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ABSTRACT 

We studied the dynamics of oxidative stress biomarkers and biochemical constituents of 

chickpea (Cicer arietinum) genotypes against gram pod borer (Helicoverpa armigera). Selected 

genotypes viz., NBeG - 786, GL -13001, ICC - 3137 (susceptible check), ICCL - 86111 (resistant 
check), GL - 13042 and RSG - 959 were screened for enzymatic, stress biomarkers, nutritional and 

anti-nutritional compounds at different time intervals (24, 48, 72 and 96 h). Data on leaf consumption, 

damage rating, pest susceptibility or resistance (%) and pest susceptibility/resistance rating were 

recorded. Results indicated that activity of all metabolic sensors (including nutritional and anti-

nutritional factors) increased except catalase activity in response to H. armigera feeding, this 

suggested that biochemical compounds and their regulating enzymes and antioxidant defence system 
played important role in plant defence. Clustering and heat map analysis revealed that superoxide 

dismutase, catalase, polyphenol oxidase, total phenols and tannins were predominant in chickpea 

under insect pest stress and their over expression in chickpea genotypes will increase the tolerance to 
pod borer. The chickpea genotypes viz., GL -13001, GL- 13042 and RSG- 959 possessed antibiosis 

mechanism of resistance and were found tolerant against H. armigera in field screening.  

Keywords: Antioxidant enzymes, biotic stress, Cicer arietinum, chickpea, defence system, 
Helicoverpa armigera, oxidative biomarkers. 

INTRODUCTION 

Chickpea (Cicer arietinum L.) is major pulse crop worldwide and Sub-Saharan 

Africa and South Asia, accounts for 75 % Area and production. Globally, in recent years 

chickpea cultivation area has increased (23,46). The major barrier for increasing its 

production and productivity are gram pod borer, Helicoverpa armigera (Hubner), beet 

armyworm, Spodoptera exigua (Hubner), Fusarium wilt, root rots, Ascochyta blight, 

Botrytis grey mold and drought (20), of these H. armigera causes yield losses upto 80 % 

(54).  This pest is active throughout the year but in India its damage to chickpea is during 

the months of November to March. The migratory nature, polyphagy, short life cycle, 

multivoltinism and insecticide resistance in H. armigera make its management a very 

difficult task (50). However to manage this pest, an integrated approach has to be followed 

which includes use of resistant varieties, plant products, biopesticides, natural enemies, 

following good agronomic practices, monitoring of pest through pheromone traps and 

judicious use of chemical pesticides. Among all these options host plant resistance plays an 

important role in pest management with a potential to reduce loss by herbivore and minimize 
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insecticide use thereby, ensuring higher crop yield, safer environment and cost effective 

(56,73). 

Plants respond to herbivore damage either through morphological or biochemical or 

molecular mechanisms to ward off the effects of herbivore, of which biochemical 

mechanisms are dynamic. The biochemical defensive compounds are produced either 

constitutively or induced in response to pest damage. Constitutive defence mechanism work 

in the plant system independent of stress, while induced defence mechanism is activated 

only in response to stress and it protects the plant from further damage. Infestation by 

herbivorous insects results in accumulation of defensive compounds through physiological, 

morphological and biochemical changes in plant system (2,47,66). The insect herbivory 

damage causes the changes in plant cell metabolic machinery such as respiration or 

photosynthesis which vleads to the production of reactive oxygen species (ROS). The 

increased production of ROS leads to oxidative stress causing damage to nucleic acids, lipids 

and proteins (19,26), so plants must maintain a balance between ROS production and ROS-

scavenging to minimize plant tissue damage due to oxidative stress.  

To maintain homeostasis, plants initiate the signalling cascade under oxidative stress 

by inducing the activity of defensive enzymes like superoxide dismutase (SOD), peroxidase 

(POX), catalase (CAT), ascorbate peroxidase (APX), glutathione reductase (GR), 

phenylalanine ammonia lyase (PAL), tyrosine ammonia lyase (TAL), polyphenol oxidases 

(PPO) and secondary metabolites such as phenols, hydrogen peroxide (H2O2), 

malondialdehyde (MDA) and nitric oxide (NO) (69). Considerable progress has been made 

in increasing the tolerance levels in different crops against both biotic and abiotic stress by 

simultaneous expression of antioxidant enzymes. 

As a survival strategy, insects also employ variety of resistance mechanisms viz., 

avoidance, detoxification, target site modification against phytochemicals. However, the co-

evolution of plants with herbivores has made plants to recognize the key metabolic process 

in insects such as digestive, nervous, endocrine systems and produce specialized defensive 

products which interfere with key processes. So, host plant resistance mediated through 

induced resistance can be exploited as an important tool in pest management programme.  

