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Abstract

Host plant resistance is an important tool for minimizing the losses in pigeonpea due to pod borer,
Helicoverpa armigera (Hubner), spotted pod borer, Maruca vitrata (Geyer) and pod fly, Melanagromyza
obtusa (Malloch) which are the most threatening hidden pests of pigeonpea crop. Resistant cultivars has a
remarkable potential for use in integrated pest management programme. The biophysical, morphological
and structural attributes of plants plays an important role in plant defense mechanisms. The glandular
(type A and type B) and non-glandular (type A) trichomes on pods of top and middle canopy of the plant
and pod wall thickness were associated with resistance to H. armigera, M. vitrata and M. obtusa whereas,
the non-glandular lengthy (type C) trichomes and pod length were associated with susceptibility to the said
insects. The expression of resistance to H. armigera, M. vitrata, and M. obtusa was associated with the high
amount of fat, phenol and tannin content. Whereas, the higher amount of crude protein and total soluble
sugar content were responsible for higher pod infestation.
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Introduction

In the semi-arid tropics, pigeonpea [Cajanus cajan (L.)
Millspaugh] is one of the major grain legumes (Nene et
al., 1990) and it is grown in 50 countries in Asia, Africa
and the Caribbean as a lifeline requirements such as
food fodder, fuel wood, hedges, windbreaks, rearing lac
insects, soil conservation, green manuring and roofing
etc. (Sharma et al., 2003). Because of heavy infestation
by insect pests, the productivity of this crop has remained
stagnant over the past decades. More than 200 species
of insects have been reported which feed on this crop
worldwide and cause heavy annual losses (Reed and
Lateef, 1990). Among them, the pod borer complex
viz., gram pod borer, Helicoverpa armigera (Hubner),
spotted pod borer, Maruca vitrata (Geyer) and pod fly,
Melanagromyza obtusa (Malloch) are of prime importance
throughout the world which feeds on reproductive parts of
the plant (Taylor, 1967; Shanower et al., 1999; Sharma,
2001;). Annual losses due to these pod borers complex
damage have been reported to be US $ 400 million by H.
armigera, US $ 30 million by M. vitrata and US §$ 256
million by M. obtuse (ICRISAT, 2007; ICRISAT, 1992a;
ICRISAT, 1992b).

Insect pest damage is often considerably affected by the
chemical composition and morphological features of the
plants. Identification and utilization of cultivars resistant/
tolerant to pod borer complex can have remarkable
advantages, particularly for relatively low value pigeonpea
crop (Sharma et al, 2003). These resistant or less
susceptible cultivars can be used in developing resistance
breeding programs which would provide environmentally
sound tool for sustainable pest management (Sharma,
2005). However, more than 14,000 cultivated genotypes
of pigeonpea tested against H. armigera and M. obtuse
resistance showed low to moderate level of resistance
(Reed and Lateef, 1990; Singh and Singh, 1990). High
level of resistance to H. armigera, M. vitrata and M.
obtusa in some pigeonpea lines have been reported by
several workers (Lateef and Pimbert, 1990; Sharma ef al.,
2001; Green et al., 2006; Sunitha et al., 2008).

Several morphological or structural traits of plants such
as trichome density and trichome length on leaves and
pods and pod wall thickness have been reported to be
associated with resistance to pod borers (Lateef and Reed,
1981; Jeffree, 1986; David and Easwaramoorthy, 1988;
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Shanower et al., 1996; Shanower et al., 1997; Halder et al.,
2006). According to David and Easwaramoorthy (1988)
and Duffey (1986) trichomes act as an insect resistance
mechanism as a physical barrier limiting an insect’s contact
with the plant, by producing toxic compounds which
poison the insect through contact, ingestion/ inhalation
and by producing gummy, sticky or polymerized chemical
exudates which impede the insects. However, the pod
wall toughness had not played any appreciable role on
cowpea resistance to the M. testulalis larvae (Oghiakhe et
al., 1992). Similarly, trichome orientation and their types,
density and length influences the plant defense mechanism
against insect-pests (Bernays et al, 2000; Valverde et
al.,, 2001; Aruna et al., 2005; Sharma et al., 2009). The
role of trichomes as a plant defense mechanism against
insects has been well documented in tomato (Simmons et
al., 2004; Simmons and Geoff, 2004), soybean (Lam and
Pedigo, 2001) and Arabidopsis (Karkkainen and Agren,
2002). Hypothesized have been mentioned that glandular
trichomes act as physical barrier resulting mortality of
arthropod pests (Muigai et al., 2002) due to some toxic
compounds produced by the trichomes (Kennedy, 2003).

