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Abstract: Nutritional indices and biochemical profile
of Helicoverpa armigera in response to feeding on different
groundnut genotypes was studied. The moderately resistant
genotypes were ICGV 86699, ICGV 86031, ICG 2271 and ICG
1697. JL 24 was used as the susceptible check. Consumption
index (CI), approximate digestibility (AD), efficiency of con-
version of ingested food (ECI) and efficiency of conversion of
digested food (ECD) were recorded. In addition, the activities
of digestive and defensive enzymes of H. armigera were stud-
ied. H. armigera larvae showed significantly lower CI, AD, ECI
and EDI when fed on moderately resistant genotypes than the
insects fed on JL 24. Serine protease and trypsin activities were
low in insects fed on resistant genotypes than the ones fed on
JL 24. Further, insects fed on resistant genotypes showed sig-
nificantly greater glutathione-S-transferase activity than the
insects fed on JL 24. A reverse trend was observed for esterase
activity. Similar trend was observed for total protein content of
the insects. Thus, nutritional quality of host plants affects in-
sect’s physiology and could be used as an important indicator
of host plant resistance against insect pests and to understand
the adaptation of insect pests, if any, to various genotypes/host
plants.
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Prehranjevalni indeksi in biokemic¢ni profil juzne plodovrtke,
Helicoverpa armigera [Hiibner (1808)], na razli¢nih genotipih
arasidov

Izvlec¢ek: V raziskavi so bili preucevani prehranjevalni
indeksi in biokemi¢ni profil juzne plodovrtke (Helicoverpa ar-
migera) kot odziv na prehranjevanje na razli¢nih genotipih ara-
$§idov. Zmerno odporni genotipi arasidov so bili ICGV 86699,
ICGV 86031, ICG 2271 in ICG 1697. Genotip JL 24 je bil up-
orabljen kot ob¢utljiva kontrola. Doloceni so bili prehrambeni
indeks (CI), navidezna prebavljivost (AD), ucinkovitost pret-
vorbe pojedene hrane (ECI) in ucinkovitost pretvorbe pre-
bavljene hrane (ECD). Dodatno so bile v $kodljivcu preucene
aktivnosti prebavnih in obrambnih encimov. Gosenice juine
plodovrtke so imele znacilno manj$e vrednosti parametrov
kot so CI, AD, ECI in EDI, kadar so se hranile na zmerno
odpornih genotipih v primerjavi s tistimi, ki so se hranile na
obcutljivem genotipu JL 24. Aktivnosti serin proteaze in trip-
sina so bile manjse pri ZuZelkah, ki so se hranile na odpornih
genotipih v primerjavi s tistimi, ki so se hranile na obcutljivem
JL 24’ Zuzelke, ki so se hranile na odpornih genotipih so imele
znacilno vedjo aktivnost glutation-S-transferaze kot Zuzelke, ki
se hranile na ‘JL 24 Nasproten trend je bil opazen v aktivnosti
esterase. Podoben trend je bil ugotovljen v vsebnosti celokupnih
beljakovin v ZuZzelkah. Hranilna kakovost gostiteljskih rastlin
vpliva na fiziologijo $kodljivih ZuzZelk in bi jo lahko uporabili
kot pomemben kazalnik odpornosti gostiteljskih rastlin proti
$kodljivim Zuzelkam. S tem bi razumeli prilagoditve $kodljivih
7uzelk na razli¢ne genotipe gostiteljskih rastlin.

Klju¢ne besede: odpornost gostiteljskih rastlin; prehran-
jevalni indeksi; prebavni encimi; ara8idi; Helicoverpa
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1 INTRODUCTION

