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Abstract

Wild relatives of crops are an important source of resistance genes against insect pests. However, it is important to
identify the accessions of wild relatives with different mechanisms of resistance to broaden the basis and increase
the levels of resistance to insect pests. Therefore, we evaluated 15 accessions of wild relatives of chickpea belonging
to seven species and five genotypes of cultivated chickpea for their resistance to pod borer, Helicoverpa armigera,
which is the most damaging pest of chickpea. The test genotypes were evaluated for resistance to H. armigera
using detached pod assay. Data were also recorded on activity of the digestive enzymes in the midgut of the larvae
fed on different wild relatives of chickpea. All the wild chickpea genotypes suffered lower pod damage and weight
gained by the third-instar larvae of H. armigera was lower when fed on them compared with the cultivated chickpea.
The accessions, IG 69979 (Cicer cuneatum), Pl 599066, IG 70006, IG 70018, IG 70022 (Cicer bijugum), |G 599076
(Cicer chrossanicum), and |G 72933, IG 72953 (Cicer reticulatum), showed high levels of resistance to H. armigera.
There were significant differences in protease activity in larval gut of H. armigera fed on different wild relatives of
chickpea. Total protease, trypsin, and chymotrypsin activities were lowest in larva fed on Pl 599066 (C. bijugum)
compared with that in the larvae fed IG 69979 (C. cuneatum) and |G 70022 (C. bijugum). Aminopeptidase activity
was highest in the larvae fed on IG 70022 (C. bijugum) and IG 599076 (C. chrossanicum), whereas lowest activity
was recorded in the larvae fed on ICC 3137 and KAK 2 (susceptible checks). The variation in protease activities may
be due to the presence of protease inhibitors in the wild relatives or hyperproduction of enzymes by the larvae as
result of protease inhibitor activity of the wild relatives, resulting in low weight gain by larvae.The results suggested
that wild relatives of chickpea with diverse mechanisms of resistance can be exploited to increase the levels and
diversify the basis of resistance to H. armigera in cultivated chickpea.
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Chickpea (Cicer arietinum L.) is the third most important pulse
crop in the world, after dry beans and peas. Average annual chick-
pea area in the world is 12.65 million ha with a production of
12.09 million tonnes, of which Asia accounts for 84.43% of the
total area and 80.26% of the production (FAO STAT 2016). Several
biotic and abiotic constraints limit the production and productiv-
ity of chickpea, of which legume pod borer, Helicoverpa armigera
(Hubner), is the most important biotic constraint. It causes an esti-
mated loss of U.S.$325 million in chickpea and over U.S.$2 billion
on different crops in the semiarid tropics, despite application of
insecticides costing over U.S.$500 million annually (Sharma 2005).

The average losses due to pod borer damage on chickpea vary from
25 to 30%, and under certain situations, there may be a complete
loss of the crop despite several applications of insecticides to con-
trol this pest (Sarwar et al. 2009). Insecticides are one of the most
effective means of controlling H. armigera on chickpea and several
other crops (Nimbalkar et al. 2009). However, indiscriminate use
of insecticides leads to selection of resistance in insects (Kranthi
et al. 2002), resulting in pest outbreaks and environmental pol-
lution (Javed et al. 2009). Therefore, it is important to develop
alternative eco-friendly methods to minimize the extent of losses
due to this pest.
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Host plant resistance is one of the most effective and economically
viable methods for effective pest management. However, only low to
moderate levels of resistance have been identified against H. armigera
in the cultivated chickpea germplasm (Sharma et al. 2005a). The wild
relatives of chickpea have shown high levels of resistance to H. armig-
era compared with the cultivated chickpea (Sharma et al. 2005b, 2006).
It is well known that the wild germplasm contains useful genes for
resistance to insects that may not be present in the cultigen (Singh and
Ocampo 1997). Therefore, there is a need to identify wild relatives
with diverse mechanisms of resistance to increase the levels and diver-
sify the basis of resistance to H. armigera in the cultivated chickpea.

Proteinases are the digestive enzymes present in insect gut, which
are responsible to supply essential amino acids from the food for
development of insects (Telang et al. 2005). Plant protease inhibi-
tors and secondary metabolites interfere with the activity of digest-
ive enzymes in insect gut (Lawerence and Koundal 2002, Wang
et al. 2006). Chickpea seeds are known to contain protease inhibi-
tors and their properties have been examined in detail by Smirnoff
et al. (1979), Sastry and Murray (1987), and Saini et al. (1992).
Suppression of insect proteases by protease inhibitors present in the
host plant results in poor nutrient assimilation and delayed develop-
ment of insect (Amirhusin et al. 2007, Hosseininaveh et al. 2007). If
larval development is delayed by 10-20 d, at least one life cycle will
be reduced, thereby larval population will be decreased drastically
resulting in a significant reduction in yield losses. Therefore, under-
standing antidigestive mechanism in wild relatives of chickpea is
important for identification of wild relatives resistant to H. armigera.

