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Introduction

Plants face several challenges in terms of biotic stress due to 
insect pests. However, plants make use of a wide range of physio-
chemical mechanisms to protect themselves against such biotic 
stresses induced by insect pests.1-3 The resistance strategies could 
be constitutive, that is, they are always present in the plant inde-
pendent of herbivore attack,4 or inducible, activated only when 
the plant is attacked.5

Accumulation of defensive compounds through physiologi-
cal, morphological, and chemical changes is the most vital line 
of defense in plants against insect attack.3,6,7 Various biochemi-
cal constituents present in the cells and tissues of the host plant 
exert a profound influence on biology of insect pests.8-10 One of 
the prominent plant responses to insect herbivore attack is the 
induction and accumulation of oxidative enzymes, such peroxi-
dase and catalase.3,11-18 These enzymes, because of their potential 
roles in plant signaling, synthesis of defense compounds, and/or 
in oxidative stress tolerance, have been implicated in plant resis-
tance to insect herbivores. The potential role of these enzymes 
in the synthesis of defense compounds and/or in oxidative stress 
tolerance makes them an important weapon of plant resistance 
against insect herbivores.

Whitefly, Bemisia tabaci (Gennadius) (hemiptera: aleryrodidae), is a serious pest of black gram, (Vigna mungo (L.) hepper), 
an important legume pulse crop grown in north India. This research investigated the potential role of selected plant 
oxidative enzymes in resistance/susceptibility to whitefly in nine black gram genotypes. Oxidative enzyme activity was 
estimated spectrophotometrically from leaf samples collected at 30 and 50 d after sowing (DaS) from whitefly infested 
and uninfested plants. The enzymes showed different activity levels at different times after the infestation. The results 
indicated that in general, whitefly infestation increased the activities of peroxidase and decreased the catalase activity. 
resistant genotypes NDU 5-7 and KU 99-20 recorded higher peroxidase and catalase activities at 30 and 50 DaS under 
whitefly-stress conditions as compared with non-stressed plants. The results suggest that the enhanced activities of the 
enzymes may contribute to bioprotection of black gram plants against B. tabaci infestation. The potential mechanisms 
to explain the correlation of resistance to whitefly in black gram genotypes with higher activities of oxidative enzymes 
are also discussed.
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Black gram (Vigna mungo (L.) Hepper) is an important 
legume crop cultivated worldwide in tropical and subtropical 
regions of the world and is valued for easily digestible protein 
in its seeds. India is the largest producer and consumer of black 
gram in the world. During 2008–09, black gram occupied an 
area of 2.02 million ha in India; with an annual production of 
0.84 million tonnes and an average yield of 419 kg ha-1 19. The 
crop is damaged by a number of insect pests during successive 
stages of the growth right from root nodules to flowers and pods, 
however whitefly B. tabaci appears as a major pest on black gram, 
besides mungbean and soybean.20 The avoidable losses due to B. 
tabaci and other insect pests in black gram have been reported to 
range from 17.42 to 71 per cent at different locations.21-23

Screening of germplasm for resistance to insect pests has 
received considerable attention; however, there is limited prog-
ress in characterization of biochemical mechanisms conferring 
resistance to insects.2,24 Currently, the information on biochemi-
cal mechanisms and induced resistance in black gram in response 
to whitefly is scarce. The objective of this investigation was to 
compare the enzymatic responses of resistant vs. susceptible 
genotypes of black gram to feeding by whitefly with a purpose 
to decipher mechanisms that will facilitate efforts to breed black 
gram varieties with durable whitefly resistance. The present study 
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KU 7-605, KU 7-602 and Mash 1-1 recorded intermediate per-
oxidase activity.

Catalase enzyme. Among all the non-stressed black gram gen-
otypes at 30 and 50 d after sowing, there was a non-significant 
variation in the catalase activity (Figs. 4 and 5). However, cata-
lase activity declined in all the genotypes under whitefly stress 
conditions. In spite of a decline in catalase activity after whitefly 
feeding, the resistant genotypes NDU 5-7 and KU 99-7 recorded 
significantly high catalase activity during both the years. The 
maximum decline in catalase activity was observed in the highly 
susceptible genotypes KU 7-504 and KU 7-505 upon whitefly 
feeding. The specific activity of catalase under stress conditions 
was highest in resistant genotypes and lowest in susceptible ones 
(Fig. 6). The remaining genotypes viz., IPU 02-043, KU 7-618, 
KU 7-605, KU 7-602 and Mash 1-1 recorded intermediate cata-
lase activity.