Plants face innumerable challenges from biotic and
abiotic stresses, however, biotic stress by insect pests
is one of the major stresses the plants face and take a
heavy toll on crop yields. Though synthetic insecticides
are the main insect pest controlling methods in many
crops, they pose a great threat to the non-target organ-
isms. For example, pesticide resistance is developed by
insects, pest-resurgence, pesticide residues in food and
health hazards in human beings (Isman, 2006; Sharma,
2007). Therefore, there is a need for an alternative en-
vironmentally safe crop protection technologies for
safe and sustainable crop production. Breeders and en-
tomologists have been developing insect resistant crop
cultivars that could withstand insect pressure (Sharma et
al., 2003; Smith, 2005; Sharma, 2009; Nair et al., 2020).
Groundnut (Arachis hypogaea L.) is one of the important
oilseed crops across the tropical and subtropical regions.
Groundnut crop is affected by a number of biotic and abi-
otic stresses. Insect pests are the major biotic constraints
of groundnut. The economically important insect pests
of groundnut include western flower thrips (Franklini-
ella occidentalis Pergande, 1895 and melon thrips (Thrips
palmi Karny, 1925); leaf miners (Aproaerema modicella
[Deventer, 1904]); aphids (Aphis craccivora Koch, 1854);
leathoppers (Empoasca dolichi Paoli, 1930); white grubs
(Holotrichia consanguinea Blanchard, 1850); pod borer,
Helicoverpa armigera (Hiibner(1808)) and armyworm,
Spodoptera litura (Fabricius, 1775) (Sharma et al., 2003).

Helicoverpa. armigera (Hiibner,[1808]) is a polyph-
agous lepidopteran pest with wide distribution across
Asia, Africa, Australia and southern Europe (Sharma et
al., 2003; Sharma, 2005). It causes severe damage to cere-
als, fruit crops, cash crops, vegetables including ground-
nut. Host plant resistance plays an important role to ward
of insect pests by plants (Howe & Jander, 2008; War et
al., 2011). It is a simple, inbuilt and eco-friendly method
of managing insect pests (Sharma & Ortiz, 2002; War et
al., 2012). Plant defensive traits interfere with host plant
selection by the insect pest, deter the insects by produc-
ing volatile compounds or by averting oviposition by
the insects. Plant defense against insect pests is mani-
fested through morphological (surface wax, lignification,
spines, hairs and sclerophylly) and biochemical traits
(Dwivedi et al., 1986; Sharma et al., 2009; He et al., 2011;
War et al.,, 2012; Bohinc et al., 2013). Biochemical traits
constitute toxic secondary metabolites as a major com-
ponent of plant defese against insect pests. They are di-
rectly toxic to insect pests or recruit the natural enemies
of the insect pests (Howe & Jander, 2008; Karban, 2011;
War et al,, 2011, 2013). In groundnut, toxic secondary
metabolites have been reported to hamper growth and
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development of insect pests (Stevenson et al., 1993; Seng-
uttuvan & Sujatha, 2000; War et al., 2013, 2014).

Several reports have shown the role of plant toxic
metabolites affecting insect growth and development.
For example, Rao et al. (1998) showed that polyphe-
nols in groundnut plants provide resistance against leaf
miner A. modicella. Further, plant secondary metabolites
such as dihydroxybenzoic acid, vanillic acid, caffeic acid
and umbelliferone have been suggested to be involved
in resistance against insect pests (War et al,, 2016). In
groundnut, structural (trichomes) and biochemical traits
(phenols, tannins and defensive proteins) are involved in
defense against insect pests including H. armigera (War
etal., 2013,2016; War & Sharma, 2014). Similarly, Steven-
son et al. (1993) reported that in groundnut, plant toxins
such as caffeoylquinic acids, quercetin, and diglycosides
are the main contributors of insect resistance. They found
that chlorogenic acid and rutin are also involved in resis-
tance against S. litura. To test the hypothesis that insect
resistant plants contain plant defensive traits that affect
the insect growth and development by interfering with
the nutritional indices of the insects, consumption, di-
gestion and utilization of food and also the biochemical
traits of H. armigera larvae were studied after feeding on
the insect resistant and susceptible groundnut genotypes.