The induced defence mechanism of plants against the biotic stress depends upon their 

ability to quickly perceive the incoming stimuli, decoding it and building it into a strong 

morphological and biochemical shield against insects (72). To develop resistant cultivars 

against H. armigera, it is necessary to understand the role of defensive mechanisms adapted 

by plants in response to insect attack. Since little information is available on biochemical 

dynamics occurring in chickpea in response to H. armigera infestation, present study was 

done to determine the activity of key metabolic sensors like antioxidant enzymes, oxidative 

stress biomarkers, nutritional and anti- nutritional components both at constitutive and 

induced level in different chickpea genotypes including resistant and susceptible checks at 

different time intervals after infestation. 

MATERIALS AND METHODS 

The experiments were conducted during November 2019- March 2020 in polyhouse, 

Entomology Division and Division of Biochemistry, ICAR- Indian Agricultural Research 

Institute, New Delhi (28°38’23”N, 77°12’27”E, 228.61m above MSL, 708.7 annual 

rainfall). Maximum and minimum temperature during study period was 31.8 and 2.2 oC.  
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Chemicals 

All the chemicals used in this study were of analytical grade and all solutions were 

prepared in deionized water of resistivity not less than 18.2 M Ω/cm.  

Test insect 

H. armigera larvae were collected from pigeon pea fields (IARI, New Delhi) and 

reared on chickpea based semi-synthetic diet (18) in our insect rearing laboratory under 

optimum conditions (27±1 oC, 65-75 % relative humidity and photoperiod of 12: 12 [L:D] 

h). F4 neonates were used to study the defensive response of chickpea genotypes. 

 

 
 

 

Chickpea plant Chickpea leaf twig 

 

 

 

 

 

 

 

 

Helicoverpa armigera larvae Helicoverpa armigera adult 
 

Plate 1. Chickpea plant, larva and adult of Helicoverpa armigera 

Chickpea plants (Cicer arietinum L.) 

Six chickpea genotypes [ICCL -86111 (resistant check), ICC - 3137 (susceptible 

check), GL- 13001, GL - 13042, RSG - 959 and NBeG-786] including resistant and 

susceptible checks were grown in polyhouse. Briefly, 15-seeds were sown in each plastic 
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pot (27 cm height and 31 cm dia) filled with the potting mixture (soil and farm yard manure 

in 3:1 ratio), watered as and when needed and applied with fertilizers. Plants were covered 

in cages with nylon mesh. The genotypes viz., GL- 13001, GL - 13042, RSG - 959 and 

NBeG-786 were found tolerant against H. armigera under in earlier field studies in All India 

co-ordinated research trials, so these genotypes were selected to study their induced 

resistance mechanism under biotic stress. Each genotype was sown in 10 pots in completely 

randomized design and 5 seeds were sown per pot. The leaf samples from top, middle and 

bottom portion of seedlings of all chickpea genotypes under uninfested and infested 

conditions were collected at 24, 48, 72 and 96 h after infestation and stored at -80 °C for 

downstream analysis. 

H. ARMIGERA INFESTATION 

Newly emerged (4 h old) starved H. armigera larvae were released on 21-day old 

chickpea seedlings @ 10 larvae/plant using camel hairbrush. Un-infested plants were 

considered as control for respective genotypes. 

BIOCHEMICAL ANALYSIS 

Biochemical estimations of enzymatic (superoxide dismutase, peroxidase, catalase 

and polyphenol oxidase), non-enzymatic (hydrogen peroxide and malondialdehyde content), 

nutritional compounds (reducing sugar and protein content), and anti-nutritional compounds 

(total phenols and tannins content) were done in triplicates using microplate reader (Bio Tek 

Instruments, Inc/USA) and UV-Vis spectrophotometer (Bench Top, India). 

I. Enzyme extraction: Enzyme extraction for superoxide dismutase, peroxidase and 

catalase assay was done by homogenizing 200 mg of leaf sample in ice-cold 2 ml extraction 

buffer (0.1 M phosphate buffer, pH 7.5). The extract was then centrifuged for 20 min at 

12000 rpm at 4 oC and the supernatant was used as an enzyme source. Likewise for 

polyphenol oxidase the leaf samples (100 mg) was homogenized in 1 ml of ice-cold 

extraction buffer (0.1 M phosphate buffer, pH 7.8) and the extract was centrifuged for 10 

min at 10000 rpm at 4 oC and the supernatant was used for estimation. 

(i). Superoxide dismutase (SOD) assay: Superoxide dismutase activity was estimated 

according to Dhindsa et al. (21). The 3 ml reaction mixture contained 13.33 mM 

methionine, 75 µM NBT, 0.1 mM EDTA, 0.1 mM phosphate buffer (pH 7.8), 50 mM 

sodium carbonate, enzyme extract (10 µl) and distilled water. The reaction was started 

by adding 2 µM riboflavin and tubes were placed under two 15 W fluorescent lamps for 

15 min, while a non-irradiated complete reaction mixture of each sample served as blank. 