Correlation Studies. Peroxidase activity (at 30 DAS) also 
showed a significant negative correlation with whitefly nymphs 
(r = -0.70**) and adults (r = -0.87**) indicating that higher the 
peroxidase activity in the genotype, lesser would be the number 
of whitefly nymphs and adults (Table 5). The data recorded at 50 
DAS also showed similar trend. There was a significant negative 
correlation between catalase activity (both at 30 and 50 DAS) 
with whitefly population (nymphs and adults). The correlation 
values of catalase (at 30 DAS) with whitefly nymphs and adults 
were r = -0.60** and -0.82**, respectively. Similar trend was 
observed at 50 DAS as well. This indicated that more the catalase 
activity less will be the number of nymphs and adult population. 
CAT activity had the maximum effect on reducing the adult 
whitefly population only at 50 DAS (R2 = 0.83 compared with 
0.72 for peroxidase) while peroxidase activity has the maximum 
effect at 30 DAS (R2 = 0.77 compared with 0.68 for catalase).

Discussion

Induced resistance is an important component of plant defense 
that allows plants to face different stresses and is economical, 
environment friendly, and effective. Increased levels of defense-
related proteins are a common phenomenon occurring in 
plants on account of biotic and abiotic stress.7 Peroxidase activ-
ity is known to increase with herbivore damage in many crop 
plants.25-28

Induction of resistance by feeding of whitefly nymphs result-
ing in the increase of defense-specific peroxidases has also been 
reported in tomato29 and cucumber seedlings.30 The enhanced 
activity of peroxidase enzyme with insect feeding has been 
recorded in different plant species.16,31,32 A number of reports 

focused on the induction of the oxidative enzymes, i.e., peroxi-
dase and catalase in nine genotypes of black gram challenged by 
whitefly feeding.

Results

Multiple-Choice Test. Whitefly population. ANOVA for num-
bers of eggs indicated a significant difference among genotypes 
in both the years (p = 0.05). Seasonal means of whitefly egg num-
bers were lowest on KU 99-20 and NDU 5-7, and highest on 
KU 7-504 and KU 7-505 (Table 3). The moderately resistant 
genotypes KU 99-20 and NDU 5-7 supported lower nymphal 
population as compared with other genotypes, suggesting that 
these two genotypes were poorly colonized by B. tabaci. On the 
other hand, the highly susceptible genotypes KU 7-504 and KU 
7-505 recorded higher nymphal population during the study 
period. The remaining genotypes viz., IPU 02-043, KU 7-618, 
KU 7-605, KU 7-602 and Mash 1-1 recorded intermediate num-
ber of eggs and nymphal population. As far as the colonization 
by whitefly adults was concerned, KU 99-20 and NDU 5-7 
harbored significantly less number of whitefly adults per trifoli-
ate leaf than all other genotypes and were the least attractive to 
adults (Table 4). On the other hand, genotypes KU 7-504 and 
KU 7-505 recorded more number of whitefly adults than all other 
genotypes.

Peroxidase enzyme. There was a non-significant variation 
in the peroxidase enzyme activity among all the non-stressed 
black gram genotypes at 30 and 50 d after sowing (DAS) during 
the study period (Figs. 1 and 2). However, peroxidase activity 
increased in all the genotypes under whitefly stress conditions. 
Resistant genotypes NDU 5-7 and KU 99-7 recorded higher per-
oxidase activity under whitefly stress conditions during both the 
years. The highly susceptible genotypes KU 7-504 and KU 7-505 
recorded least increase in peroxidase activity upon whitefly feed-
ing. The specific activity of peroxidase under stress conditions 
was also higher in genotype NDU 5-7 and lower in KU 7-505 
(Fig. 3). The remaining genotypes viz., IPU 02-043, KU 7-618, 

Table 1. Leaf injury grades and symptoms in V. mungo due to the feed-
ing of B. tabaci .

Leaf injury grade Symptoms

I No damage

II appearance of yellow chlorotic spots

III Starting of black sooty mold

IV Severe blackening of leaves

V complete drying of leaves

Table 2. range of leaf injury score and subsequent reaction of V. mungo plants due to the feeding of B. tabaci .