2 MATERIALS AND METHODS
2.1 CHEMICALS

The chemicals used were of analytical grade. Ethyl-
ene diamine tetra acetic acid (EDTA), tannic acid, tryp-
sin inhibitor, bovine serum albumin, 1-napthol, glycine,
4-chloronapthol, disodium hydrogen phosphate, sodium
dihydrogen phosphate, N-a-Benzoyl-DL-arginine p-
nitroanilide (BApNA), glucose, GSH, sodium hydroxide,
and sodium carbonate (Na,CO,) were procured from
Sigma Aldrich (St Louis, Missouri). Acetic acid and
1-chloro-2, 4-dinitrobenzene (CDNB) were obtained
from Sisco Research Laboratory (India) and HiMedia
Pvt. Ltd (India), respectively.

2.2 HELICOVERPA ARMIGERA

Helicoverpa armigera larvae were collected from
the field at International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, Telangana,
India (17° 25'N latitude, 78° O0’E longitude and 545
m.a.s.l.). The field collected insects were reared for one
generation on the natural host under laboratory condi-
tions before mixing with the laboratory culture. Under
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laboratory conditions, insects were reared on chickpea
based artificial diet (Table 1, Armes et al., 1992). The pu-
pae were disinfected in 2 % sodium hypochlorite solu-
tion before transferring them to plastic jars containing
Vermiculite for adult emergence. Newly emerged adults
were immediately transferred to the wooden oviposition
cages (30 x 30 x 30 cm) containing 10 % honey or sucrose
solution in a cotton swab as food. Eggs were collected on
rough surfaces of diaper liners (5 x 15 cm) and thin cot-
ton wool sheets hung inside the cage. The eggs laid on the
liners sterilized in 2 % sodium hypochlorite solution. The
liners were dried and placed inside the plastic cups. The
newly emerged larvae were reared initially in groups of
200 to 250 for five days in 200 ml plastic cups containing
2 to 3 mm layer of artificial diet on the bottom and sides.
To avoid cannibalism, the larvae were reared individu-
ally in six cells well plates, of which each cell well was 3.5
cm in diameter and 1.5 cm in depth. The cell wells were
filled with 7 ml diet for larval development until pupa-
tion. After every six months, the laboratory culture was
mixed with the field-collected insects to maintain culture
heterogeneity. Newly emerged larvae were used for the
experiments.

2.3 GROUNDNUT PLANTS

The groundnut genotypes used in this study in-
cluded four moderate to high levels of insect resistant
cultivars (ICGV 86699, ICGV 86031, ICG 2271 and ICG

1697) and a susceptible check (JL 24) (Sharma et al.,
2003). The groundnut plants were grown in plastic pots
(30 cm diameter and 40 cm deep) containing soil, sand,
and farmyard manure (2:1:1 ratio) in a greenhouse at
ICRISAT, Patancheru, Telangana, India. The plants were
watered as needed and were maintained as per good ag-
ricultural practices. Five seeds were sown and later two
seedlings were retained in each pot for the experimental
purpose at 10 days after seedling emergence. The tem-
perature and relative humidity were maintained at 26
+ 5°C and 65 + 5 %, respectively, using desert coolers.
Leaves (first fully expanded tetrafoliates) from 20-days
old plants were used for the experiments.

2.4 CONSUMPTION, DIGESTION AND UTILIZA-
TION OF FOOD BY HELICOVERPA ARMIG-
ERA

The detached leaf assay technique described by
Sharma et al. (2005) was followed to study consumption,
digestion and utilization of food by H. armigera. The
leaves were brought from glasshouse to lab in ice box.
In each 100 ml plastic cup, a single tetrafoliate was em-
bedded in 3 % agar-agar. Third-instar larvae of similar
size were starved for 4 h before releasing on the leaves
and a single larva was released on one tetrafoliate. After
5 days of feeding, larval mass, leaf damage rating, and
dry mass of the residual food was recorded. To calculate
the dry mass of the introduced food, fresh mass of the

Table 1: Composition of semi-synthetic diet for Helicoverpa armigera

Diet component Ingredients Quantity (g) per 1,000 ml diet

Part A Chickpea flour 300
Sorbic acid 3.0
Methyl-p-hydroxybenzoate 5.0
Ascorbic acid 4.7
Yeast 48
Aureomycin powder 11.5
Cholesterol 1.5
Formaldehyde (1%) 20 ml
Multivitamin solution (A,B,D,E,C) drops 10u
Water 450 ml

Part B Agar-agar 17.3
Water 800 ml

Diet preparation: The diet was prepared as follows:
1. Measured quantities of part A were mixed.