Likewise, the morphological traits, role of chemical
traits such as higher amount of total phenols, fat content,
tannin content and lower amount of crude protein, total
soluble sugar, reducing and non-reducing sugars and total
amino acids as an insect defense mechanism has been
well documented against pod borer complex (Sharma
et al., 2009; Moudgal et al., 2008; Pandey et al., 2011).
The chemical compounds in trichome exudates and pod
wall surfaces also influences the host plant selection
and colonization by pod borer complex (Bernays and
Chapman, 1994; Hartlieb and Rembold, 1996; Green et al.,
2002, 2003). The importance of antixenosis mechanism
of resistance against H. armigera and M. vitrata in
pigeonpea has been discussed well by several workers
(Kumari et al., 2006; Sunitha et al., 2008; Sharma et al.,
2009). Anti-nutritional factors such as phenols, tannins,
protein inhibitors, oligosaccharides and phytic acids have
also been reported to influence the host plant suitability
(Singh, 1988). The study of above components associated
with resistance against pod borer complex in detail can
be helpful for making sound management practices and
will justify the role of biophysical and structural traits in
relation to expression of resistance against pigeonpea pod
borer complex.
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Role of morphological components
against pod borer complex:

Plant type

Types of plant growth (determinate and indeterminate)
affect genotypic susceptibility to the borer complex.
According to Kushwaha and Malik (1987) and Reddy et
al. (2001) determinate and indeterminate genotypes of
pigeonpea were found susceptible to lepidopterous pod
borers and M. obtusa. Saxena et al. (2002) revealed that M.
vitrata damage in determinate accessions (66-75%) was
higher than that of non-determinate accessions (41-50%).
Mohapatra and Srivastava (2003) found determinant
varieties susceptible to M. vitrata infesting pigeonpea.
Moudgal ef al. (2008) reported the resistance to pod fly is
not linked with plant growth type in pigeonpea.

Trichome density and their types/
orientation

Morphological traits/ structures of the plant are the
frontline barriers and provide resistance against insect-
pests. This defense against insect-pests occurs though
the presence of trichomes on plant surfaces (Bernays and
Chapman, 1994; Sharma et al, 2009; He et al., 2011).
Trichome density, their length, orientation, and types
provides direct defense against insect-pests by affecting
the physiology of herbivores (Jeffree, 1986; David and
Easwaramoorthy, 1988; Peter, 1995) in many crops.
Trichome exudates on the pod surface is also affects the
ovipositional behavior of insects (Bernays et al., 2000).
Density of non-glandular trichomes in pigeonpea wild
species prevents the larvae from feeding on the pods
and limits the establishment of the borer (Peter and
Shanower, 1998). H. armigera females not deposit their
eggs on pods of some wild relatives of pigeonpea such as
C. scarabaeoides and C. acutifolius with non-glandular
trichomes, whereas, species with glandular trichomes are
susceptible to H. armigera larvae (Sujana et al., 2008).

Trichome length had significant and negative association
with the pod damage by M. vitrata in pigeonpea and the
length of the trichomes act as a physical barrier to feeding
by the spotted pod borer (Devi ef al., 2013). The role of
trichomes in pigeonpea have been well documented by
Peter et al. (1995) and Romeis et al. (1999), trichome
length and density provides potential of host plant
resistance mechanism in pigeonpea. Trichome minimizes
the insect feeding habit and damage through repellent



activity of exudates, avoid maximum contact with the
surface of the plant, entrapment by means of physical and
chemical actions, biotic and abiotic agents have maximum
action time to the damaging stage of the insect resulting
inhibiting the larval growth and reduce the oviposition
efficiency (Devi et al., 2013). Trichome density on leaves
and trichome length on pods have significantly contributed
to the resistance in ICPL 98003 and ICPL 98008 to M.
vitrata (Sunitha et al., 2008).

Moudgal et al. (2008) reported that the density of non-
glandular trichomes was higher than the glandular
trichomes across the tested genotypes and the pods of pod
fly resistant genotypes (GP 75, GP 118, GP 233, and GP
253) had significantly more number of glandular and non-
glandular trichomes than the susceptible genotypes (GP
25, GP 183, GP 242, and GP 248), and the commercial
checks across plant types and maturity groups, suggesting
that trichome density is associated with resistance to M.
obtusa in pigeonpea. According to Jat ef al. (2018), non-
glandular pod trichomes (type A) was significantly and
negatively correlated (-0.923** and -0.728*) with pod fly
infestation in different sowing dates. Trichome density on
upper and lower surfaces of the leaf (390 and 452/9 mm?),
and length (3.5 mm) and trichome density (442/9 mm?)
and length (5.9 mm) on pods of short duration pigeonpea
genotypes were found positively correlated with the
resistant genotype ICPL 98003 (Sunitha ef al., 2008).

Pod wall thickness

Pod wall thickness was also significant and negatively
correlated (-0.834%*, -0.705* and -0.745*) with pod fly
infestation in different sowing dates (Jat ef al., 2018).
Similarly, pod wall thickness was associated with
resistance to M. vitrata and H. armigera in pigeonpea
crop and the correlation was significant and negative
(r=-0.909**, r =-0.739*, r = -0.801*) and (r = -0.870%,
r=-0.840%, r = -0.843%) (Jat et al., 2018, 2019). Thicker
pod wall exhibited lesser preference for larvae than the
genotypes evincing thinner pod wall and it can be regarded
as a non-preferential attributes for H. armigera (Jagtap et
al., 2014). Similarly, Sunitha (2006), has been reported
that pod wall thickness showed a highly significant and
negative correlation with pod damage by M. vitrata in
pigeonpea. The thickness of the pod wall associated with
resistance to M. vitrata has earlier been studied as one of
the insect resistant traits in cowpea (Sharma, 1998) and in
mungbean (Halder ef al., 2006). Whereas, non-significant
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and negative correlation between pod wall thickness and
per cent pod damage has been reported by Wubneh and
Taggar (2016) in pigeonpea crop.