The absorbance was recorded at 560 nm on a microplate reader and enzyme activity was 

expressed as units /g FW.  

(ii). Peroxidase (POX) assay: The peroxidase activity was determined as per Castillo  

et al. (17). The 2.5 ml reaction mixture contained 50 mM phosphate buffer pH 6.1, 16 

mM Guaiacol, 2 mM H202, enzyme extract (10µl) and water. Absorbance of formed 

tetra-guaiacol was recorded at 470 nm for 3 min on the microplate reader and enzyme 

activity was calculated as per the extinction co-efficient of its oxidation product, tetra-

guaiacol £= 26.6 mm-1cm-1. Enzyme activity was expressed as units per g fresh weight 

of sample. 

(iii). Catalase (CAT) assay: The catalase activity was determined according to Sinha 

(61) following the ability of the enzyme to split H2O2 within 1 min of incubation time. 

The reaction mixture consisted of phosphate buffer (0.01 mM, pH 7), enzyme extract, 
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H202 and water. The absorbance was measured at 570 nm on a microplate reader. Enzyme 

activity was expressed as micromoles of H2O2 decomposed per minute /g FW. 

(iv). Polyphenol oxidase (PPO) assay: The PPO activity was determined according to 

Kruger et al. (42) with minor modifications. The reaction was initiated by adding 0.2 ml 

of enzyme extract to 2.8 ml of substrate catechol solution (0.01 M). This mixture was 

incubated at 37 °C for 30 min. The absorbance was measured at 410 nm on a microplate 

reader and enzyme activity was expressed as units per g fresh weight of sample. 

Hydrogen peroxide (H2O2) content 

The hydrogen peroxide (H2O2) content was determined as per Loreto and Velikova 

(43) using H2O2 as a standard. The extract was prepared by grinding 100 mg leaf sample in 

liquid nitrogen and 1ml of chilled TCA (0.1 %) was added. The mixture was then centrifuged 

at 12000 rpm for 15 min at 4 oC. The supernatant was used to determine hydrogen peroxide 

content. To 750 µl supernatant, 750 µl of potassium phosphate buffer (10 mM, pH 7) and 

1.5 ml of potassium iodide (1 M) were added. The optical density was recorded at 390 nm 

on a UV-Vis spectrophotometer and H2O2 content was expressed as µmol /g FW.  

 

Lipid peroxidation / Malondialdehyde (MDA) content 

The MDA content was determined as per Cakmak and Horst (16). Extract was 

prepared by grinding (500 mg) leaf sample in 10 ml of TCA (0.1 %) and shaken for 15 min 

at room temperature. The extract was centrifuged for 10 min at 12000 rpm at 4 oC and the 

supernatant was used for estimation. The reaction mixture consisted of 1 ml of supernatant 

and 4 ml of 20 % TCA + 0.6 % TBA mixture. After incubation in boiling water for 30 min, 

the absorbance was recorded at 532 and 600 nm wavelengths on a microplate reader. The 

MDA content was computed using extinction coefficient of 155 mM-1 cm-1 with the formula: 

[MDA level (nmol) = ΔA (532 - 600) nm / 1.56 x 105] and expressed as nmol/g FW of the 

sample. 

Reducing sugar, protein, total phenols and tannins content estimation 

Reducing sugar content was estimated by as per Nelson (48) and modified method  

Somogyi (63) using glucose as a standard. The reducing sugar content was calculated using 

glucose standard curve and expressed as mg g-1 FW. The protein content was estimated 

according to Bradford (14) using Bovine serum albumin (BSA) as standard. The amount of 

protein concentration was expressed as mg/g of plant tissue. Total phenol content (TPC) of 

chickpea leaves was estimated by the method of Singleton et al. (60) using gallic acid as a 

standard and was expressed as mg of gallic acid equivalents/g extract. The tannins content 

was determined by the Folin Ciocalteu method (4) and expressed as mg/g FW, calculated 

with the help of gallic acid standard curve. 

Damage rating 

Detached leaf assay method was used to determine the extent of damage from             

H. armigera on different chickpea genotypes (57). In brief, terminal leaf twigs of each 

genotypes were excised, washed, shade dried and weighed on an analytical balance (Mettler 

Toledo, Switzerland) and immediately placed in plastic Petri dish containing 2 % agar 

medium in a slanting manner. Entire experiment set up was maintained at 27±1 oC, 65-75 

% relative humidity. Neonates of H. armigera (≤ 12 h) were released @ 10 larvae/ leaf twig. 