Materials and Methods
Chickpea Genotypes

A diverse array of 15 accessions of wild relatives of chickpea belonging to
Cicer bijugum, Cicer judaicum, Cicer pinnatifidum, Cicer microphyllum,
Cicer chrossanicum, Cicer reticulatum, and Cicer cuneatum, and five cul-
tivated chickpea genotypes (‘JG 11’—commercial cultivar; KAK 2, ICC
3137—susceptible checks; ICCL 86111, ICC 506EB—moderately resist-
ant checks) were grown in the field at the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Telangana,
India, during the postrainy season, 2015-2016. Each entry was sown
in a two-row plot, each row 2 m long, and there were two replications
in a randomized complete block design. The seeds of the wild relatives
were scarified at one end with a sharp knife, soaked in water for 24 h,
and treated with thiram (3 g/kg of seed) before sowing to enhance water
absorption and faster germination. The seeds of cultivated chickpeas were
sown without scarification. The trial was planted with a spacing of 60 cm
between the rows and 30 cm between plants in deep black Vertisols.
Normal agronomic practices were followed for raising the crop. There
was no insecticide application in the experimental plot.

Insect Culture

Third-instar larvae of H. armigera were procured from the insect
rearing laboratory at the ICRISAT, Patancheru, India. The H. armig-
era larvae were reared individually on chickpea-based artificial diet
(Babu et al. 2014) at 26 = 2°C, 60-70% relative humidity, and 16:8
(L:D) h photoperiod regime.

Detached Pod Assay to Assess Antibiosis

Mechanism of Resistance in Wild Relatives of

Chickpea to the Third-Instar Larvae of H. armigera
Relative resistance of wild relatives of chickpea was evaluated by
using third-instar larvae of H. armigera. Detached inflorescences

with pods were cut with the blades and immediately placed in a
slanting manner into 3% agar-agar medium in a 250-ml plastic cup
(9 x 6.5 cm diameter; Sharma et al. 2005b). There were five replica-
tions for each accession in a completely randomized design. A single
third-instar larva was released on chickpea branches with four to
six pods in each plastic cup. Data were recorded on initial and final
larval weights before and after feeding periods, respectively, and per-
centage pods damaged at fourth day after infestation. The weight
gained (in percentage) by the larvae was computed as follows:

(Final larval weight — Initial larval weight) y

Weight gain (%)= 100

Initial larval weight

Extraction of H. armigera Midgut Proteases

The H. armigera larvae subjected to detached pod assay on different
wild relatives of chickpea were collected and used for the estimation
of midgut protease activity after termination of the assay. Midguts
were dissected from the larvae and kept frozen at -80°C till use. The
isolated midguts were homogenized in 0.1 M glycine-NaOH buffer
(pH 10.0) in a dounce homogenizer. The homogenate was centri-
fuged (Eppendorf 5417R, Germany) at 12,000 rpm for 15 min at
4°C, and the supernatants were used as enzyme source. Protein con-
centration in the supernatants was quantified using BSA as a stand-
ard protein (Lowry et al. 1951).

Total Protease Activity Assay

Total protease activity was determined by azocaseinolytic assay
using 1% azocasein as a substrate (Visweshwar et al. 2015). Gut
extract (100 pl) was mixed with 500 pl of 1% azocasein in 0.1 M
glycine-NaOH buffer (pH 10.0) and incubated for 30 min at 37°C.
The reaction was stopped by adding 200 ul of 5% trichloroacetic
acid, and the sample was centrifuged (Eppendorf 5417R, Germany)
at 12,000 rpm for 15 min. An equal volume of 1 N NaOH was
added to the supernatant, and the absorbance was read at 450 nm.
The experiments were conducted with five replications. Specific
activity was expressed as an increase in optical density/min/mg gut
protein.

Specific Proteolytic Activity Assay

Trypsin, chymotrypsin, and aminopeptidase activities were estimated
using enzyme specific substrates, Na-benzoyl-L-arg-p-nitroanilide
(BapNA; Sigma-Aldrich), N-succinyl-ala-ala-pro-phe-p-nitroanilide
(SAAPFpNA; Sigma-Aldrich), and Leucine-p-nitronilide (LpNA;
Sigma-Aldrich), respectively (Visweshwar et al. 2015). The reaction
mixture containing 50 pl of enzyme extract and 2 mM of substrate
was incubated for 20 min at 37°C. The reaction was stopped by
adding 300 pl of 30% acetic acid. The samples were centrifuged
(Eppendorf 5417R, Germany) at 10,000 rpm for 10 min, and the
absorbance was read at 410 nm. The experiments were conducted
with five replications. Enzyme activity was expressed as specific
activity, wherein one unit of enzyme activity corresponds to hydroly-
sis of 1 umol substrate/min/mg of gut protein.