Chlorophyll content

Infestation of pod fly was significant and positively
correlated (0.861* and 0.719*) with chlorophyll content
of seed as well as pod wall in pigeonpea. However, the
chlorophyll content of seed as well as pod wall did not
show any significant association with Maruca vitrata
pod damage in different sowing dates (Jat et al., 2018).
Correlation studies carried out by Mallikarjuna ef al.
(2009) stated that pod color had significant relationship
with the M. vitrata larval incidence in dolichus bean.
Tripathi and Purohit (1983) noted maximum pod borer
damage on green color pods in pigeonpea as compared
to pods having brown streaks. Varieties with green color
pod wall were found more susceptible to the pod borer
complex in pigeonpea. Whereas, according to Jagtap et
al. (2014) genotypes having green and green with brown
streaks color pods evinced lesser preference for H.
armigera larval feeding than the genotypes having green
pods with purple streaks. The significant and positive
correlation between chlorophyll content of seed as well as
pod wall and H. armigera has been observed by Jat et al.
(2019). Similarly, Dua et al. (2005) also gave confirmation
support of brown seed and green pod having streaks
associated with resistance to H. armigera in pigeonpea.

Pod length/ number of seeds per pod

Generally a significant positive correlation between
pod length and pod borer infestation in pigeonpea is
happened. But the hypothesis is favored and unfavored
by the research findings. Jagtap et al. (2014) reported that
the genotypes having shorter pod length were preferred
lesser by larvae than genotypes having longer pods.
Shorter peduncle length and petiole length were also least
preferred by larvae than genotypes having longer peduncle
length and petiole length. Similarly, Thakur et al. (1989),
Veda et al. (1975) and ICRISAT (1983) observed positive
relationship between pod length and pod borer, M. vitrata
and pod fly infestation. According to Sunita et al. (2013)
the pod length of pigeonpea genotypes showed a non-
significant negative correlation with pod damage due to
M. vitrata and the genotypes with long pods recorded less
pod damage. However, Gumber et al. (2000), Kapil et al.
(2010) and Moudgal et al. (2008) reported that there is no
association between pod length and M. vitrata and pod fly
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damage. Influence of seed characters on the incidence of
pod borers in pigeonpea has been reported and positive
correlation between seed width and incidence of pod
borers (0.01 to 0.492) has been observed except for M.
vitrata (-0.080) (Sahoo and Senapati, 2000).). On the
contrary, seed length had a negative effect on the incidence
of most borer species except H. armigera (0.069).

Biochemical constituents in the host plant (such as
sugars, proteins, fats, sterols, and essential amino acids,
and vitamins) influence host plant suitability to insect
pests (Painter, 1958). 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. Amylase and protease inhibitors
in pigeonpea and its wild relatives have been shown to
have an adverse effect on growth and development of
H. armigera (Parde et al., 2012). Chemical compounds
in trichome exudates and on pod wall surface also
influence the host plant selection and colonization by H.
armigera (Hartlieb and Rembold 1996; Green et al., 2002,
2003). Pigeonpea plant also contains anti-nutritional
factors such as proteinase inhibitors, oligosaccharides,
phenols, tannins and phytic acid (Singh, 1988), which
may influence the host plant suitability to H. armigera.
According to Jat et al. (2019), the expression of resistance
to H. armigera was also associated with the high amount
of fat, phenol and tannin content. Crude protein and
total soluble sugar content were responsible for higher
pod infestation. Similarly, expression of resistance to M.
vitrata was also associated with the low amounts of crude
protein and total soluble sugar and higher amount of fat
content, phenol content and tannin content of seed as well
as pod wall (Jat ef al., 2018). Maximum infestation of
pod fly was observed when pigeonpea crop having higher
amount of crude protein content in seed as well as pod
wall in even pigeonpea crop sown at different intervals.
Whereas, the fat content and condensed tannins of pod
wall was significantly negatively correlated (-0.750*) and
(-0.763*). However, total phenol content of seed as well
as pod wall did not show any significant relationship with
pod fly infestation (Jat ef al., 2018).

