
O
n
l
i
n
e
 
C
o
p
y

DOI : http://doi.org/10.22438/jeb/42/2(SI)/SI-265

p-ISSN: 0254-8704
e-ISSN: 2394-0379

CODEN: JEBIDP
JEB

TM

Abstract

Aim:

Methodology:

Results:

Interpretation:

Key words:

 To evaluate the role of exogenously applied Methyl jasmonate (MeJA) and zinc concentrations on up-regulation of antioxidant defense machinery 
in salt-stressed chickpea plants.

 A poly-house experiment framework of a Completely Randomized Design with three replicates by seed hardening in chickpea genotype 
BG-362 with 10 and 15 μM MeJA of 
combined with Zn under induced salinity 
stress.

 Salinity induced membrane 
degradation in chickpea plants whereas 
seed hardening through MeJA (10 μM 
and 15 μM) in combination with 

-1micronutrient (Zn @ 15 mg kg  soil) 
reversed the pattern of membrane 
degradation in salinity stressed plants. 
Exogenously applied MeJA with Zn 
under  i nduced  sa l i n i t y  s t ress  
significantly up-regulated the antioxidant 
defense enzymes with noticeable 
values. 

 Seed-hardening of 
MeJA and basal application of Zn is 
useful in alleviating the adverse effects 
of salinity stress in chickpea genotype 
BG-362 in salinity affected areas of U.P.

 Antioxidant enzymes, 
Chickpea, Methyl jasmonate, Salinity 
stress, Zinc

Effect of methyl jasmonate and zinc in modulating bio-
chemical parameters and antioxidant enzymes activities 
in chickpea under salinity stress
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Introduction

The sustainability of agriculture and nutritional 
requirement of the population are two major challenges 
contributing to a more sustainable economy. These challenges 
can be contented by including highly nutritional and broad genetic 
diversity food legumes in our cropping patterns. Among pulses, 
chickpea is a valued pulse crop playing a leading role by covering 
protein deficiency in the diets of population all over the world. 
India is the largest producer of chickpea in the world, accounting 
for 65% of the total production worldwide (FAOSTAT, 2019).

Chickpea contributes 46 per cent production share in total 
pulse production in India (DES, 2016-17). Despite of strong 
upward trend of chickpea producing area in India; Uttar Pradesh 
is under severe salinity stress. Agricultural land of U.P. face 
declined chickpea production due to salinity stress. Soil 
salinization not only depletes major macro and micro nutrients but 
also depresses nutrient-ion activities due to excess amount of 
sodium ions in soil (Lata et al., 2019). The extreme production of 

+ ++ + + Na /Ca and Na /K ratios competes for various pumps and 
transporters at the absorption sites of plasma membranes and 
also produce osmotic stress, i.e., external osmotic potential which 
prevents influx of water into roots. The second phase of salinity 
stress starts immediately after osmotic stress and results in 
specific ion toxicity in cells which disturbs the intracellular ion 
homeostasis (Flowers and Colmer, 2008). Oxidative damage 
occurs due to the production of ROS such as superoxide, 
hydrogen peroxide, hydroxyl radical, singlet oxygen and 
subsequent activation of antioxidant defense machinery (SOD, 
CAT, APX etc.) mainly triggered by salinity stress which ultimately 
scavenge overproduced ROS.

Chickpea is a salinity sensitive plant and did not endure 
stressful milieu. Therefore, the production and productivity of 
chickpea in U.P. is in decreasing trend as compared to other states 
(FAOSTAT, 2019). To meet the domestic demand of chickpea 
requirement and ensure self-sufficiency in chickpea production, a 
sustainable production and productivity approach has to be 
maintained by deploying multi-pronged short-term and long-term 
strategies. These strategies include exogenous application of low 
concentrations of phytohormones and nutrients which are gaining 
significance in agriculture acknowledged that plant hormones 
regulates many external and internal stimuli when produced in 
very low amounts (Husen et al., 2018; 2019; Podlešáková et al., 
2019). Methyl jasmonate is a phytohormone and has shown to be 
effective at mitigating biotic and abiotic stresses when applied as 
foliar spray or through seed hardening. They are the derivatives of 
fatty acid metabolism also functions as signaling molecule in plant 
cells and has multifunctional roles in plant development and 
defense processes (Per et al., 2018). An increase in the levels of 
hormone inside plant might affects various physiological and 
metabolic processes such as flowering time, flower morphology 
and number of open flowers (Radhika, 2010).