Statistical Analysis

Data on detached pod assay were subjected to analysis of variance
using GENSTAT 14.0 software. The treatment means for detached
pod assay were compared using least significant difference (LSD)
at P <0.05. The treatment means for protease activities were com-
pared using Duncan’s multiple range test (DMRT). A dendrogram
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of different genotypes based on damage rating, weight gained by
larvae, and proteolytic activities in the midgut of H. armigera lar-
vae fed on different wild relatives of chickpea was generated using
GENSTAT 14.0 software by similarity matrix analysis, with near-
est neighbors to assess the genotypic diversity for resistance to
H. armigera.

Results

Detached Pod Assay to Assess Antibiosis Mechanism
of Resistance in Wild Relatives of Chickpea to the Third-
Instar Larvae of H. armigera

There were significant differences in damage rating, percentage
pod damage, and weight gain by larvae fed on the pods of dif-
ferent accessions of wild relatives of chickpea, and the cultivated
chickpea (Table 1). Least damage (damage rating less than or
equal to 4.8) was exhibited in wild relative chickpea genotypes
IG 69979 (C. cuneatum), 1G 72933, 1G 72953 (C. reticulatum),
and PI 599066, IG 70006, 1G 70012, IG 70018 (C. bijugum)
compared with the cultivated chickpea that were in a range of
6.2 in ICC S06EB (resistant check) and 8.0 in KAK 2 (suscep-
tible check). The genotypes, IG 69979 (C. cuneatum), 1G 70006,
IG 70018 (C. bijugum), and 1G 72933, IG 72953 (C. reticula-
tum), suffered lower pod damage by H. armigera (less than or
equal to 48% pod damage) compared with the cultivated chick-
pea (84% in JG 11 and 76% in ICC 3137). Weight gain by the
H. armigera larvae was significantly lower (< 97.7%) when fed on
the genotypes IG 69979 (C. cuneatum), P1 5990066, IG 70006,
IG 70018, IG 70012, IG 70022, PI 599046 (C. bijugum), 1G
599076 (C. chrossanicum), and 1G 72933, IG 72953 (C. reticu-
latum) compared with the cultivated checks (163.8% in ICCL
86111 to0 221.5% in JG 11).

Proteolytic Activity in the Midgut Extracts of

H. armigera Larvae Fed on Different Wild Relatives

of Chickpea

There were significant differences in total protease activity (P < 0.01) in
the midgut extracts of H. armigera larvae fed on different accessions of
wild relatives of chickpea (Fig. 1). Highest total protease activity was
observed in the midgut of larvae fed on IG 70022 (0.060 U/mg), fol-
lowed by IG 69979 (0.048 U/mg), while the lowest activity was recorded
in the larvae fed on PI 599066 (0.012 U/mg) and JG 11 (0.013 U/mg).

Trypsin activity (P < 0.01) in the midgut extracts of H. armig-
era larvae fed on different accessions of wild relatives of chickpea
is depicted in Fig. 2. Trypsin activity in the midgut of H. armigera
larvae ranged from 0.080 U/mg in larvae fed on PI 599066 to 0.331
U/mg in larvae fed on IG 69979. Trypsin activity was highest in the
midgut of the H. armigera larvae fed on IG 69979 (0.331 U/mg) fol-
lowed by those fed on IG 70022 (0.327 U/mg) and IG 70006 (0.321
U/mg), while lower in midgut of the larvae fed on PI 599066 (0.080
U/mg) and IG 70018 (0.092 U/mg).

Chymotrypsin activity (P < 0.01) in the midgut extracts of
H. armigera fed on different accessions of wild relatives of chickpea is
depicted in Fig. 3. Higher chymotrypsin activity was observed in the
larvae fed on IG 70022 (0.642 U/mg) and IG 69979 (0.598 U/mg),
and the lower in the midgut extracts of the larvae fed on PI 599066
(0.089 U/mg) and JG 11(0.121 U/mg).