Other phenolic compounds

The role of feeding stimulants to the larvae of H. armigera
have been discussed by several workers. Secondary
compounds affect the food selection behavior by H.
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armigera in many cultivated legume crops (Simmonds
and Stevenson, 2001) and they act as a feeding stimulants
or feeding deterrents. These compounds on the surface
of pods of C. cajan may also modulate the feeding of
larvae of H. armigera. Shanower et al. (1997) reported
that acetone extracts from the pod surface of a variety of
C. cajan (ICPL 87) susceptible to pod-borers stimulated
the feeding of third-instar H. armigera. The feeding
stimulant property of hexane, methanol, and water
extracts of C. cajan (ICPL 87) pods against fifth instar
larvae of H. armigera was also reported by Green ef al.
(2002) with the methanol extract being most stimulatory.
Four phenolic compounds (isoquercitrin, quercetin, and
quercetin-3-methyl ether, by comparing UV spectra and
HPLC retention times with authentic standards and fourth
compound was isolated by semi preparative HPLC and
determined to be 3-hydroxy-4-prenyl-5 methoxystilbene-
2-carboxylic acid (stilbene) by NMR spectroscopy and
mass spectrometry) of pod surface of C. cajan were
identified (Green et al.,, 2003) against fifth instar of H.
armigera in methanol extract and observed that quercetin,
isoquercitrin, and quercetin-3-methyl did not affect the
selection-behavior of fifth instar H. armigera. However,
larvae were deterred from feeding on glass-fiber disks
impregnated with the stilbene. Furthermore, larvae
exposed to quercetin-3-methyl ether consumed significant
amounts of both disks. In a binary-choice bioassay, a
combination of quercetin-3-methyl ether and the stilbene
on one disk and pure quercetin-3-methyl ether on the other
disk resulted in increased consumption of both glass-fiber
disks by larvae. In contrast, consumption was reduced if
the combination was presented to larvae on one disk with
purified stilbene on the other disk. Phenolic compound
quercetin is the most widespread in plant kingdom and
reported in many higher plants with frequently occurred
in glycosylated forms such as isoquercitrin and rutin
(Harborne ef al., 1999). Besides, this stilbene previously
have been reported from the leaf surface of C. cajan
that had been challenged with the fungus, Botrytis
cinerea (Cooksey et al.,, 1982). However, quercetin and
derivatives of quercetin do not affect the feeding behavior
of Lepidoptera larvae (Lindroth and Peterson, 1988; Faini
etal., 1997).

Deterrent and growth inhibitory property of
concentrations of isoflavonoids against H. armigera have
been reported in chickpea by Simmonds and Stevenson
(2001). Concentrations of quercetin glycocides and



phenyl propanoids in developing cultivars of groundnut
having deterrent action have been reported against larvae
of Spodoptera litura (Stevenson, 1993). Some other
phenolic compounds, such as schaftoside (an apigenin-C-
glycoside) also deter feeding and growth of brown plant
hopper, Nilaparvata lugens and plant hoppers (Grayer et
al., 1994; Stevenson et al., 1996). Rutin (quercetin-3-O-
rhamnosyl [1—6] glucoside) similarly deters feeding by
Heliothis zea (Boddie) and H. armigera at concentrations
in excess of 10—3 M (Blaney and Simmonds, 1983).

Conclusions

For cultivation of short duration pigeonpea varieties,
morphological traits, and biochemical components are
quite important components of resistance against pod borer
complex. Types of trichome, their orientation, density, and
length influence the host plant resistance/ susceptibility to
insect pests (Jeffree, 1986; David and Easwaramoorthy,
1988; Peter et al., 1995; Valverde et al., 2001; Gurr and
McGrath, 2001). However, according to Chu ez al. (2000),
trichomes at times also impart susceptibility to whitefly,
Bemisia tabaci (Gen.) in cotton. Among the types of
trichomes, glandular trichomes and their exudates act as
an important resistance mechanism to insects owing to the
compounds exuded by them (Ranger and Hower, 2001;
Frelichowski and Juvik, 2001). The hypothesis given
by Hartlieb and Rembold (1996) stated that glandular
secretions from trichomes in pigeonpea act as attractants
to the adults of H. armigera.

Additionally, biochemical components present in the
tissues of the host plant exert a profound influence on
biology of insect pests (Beck, 1965; Smith, 1989; Sharma,
2009). In wild relatives of the pigeonpea, the total soluble
sugars were less as compared to the pods of cultivated
pigeonpea with higher sugar content, 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 accessions of wild pigeonpea (Sharma et al.,
2009). MacFoy et al. (1983) recorded high concentrations
of sugars and amino acids in the cowpea cultivar Vita-
1, which is susceptible to spotted pod borer, Maruca
testulalis (Geyer). Low amounts of phenols in the pods
and flowers of pigeonpea cultivars might be another
reason for their high susceptibility to H. armigera and M.
testulalis (Ganapathy, 1996). According to Smith (1989),
condensed tannins in plants act as insect growth inhibitors
owing to their presumed binding to the proteins.

Indian Journal of Plant Protection Vol. 48 No. 3, 2020 (123-131)

References

Aruna R, Rao M, Reddy L J, Upadhyaya H D and
Sharma H C 2005. Inheritance of trichomes and
resistance to pod borer (Helicoverpa armigera) and
their association in interspecific crosses between
cultivated pigeonpea (Cajanus cajan) and its wild
relative C. scarabaeoides. Euphytica 145: 247-257.

Beck S D 1965. Resistance of plants to insects. Annual
Review of Entomology 10: 207-232.

Bernays E A and Chapman R F 1994. Host-plant
selection by phytophagous insects. Chapman and Hall,
New York.

Bernays E A, Chapman R F and Singer M S 2000.
Sensitivity to chemically diverse phago-stimulants in
a single gustatory neuron of a polyphagous caterpillar.
Journal of Comparative Physiology 186: 13-19.