Leaf injury grade Symptoms Score Category/Reaction

I No damage < 1.00 resistant (r)

II appearance of yellow chlorotic spots 1.01 – 1.50 Moderately resistant (Mr)

III Starting of black sooty mold 1.51 - 2.50 Moderately Susceptible (MS)

IV Severe blackening of leaves 2.51 - 3.50 Susceptible (S)

V complete drying of leaves > 3.50 highly Susceptible (hS)
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Present studies showed increased peroxidase activity in white-
fly stressed plants than the uninfested ones. Enzyme activities 
were activated by whitefly infestation in all the black gram geno-
types, however, the expression rhythm of activities varied among 
the genotypes. Peroxidase is an important defensive enzyme in 
plants against a number of biotic and abiotic stresses.36 Induction 
of such enzyme in response to insect herbivory is a common phe-
nomenon.24,36,37 Observed patterns of different peroxidase activi-
ties in different genotypes could be due to the differences in levels 
of resistance against insect pests. Similarly, infestation by insect 
pests significantly increased peroxidase activities in the leaves of 
three chrysanthemum varieties, with activity levels being higher 
in more resistant genotypes.38 Induction in peroxidase activity has 
been implicated as an immediate response of plants in response 
to biotic stresses including insect attack.39 A 9-fold increase 
in peroxidase activity was observed in Russian wheat aphid 

have suggested that peroxidases play an important role in her-
bivore resistance in crop plants.33,34 It might be possible that the 
increased peroxidase activity observed in the present studies is 
triggered by the cellular damage caused by whitefly infestation. 
Increased phenol concentration might also increase the peroxi-
dase reaction by acting as other substrate along with H

2
O

2
, lead-

ing to enhanced oxidation of phenolics.35 It is also possible that 
increase in the peroxidase activities interrupted the signals gen-
erated by the increase in the reactive oxygen species (ROS) and 
thus, might be involved in imparting resistance to black gram 
against whitefly. Hence, the abnormalities in the antioxidant 
defense may be related to the resistance of black gram genotypes 
to B. tabaci. In addition, the activity of peroxidase on some phe-
nolics can produce phenoxy and other oxidative radicals that can 
directly deter feeding by insect herbivores and/or produce toxins 
that reduce plant digestibility.13

Figure 1. Peroxidase activity (30 DaS) in V. mungo leaves as influenced by B. tabaci feeding.

Table 3. B. tabaci eggs and red-eyed nymphs across different V. mungo genotypes in multiple-choice test under screen-house conditions

Genotype *Mean ± SEM number of eggs per trifoliate leaf * Mean ± SEM number of red-eyed nymphs per trifoliate leaf

KU 7–504 20.43 ± 1.79 52.67 ± 9.37

KU 7–505 20.00 ± 2.08 52.18 ± 9.83

KU 7–602 11.27 ± 0.61 16.31 ± 1.88

KU 7–605 10.89 ± 0.88 15.13 ± 2.36

KU 7–618 11.04 ± 0.81 15.88 ± 2.26

KU 99–20 3.87 ± 0.49 10.70 ± 2.08

IPU 02–043 11.24 ± 0.60 16.40 ± 1.78

NDU 5–7 4.19 ± 0.49 11.31 ± 1.79

Mash 1–1 13.27 ± 1.57 39.69 ± 7.67

* Mean of three replications at weekly intervals recorded over a period of five weeks. SeM, Standard error of mean.
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capacity for defensive enzymes or have a more sensitive upregula-
tion response or both.36

To combat with the biotic and abiotic stresses, plants produce 
a number of defense-related enzymes and other protein-based 
defensive compounds.42 Higher induction of secondary metabo-
lites and other defensive compounds in the insect resistant geno-
types on account of insect damage is a common phenomenon.42-44 
Moreover, higher activity of peroxidase has been linked with 
reduced insect growth and development in many plants.16,32,45

There was a significant decrease in the catalase activity upon 
infestation of whitefly irrespective of the resistance or susceptibility 
status of the black gram genotypes. However, decline in the cata-
lase activity was more pronounced in the susceptible and whitefly-
stressed genotypes as compared with the resistant and non-stressed 

infestation- resistant wheat cultivar, but only a 3-fold increase in 
the susceptible cultivar after infestation.31 Increase in peroxidase 
activity on account of insect infestation in plants detoxifies the 
peroxides, thus reducing plant tissue damage.36 Moreover, the 
role of peroxidase in cell wall toughening and toxic secondary 
metabolite production and its simultaneous oxidant and antioxi-
dant properties enables it to play an important role in integrated 
defense response of plants to a variety of stresses.28,37,40

The results of present studies are in conformity with previ-
ous studies where insect infestation has been reported to induce 
peroxidases.3,24,30,36-38,41,42 The ability of the resistant genotypes 
to increase peroxidase activities suggest that genotypes with a 
higher level of resistance would either have a higher upregulation 

Figure 2. Peroxidase activity (50 DaS) in V. mungo leaves as influenced by B. tabaci feeding.