Among nutrients, zinc is an important essential 
micronutrient which play varied roles in the growth and 
development of plants. Zinc is the only metal ion present in all six 
classes of enzymes and is a structural component of many 
transcription factors (Gupta et al., 2016). Salinity stressed soils 
are generally hypothesized to result in zinc deficiency which leads 

-2to generation of reactive oxygen species (O ) in plants and 
resulted in leaf chlorosis, photosynthesis inhibition and biomass 
reduction (Sinclair and Krämer, 2012). Exogenous application of 
Zn either as basal dose in saline soils may be an effective 
approach in improving the growth of plants.

Exogenously judicious application of novel phytohormone 
i.e., Methyl jasmonate and zinc individually or in combination are 
beneficial in ameliorating the stressful environments and improve 
various physiological and metabolic processes in plants but 
informations regarding defensive enzymatic activity and 
subsequent effect on membrane integrity and stability are not 
clearly studied yet in salinity stressed chickpea. Therefore, this 
study was undertaken to assess the role of exogenously applied 
methyl jasmonate and zinc on antioxidant and membrane 
stability index in chickpea genotype BG-362 under induced 
salinity stress. 

Materials and Methods

A pot-culture experiment was conducted during Rabi 
season of 2016-17 and 2017-18 in poly-house at Institute of 
Agricultural Sciences, Banaras Hindu University, Varanasi, India 
to the effects of exogenously applied methyl jasmonate 
concentrations and zinc under induced salinity stress. The 
experiment was arranged in a completely randomized design and 
replicated thrice. Treatment combinations of MeJA 
concentrations individually and in combination with zinc under 
induced salinity stress are as follows T : Control (without MeJA, 0

Zn and salinity stress); T : 100mM NaCl; T : 10μM MeJA; T : 15μM 1 2 3
-1MeJA; T : Zn (15 mg kg  soil); T : 100mM NaCl+10μM MeJA; T : 4 5 6

100mM NaCl+15μM MeJA; T : Zn+10μM MeJA; T : Zn+15μM 7 8

MeJA; T : Zn+10μM MeJA+100mM NaCl; T : Zn+15μM 9 10

MeJA+100mM NaCl. 

Firstly, seeds of chickpea genotype BG-362 were 
sterilized with 0.1% HgCI  followed by 5-6 times thoroughly 2

rinsing with de-ionized water. Seed hardening by different 
concentrations of MeJA was done in Petri plates for 2 days by 
alternatively soaking and drying of seeds for 6 hrs interval at room 
temperature. Similarly, double distilled water was used for 
treatment T , T  and T  instead of MeJA. Ten kilogram of air-dried 0 1 4

clay-loamy soil having 0.35% organic carbon was filled in plastic 
pots. Primary nutrients 0.13 g N, 4.00 g P O and 4.00 g K Owere 2 5 2  

applied to each pot as basal dose through urea, DAP and MOP 
respectively. As per treatments, Zn in the form of zinc sulphate 
monohydrate was applied as basal dose.

Shivani Lalotra et al.: Salinity stress management in chickpea
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thFive seeds in each pot were sown at 5 cm depth on 15  
October of each year. Salinity stress was induced after 15 days of 
germination by adding salt solutions having 100, 37.5 and 37.5 
mmol of NaCl, Na S0  and CaCl , respectively, in one liter of water. 2 4 2

ECe of soil solution was estimated regularly with Conductivity 
Bridge/EC meter at periodic interval to maintain desired salinity 
stress. Soil of each pot was kept moist throughout the 
experimentation. Standard package and practices of crop 
cultivation were adopted. Further, antioxidants were analyzed 
after 30, 60, 90 and 120 days after sowing. Destructive fresh leaf 
sampling from 3 plants in each pots were done manually and 
washed thoroughly by double distilled water and processed as 
per standard methodologies given below. 