2. Agar-agar was added to water in a separate container and boiled for 5 min (Part B).
3. Part A and Part B were mixed thoroughly in a blender to get an even consistency.
4. The diet was poured into small plastic cups and allowed to cool under a laminar flow for 1 to 2 h.
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food remaining after larval consumption was multiplied
by a standard factor determined by maintaining an ali-
quot of the food under similar conditions in the absence
of larvae, weighing it, then drying and reweighing it. The
dry and fresh mass of aliquots were used to determine
the percentage dry matter. The dry mass was expressed as
the percentage dry matter in each genotype. The uncon-
sumed food and frass from each detached leaf assay were
removed, weighed and dried at 65 °C for 72 h in a hot-air
oven. The dry mass of the food unconsumed by the insects
was calculated as the difference between the dry mass of
the unconsumed food and the calculated dry mass of the
offered food. The difference between the mass of the larvae
before and after the feeding period was taken as the larval
mass gain.

The nutritional indices such as food consumption,
digestion, and efficiency of conversion of the ingested food
into body matter were calculated as per Waldbauer (1968)
and Sharma & Franzmann (2000).

The consumption index (CI) was calculated as:

Mass of food ingested

cr = 100

*
Duration of feeding period X Mean mass af insect

Approximate digestibility (AD) of food was calcu-
lated as follows:

Mass of food ingested — Mass of frass
AD = - fr g : ffrass 100
Mass of food ingested

Efficiency of conversion of ingested food into body

matter (ECI) was calculated as follows:
Mass gained by the larva

ECT = = 100
Mass of food ingested

Efficiency of conversion of digested food (ECD) was
calculated as:
Mass gained by the larva

ECD = % 100
Mass of food ingested — Mass of frass

2.5 BIOCHEMICAL TRAITS OF INSECT PESTS

2.5.1 Total serine protease assay

Insects from the bioassay cups were collected after 5
days of the infestation and dissected. The midguts of the
larvae were extracted in in 0.2 M sodium phosphate buf-
fer (pH 7.5) and homogenized in 0.1 M glycine-NaOH
buffer (pH 10), containing 1 mM EDTA. The filtrate was
passed through three-layered cheese cloth and centrifuged
at 10,000 rpm for 20 min at 4 °C. A separate tube was used
to collect the supernatant to be used as source for deter-
mining the enzyme activity. For the estimation of serine
protease activity, azocasein was used as a substrate (He-
gedus et al., 2003). To midgut supernatant (0.04 ml), 0.3
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ml of 1 % azocasein solution that was prepared in 0.05 M
glycine-NaOH buffer (pH 10) was added. The solution was
incubated at 28 °C for 15 min. To the reaction mixture,
0.34 ml of 10 % TCA was added and then incubated for 1
h at room temperature. After centrifugation at 12,000 rpm
for 10 min, 0.68 ml of 1 M NaOH was added to the super-
natant. The absorbance was read at 495 nm and total mid-
gut serine protease activity (SP) was calculated as follows:
Abs(sample) — Abs(blank)
5F = » 1000

Incubation time (min)

The total serine protease activity was expressed as
tryptic activity (mU) per min of incubation per mg insect
protein (mU min™ mg" protein).

2.5.2 Trypsin assay

Trypsin activity was determined as per Perlmann &
Lorand (1970). To the midgut extract of 0.15 ml, 1 ml of 1
mM BApNA (in 0.2 M glycine-NaOH buffer, pH 10), was
added. The reaction mixture was incubated at 37 °C for
10 min. The reaction was terminated by adding 0.2 ml of
30 % acetic acid and the absorbance was read at 410 nm.
The unit 1 mol min™ mg* protein was used to express the
trypsin activity.