There were four replications for each genotype in a completely randomized design. The 

experiments were terminated 4 days after infestation and observations were recorded on 
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final leaf weight and damage rating. Leaf twigs were visually rated for H. armigera damage 

on chickpea genotypes using 1-9 scale (55), where 1 = ≤ 10, 2 = 11-20,      3= 21- 30 and 9 

= ≥ 80 % leaf damage. Based on the leaf weight consumed in each test genotype, pest 

susceptibility or resistance (%) was calculated using the following formula (1). 

 

Pest susceptibility or 
resistance (%) = 

Leaf weight consumed in susceptible check - leaf weight 
consumed in test genotype 

 
x 100 

Leaf weight consumed in susceptible check 
 

The pest susceptibility or resistance (%) was converted into pest susceptibility/ 

resistance rating (PSRR) scale of (1-9) according to Kooner and Cheema (41).   

Statistical analysis   

The data of the biochemical constituents of chickpea leaves of different genotypes 

under control and infested conditions, and genotype x treatment combinations were 

subjected to analysis of variance (ANOVA) in factorial design and data on detached leaf 

assay in completely randomized design. The treatment means were compared by least 

significant difference (LSD) at P = 0.05 using the statistical software SAS ® version 9.3. 

Cluster analysis and heatmap were generated for all the ten biochemical constituents of six 

chickpea genotypes at 48 h after infestation using R- version 3.6.2.  

 

RESULTS AND DISCUSSION 

We quantified changes in the metabolic sensors such as enzymatic (SOD, POX, CAT 

and PPO), non-enzymatic biomarkers (H2O2 and MDA content), nutritional (reducing sugar 

and protein content) and anti-nutritional compounds (TPC and tannins content) of chickpea 

leaves at four intervals viz., 24, 48, 72 and 96 h after H. armigera infestation as well as in 

un-infested plants. H. armigera infested chickpea seedlings showed higher biochemical 

activity than the uninfested seedlings. The response of metabolic sensors viz., SOD, POX 

and PPO, and H2O2, MDA, protein, reducing sugar, total phenols and tannin content 

increased, while, catalase activity decreased upon H. armigera feeding in all the chickpea 

genotypes.  

Induced resistance is an important component of plant defence that makes plants 

phenotypically plastic to face different types of stresses and is more economical, effective 

and environmentally friendly (71). Plants have developed an elegant defence system due to 

the evolutionary race between plants and insects. The plant defence system recognizes the 

non-self molecules, which elicit the defence response to insect attack (34). Plants produce 

higher amounts of proteins and secondary metabolites to function as anti-nutritive, toxins or 

deterrents against insect attack (31,32,62,73). Herbivore damage induces rapid signals and 

responses in plants like oxidative burst, accumulation and release of secondary metabolites 

and antioxidative enzymes viz., peroxidase, polyphenol oxidase, lipoxygenase, superoxide 

dismutase, phenyl-ammonia lyase and catalase (26,31,77). In host plant resistance to insects, 

host plants oxidative state is important in the production of ROS and toxic secondary 

metabolites (31,32,73,77). To manage insect pests, the plants defence mechanism is an 

attractive area of research all over the world. Here, we studied the induced defensive 

biochemical response of six chickpea genotypes against H. armigera feeding. 

 



Effects of H. armigera infestation on chickpea                                      89 

Superoxide dismutase (SOD) activity 

  

  
 

Figure 1. Superoxide dismutase (SOD) activity (units/g FW) in the leaves of different chickpea 

genotypes in response to damage by H. armigera at different hours (a-d) after infestation. 

Bars (Mean  SE) with different superscripts are significantly different at p ≤0.05. 
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A significant increase in SOD activity was observed in infested plants than in the 

non-infested plants across the genotypes and durations indicates the upregulation of 

antioxidant defence system in chickpea plants after insect infestation. The SOD activity 

increased from 1.02 to 1.55 folds in H. armigera damaged plants from 24 to 72h but 

decreased thereafter. Among test genotypes, significantly higher SOD activity in both 

control and infested plants was observed in GL -13001, followed by NBeG - 786, RSG-959 

than resistant check, ICCL-86111 (Fig. 1). The variations in SOD activity might be due to 

genotypic differences in upregulation response against insect pest damage. It has been 

reported earlier that, SOD is the early detoxification enzyme that act as a component of first 

line defence system against ROS by catalyzing the dismutation of superoxide radicals into 

oxygen and H2O2 (66). Likewise, superoxide anion, a biologically active and one of the 

major reactive oxygen species triggers a cascade of events that lead to hypersensitive cell 

death (53). Kaur et al. (36) opined that increased SOD activity after pest damage in resistant 

genotypes will be helpful in reducing membrane damage by preventing the lipid 

peroxidation that scavenges free radicals. War et al. (71) observed that the SOD activity was 

higher in infested plants than in non-infested groundnut genotypes and the constitutive levels 

of SOD activity was lower in susceptible genotype, JL 24 than the resistant genotype. 