Membrane stability index : It was estimated following the 
protocol of Premchandra et al. (1990) as modified by Sairam 
(1994). Fresh leaf sample (100mg) were immersed in glass 
beaker containing double distilled water at 40 °C for 1 hr (C ) and 1

boiled for 2 min (C ). The conductivity of the solutions was 2

measured at two intervals and was calculated by the formula 
given below:

Membrane Stability Index = [1-(C /C )] x 1001 2

Superoxide dismutase activity : Superoxide dismutase activity 
was estimated by to the method of Dhindsa et al. (1981). Leaf 
samples (100 mg) was homogenized with 0.1 M phosphate buffer 
(pH 7.5) followed by centrifugation. Supernatant (0.1 ml) was 
taken in test tubes having reaction mixture. Reaction was started 
by adding of 0.1 ml of riboflavin (60 µM) in test tubes and placing 
the tubes below a light source of two 15 W florescent lamps for 15 
min. Absorbance was recorded at 560 nm in spectrophotometer 
(ELICO SL-196). Enzyme units were calculated as follows:

#Enzyme Unit (EU) =  Enzyme* - (Enzyme  Enzyme* )(light) (light) (dark)

*                              Enzyme  / 2(light)

#Here, *Without enzyme; with enzyme

Catalase activity : Catalase activity was assayed by measuring 
the disappearance of H O  according to Teranishi et al. (1974). A 5 2 2

ml of 0.1 M phosphate buffer was used for homogenization of 0.1 
g leaf samples followed by centrifugation and collection of 
supernatant. Reaction mixture of 2.6 ml, 0.1 M phosphate buffer, 
0.1 ml enzyme extract and 0.1 ml 1% H O was used for enzyme 2 2 

assay. At an interval of 15 sec for 2 min, changes in absorbance 
was read at 240 nm. Enzyme was expressed according to the 
formula:

-1 -1EU mg  protein = δA × 1000 / 43.6 × mg protein ml  reaction 240/min 

mixture

Ascorbate peroxidase activity : Ascorbate peroxidase was 
assayed by following the method of Nakano and Asada (1981). 
The extraction buffer (1 ml) of 0.1 M phosphate buffer was used 

for extracting supernatant from 100 mg of leaf sample. 
Supernatant used as enzyme source to which reaction mixture 
consisting 50 mM potassium phosphate buffer pH 7.0, 50 mM 
ascorbic acid, 0.1 mM EDTA, 0.1 mM H O , 0.2 ml enzyme and 0.6 2 2

ml water (to make final volume 3 ml) were added to start the 
reaction. Absorbance was read at 290 nm on an UV-visible 
spectrophotometer.

Results and Discussion

Membrane stability index : The membrane stability index 
(MSI) increased with plant age and recorded peak at 90 DAS and 
remained invariable at 120 DAS (Table 1). Among the methyl 
jasmonates treatments individual or in combination with zinc 
under salinity stress 10 μM MeJA concentration performed 
superior as compared to higher dose (15 μM MeJA). However, 
both the concentrations of MeJA significantly differed from each 
other in each combination of treatments. The percent decrease 
in membrane stability index was recorded higher in T  treatment 9

followed by T  and T  treatments when compared with T  10 5 6

treatment. Similar trend in MSI was also recorded in second 
year. 