Blaney W M and Simmonds M S J 1983.
Electrophysiological activity in insects in response
to anti-feedants. COPR Project no. 9, Final Report.
ODA, United Kingdom.

Chu C C, Natwick E T and Hanneberry T J 2000.
Susceptibility of normal-leaf and okra-leaf shape
cottons to silver leaf whiteflies and relationships to
trichome densities. In: Herber DJ, Richter DA (eds)
Proceedings of the Beltwide Cotton Production
Research Conference, San Antonio, Texas. National
Cotton Council of America, Memphis, Tennessee,
USA, pp 1157-1158.

Cooksey C J, Dahiya J S, Garratt P J and Strange R
N 1982. Two novel stilbene-2 carboxylic acids from
Cajanus cajan. Phytochemistry 21: 2935-2938.

David H and Easwaramoorthy S 1988. Physical
resistance mechanisms in insect plant interactions.
Pp 45-70. In T N Ananthakrishnan and A Raman
(ed.) Dynamics of insect-plant interactions. Recent
advances and future trends. Oxford & IBH Publ., New
Delhi.

Devi M S, Sreekanth M and Rao M R 2013. Influence
of morphological traits on spotted pod borer, Maruca

vitrata resistance in pigeonpea. Indian Journal of

Plant Protection 41(1): 97-99.

Dua R P, Gowda C L L, Kumar S, Saxena K B, Govil J
N, Singh B B, Singh A K, Singh R P, Singh V P and
Kranthi S 2005. Breeding for resistance to Heliothis/

127



128 Resistance against pod borer complex in pigeonpea

Helicoverpa: Effectiveness and Limitations. In:
“Heliothis |/ Helicoverpa Management: Emerging
Trends and Strategies for Future Research” Oxford &
IBH Publishing Co. Pvt. Ltd., New Delhi, pp. 223-242.

Duffey S S 1986. Plant glandular trichomes: Their partial
role in defense against insects. 151-172. In Insects and
the plant surface, edited by B.E. Juniper and T.R.E.
Southwood, Edward Arnold Publishers Ltd., London,
U.K.

Faini F, Labbe J, Salgado I and Coll J 1997. Chemistry,
toxicity and anti-feedant activity of the resin of
Flourensia thurifera. Biochemistry and Systemic
Ecology 25: 189-193.

Frelichowski J E and Juvik J A 2001. Sesquiterpene
carboxylic acids from a wild tomato species affect
larval feeding behavior and survival of Helicoverpazea
and Spodopteraexigua (Lepidoptera: Noctuidae).
Journal of Economic Entomology 94: 1249-1259.

Ganapathy N 1996. Bio-ecology and management
of spotted pod borer (Maruca testulalis (Geyer) in
pigeonpea. Ph. D. Thesis, Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu, India, 171 pp.

Grayer R J, Kimmins F M, Stevenson P C, Harborne
J B and Wijayagunesekera H N P 1994. Phenolics
in rice phloem sap as sucking deterrents to the brown
plant hopper (Nilaparvata lugens). Acta Horticulture
381: 391-394.

Green P W C, Sharma H C, Stevenson P C and
Simmonds M S J 2006. Susceptibility of pigeonpea
and some of its wild relatives to predation by
Helicoverpa armigera: implications for breeding
resistant cultivars. Australian Journal of Agricultural
Research 57: 831-836.

Green P W C, Stevenson P C, Simmonds M S J and
Sharma H C 2002. Can larvae of the pod-borer,
Helicoverpaarmigera (Lepidoptera: Noctuidae), select
between wild and cultivated pigeonpea [Cajanus sp.
(Fabaceae)]. Bulletin of Entomological Research 92:
45-51.

Green PW C, Stevenson P C, Simonds M S and Sharma
H C 2003. Phenolic compounds on the pod-surface of
pigeonpea, Cajanus cajan, mediate feeding behavior
of Helicoverpa armigera larvae. Journal of Chemical
Ecology 29(4): 811-821.

Jat and Jat

Gumber R K, Sarvjeet S, Kular J S and Kuldip S
2000. Screening of chickpea genotypes for resistance
to Helicoverpa armigera. International Chickpea and
Pigeonpea Newsletter 7.

Gurr G M and McGrath D 200. Effect of plant variety,
plant age and photoperiod on glandular pubescence
and host-plant resistance to potato moth (Phthorimaea
operculella) in Lycopersicon spp. Annals of Applied
Biology 138: 221-230.

Halder J, Srinivasan S and Muralikrishna T 2006.
Role of various biophysical factors on distribution
and abundance of spotted pod borer, Maruca vitrata
(Geyer) in mung bean. Annals of Plant Protection
Sciences 14: 49-51.

Harborne J B, Baxter H and Moss G P 1999.
Phytochemical Dictionary: A Handbook of Bioactive
Compounds from Plants. Taylor and Francis, London,
United Kingdom.