Similarly, increased SOD activity was exhibited in pigeon pea test genotypes after 

infestation by H. armigera that showed the upregulation of defence mechanism (35).  

Peroxidase (POX) activity 

Chickpea plants infested with H. armigera showed significantly higher POX activity 

among genotypes (P=0.0001, 0.0230 and 0.0389 at 48, 72 and 96 h respectively), treatments 

(infested and uninfested) (P=0.0388, 0.0001, 0.0001 and 0.0006) and in the genotype x 

treatment combinations (P=0.0005, 0.0106 at 48 & 72h respectively). The POX activity 

increased from 1.02 to 2.41 folds in all test chickpea genotypes after H. armigera infestation. 

The highest POX activity among test genotypes was recorded in NBeG-786 (5.45) followed 

by RSG - 959 (5.09), GL - 13001(4.66) and GL - 13042(3.19) after infestation by                     

H. armigera at different sampling periods than susceptible check (Fig. 2). Peroxidase takes 

part in the detoxification of H2O2 and also in production of quinones that are toxic to insects 

after ingestion (78). It mediates the oxidation of hydroxycinnamic alcohols which produces 

the anti-nutritive compounds in stressed plants (31). The higher POX activity in test 

genotypes might be for protection against insect damage and up-regulation response of 

defensive response in chickpea germplasms to biotic stress. Earlier it has been observed that, 

increasing POX activity may detoxify the peroxides, thereby, reducing plant tissue damage 

in insect infested plants (28). Apart from antioxidative, POX also plays role in cell wall 

strengthening and producing toxic secondary metabolites in response to different stresses 

(31). Higher POX activity against herbivore attack in plants could be attributed to 

lignification, suberization, somatic embryogenesis and wound healing (3,29). Present 

findings are in agreement with other studies (21,28,29,31,66,69,71,76) that the POX activity 

was higher after herbivore infestation in different crops. 
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Figure 2. Peroxidase (POX) activity (units/g FW) in response to H. armigera damage in the leaves of 

different chickpea genotypes at different hours (a-d) after infestation. Bars (Mean  SE) with 

different superscripts are significantly different at p ≤0.05 

 

Catalase (CAT) activity  

One more efficient enzyme in scavenging ROS is catalase, which converts hydrogen 

peroxide into molecular oxygen and water (39). It plays a critical role in elimination of H2O2 

which is involved in β-oxidation of fatty acids in peroxisomes, photorespiration, and purine 

catabolism at the time of oxidative stress (67). We found that infestation by gram pod borer, 

H. armigera decreased the CAT activity in plants. It was observed that the CAT activity was 

increased in susceptible check (ICC-3137) after infestation by H. armigera. Among test 

genotypes, minimum decline in CAT activity was recorded in RSG-959 (Fig. 3). Earlier, 

similar pattern of decline in catalase activity after insect infestation has been noticed in 

pigeon pea and black gram (35,64). The decline in CAT activity might be due to high level 

of superoxide radical generation during oxidative damage as superoxide radical is small 

enough to gain access to the hemes of CAT and would convert the enzyme into inactive 
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ferro-oxy state (40). Present studies showed greater decrease in CAT activity in susceptible 

check compared to test genotypes, earlier Kaur et al. (35) and Taggar et al. (64) reported 

greater decrease in CAT activity in susceptible genotypes than the resistant genotypes. Kaur 

et al. (37) reported that decline in CAT activity in the leaves, pod wall and developing seeds 

of chickpea after H. armigera infestation might be due to H2O2 accumulation and catalase 

mediated detoxification of H2O2. 

 

  

  

Figure 3. Activity of catalase (CAT) (µmol of H202 decomposed /min/g FW) in response to                      

H. armigera damage in the leaves of different chickpea genotypes at different hours (a-d) 

after infestation. Bars (Mean  SE) with different superscripts are significantly different at               

p ≤0.05 
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Polyphenol oxidase (PPO) activity 

After H. armigera infestation, PPO activity was increased in all test chickpea 

genotypes. There were significant differences among genotypes, treatments and in genotype 

x treatment interactions throughout the test period. The PPO activity increased in infested 

plants from 1.06 to 2.45 folds like SOD activity, the PPO activity showed increasing trend 

from 24 to 72 h but decreased thereafter. The induced PPO activity was significantly greater 

in GL-13001 (2.69 folds) and NBeG-786 (2.64 folds) at 72 h. Among the test genotypes, the 

PPO activity was significantly higher in NBeG - 786 (0.47) and GL - 13001(0.43) but 

significantly lower in GL - 13042 (0.36) and RSG - 959 (0.27) as compared to susceptible 

check, ICC - 3137 (0.39) after H. armigera feeding (Fig. 4). Earlier it has been reported that, 

in response to insect attack PPO participates in the plant defence as an antinutritional enzyme 

by reducing plant nutrition thereby reducing herbivore palatability and digestion (12). PPO 

oxidizes monophenols and o-diphenols to quinones, which interact with the nucleophilic 

side  

 

