which is susceptible to spotted pod borer/Maruca. Low
amounts of polyphenols in the cultivated pigeonpea might
be another reason for their high susceptibility to pod
borer [32]. Low amounts of phenols in pigeonpea flowers
are also associated with susceptibility to spotted pod
borer, M. testulalis [51]. Soluble protein content was
significantly higher in the pods of C. Scarabaeoides than
those of “ICPL 877, a cultivated variety of pigeonpea.
High amounts of polyphenols were recorded in the resis-
tant (late-maturing) wild species as compared to the cul-
tivated pigeonpea [32]. Similar observations have also
been reported earlier [52,53]. Condensed tannins in plants
often act as insect growth inhibitors owing to their pre-
sumed binding to the proteins [45]. However, there is
very little evidence to suggest that condensed tannins
inhibit digestion in insects, but the adverse effects of
condensed tannins might be due to their role as feeding
deterrents [54].

The pod wall biochemical traits have been reported to
play an important role in pigeonpea for resistance to in-
sects [26]. Pigeonpea pod walls with more wax, total
phenols and less reducing and non-reducing sugars and
total amino acids (Table 2) suffers less pod and grain
damage by pod fly [47]. Similar findings have been re-
ported for resistance to pod fly [26,55] and H. armigera
in wild species [31], and to M. vitrata in cultivated pi-
geonpea [56].

6. Mechanism of Resistance

Ovipositional response of pod fly has been studied on
resistant pigeonpea selections [57]. Regression analysis
revealed that percentage oviposition and relative resis-
tance ratings were positively correlated, and thus low
seed damage was mainly due to low preference for ovi-
position by the pod fly. However, most of the lines,
which were rated highly resistant, had small seeds. Such
individual small seeds may not support and sustain the
growth and development of individual eggs laid by the
pod fly. This might be one of the reasons for the insects
non-preference towards laying eggs on the pods of such
varieties. Non-preference, however, is exclusively an in-
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Table 2. Wild species carrying resistance to insects and their crossability with C. cajan.

SINo  Resistance to insect species Donor wild Species

Crossability with C. cajan References

C. reticulatus Crossable Dodia et al. (1996)
C. albicans Crossable Mallikarjuna et al. (2007)
C. acutifolius Crossable Mallikarjuna et al. (2007)
C. scarabaeoides Crossable Pundir and Singh (1987)
1 Pod borer
C. sericeus Crossable Mallikarjuna et al. (2007)
C. platycarpus Crossable with embryo rescue Mallikarjuna et al. (2006)
R. bracteata Not crossable Mallikarjuna et al. (2007)
Flemingia spp. Not crossable Mallikarjuna et al. (2007)
C. scarabaeoides Crossable Pundir and Singh (1987)
C. albicans Crossable Sharma et al. (2003)
C. acutifolius Crossable Sharma et al. (2003)
2 Pod fly
C. lineatus Crossable Sharma et al. (2003)
C. sericeus Crossable Sharma et al. (2003)
R. bracteata Not crossable Sharma et al. (2003)
3 Bruchids C. sericeus Crossable Mallikarjuna et al. (2007)

sect’s response that is decided purely by the presence of
alternative but suitable host(s).

The wild species have antixenosis, antibiosis and non-
preferential oviposition among the various mechanisms
of resistance to pod borer [28]. An accession “JM 4147”
of the wild species C. scarabaeoides has been reported to
possess resistance to both pod fly and the pod borer [58].
The mechanism involved for resistance was suggested as
antixenosis. However, even in antixenosis, plant is avoided
as the site of oviposition and habitation by the insects [59]
because it is an undesirable host [60].

Antibiosis, which operates principally through produc-
tion of specific bio-chemicals especially toxins in the
hosts, is a true mechanism of insect resistance [60]. In
pigeonpea, biochemicals such as proteinase inhibitors,
low amounts of sugars and high amounts of condensed
tannins, polyphenols, soluble protein [32], phytic acid
[49], and the like may confer resistance to insects through
antibiosis.