Table 4. B. tabaci adult population across different V. mungo genotypes in multiple-choice test under screen-house conditions

Genotype
* Mean ± SEM adult whitefly population per trifoliate leaf

Mean ± SEM
Upper canopy Middle canopy Lower canopy

KU 7–504 68.26 ± 2.77 69.53 ± 2.69 68.99 ± 2.91 68.93 ± 0.29

KU 7–505 68.63 ± 2.66 69.09 ± 2.81 68.63 ± 2.79 68.78 ± 0.12

KU 7–602 37.66 ± 2.86 37.76 ± 2.96 37.93 ± 9.26 37.78 ± 0.06

KU 7–605 37.99 ± 2.99 37.86 ± 2.89 37.73 ± 2.97 37.86 ± 0.06

KU 7–618 37.69 ± 2.85 38.52 ± 3.18 38.53 ± 2.89 38.25 ± 0.22

KU 99–20 13.83 ± 0.78 13.62 ± 0.64 13.39 ± 0.71 13.61 ± 0.10

IPU 02–043 40.33 ± 2.81 37.99 ± 2.79 38.43 ± 3.00 38.91 ± 0.58

NDU 5–7 13.23 ± 0.68 13.26 ± 0.75 13.92 ± 0.65 13.47 ± 0.18

Mash 1–1 51.96 ± 2.28 51.53 ± 2.38 52.02 ± 2.46 52.11 ± 0.14

*Mean of five replications (each replication represents population at weekly interval). SeM, Standard error of mean.
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Whitefly stress in susceptible black gram genotypes results in 
dramatic changes in plant biochemistry. Leaves of black gram 
having resistance to whitefly contain higher activities of catalase 
than do susceptible leaves. This enzyme may function in concert 
with other antioxidant enzymes to quench whitefly-induced free 

genotypes. Under whitefly stress conditions, the resistant genotypes 
still exhibited higher catalase activity than the susceptible ones. 
Such contrasting differences between the whitefly-resistant and 
susceptible black gram genotypes may be the result of genetic dif-
ferences in their metabolic pathways to scavange oxidative radicals.

Figure 3. Specific activity of peroxidase in V. mungo leaves as influenced by B. tabaci feeding.

Figure 4. catalase activity (30 DaS) in V. mungo leaves as influenced by B. tabaci feeding.
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These test genotypes had shown different levels of resistance to 
B. tabaci based on the whitefly resistance index (WRI) (Taggar et 
al, unpublished data). Based upon the kind and intensity of leaf 
injury symptoms due to the feeding of B. tabaci in black gram, 
the leaf-injury grades (I-V) were categorized as follows (Table 1):

Test genotypes were examined for the appearance of leaf 
injury grades at weekly interval up to six weeks after the release 
of whitefly and grouped into different categories of resistance/
susceptibility after working out WRI as under:

Whitefly Resistance Index (WRI) = 

where,
G = Number of the leaf-injury grade (in numerics)
p = Number of plants falling under that grade
Each grade was given a range of score for grouping differ-

ent genotypes into resistant/susceptible categories as follows 
(Table 2):

Based on WRI, genotypes KU 99-20 and NDU 5-7 were 
moderately resistant, whereas genotypes KU 7-504 and KU 7-505 
were highly susceptible to B. tabaci under screen-house condi-
tions. Other black gram genotypes evaluated were susceptible to 
B. tabaci and included IPU 02-043, KU 7-602, KU 7-605, KU 
7-618 and Mash 1-1 (Taggar et al, unpublished data).

Whitefly colonies. Field collected B. tabaci adults were released 
on disease-free black gram variety Mash 1-1 grown in earthen 
pots under unsprayed, natural conditions simulated under 
screen-house. Non-viruliferous whiteflies were transferred to the 
insect-transfer cabin for sexing. For raising the insect culture, 

radical damage and thus impart resistance. Similar trend in the 
catalase activity was also observed in herbaceous weed, Mikania 
micrantha due to B. tabaci feeding.18 The decline in the catalase 
activity due to insect feeding has also been documented in other 
crops.24,46 The role of oxidative enzymes (peroxidase and catalase) 
as anti-nutritive and/ or toxicological defenses against insect her-
bivores has been documented by several authors.13,47-49

Therefore, the elevation of peroxidase might be associated 
with whitefly resistance in black gram. Resistant black gram gen-
otypes exhibiting high activities of peroxidase and catalase can 
be used in wide hybridization to increase the levels and diversify 
the bases of resistance to B. tabaci. These results show the dif-
ferential defensive responses of the nine black gram genotypes 
against B. tabaci and offer a perspective on plant resistance in 
insect plant interaction. Such information may also be used to 
develop enzyme markers for identifying whitefly resistance and/
or susceptibility in black gram germplasm. This research will 
also help to develop a fundamental understanding of the biologi-
cal pathways that contribute to plant resistance to insects, allow 
comparison of gene expression between resistant and susceptible 
genotypes, and serve to identify genes contributing to the resis-
tance. The identification of genes unique to the resistant black 
gram genotypes provides a baseline against which to screen other 
black gram germplasm for the presence of these genes, and thus 
may provide useful markers for tolerance.