  

  

Figure 4. Polyphenol oxidase (PPO) activity (units/g FW) in response to H. armigera damage in 

the leaf of different chickpea genotypes at different hours (a-d) after infestation. Bars 

(MeanSE) with different superscripts are significantly different at p ≤0.05 
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chain of amino acids that lead to proteins cross-linking and reducing their availability to 

insect pests (12,76). The melanin formation by PPO increases the cell wall resistance to 

insects and pathogens (77). Present results are in line with other studies in the sense that 

PPO activity was increased after herbivore infestation (12,24,51,70,71).  
 

Hydrogen peroxide content (H2O2) content 
 

  

  

  

Figure 5. Changes in hydrogen peroxide (H2O2) content (µmol /g FW) in response to damage by 

Helicoverpa armigera in leaves of chickpea genotypes at different hours after infestation 
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We found that plants infested with H. armigera showed greater H2O2 content than 

healthy plants and all the test genotypes proved more tolerant than resistant check, ICCL - 

86111 against H. armigera due to increased production of H2O2. The H2O2 contents 

increased from 1.03 to 1.61 folds by the pest damage during test periods. Among the test 

genotypes, the H2O2 content was significantly higher in NBeG - 786 (5.45) followed by GL 

-13001(5.37), RSG - 959 (5.25) and GL - 13042 (4.59) after H. armigera infestation at 

different sampling periods (Fig. 5). Earlier reports suggest that plants showed the rapid 

production of ROS as basic response to various stresses (44) and a close interaction was 

observed between the H2O2 production and activation of defence related pathways against 

herbivory in plant systems (7,45,68,70,71). H2O2 is a vital molecule that plays a major role 

in signalling pathway of metabolic sensors and toxic to insects as it triggers different 

molecular and physiological processes leading to generation of various defensive 

compounds and enzymes (69). It has been reported earlier that, pod borer damage increases 

the production of H2O2 in leaves, developing seeds and pod wall of pigeon pea genotypes 

(35) and Gechev et al. (25) opined that it also stimulates the activation of defence-related 

genes that lead to the production of antioxidative enzymes and toxic secondary metabolites. 

H2O2 acts as a secondary messenger as the accumulation of defensive proteins is directly 

toxic to the insects (32,44,65). Plants respond to herbivory by the induction of H2O2, this 

might benefit the plant system, when it is perceived quickly for the induction of defensive 

responses for protecting the plants against insect pests (10,31,65). 

 

Lipid peroxidation/ malondialdehyde (MDA) content 

MDA content increased from 1.02 to 2.7 folds in H. armigera damaged plants. 

Higher induction of MDA content was observed at initial stages of infestation (24 and 48 h) 

wherein, the highest MDA content was observed in susceptible check, ICC - 3137 (2.30 and 

2.07 folds) than healthy plants (Fig. 6). Similar results were observed with higher MDA 

content in leaves, pod wall and developing seeds of susceptible chickpea genotypes ICC-

3137 and L-550 after H. armigera infestation (38). MDA is important in defence related 

signalling processes in plants against herbivory (33). It occurs naturally and used as 

biomarker for oxidative stress like lipid peroxidation and membrane permeability in plants 

against herbivory (9). Earlier it has been found that MDA has been widely used as a 

convenient biomarker among secondary products for lipid peroxidation due to its facile 

reaction with thiobarbituric acid (74). Lipid peroxidation stimulates the plants volatile 

emission, which attracts the natural enemies in response to insects (8) and it also decreases 

the membrane fluidity, increases the membrane leakage and damages its proteins (9). 
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Figure 6. Changes in lipid peroxidation/ malondialdehyde (MDA) content (nmol/g FW) in the leaves 

of different chickpea genotypes in response to damage by Helicoverpa armigera at different 

hours after infestation 
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Reducing sugar content 

In our study, H. armigera infestation increased the reducing sugar content than uninfested 

plants. The reducing sugar content increased from 1.03 to 12.71 folds in H. armigera 

damaged plants. Among the test genotypes, the reducing sugar content was significantly 

higher in RSG - 959 followed by GL - 13042, GL -13001 and NBeG - 786 after H. armigera 

infestation. All the test genotypes showed significantly lower reducing sugar content than 

resistant check, ICCL - 86111 (Table 1). These observations were in conformity with Singh 

et al. (59) who reported lower amount of reducing sugars in the leaves of leafhopper resistant 

varieties of cotton in comparison to susceptible check. The results are also in agreement with 

earlier findings of Rani (52) and Bommesha et al. (13) who reported that the amount of total 

proteins and total reducing sugars were comparatively low in flower buds, pods and seeds 

of the tolerant varieties with lower pod borer damage than susceptible pigeon pea varieties. 