7. Genetics of Resistance

Literature abounds in information on the inheritance pat-
tern of resistance to various insects of pigeonpea. Verul-
kar et al. [58] reported from their study comprising F,
(derived from a cross between a cultivated type “Pant
A-3” and a wild accession “JM 4147 from C. scara-
baeoides), F,, and backcross generations that the resis-
tance (antixenosis) to pod borer is governed by a single
dominant gene (Table 3). Genetics of trichome features
has been studied in some detail by [37]. The two types of
trichomes, 4 (lower density) and C (higher density),
which impart resistance to pod borer in certain acces-
sions of C. scarabaeoides, are negatively correlated
(—0.49" to —0.55"") with each other. Trichomes of the
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wild parents (high density of the non-glandular trichomes
C and D and glandular trichome B, and low density of
glandular trichome 4) were dominant over the trichome
features of C. cajan. A single dominant gene as indicated
by the segregation patterns individually governs each
trait in the F, and backcross generations. Segregation
ratio of 3 (resistant): 1 (susceptible) for resistance to pod
borer in the F, generation under field conditions was
corroborated with a ratio of 1:1 in the backcross genera-
tion, and the ratio of 1 non-segregating (resistant): 2 seg-
regating (3 resistant: 1 susceptible): 1 non-segregating
(susceptible) in the F; generation. Resistance to pod borer
and trichomes associated with it (low density of type 4
trichome and high density of type C) are governed indi-
vidually by a dominant allele of a single gene in C.
scarabaeoides. Low damage by Helicoverpa under field
conditions and low damage under no-choice laboratory
conditions are also governed by dominant alleles of a
single gene. The backcrossing should be used to incur-
porate pod borer resistance gene(s) into the adapted high-
yielding pigeonpea varieties [37].

Several studies have indicated simple inheritance of
pod fly resistance in pigeonpea. According Verulkar et al.
[58], an accession “JM 4147 of the wild species C. scar-
abaeoides appeared to possess resistance to both pod fly
and pod borer. The results suggested that resistance to
pod fly was governed by the two recessive genes. Singh
and Lal [61] have reported dominance of susceptibility
over resistance to pod fly with resistance being governed
by the interaction of recessive and dominant alleles. Ac-
cording to Singh and Singh [62], however, pod fly resis-
tance is controlled by a dominant gene in long-duration
pigeonpea cultivars and suggested to incorporate it in
high-yielding cultivars by simple backcrossing method.
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Table 3. Mechanism and inheritance of resistance to pod fly and pod borer in pigeonpea.
Sl Mechanism . . . . Inheritance Donors for Breeding app'roach
Insects . Dominant trait Recessive trait . . References to transfer resistance
No of resistance of resistance resistance p .
into pigeonpea
High level of Low level of pod . . . Verulkar Marker assisted
Duplicate action C. scarabaeoides .
1 Podfly - pod damage damage (double recessive) (JM 4147) et al. backcrossing
(susceptibility) (resistance) (1997) (MABC)
. . . . Verulkar
2 Pod borer Antixenosis Antixenosis Preference A single C. scarabacoides etal. MABC
(Non-preference) dominant gene (JIM 4147) (1997)
Trichomes on pod A single dominant .
. . C. scarabaeoides
wall surface affecting gene in C. (ICPW 94 Rupakula
3 Pod borer ovipositional Resistance Susceptible scarabaeoides ICPW 12 5’ etal. MABC
behav1.0r and host governs rgsmtance and ICPW 130) (2005)
selection process reaction
. . C. scarabaeoides
. High density of Rupakula
4 Pod borer do Low den-sny of type A trichomes do (ICPW 94, etal. MABC
type A trichome in C cai ICPW 125, (2005)
m&. cajan and ICPW 130)
. C. scarabaeoides
. . Low density of Rupakula
5 Pod borer do tHlihC(,l fgiﬁgﬂ‘iz type C trichomes do I(é(;]:)\\]vlg;;’ etal. MABC
yp in C. cajan ’ (2005)

and ICPW 130)

The mode of inheritance for a number of traits (known
to have some correlation with resistance/tolerance to in-
sects) in pigeonpea has been investigated [63]. The re-
sults showed that pod width and phenolic content were
under the control of additive genetic effects with the non-
additive effects generally being either non-significant or
too small compared to the additive genetic effects. 100
seed mass was controlled by both additive and non-addi-
tive effects, while pod biochemical characteristics such
as sugar content, starch content and protein content were
governed by the preponderance of non-additive genetic
effects.

It therefore appears that traits imparting resistance to
pod borer or pod fly are under simple genetic control.
These traits can be incorporated into cultivated pigeon-
pea through backcross breeding. Traits under additive
genetic control may be improved by any selective breed-
ing.