2.5.3 Esterase (est) assay

For determination of esterase (EST) and glutathione-
S-transferase assay (GST) activities, similar procedure was
followed for extraction by dissecting the larvae in 0.1 M
sodium phosphate buffer (pH 7.5). Homogenization of
midguts was carried out in 0.1 M sodium phosphate buffer
(pH 7.5) containing 1 mM EDTA. The filtrate was passed
through three-layered cheese cloth and centrifuged for 15
min (4 °C) at 12,000 rpm. The supernatant was used for
the estimation of EST and GST activities. The EST activ-
ity was estimated by adding 0.1 ml enzyme sample diluted
10 times with 0.1 M sodium phosphate buffer to 1.5 mM
1-naphthyl acetate solution. The reaction mixture was in-
cubated at for 30 min at 25 °C and the reaction was stopped
by adding Fast Blue B (in 5 % SDS) staining solution. The
absorbance was read at 490 nm after 15 min of addition of
the stopping solution. The hydrolysed substrate concentra-
tion was determined from the standard curve of 1-naph-
thol. The EST specific activity was expressed as 1 mol of
1-naphthol formed min* mg™ protein.

2.5.4 Glutathione-s-transferase (gst) assay

The GST activity was estimated by using 1-chlo-
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ro-2,4-dinitrobenzene (CDNB) and reduced GSH as sub-
strates (Habig et al., 1974). To 1 ml of phosphate buffer
(pH 7.5), 0.1 ml of CDNB (25 mM) and 1.6 ml of distilled
water were added. To this mixture, 0.1 ml of 10 fold en-
zyme solution diluted with 0.1 M sodium phosphate buffer
(pH 7.5) was added. The reaction mixture was incubated
for 5 min at 37 °C and 0.1 ml of 20 mM GSH was added.
Absorbance was read for 3 min at 30 s interval at 340 nm.
The CDNB extinction coefficient of 9.6 mM cm™ was used
in calculating the enzyme activity. The specific activity of
GST was expressed as nmol of CDNB conjugate formed
min’ mg?! protein.

2.5.5 Estimation of protein content

Total protein content of the insects fed on groundnut
genotypes was determined by Lowery’s method (Lowry et
al., 1951). The bovine serum albumin was used as a stan-
dard and the protein content was expressed as mg g body
mass.

2.6 STATISTICAL ANALYSIS

The data was analysed through analysis of variance

(ANOVA) using SPSS v15.1 (SPSS, Inc., Chicago, IL,
USA). The significant effects of the treatment (p < 0.05)
were separated by the Tukey’s test.

3 RESULTS

3.1 FOOD CONSUMPTION AND UTILIZATION BY
Helicoverpa armigera

The insects fed on genotypes ICGV 86699, ICGV
86031, ICG 2271 and ICG 1697 showed significantly lower
CI per unit body mass than the insects on the susceptible
check, JL 24’ (Table 2). Similarly, the insects fed on insect-
resistant genotypes, ICGV 86699, ICGV 86031, ICG 1697
and ICG 2271 (36.5 — 45.4%) had lower AD than those fed
on JL 24’ (67.5 %). Further, ECI was significantly lower in
larvae fed on genotypes ICGV 86699, ICGV 86031, ICG
2271 and ICG 1697 (21.3 - 28.2 %) than those fed on the
susceptible check, JL 24" (54.1 %). The ECD in insects
fed on the insect-resistant genotypes varied from 23.6 -
30.2 %, while the larvae fed on ‘JL 24’ showed a high ECD
(45.7 %).

3.2 ENZYMES

Table 2: Nutritional indices of Helicoverpa armigera larvae fed on groundnut genotypes

Nutritional indices

Genotypes CI (mg/mg/day) AD (%) ECI (%) ECD (%)

ICGV 86699 2.3 +0.01% 36.5 £ 3.8¢ 21.3+1.5° 27.1 +£1.3%
ICGV 86031 2.6 +0.03 41.2+2.3° 255+ 1.2° 23.6 + 1.4%
ICG 2271 3.5 +0.02° 443 +£2.9° 282+ 1.8° 30.2 +£2.5°
ICG 1697 2.9+0.01° 454 + 3.0 24.7 £ 1.9° 293 +£2.2°
JL 24 4.1 £0.04* 67.5+ 3.7 54.1 +2.3° 45.7 £2.7*

Within columns, (means + SD) followed by same letter(s) do not differ significantly (Tukey‘s HSD test, p < 0.05). CI = Consumption index, AD =
Approximate digestibility, ECI = Efficiency of conversion of ingested food and ECD = Efficiency of conversion of digested food.