Significant differences in aminopeptidase activity (P < 0.01) were
observed in the midgut extracts of H. armigera larvae fed on different
wild relatives of chickpea (Fig. 4). Highest aminopeptidase activity
was recorded in the midgut of larvae fed on IG 70022 (0.042 U/mg),
which was not significantly different from IG 599076 (0.041 U/mg)
and IG 69979 (0.038 U/mg). Lowest aminopeptidase activity was
recorded in the midgut of larvae fed on the susceptible checks, KAK
2 and ICC 3137 (0.016 U/mg).

Table 1. Evaluation of wild relatives of chickpea for resistance to Helicoverpa armigera larvae using detached pod assay

Genotype Species Damage rating (DR) Weight gained by larvae (%) Pod damage (%)
IG 599076 Cicer chrossanicum 5.6 62.7 64.0
1G 69979 Cicer cuneatum 3.4 28.8 30.0
IG 70006 Cicer bijugum 4.4 94.8 48.0
IG 70012 Cicer bijugum 4.8 97.7 51.0
IG 70018 Cicer bijugum 3.0 56.0 41.0
IG 70022 Cicer bijugum 4.7 63.5 52.0
1G 72933 Cicer reticulatum 4.6 74.6 34.0
1G 72953 Cicer reticulatum 3.6 95.7 41.0
PI1 510663 Cicer pinnatifidum 5.8 119.2 61.0
PI 568217 Cicer judaicum 5.0 103.3 56.0
PI 599046 Cicer bijugum 4.8 92.6 53.0
PI 599066 Cicer bijugum 4.6 32.9 52.0
PI 599077 Cicer judaicum 5.2 107.8 58.0
PI 599109 Cicer pinnatifidum 5.4 113.6 65.3
ICCW 17148 Cicer microphyllum 5.0 100.1 54.0
JG 11 (C) Cicer arietinum 7.0 221.5 84.0
KAK 2 (S) Cicer arietinum 8.0 174.6 66.7
ICC 3137 (S) Cicer arietinum 7.2 210.2 76.0
ICCL 86111 (R) Cicer arietinum 6.4 163.8 72.7
ICC 506EB (R) Cicer arietinum 6.2 170.0 72.7
Fpr <0.001 <0.001 0.01
SE= 0.7 26.0 9.8
LSD (P =0.05) 1.9 73.4 27.5

DR: 1 = <10% pod area damaged, and 9 = >80% pod area damaged.
C = commercial cultivar; S = susceptible check; R = resistant check.
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Fig. 1. Total protease activity (mean = SE) of midgut extracts of Helicoverpa armigera larvae fed on wild relatives of chickpea. The means followed by same

alphabet are not significantly different as per DMRT.
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Fig. 2. Trypsin activity (mean + SE) of midgut extracts of Helicoverpa armigera larvae fed on wild relatives of chickpea. The means followed by same alphabet

are not significantly different as per DMRT.

Similarity Matrix Analysis

Similarity matrix analysis based on damage rating, pod damage,
weight gain by the larvae, and activity of proteinases in the lar-
val midgut fed on different accessions of wild relatives of chick-
pea placed the test genotypes in eight groups (coefficient 0.96;
Fig. 5). The accessions belonging to C. pinnatifidum (PI 510663
and PI 599109) were grouped with C. judaicum (P1 568217 and
PI 599077) and C. microphyllum (ICCW 17148), whereas the
C. bijugum accessions PI 599046, IG 70012, IG 70018, and IG
70006 were grouped with C. reticulatum accessions (IG 72953
and IG 72933). Cultivated chickpea genotypes were placed in two
groups: the resistant checks, ICCL 86111 and ICC 506EB, were
placed in one group along with commercial cultivar, ‘JG 11°, while
the susceptible checks, ICC 3137 and KAK 2, were placed in another
group. The genotypes, IG 599076 (C. chrossanicum), P1 599066, 1G
70022 (C. bijugum), and 1G 69979 (C. cuneatum), were placed inde-
pendent of other accessions.

Discussion

Plant-herbivore interactions are influenced by the nutritional lev-
els and resistance mechanisms of the host plant against herbivores
(Cates 1980). The present studies indicated that there were signifi-
cant differences in damage rating, pod damage, and weight gain by
H. armigera larvae when fed on the pods of different accessions of
wild relatives of chickpea. All the wild relatives of chickpea suffered
lower pod damage and resulted in lower weight gain in the larvae
compared with the cultivated chickpea, suggesting that wild relatives
of chickpea have high levels of resistance to H. armigera than the
cultivated chickpea. This high level of antibiosis mechanism of resist-
ance in wild relatives of chickpea might be due to the presence of
plant secondary metabolites or poor nutritional quality of the wild
relatives of chickpea (Sharma et al. 2005b).