8. Utilization of Wild Resources for
Introgression of Resistance

Wild relatives of pigeonpea such as C. scarabaeoides, C.
sericeus, C. acutifolius, C. albicans, Rhynchosia aurea, R.
bracteata and Flemingia bracteata have high degree of
resistance to pod borer [28,64]. Some of the wild rela-
tives of pigeonpea have also shown resistance to pod fly
and pod wasp (Tanaostigmodes cajaninae) [28]. Ad-
vanced generation population from a cross utilizing C.
acutifolius as the pollen parent has shown resistance to
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pod borer [65]. Some lines have shown a high level of
resistance to pod borers, pod fly and bruchids under un-
protected field conditions.

Out of the 21 wild species in the tertiary gene pool of
pigeonpea, only C. platycarpus has been utilized for im-
proving insect resistance through inter-specific hybridi-
zation [66,67]. It (C. platycarpus) is a species of interest
to pigeonpea breeders because it has various traits of
interest [31]. These include extra-carly flowering and
maturity, photoperiod insensitivity, prolific flowering and
podding, high harvest index, annuality and rapid seedling
growth including resistances to biotic stresses such as
pod borer [64]. Mallikarjuna et al. [31] developed back-
cross progenies and obtained a range of morphological
and resistance traits in the progeny lines for pod borer,
bruchid, and pod fly resistance. The presence of C.
platycarpus genome in advance generation progeny lines
(BC,) was quantified utilizing Diversity Array Technol-
ogy (DArT) markers. All the derivatives were screened
for resistance to pod borer, pod fly, and bruchids under
unprotected field conditions. Damage in BC4F,-A deriva-
tives ranged from 6.85% to 22.84%, with majority of the
lines with <15% damage. The findings with respect to
resistance to insect have been summarized as per the in-
sect species.

Progeny lines derived from C. platycarpus showed 0% -
7.44% pod borer damage compared with 14.5% damage
in the control lines. Some of the lines with no bruchid
damage also had significantly lower damage by pod
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borer. Three accessions of C. platycarpus were screened
for bruchid resistance. On all the three accessions, 82% -
91% of the eggs failed to hatch. Although 44% of the
eggs failed to hatch on cultivar “ICPL 850107, the num-
ber of non-viable eggs on the wild species was more than
double. The minimum seed damage was recorded on C.
platycarpus accession “ICPW 66” (14%), while the dam-
age was moderate to medium in other C. platycarpus
derivatives compared with the susceptible check “ICPL
85010” (75% damage). In advance generation inter-spe-
cific derivative lines, the number of eggs that failed to
hatch varied from 32.78% to 92%. Although some eggs
hatched, the days required for the emergence of the adult
were more than in the cultivars. In most of the wild ac-
cessions as well as in the advance lines, the number of
days for the adult emergence was higher. Later emer-
gence produced smaller and weaker adults.

Low to moderate resistance was observed for the pod
fly in the BC4F-A derivatives, which ranged between 4
and 22%, with majority of derivatives having moderate
damage between 10% - 16%, with a single derivative
BC,F-A 15-14-1 showing a low damage of 3.73%. The
line also showed low damage to pod borer (13.42%).

In summary, high level of resistance to pod borer in
the wild species can be transferred to the cultivated pi-
geonpea through interspecific hybridization. It is likely
that mechanism(s) of resistance in wild species may be
very different from those of cultivated species due to
their separation in time and space during the process of
evolution. These different mechanisms can be exploited
to diversify the bases of resistance to H. armigera.

9. Possibility of Developing Genotypes with
Multiple Resistance to Insects

All the above-mentioned insects cause significant econo-
mic losses in pigeonpea. Farmers cannot afford to protect
the crop from multiple insects by spraying an array of
chemicals as chemicals are expensive and unfriendly to
the environment and to the farming community. There-
fore, pigeonpea lines/varieties with multiple resistances
are much desired to stabilize pigeonpea yield over sea-
sons/years. This is achievable as there are several pi-
geonpea varieties with multiple resistance to diseases
such as Fusarium wilt, sterility mosaic disease (SMD)
and Alternaria blight [1]. Evaluation for insect resistance
data showed that there is good scope to transfer multiple
insect resistances from C. platycarpus to cultivated pi-
geonpea. A few lines with low pod borer, pod fly and
bruchid damage have already been isolated [31]. It may
be possible to develop pigeonpea lines having pods with
high density of C trichomes (low density of 4 trichomes)
and thick pod wall. Such lines could be resistant to both
pod borer and pod fly.
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10. Gen_omic Resources for Insects
Resistance