Table 3: Total serine protease and trypsin activities of Helicoverpa armigera larvae fed on resistant and susceptible groundnut geno-

types
Serine protease Trypsin

Genotypes (mU min' mg" protein) (umol min! mg™! protein)
ICGV 86699 2.32£0.07* 0.22 +0.002°

ICGV 86031 2.11 £ 0.05® 0.19 + 0.002

ICG 2271 1.78 + 0.02% 0.20 £ 0.003"

ICG 1697 1.94 + 0.04% 0.18 + 0.002°

JL 24 3.26 £ 0.08° 0.41 +0.005°

Values (Mean + SD) with similar letters within a column do not differ significantly at p < 0.05 (Tukey's HSD test).
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3.2.1 Total serine protease and trypsin activity

Lower total serine protease activity was observed in
insects fed on genotypes ICGV 86031 (F, , = 21.7), ICG
2271 (F, |, =23.1) and ICG 1697 (F, , = 12.9) than those
fed on JL 24’ (F,,,=213) (p<0.05) (Table 3). Similarly,
the trypsin activity was significantly lower in insects fed
on insect resistant genotypes (F, , =10.2, 11.1, 13.8 and
6.2, respectively, for ICGV 86699, ICGV 86031, ICG
2271 and ICG 1697, p < 0.05) than in the insects fed on
the susceptible check, JL 24’

3.2.2 GST and EST activity

Significantly greater GST activity was observed in
insects fed on genotypes ICGV 86699, ICGV 86031, ICG
2271 and ICG 1697 (F, , = 22.1, 18.2 and 12.8, respec-
tively, p < 0.05) than those fed on JL 24’ (Table 4). The
EST activity in insects fed on ICGV 86699, ICGV 86031,
ICG 2271 and ICG 1697 was significantly lower (F, , =
9.5, 9.0 and 11.5, respectively, p < 0.05) than the insects
fed on the JL 24.

3.2.3 Total protein content
Insect pests exhibited differential protein in insect

resistant and susceptible genotypes. The protein con-
tent of the insects fed on genotypes ICGV 86699, ICGV

86031, ICG 2271, and ICG 1697 did not differ signifi-
cantly (7.43, 8.22, 8.70 and 9.01 mg ml™, respectively),
however, it was significantly lower in the insects fed on
the susceptible check, JL 24’ (12.7 mg ml™) (Table 5).

4 DISCUSSION

The toxic plant secondary metabolites are important
weapons employed by plants against insects. The main
mode of action of these metabolites is through the anti-
biosis mechanism, when ingested, these metabolites have
detrimental effects on insects and reduce insect growth
and development. The low nutritional quality of plant
tissues, proteinase inhibitors and other metabolites are
some of the antibiosis factors (Bhonwong et al., 2009;
Barbehenn et al., 2010; War et al., 2013). These factors
affect the insect food intake and its consumption and
utilization by insect pests. The antibiosis and antixenosis
plant defences against insect pests can be determined by
studying the consumption, digestion and utilization of
insects fed with specific host plants (Devetak et al., 2013).
Imbalance in insect’s food constituents will have drastic
effects on its growth and development. Nitrogen content
of plant tissues is an important limiting factor for growth
and development of insect herbivores (Zhong-xian et al.,
2007). Since plant tissues are the main source of nutrients
for insects, their availability depends on the amount of
food ingested and how efficiently it has been converted
to body matter.