Haralu et al. (30) reported that the lowest reducing sugar content was noticed in BGD 111-

01 genotype, and that can be exploited in breeding programme as resistance source for pod 

borer, H. armigera in chickpea ecosystem. 

Protein content 

Protein content significantly increased in infested plants than control plants. The protein 

content increased from 1.03 to 2.74 folds in H. armigera damaged plants. Among the test 

genotypes, the significantly higher protein content was observed in GL -13001 followed by 

NBeG - 786, RSG - 959 while it was lower in GL - 13042 as compared to resistant check, 

ICCL - 86111 after H. armigera infestation (Fig. 7). After herbivore attack, increased protein 

content could be ascribed to higher antioxidative enzyme activities. The insect-resistant 

genotypes had higher protein content than susceptible genotype after H. armigera 

infestation. It has been reported earlier that, protein-based compounds mediate wide-ranging 

defence responses in plants (72). War et al. (71) reported that the higher protein content may 

be attributed to the higher activity of plant defensive enzymes and also other defensive 

protein production. After insects attack, plant produce protein-based defensive compounds, 

which are one of the important defence mechanism against herbivory (21,49).  

Total phenol content (TPC) 

The plants infested with H. armigera showed higher total phenol content than healthy 

plants. Across the genotypes, the total phenol content was significantly higher in both 

control and infested plants of NBeG-786 throughout the test period. Among the test 

genotypes, the significantly higher TPC was observed in NBeG - 786 (1.21) followed by 

RSG - 959(0.91), GL - 13042(0.89) and GL -13001(0.85) after the pest damage (Fig. 8). 

Earlier it has been found that, plants respond to insect herbivory by accumulation of phenolic 

compounds (56,66) and phenolic compounds were higher in resistant genotypes than in 

intermediate and susceptible pigeon pea genotypes, it might be the reason for insect 

resistance (72). The phenolics (phenols, o-dihydroxyphenols, flavonols) accumulation in 

plants against herbivores are toxic to insects (12,68) because they reduce free radicals (15) 

and stimulate the signalling of various transduction pathways by up regulating various 

defensive enzymes (12,44). Phenols are involved in cyclic reduction of reactive oxygen 

species (ROS) and activates the cascade of reactions, which in turn activate defensive 

enzymes (44,58). Quinones resulting from phenols oxidation bind covalently to leaf proteins 

and reduces insect digestibility. The phenols act as reducing agents, hydrogen donators and 

quenchers of singlet oxygen (75).  
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Figure 7. Effects of Helicoverpa armigera damage on protein content change (mg /g FW) in the 

leaves of different chickpea genotypes at different hours after infestation. 
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Figure 8. Changes in total phenol content (mg /g GAE) in response to damage by Helicoverpa 

armigera in the leaves of different chickpea genotypes at different hours after infestation. 

Tannins content 

The H. armigera infested plants showed higher tannins content than undamaged 

plants. The tannins content increased from 1.08 to 2.14 folds in H. armigera damaged plants. 

Like phenols, significantly higher tannin content was found both in control and infested 

plants of NBeG - 786 throughout the test period. Among the test genotypes, 72 h after  
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infestation, GL - 13042 exhibited significantly higher increase in tannin content (1.75 folds) 

than control plants and highest tannin content was observed in NBeG - 786 (3.27) followed 

by GL -13042 (3.16), GL -13001 (2.77) and RSG - 959(2.68) after  H. armigera damage 

(Fig. 9). After H. armigera infestation, increased tannins content might be important to deter 

  

  

  

Figure 9. Effects of Helicoverpa armigera damage on tannins content (mg/g FW) in the leaves of 

different chickpea genotypes at different hours after infestation. 
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herbivore feeding. Earlier, many researchers reported that the tannins adversely affects the 

development and survival of many insect pests (27,56) by non-specific reducing nitrogen 

mineralization and/or digestion in the midgut of herbivore (11). Likewise it has also been 

reported that, after infestation of H. armigera in pigeon pea, the tannins accumulation was 

higher in the leaves of intermediate and moderately susceptible genotypes than moderately 

resistant genotypes, which helps in reducing the damage of plant tissue by feeding deterrence 

(35). 
 