Substantial progress has been made towards development
of large-scale genomic resources in pigeonpea especially
during the last decade largely due to generous financial
support and coordinated efforts made by several organi-
zations such as Indian Council of Agricultural Research
(ICAR), Department of Biotechnology (DBT) of Gov-
ernment of India, and the like. In essence, these efforts
have resulted in the development of large-scale molecu-
lar markers, construction of comprehensive genetic maps,
identification of various marker-trait associations and
initiation of molecular breeding in this crop. The large
numbers of SSR markers [2,68,69], DArT markers [31],
SNPs [70] and ESTs [68] hold high promise for im-
provement of a number of economic traits in pigeonpea.
Availability of more than 3000 SSR markers facilitated
development of inter- as well as intra-specific genetic
maps using several F, mapping populations [69,71]. This
represents the first instance of merging multiple genetic
maps in pigeonpea. Preliminary mapping efforts for trait
mapping in pigeonpea have resulted in mapping of Fusa-
rium wilt resistance [72], SMD [73]. However, molecular
breeding approaches have not yet been initiated as it may
take a few more efforts to identify major QTLs for traits
like FW, SMD and fertility restoration.

The much publicised draft genome sequence has also
become available in pigeonpea [2,74]. Detailed analysis
covering ~73% (605.78 Mb) of the 833 Mbp pigeonpea
genome by Varshney ef al. [2] has resulted in the identi-
fication of 48,680 pigeonpea genes. A few hundred of
these genes were found unique to the crop in terms of
drought tolerance. In another initiative by Singh et al.
[74], 61% of genome was mapped. Total 47,004 protein
coding genes and 12,511 transposable elements related
genes were predicted. They identified 1213 disease re-
sistance/defense response genes and 152 abiotic stress
tolerance genes in the pigeonpea genome. However, ge-
nome sequences by any of the two groups did not clearly
reveal/identify genes imparting resistance to major insect
pests of pigeonpea.

Presence of genetic variability for resistance to insects
particularly pod borer is not available in the primary gene
pool of pigeonpea. Therefore, breeders need to utilize
wild relatives (e.g., C. scarabaeoides, C. platycarpus)
that are considered reservoirs of superior alleles for traits
imparting resistance to insects that must have lost during
domestication and breeding. However, transfer of desir-
able alleles is not so simple because of difficulty in effi-
cient tracking for desired and non-desired alleles in breed-
ing lines. This problem can be overcome by advance-
backcross QTL based breeding (AB-breeding) as it is the
most suitable for introducing novel alleles from wild
relatives to the cultivated species cultivars or varieties in
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a controlled manner [75]. Initiatives are underway in this
direction at national and international institutes for im-
proving insects resistance in pigeonpea.

11. Status of Bt Transgenics for Resistance
to Helicoverpa

Although a few lines of pigeonpea have been identified
for resistance to pod borer and pod fly, the resistance has
been only partial and lines with absolute resistance is not
available in the cultivated germplasm [76]. Attempts to
produce insect-resistant genotypes of pigeonpea by con-
ventional breeding methods have not been much suc-
cessful due to limited resistance sources in the crossable
germplasm and incompatibility with wild species [77].
The advent of transgenic technology has provided the
best option to improve resistance to insect pests. How-
ever, a well defined reproducible regeneration and trans-
formation protocol is required for development of trans-
genics in pigeonpea.

Much effort has been directed towards developing ef-
ficient protocols for Agrobacterium- and microprojectile
bombardment-based genetic transformation for this crop
[78,79]. In pigeonpea, attempts to regenerate plants from
various explants have been attempted and direct shoot
induction has been obtained from various explants. These
include leaves [80-82], cotyledonary node [83-85], epi-
cotyl [86], and shoot apices [87,88]. However, the trans-
formation efficiency in explants derived from cotyledon-
ary nodes has been low [87]. More recently, shoot apices
from 16-d-old seedlings were used to obtain shoot re-
generation and transformation with marker genes to ob-
tain polymerase chain reaction (PCR)-positive primary
transformants of pigeonpea [88].