Materials and Methods

Black gram genotypes. Nine black gram genotypes were used 
in the multiple-choice test conducted inside the screen-house. 

Figure 5. catalase activity (50 DaS) in V. mungo leaves as influenced by B. tabaci feeding.
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Figure 6. Specific activity of catalase in V. mungo leaves as influenced by B. tabaci feeding.

paired individuals were aspirated from the 
glass pan and released on brinjal plants 
(Solanum melongela L.) grown in pots 
and covered with split-cages. Whiteflies 
were collected from these colonies and re-
introduced on black gram variety Mash 
1-1 for conditioning. The whiteflies were 
allowed to develop and multiply on these 
plants till newly emerged adults appeared 
on the plants. Old plants were replaced 
with new ones, whenever needed. The 
whiteflies from this culture were further 
used to conduct the experiments.

Multiple-choice test. Test genotypes, each replicated thrice, 
were sown in plastic pots (10 cm in diameter) with single plant 
per pot and arranged in completely randomized design (CRD) 
inside the screen-house during July 2009 and July 2010. Five 
pots (one plant/pot) of each genotype represented one replica-
tion. Whitefly adults were aspirated and released @ 100 adults 
per plant on the test genotypes at 3rd trifoliate leaf stage (21 
d old) randomly at different places inside the screen-house for 
their uniform distribution. For studying the biochemical basis of 
resistance, leaf samples representing fully-formed trifoliate leaf 
from the upper canopy of 30 and 50 d old plants were used in 
each replication. Test genotypes kept free from whitefly infesta-
tion (sown in a separate screen house) served as control.

Pest population counts. Whitefly population counts were 
made from three randomly tagged plants from each genotype 
per replication. The total number of eggs laid per trifoliate leaf 
was recorded from an area of 1 cm2 of each leaflet from the lower 
surface of the top fully-formed trifoliate leaf at weekly interval 
using binocular stereomicroscope (40x) for a period of five weeks. 
The fourth instar red-eyed nymphs (RENs) were recorded from 

an area of 2 cm2 of each leaflet from the lower surface of the 
trifoliate leaf in the middle canopy using magnifying lens at 
weekly interval for a period of five weeks. Adult whiteflies were 
counted from the lower surface of three fully-formed trifoliate 
leaves, one each from the upper, middle and lower canopy using 
an ordinary mirror at weekly interval for a period of five weeks.

Biochemical characteristics. The leaf biochemical investiga-
tions were performed from leaves of nine test genotypes of black 
gram from both whitefly-stressed (initial stress of 100 white-
fly adults per plant) and non-stressed (no whitefly infestation) 
plants.

Extraction and assay of antioxidative enzymes. Fresh leaves 
(whitefly-stressed as well as non-stressed) were plucked and 
immediately transferred to ice. The leaf samples were, then, 
brought to the laboratory for enzymatic analysis. Both peroxi-
dase and catalase were extracted with relevant extraction buffers 
at 4°C and assayed at 30°C.

Extraction of peroxidase. Fresh leaf (100 mg) of each genotype 
was extracted with 2 ml of ice-cold 0.1 M potassium phosphate 
buffer (pH 7.5) containing 1.0 mM EDTA, 1% polyvinylpyrrol-
idone (PVP), 10 mM β-mercaptoethanol using pre-chilled pestle 
and mortar. There were three replications for each genotype. 

Table 5. correlation of biochemical leaf characteristics of V. mungo with B. tabaci population

Biochemical character
Red-eyed nymphs Adults

r R2 r R2

Peroxidase
30 DaS -0.70* 0.49 -0.87* 0.77

50 DaS -0.60* 0.37 -0.85* 0.72

catalase
30 DaS -0.60* 0.36 -0.82* 0.68

50 DaS -0.87* 0.76 -0.91* 0.83

*Significant at 1 per cent. r, correlation coefficient; r2, coefficient of determination; DaS, Days 
after sowing.
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