Hartlieb E and Rembold H 1996. Behavioral response
of female Helicoverpa (Heliothis) armigera (Hub.)
(Lepidoptera: Noctuidae) moths to synthetic pigeonpea

(Cajanus cajan L.) kairomone. Journal of Chemical
Ecology 22: 821-837.

He J, Chen F, et al. 2011. Chrysanthemum leaf epidermal
surface morphology and antioxidant and defense
enzyme activity in response to aphid infestation.
Journal of Plant Physiology 168: 687-693.

ICRISAT 1983. Pulse entomology (Pigeonpea) report of
work, June 1983 to May 1984. Departmental Progress
Report No. 9, International Crops Research Institute
for the Semi-Arid Tropics, Patancheru 502 324,
Andhra Pradesh, India.

ICRISAT 1992a. The Medium Term Plan. Patancheru
502 324, Andhra Pradesh, India: International Crops
Research Institute for the Semi-Arid Tropics. (Limited
Distribution).

ICRISAT 1992b. The medium term plan, Volume 1.
Patancheru, Andhra Pradesh, India, (International
Crops Research Institute for the Semi-Arid Tropics),
80 pp.

ICRISAT 2007. The medium term plan. International
Crops Research Institute for the Semi-Arid Tropics,
Patancheru, Andhra Pradesh, India, 3.



Jagtap B R, Acharya S, Patel J B and Lal B 2014.
Impact of morphological and biochemical constitution
of genotypes on incidence of Helicoverpa in pigeonpea
[Cajanus cajan (L.) Millsp.]. Journal of Food Legumes
27(1): 48-51.

Jat B L, Dahiya KK, Kumar H and Mandhania S 2018.
Morphological and chemical traits associated with
resistance against spotted pod borer, Maruca vitrata
in pigeonpea. Indian Journal of Plant Protection 46:
39-50.

Jat B L, Dahiya K K, Kumar H and Mandhania S
2018. Study of biophysical and structural mechanisms
of resistance in pigeonpea against pod borer complex.
The Bioscan 13(2): 521-528.

Jat B L, Dahiya KK, Yadav S S and Mandhania S 2019.
Morpho Physico-Chemical Components of Resistance
to Pod Borer, Helicoverpa armigera (Hiibner)
in Pigeonpea [Cajanus cajan (L.) Millspaugh].
Legume Research-An International Journal 43: DOI:
10.18805/LR-4182.

Jeffree C E 1986. The cuticle, epicuticular waxes and
trichomes of plants, with reference to their structure,
functions and evolution. In B.E. Juniper and T.R.E.
Southwood (ed.) proceedings of international
conference. Insects and the plant surface. Edward
Arnold Publ. Ltd., London. P. 23-64.

Kapil D, Yadav G S and Rohilla H R 2010. Assessment
of pigeonpea genotypes for resistance to pod fly,
Melanagromyza obtusa (Malloch). Journal of Insect
Science 23: 70-75.

Karkkainen K and Agren J 2002. Genetic basis of
trichome production in Arabidopsis lyrata. Heredity
136: 219-226.

Kennedy G G 2003. Tomato, pests, parasitoids and
predators: tritrophic interactions involving the genus
Lycopersicon. Annual Review of Entomology 48: 51-
72.

Kumari D A, Reddy D J and Sharma H C 2006.
Antixenosis mechanism of resistance in pigeonpea
to the pod borer, Helicoverpa armigera. Journal of
Applied Entomology 130(1): 10-14.

Kushwaha K S and Malik B P S 1987. Effect of sowing
time and plant type on pod borer incidence and grain
yield in some pigeonpea genotypes. International
Pigeonpea Newsletter 6(5): 65-66.

Indian Journal of Plant Protection Vol. 48 No. 3, 2020 (123-131)

Lam W K F and Pedig L P 2001. Effect of trichome
density on soybean pod feeding by adult bean leaf
beetles (Coleoptera:
Economic Entomology 94: 1459-1463.

Lateef S S and Pimbert M P 1990. The search for host
plant resistance of Helicoverpa armigera in chickpea
and pigeonpea at ICRISAT. In: Proceedings of the
Consultative Group Meeting on the Host Selection
Behavior of Helicoverpa armigera, 5—7 March 1990.
Patancheru, India: International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), 14—18.

Lateef S S and Reed W 1981. Development of
methodology for open field screening for insect
resistance in pigeonpea, pp.315-322. In Proceedings of
the International Workshop on Pigeonpea, 15-19 Dec.
1980. Vol 2 International Crops Research Institute for
the Semi-arid Tropics, Patancheru, Andhra Pradesh,
India.

Lindroth R L and Peterson S S 1988. Effects of plant
phenols on southern armyworm larvae. Oecologia
755: 185-189.

MacFoy C A, Dabrowski Z T and Okech S 1983. Studies
on the legume pod borer Marucatestulalis (Geyer)-VI.
Cowpea resistance to oviposition and larval feeding.
Insect Science 1-2: 147-152.

Mallikarjuna J, Kumar C T A and Roshmi M A 2009.
Studies on relationship of morphological characters
with pod borer damage in Dolichos bean, Lablab
purpureas L. Insect Environment 15: 108-109.