Table 4: GST and EST activities of Helicoverpa armigera larvae fed on resistant and susceptible groundnut genotypes

GST EST
Genotypes (umol CDNB min mg™ protein) (umol 1-napthol min™* mg™ protein)
ICGV 86699 1.91+0.01° 0.29 £ 0.004*
ICGV 86031 1.88 +0.03° 0.27 £0.004
1CG 2271 1.86 + 0.04° 0.31 £ 0.006
ICG 1697 1.52 £ 0.07¢ 0.30 £ 0.003°
JL 24 1.02 +0.03* 0.39 £ 0.006*

Values (Mean + SD) followed by same letter(s) within a column are not significantly different at p < 0.05 (Tukey's HSD test).

Table 5:Total protein content (mg ml!) of Helicoverpa armigera larvae fed on fed on resistant and susceptible groundnut genotypes

Genotypes Protein content (mg ml™)
ICGV 86699 7.43 +0.4*
ICGV 86031 8.22+£0.2*
ICG 2271 8.70 £ 0.3*
ICG 1697 9.01+0.2*
JL 24 12.7 + 1.3

Values (mean+SD) followed by same followed by letter(s) within a column are not significantly different at p < 0.05 (Tukey’s HSD test).
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Our results showed that AD, CI, ECI, and ECD were
reduced in H. armigera larvae fed on insect-resistant
groundnut genotypes and were considerably lower than
the insects fed on JL 24. The reduced consumption and
utilization of food by H. armigera can be attributed to the
antibiosis effect of the constitutively produced second-
ary metabolites including flavonoids, tannins and some
defensive proteins (Grayer et al., 1992; Stevenson et al.,
1993; Senguttuvan & Sujatha, 2000; Rao, 2003; War et al.,
2013). Antibiosis is one of the important modes of host
plant resistance against insects that affects the oviposi-
tion, survival and growth and development of the target
pests (Sharma & Norris, 1991; Sharma et al., 2005; Su-
jana et al., 2008; Ansari et al., 2011). We observed that
even though the consumption index of H. armigera was
high in some of the insect resistant genotypes such as
ICG 1697, ICG 2271 and ICGV 86031, the ECI and ECD
were significantly less. This clearly showed that the plant
defensive traits pertaining to antibiosis such as toxic sec-
ondary metabolites occur in these genotypes. The ingest-
ed plant allelochemicals affect the insect’s physiological
and biochemical traits that in turn impact the post-in-
gestive nutrient utilization by the pest (Sharma & Norris,
1991; Hasan & Ansari, 2011; Ansari et al., 2011; War et
al., 2013). Further, insects excrete some of the plant toxic
chemicals along with the faecal matter, which in turn, re-
sults in reduced efficiency of food utilization. The results
showing the differential responses of insects in ingesting
the food material, digestion efficiency and conversion of
the ingested food into body matter can be used as impor-
tant indicators for identifying the host plant resistance
against insect pests (Sharma & Norris, 1991; Yazdanfar
etal., 2015).

The digestive and the detoxifying enzymes in insect
pests showed a differential response on insect resistant
and susceptible groundnut genotypes. Serine protease
and trypsin activities were reduced in insects fed on
the resistant genotypes. This could be attributed to the
higher amounts of toxic plant secondary metabolites
and/or protease inhibitors in insect resistant genotypes
than the susceptible genotype. Reduced serine protease
and trypsin activities in insects fed on insect resistant
genotypes can be attributed to the antibiosis mechanism
of resistance in plants mediated by the toxic secondary
metabolites. Further, some plant antioxidative enzymes
such as peroxidases are directly toxic to insect pests
(Barbehenn et al., 2010). It has also been reported that
H. armigera larvae when fed on a diet containing plant
secondary metabolites show reduced serine protease and
trypsin activities (War et al., 2013). Reduced protein di-
gestion, thereby, low levels of amino acids result in re-
duced growth and developments in insects (Lawrence &
Koundal, 2002; Azzouz et al., 2005).