The H. armigera larvae fed on different accessions of wild rela-
tives of chickpea exhibited differential expression of proteinase
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Fig. 3. Chymotrypsin activity (mean + SE) of midgut extracts of Helicoverpa armigera larvae fed on wild relatives of chickpea. The means followed by same
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Fig. 4. Aminopeptidase activity (mean + SE) of midgut extracts of Helicoverpa armigera larvae fed on wild relatives of chickpea. The means followed by same
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activity in the midgut. Expression and activity of digestive enzymes
are related to energy and protein demands of an insect, which influ-
ence the growth and development, as indicated by weight gain by
larvae. The activity and expression of proteinases are linked to anti-
digestive mechanism of resistance to insects. Any interference in
the activity of digestive enzymes by enzyme inhibitors of the host
plant can result in retardation in growth and development of insect
(Jongsma and Bolter 1997, Gatehouse and Gatehouse 1999). Larvae
fed on wild relatives of chickpea showed higher total protease activ-
ity, though the larvae fed on them exhibited lower weight gain than
those fed on the cultivated chickpea. Low weight gain by the larvae
could be due to hyperproduction of proteases to overcome the effect
of ingested protease inhibitors from the host plant or antibiosis due
to secondary metabolites and poor nutritional quality of the host
plant (Broadway 1996).

Lowest levels of trypsin and chymotrypsin activities were
observed in the midgut of H. armigera larvae fed on PI 599066
(C. bijugum), which could be due to inhibition of proteinase activ-
ity resulting in stunted growth of the larvae (Harsulkar et al. 1999).
When the larvae were fed on IG 69979 (C. cuneatum) and 1G 70022
(C. bijugum), the gut extract showed increased activity of trypsin
and chymotrypsin, though weight gain by larvae was very low. This
may be due to hyperproduction of trypsin and chymotrypsin to over-
come the effects of protease inhibitors or secondary metabolites of
the host. The wild relatives of chickpea had diversity in TI isoforms
with respect to both number and activity compared with cultivated
chickpea (Patankar et al. 1999).

Larvae fed on IG 70018 and PI 599046 (C. bijugum) showed
high chymotrypsin activity but low trypsin activity. Increased
chymotrypsin activity was due to the compensation of inhibitory
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Fig. 5. Dendrogram representing similarities between different accessions of wild relatives of chickpea based on expression of resistance to Helicoverpa
armigera, and proteolytic activities in midgut of the larvae fed on different accessions of wild relatives of chickpea.

Table 2. Association of midgut protease activity in Helicoverpa
armigera larvae with expression of resistance in wild relatives of
chickpea

Damage Weight gained Pod
rating by larvae (%) damage (%)

Total protease activity -0.35 -0.39 -0.29
(U/mg)

Trypsin activity 0.02 -0.08 -0.17
(Urmg)

Chymotrypsin activity -0.49* -0.56** -0.35
(U/mg)

Aminopeptidase -0.57%* -0.70%* -0.33

activity (U/mg)

*#* Correlation coefficient significant at P < 0.05 and 0.01, respectively.

effects of trypsin inhibitors in these genotypes. Increased activ-
ity of chymotrypsin and elastase-like enzymes to compensate the
inhibitory effect of trypsin has been reported when the larvae
were reared on corn (Baghery et al. 2014), soybean (Naseri et al.
2010), and giant taro trypsin inhibitor (Wu et al. 1997). Larvae
fed on wild relatives of chickpea recorded high activity of amin-
opeptidase compared with the larvae fed on cultivated chickpea.
The increased aminopeptidase activity in the gut of H. armigera
larvae fed on wild relatives was due to the compensation of pro-
tease inhibitory effects in these genotypes. Similar results have
earlier been reported by Lomate and Hivrale (2011) and Hivrale
et al. (2013).

There was a negative association of weight gain by the larvae and
the activity of digestive enzymes (Table 2). The association between

weight gain by larvae and activities of chymotrypsin and amin-
opeptidase was significant, but the association between weight gain
by larvae and activities of trypsin and total proteases was nonsig-
nificant. It seems that there is a mechanism in insects to regulate the
levels of digestive enzymes in response to food quality (Kotkar et al.
2009). The adaption of insects to proteinase inhibitors could be due
to increased production of inhibitor-insensitive proteinases or due
to adjusting the level of existing proteinases or due to digesting the
proteinase inhibitors (Broadway 1996, Giri et al. 1998, Dunse et al.
2010). The insects could starve due to utilization of valuable amino
acids that used for increased production of additional proteinases
in response to inhibitors (Broadway 1995). Therefore, it is worth to
study the exact biochemical mechanisms underlying this phenom-
enon to develop protease inhibitor-based insect control strategy.
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