Heat Map 

Hierarchical clustering was done for 10-biochemical constituents of six chickpea 

genotypes (Fig. 10), wherein, rows referred to the chickpea genotypes and the columns 

referred to biochemical activities. The dark and pale colour respectively indicates increase 

and decrease in biochemical activities. The six genotypes were grouped into three clusters, 

cluster-1 consisting of NBeG-786 and GL-13001, cluster-2 having RSG-959, ICCL-86111 

and cluster-3 comprising of GL-13042 and ICC-3137. Among the test genotypes, CAT and 

PPO activities were highest in GL - 13001, tannins content highest in GL - 13042, TPC &  

 

 

Figure 10. Different patterns of ten biochemical constituents viz., (Y1) SOD, (Y2) POX, (Y3) CAT, 

(Y4) H2O2, (Y5) MDA, (Y6) Protein, (Y7) TPC, (Y8) PPO, (Y9) Reducing sugar and (Y10) 

Tannins content from the leaf  extracts of chickpea genotypes viz., NBeG - 786, GL -13001, 

ICC - 3137 (susceptible check), ICCL - 86111 (resistant check), GL- 13042 and RSG- 959 

after 48h of infestation by H. armigera obtained through hierarchical clustering and heatmap 

analysis using R software. 
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MDA contents were highest in NBeG - 786, and SOD activity, POX activity, reducing sugar, 

protein and H2O2 content were highest in RSG - 959. Clustering and heat map analysis 

showed that biochemical constituents (superoxide dismutase, catalase, polyphenol oxidase, 

total phenols and tannins) were affected similarly across the genotypes and they were 

predominant components in chickpea under insect pest stress and can be used in developing 

the pod borer tolerant varieties of chickpea. 

 

Leaf damage rating 

The leaf weight consumed by H. armigera larvae was significantly higher in NBeG 

- 786 (200.8 mg) followed by susceptible check, ICC - 3137 (200.13 mg); resistant check, 

ICCL - 86111(164.75 mg); RSG - 959 (148.2 mg) and GL - 13001(132.13 mg), whereas, it 

was lowest in GL - 13042 (108.88 mg). Among the test genotypes, the leaf damage rating 

was highest in NBeG - 786 (6.5), followed by RSG 959 (5.0) and it was lowest in GL - 

13001(4.0) and GL -13042 (3.5) as compared to susceptible check, ICC - 3137 (7.0). The 

PRSR rating varied from 4 to 6 and it was 6 in NBeG- 786 and 5 in resistant check, ICCL - 

86111 while the rest had 4 rating (Table 2).  

 
Table 2. Expression of resistance in different chickpea genotypes to H. armigera by detached leaf 

assay method  

Genotypes Leaf weight 

consumed(mg) 

Damage 

rating scale 

Pest 

susceptibility/ 
resistance (%) 

PRSR 

NBeG - 786 200.80a 6.5 -0.34 6 

GL-13001 132.13ab 4 33.98 4 

ICC-3137 (S) 200.13a 7 - - 

ICCL - 86111(R) 164.75ab 4 17.68 5 

GL-13042 108.88b 3.5 45.58 4 

RSG-959 148.20ab 5 25.95 4 

Mean 159.15 - - - 

P-value 0.0185 - - - 

Tukey HSD at 5% 86.818 - - - 
 
Data represent mean   SE; genotypes with different superscripts are significantly different (P ≤ 0.05) , 

PRSR = Percent Resistance / Susceptibility Rating 

 

Overall among the test genotypes, the lower leaf damage and leaf consumption by         

H. armigera was observed in genotypes GL-13001 and GL-13042 followed by RSG-959. 

Earlier it has been reported that, genotypes with insect resistance affect the growth and 

development of herbivores (55). Anonymous (6) reported that the entries GL-13001, GL-13042 

and RSG-959 scored ≤ 5 PRSR rating in both detached leaf and detached pod assay. The 

reduced leaf consumption by H. armigera in test genotypes might be due to increased activity 

of defensive enzymes and anti-nutritional constituents (12,21,31,35,36,38,56,66,71,72). 

 

CONCLUSIONS 

The H. armigera infestation strongly inducted the activity of antioxidant enzymes 

and anti nutritional factors that showed a quick response to herbivory by the chickpea 

genotypes. The increase in enzyme activities in all test chickpea genotypes due to                    
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H. armigera infestation possibly caused physiological and biochemical changes through 

accumulation of plant defence compounds. Thus several biochemical compounds and their 

regulating enzymes played role in plant defence against H. armigera especially antioxidant 

defence system in chickpea. Clustering and heat map analysis revealed that biochemical 

constituents (superoxide dismutase, catalase, polyphenol oxidase, total phenols and tannins) 

are predominant biochemical component in chickpea under insect pest stress and their over 

expression increased the tolerance to pod borer. In summary chickpea genotypes viz., GL -

13001, GL- 13042 and RSG- 959 possessed antibiosis mechanism of resistance. 

The genotypes GL-13001, GL-13042, RSG-959 and NBeG-786 tolerant against        

H. armigera may be recommended as potential resistant donors in breeding chickpea 

varieties with stable resistance against gram pod borer.  
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