Insect detoxifying enzymes such as GST and EST
convert plant allelochemicals into non-toxic or low
toxic compounds (Leszczynski & Dixon, 1992; Yang et
al., 2005; War et al,, 2013). These enzymes are induced
in insects in response to plant metabolites. Increased ac-
tivities of GST were observed in insects fed on resistant
genotypes as compared to the ones fed on the susceptible
genotype JL 24. The higher toxicity of the compounds is
attributed to the higher toxicity of the plant toxic sec-
ondary metabolites in the insect resistant genotypes
(War et al.,, 2013). In barley, aphid Sitobion avenae (Fa-
bricius, 1775) showed increased levels of GST when fed
on plants with greater phenolic content (Leszczynski &
Dixon, 1992). The EST activity did not differ significantly
in insects fed on the insect resistant genotypes but was
significantly higher in the insects fed on the susceptible
genotype, JL 24. The higher levels of toxic secondary
metabolites in resistant genotypes than the susceptible
genotype might have led to the reduced activity of the
EST in insects. ESTs are directly involved in the hydrox-
ylation of toxic plant secondary metabolites and insecti-
cides to less toxic compounds (Yang et al., 2005). Positive
correlation has been observed in insect midgut serine
proteases, trypsin and GST and larval mass and survival
(War et al., 2013). Therefore, plant toxic compounds in
resistant genotypes that led to the decrease in the levels
of these enzymes could be used as important biochemi-
cal markers for plant resistance. Myzus persicae (Sulzer,
1776) exhibited higher levels of GSTs when fed on bras-
sicaceous host plants containing toxic plant metabolites
such as glucosinolates and isothiocyanates (Francis et al.,
2005). H. armigera fed on artificial diet containing plant
toxic metabolites showed higher levels of GST, which
has been attributed to the fact that the insect is trying to
adapt to the plant toxins (War et al., 2013). They further
reported a negative correlation between EST activity and
larval growth in H. armigera. The total protein content of
the larvae fed on insect resistant plants was significantly
lower than the larvae fed on the susceptible genotype, JL
24. Reduced protein levels could have resulted from the
toxic effects of the plants metabolites on serine proteases,
trypsin and other enzymes. Further, plant protease in-
hibitors and other antinutritional components are some
of the important factors that affect protein synthesis in
insects (War et al., 2013). Further, essential amino acid
reduction drastically affects the insect growth and devel-
opment (Chen et al., 2005).

It has been reported that S. litura larvae fed on ba-
nana leaves showed reduced growth and development,
digestibility and consumption rate of plant tissues, how-
ever, they exhibited a high conversion efficiency of the
ingested food with a high rate of conversion of the digested
food. This shows that that the insects compensated for the
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nutrient intake from the limited plant tissues by more ef-
ficiently utilizing the host plant tissues (Zhu et al., 2005).
The digestion of the plant tissues by insect pests depends
on the activities of various enzymes including serine prote-
ases, trypsin, and others. Several factors affect the AD, CI,
ECI, and ECD in insect-plant interaction and it is practi-
cally difficult to determine the exact “cause” and “effect” re-
sponses of these parameters. The questions that arise here
are, is it because of low digestibility that the insects eat low
or is it that the digestibility is low as the insect eats more?
The efficiency parameters involved in host plant feeding by
insect pests are physiologically closely related. Though the
factors responsible for the efficient conversion of the di-
gested food are still largely unknown, role of shifts in food
selection, insect digestive physiology, body composition
and metabolic rates can’t be ruled out. It is very important
to understanding the basic principles of nutritional ecolo-
gy to identify the host plant resistance against insect pests.

5 CONCLUSION

This study determined that the AD, CI, ECI, and ECD
in H. armigera larvae were significantly reduced when fed
with the insect-resistant groundnut genotypes. Though
high consumption index was observed in some genotypes
(ICG 1697, ICG 2271 and ICGV 86031), the lower ECI
and ECD, reduced activities of digestive enzymes and in-
creased detoxifying enzyme activities can be attributed to
strong antibiosis mechanism of resistance in these geno-
types. This study shows that host plant diet directly affects
the digestive plasticity, which in turn, influences the de-
velopment of insect pests including Helicoverpa armigera.
The information derived from this study would be useful
to understand the adaptation of insect pests to various gen-
otypes/host plants and the co-evolution between the insect
pests and their host plants.
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