Mohapatra S D and Sirvastava C P 2003. Effect of
sowing dates and genotypes on the incidence of
Maruca vitrata (Geyer) and grain yield in short
duration pigeonpea. Journal of Food Legumes 16:
147-149.

Moudgal R K, Lakra R K, Dahiya B and Dhillon M K
2008. Physico-chemcial traits of Cajanus cajan (L.)
Millsp. pod wall affecting Melanagromyza obtusa
(Malloch) damage. Euphytica 161: 429-436.

Muigai S G, Schuster D J, Scott J W, Basset M J and
McAuslane H J 2002. Mechanisms of resistance in
Lycopersicon germplasm to the whitefly Bemisia
argentofoli. Phytoparasitica 30: 347-360.

Nene Y L, Hall S D, Sheila V K (Eds) 1990. The
Pigeonpea. Wallingford: CAB International.

Chrysomelidae). Journal of

129



130 Resistance against pod borer complex in pigeonpea

Oghiakhe S, Jackai L E N and Makanjuola W A 1992.
Pod wall toughness has no effect on cowpea resistance
to the legume pod borer Maruca testulalis Geyer
(Lepidoptera: Pyralidae). International Journal of
Tropical Insect Science 13: 345-349.

Painter R H 1958. Resistance of plants to insects. Annual
Review of Entomology 3: 267-290.

Pandey V, Srivastava C P Nath T and Raha P 2011.
Chemical traits of pigeonpea (Cajanus cajan) pod wall
affecting pod fly (Melanagromyza obtusa) damage.
Indian Journal of Agricultural Sciences 81: 1059-
1062.

Parde V D, Sharma H C and Kachole M S 2012.
Potential of protease inhibitors in wild relatives of
pigeonpea against the cotton bollworm/legume pod
borer, Helicoverpa armigera. American Journal of
Plant Science 3: 627-635.

Peter A J 1995. Pigeonpea trichomes a promising source
for pod borer resistance. IPM and IKM Newsletter for
legume crops in Asia No. 2: 5-4.

Peter A J and Shanower T G 1998. Plant glandular
trichomes: chemical factories with many potential
uses. www.ias.ac.in/article/fulltext/reso/003/03/0041-
0045.

Peter A J, Shanower T G and Romeis J 1995. The role
of plant trichomes in insect resistance: A Selective
Review. Phytophaga T: 41-64.

Ranger C M and Hower A A 2001. Role of the glandular
trichomes in resistance of perennial alfalfa to the
potato leathopper (Homoptera: Cicadellidae). Journal
of Economic Entomology 94: 950-957.

Reddy C N, Singh Y and Singh V S 2001. Effect of
sowing time and plant type on pod borer incidence
and grain yield in some pigeonpea genotypes. Indian
Journal of Entomology 63: 215-220.

Reed W and Lateef S S 1990. Pigeonpea: pest
management. In: The Pigeonpea. Ed. by Nene, Y.
L., Hall, S. D., Sheila, V. K. Wallingford: CAB
International, 349-374.

Romeis J, Shanower T G and Peter A J 1999. Trichomes
on pigeonpea (Cajanus cajan (L.) Millsp.) and two
wild Cajanus spp. Crop Science 39: 564-569.

Sahoo B K and Senapati B 2000. Influence of seed
characters on the incidence of pod borers in pigeonpea.
Indian Journal of Plant Protection 28: 57-60.

Jat and Jat

Saxena K B, Chandrasena G D S N, Hettiarachchi K,
Igbal Y B, Fonseka H H D and Jayasekera S J B A
2002. Evaluation of pigeonpea accessions and selected

lines for reaction to Marucavitrata. Crop Science 42:
615-618.

Shanower T G, Romeis J and Minja E M 1999. Insect
pests of pigeonpea and their management. Annual
Review of Entomology 44: 77-96.

Shanower T G, Romies J and Peter A J 1996. Pigeonpea
plant trichomes: Multitrophic level interactions, pp.76-
88. In Biotechnological perspectives in chemical
ecology of insects (Ananthakrishnan, T. N., ed.). New
Delhi, India: Oxford and IBH.

Shanower T G, Yoshida M and Peter A G 1997. Survival,
growth, fecundity and behavior of Helicoverpa
armigera (Lepidoptera; Noctuidae) on pigeonpea
(Cajanus cajan (L.) Millsp.) and two wild Cajanus
species. Journal of Economic Entomology 90: 837-
841.

Sharma H C 1998. Bionomics, host plant resistance and
management of the legume pod borer, Maruca vitrata
- areview. Crop Protection 17: 373-386.

Sharma H C 2001. Cotton bollworm/legume pod
borer, Helicoverpa armigera (Hubner) (Noctuidae:
Lepidoptera): Biology and Management. Crop
Protection =~ Compendium.  Wallingford: CAB
International, 70.

Sharma H C 2009. Applications of biotechnology in pest
management and ecological sustainability. CRC Press
Taylor and Francis, Boca Raton, USA. p. 526.

Sharma H C (Ed) 2005. Heliothis/Helicoverpa
management: emerging trends and strategies for future
research. Oxford and IBH Publishers, New Delhi,
India, p 469.