The advent of in planta transformation protocols in
Arabidopsis gave a lead for the development of tissue
culture-independent techniques in several difficult-to-re-
generate species [89,90]. Recently, the protocol was also
proved to be feasible in pigeonpea [91]. At ICRI-SAT,
seedling-derived leaf explants have also been employed
successfully to obtain high frequency of genetic trans-
formation in pigeonpea through biolistics [82]. A direct
shoot regeneration protocol by using the axillary bud
region of the in vitro germinated seedlings as explants
has been developed. A novel method for the regeneration
of adventitious shoot buds and efficient transformation of
pigeonpea by using Agrobacterium tumefaciens-medi-
ated transfer of a synthetic cryl Ab gene of B. thuringien-
sis has also been reported. Several events of transgenic
pigeonpea were produced by this method that showed
stable integration, inheritance, and expression of the in-
troduced genes in subsequent generations [79]. Re-
cently, cryl AcF gene has been shown to be conferring
resistance to Helicoverpa in pigeonpea [92].

As the insects also continuously try to develop resis-
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tance to a particular toxin gene, pyramiding of different
resistance genes in transgenic plants could be a poten-
tially more viable strategy to prevent failure of future
transgenics [93,94]. It is also expected that the same op-
tion might help to improve the efficacy range of the in-
troduced genes covering more than one or a set of spe-
cies [95]. Because, gene pyramiding will essentially re-
quire individual transgenics to be developed first and
then to combine the genes by crossing, it is essentially
time consuming. An alternative to gene pyramiding would
be to use synthetic genes of multiple efficacies [96]. The
synergistic effect of crylAc and crylF in 1:1 ratio in-
creased the toxicity of the protein 26 times [97]. The
study emphasized the probability that each domain may
bind to separate receptors resulting in greater efficacies
[98]. Based on this, the chimeric gene, cryl1AcF (N-ter-
minal and second domains from crylAc and C-terminal
domain from crylF genes were fused at 1428 bp from the
5’ start site) with an anticipated increase in the tolerance
of the transgenic crops to a broad range of pests and this
gene was shown to confer better resistance.

12. Conclusions

One of the main reasons for the low and unstable yield in
pigeonpea is the susceptibility of the crop to a number of
insects especially pod borer and pod fly. There is paucity
of genotypes having resistance to these insects in the
cultivated pigeonpea. The resistance traits must have
been lost during the domestication and selection for high-
yielding plant types. Nonetheless, wild relatives of pi-
geonpea especially C. scarabaeoides and C. platycarpus
do possess a number of morphological and biochemical
traits imparting resistance to these insects. These include
type and density of trichomes on pods, width of pod wall,
pod walls with more wax, total phenols and low reducing
and non-reducing sugars and total amino acids. These
traits need to be transferred from wild relatives to the
improved cultivars or advance breeding lines of pigeon-
pea that are deficient in resistance to these insects. How-
ever, transfer of such useful genes from the wild species
is difficult through convention backcross breeding be-
cause of difficulty in efficient tracking for desired and
non-desired alleles in breeding lines. Molecular breeding
approaches such as marker assisted backcross (MABC),
AB-breeding, and the like may be used to facilitate trans-
fer of such useful genes from wild species.

Draft genome sequence of pigeonpea has resulted in
the identification of >47,000 protein coding structural
genes, and several hundreds of other genes concerned
with defence mechanisms imparting resistance to biotic
as well as abiotic stresses. However, gene sequences as
claimed by both the groups have not revealed any gene(s)
imparting resistance to major insects of pigeonpea. It
calls for generating sequence or genotyping data further.
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Simultaneously, the pigeonpea scientists need to work on
precise and cost-effective phenotyping and developing
breeders-friendly databases to ensure integrated breeding
approaches for improvement of resistance to insects.

Since traits/genes conferring resistance to pod borer is
not available in the primary gene pool of pigeonpea, ap-
plication of transgenics technology has been considered
as one of the viable options to genetically mitigate the
problem as it has already been exploited commercially in
cotton and a few other crops. The recent advances in de-
velopment and refinement of transformation and regen-
eration protocols are likely to yield similar results in pi-
geonpea also. It can be anticipated that coming years will
be witnessing the integration of genomic and other mo-
lecular tools and approaches in conventional breeding
programmes for improving resistance to insects in pi-
geonpea.
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