Sharma H C, Green P W C, Stevenson P C and
Simmonds M S J 2001. What makes it tasty for the
pest? Identification of Helicoverpa armigera (Hubner)
feeding stimulants and location of their production
on the pod surface of pigeonpea [Cajanus cajan (L.)
Millsp.]. Competitive Research Facility Project R7029
C, Final Technical Report, London: Department for
International Development, 11-26.

Sharma H C, Pampapathy G and Reddy L J 2003.
Wild relatives of pigeonpea as a source of resistance to
the pod fly (Melanagromyza obtusa Malloch) and pod



wasp (Tanaostigmodes cajaninae La Salle). Genetic
Resources and Crop Evolution 50: 817-824.

Sharma H C, Sujana E G and Manohar Rao E D 2009.
Morphological and chemical components of resistance
to pod borer, Helicoverpa armigera in wild relatives of
pigeonpea. Arthropod-Plant Interactions 3: 151-161.

Simmonds M S J and Stevenson P C 2001. Effects of
isoflavonoids from Cicer on larvae of Helicoverpa.
Journal of Chemical Ecology 27: 965-977.

Simmons A T and Geoff M G 2004. Trichome-based
host plant resistance of Lycopersicon species and
the biocontrol agent Mallada signata: Are they
compatible. Entomologia Experimentalis et Applicata
113: 95-101.

Simmons AT, Geoff M G, Mc Granth D, Nicol M M and
Peter H I 2004. Entrapment of Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae) on glandular
trichomes of Lycopersicon species. Australian Journal
of Entomology 43: 196-200.

Singh H K and Singh H N 1990. Screening of certain
pigeonpea cultivars sown at Kharif and Rabi crops
against tur pod bug, Clavigralla gibbosa and pod fly,
Melanagromyza obtusa. Indian Journal of Entomology
52:320-327.

Singh U 1988. Anti-nutritional factors of chickpea and
pigeonpea and their removal by processing. Plant
Foods and Human Nutrition 38: 251-261.

Smith C M 1989. Plant resistance to insects: a fundamental
approach. Wiley, New York, USA.

Stevenson P C 1993. Biochemical resistance in wild
species of groundnut to Spodoptera litura (Fabr.).
BulletinOILB/SROP 16: 155-162.

Stevenson P C, Kimmins F M, Grayer R J and
Raveendranath S 1996. Schaftosides from rice
phloem as feeding inhibitors and resistance factors
to brown plant hoppers (Nilaparvata lugens).
Entomologia Experimentalis et Applicata 80: 246-249.

Sujana G, Sharma H C and Manohar Rao D 2008.
Antixenosis and antibiosis components of resistance
to pod borer, Helicoverpa armigera in wild relatives
of pigeonpea. International Journal of Tropical Insect
Science 28: 191-200.

Sunita D M, Sreekanth M and Ramachandar R M
2013. Influence of morphological traits on spotted pod

Indian Journal of Plant Protection Vol. 48 No. 3, 2020 (123-131)

borer, Marucavitrata resistance in pigeonpea. Indian
Journal of Plant Protection 41: 97-99.

Sunitha V 2006. Varietal screening and insecticidal

evaluation against Marucavitrata (Geyer) in
pigeonpea. Dissertation Acharya NG Ranga
Agricultural University, Rajendranagar, Hyderabad,
India.

Sunitha V, Rao G V R, Lakshmi K V and Reddy Y
V R 2008. Morphological and biochemical factors
associated with resistance to Maruca vitrata (Geyer)
in short duration pigeonpea. International Journal of
Tropical Insect Science 28: 45-52.

Taylor TA 1967. The bionomics of Maruca testulalis
(Geyer) (Lepidoptera : Pyralidae), a major pest of
cowpeas in Nigeria. Journal of West African Science
Association 12.

Thakur R C, Nema K and Singh O P 1989. Losses
caused by pod fly (Melanagromyza obtusa Mall.) and
pod borer (Heliothis armigera Hub.) to pigeonpea in
Madhya Pradesh. Bhartiya Krishi Anusandhan Patrika
4:107-111.

Tripathi R K and Purohit M L 1983. Pest damage on
pigeonpea in relation to pod size and colour. Legume
Research 6: 103-104.

Valverde P L, Fornoni J and Nunez-Farfan J 2001.
Defensive role of leaf trichomes in resistance to

herbivorous insects in Datura stramonium. Journal of
Evolutionary Biology 14: 424-432.

Veda O P, Purohit M L and Sood N K 1975. Varietal
susceptibility of ‘arhar’ Cajanus cajan (L.) Millsp.
to Melanagromyza obtusa Mall., Exelastis atomosa
Wism. and Heliothis armigera Hib. Jawahar Lal
Nehru Krishi Vishva Vidhayalay Research Journal
9(1/2): 7-9.

Wubneh W Y and Taggar G K 2016. Role of
morphological factors of pigeonpea in imparting
resistance to spotted pod borer, Maruca vitrata Geyer
(Lepidoptera: Crambidae). Journal of Applied and
Natural Science 8: 218-224.

Received: 03-07-2020 Accepted: 17-08-2020