Nawaz et al. (2010) reported that salinity stress i.e., 
+ -accumulation of Na , Cl  ions in cells changes in the lipid and 

membrane protein structures and composition; alters cell 
membrane integrity by leakage of solutes and ions from cell 
membranes thereby affecting MSI. Similarly Asha and Dhingra 
(2007); Kukreja et al. (2010) observed reduction of MSI in leaves 
and roots of chickpea due to leakage of solutes from the intact 
tissues which increased significantly with increasing level of 
salinity. In the present study, the maximum reduction in MSI was 
recorded in individual salinity stress whereas the treatments 
having combined application of methyl jasmonates and zinc 
under salinity stress significant values were found compared to 

+salinity alone. An elevated level of Na  ions enhanced ROS like 
H O  and caused lipid peroxidation under salinity stress 2 2

eventually resulting in significant decrease in membrane stability 
index. MeJA induced other endogenous phytohormones might 
impart tolerance to plants through low production of ROS and zinc 
is responsible for maintaining the integrity of cellular membranes 
by interacting with phospholipids and sulphydryl groups of 
membrane proteins thus, supportive to preserve the structural 
orientation of macromolecules and keep ion transport systems 
functional. Therefore, the combined application of 10 μM MeJA 
and Zn proved to the be best combination in altering the MSI 
percent.

Superoxide dismutase activity : From Table 2, it was observed 
that both the concentrations of MeJA individually responded 
similarly but when applied with salinity the concentration 10 μM 
showed better performance over other salinity stress treatments. 
However, the SOD activity in control plants was statistically at par 
with T  and T treatments. Thus, it was observed that MeJA had 2 3 
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positive effects on SOD activity and ameliorated the adverse 
effects of salinity stress in chick pea genotype during both the 
years.

Salinity stress is responsible for increase in ROS in roots 
and shoots through oxidative stress; disturbance of electron 
transport chain by accumulation of photo-reducing powers 
followed by activation of antioxidant enzymes as a part of defense 
mechanism. SOD (metal-containing proteins) as the first line of 
defense in plants against stress acts upon the ROS, i.e., 
superoxide radicals, H O  and singlet oxygen catalyzes the 2 2

”2breakdown of O  to O  and H O  and removes singlet oxygen as 2 2 2
”2 ”well as O  further prevents formation of OH  (Fridovich, 1973). ,

Lower levels of ROS in cells acts as signaling molecule and may 
induce gene expression and enzyme protein synthesis of various 

+  antioxidant enzymes (Awasthi and Sinha, 2013). Higher, Na ions
in cells activates of the plasma membrane NADPH oxidase, 
leading to increased superoxide anion production. MeJA detoxifies 
ROS by interacting with superoxides directly or by enhancing the 
antioxidant enzyme capacity of the cell (Hsu and Kao, 2004). Qiun 
et al. (2014) also observed increased activity of SOD in plant cells 
of wheat seedlings treated with exogenous MeJA.

Ascorbate peroxidase activity : The effect of salt stress studied 
among treatments (Table 3) showed that ascorbate peroxidase 
(APX) activity increased in treatments having salinity and was 
found to be highest in treatment T  followed by treatment T  and 9 10

T . However, the lowest enzyme activity was recorded in 5

treatment T  which was found statistically at par with treatments T  4 7

and T . Individual doses of MeJA showed normal APX activity as 8

found in control plants, while treatments having salinity in 
combination with MeJA showed higher values of enzyme activity 
when compared with salinity treatment alone. 
showed better performance over 15 μM MeJA individually and in 
combination with zinc under induced salinity.

10 μM MeJA 

Ascorbate peroxidase is responsible for scavenging 
hydrogen peroxide by reduction it to water using ascorbate as 
reducing power. The isoforms are present in different cell 
compartments (Liu et al., 2008). In this study, the APX activity 
increased in salinity stress but the per cent increase was higher in 
MeJA and Zn treated plants followed by combination of MeJA with 
salinity stress. MeJA stimulates APX gene expression at the 
levels of mRNA and proteins further activates other enzymes like 
arginine decarboxylase and apoplastic invertase probably 
involved in salinity stress mitigation mediated by MeJA Walia et 
al., 2007). In this experiment, a transient increase in H O  under 2 2

salinity treated plants after 30 DAS concomitant with the 
stimulation of APX activity to counter balance hydrogen peroxide 
impact and thus preventing the cell membrane permeability. 
Application of JA and NO exogenously alleviates NaCl toxicity by 
activating antioxidant enzyme activation such as APX osmolyte 
synthesis, and metabolite accumulation in tomato (Ahmad et al., 
2018).

Catalase activity : There was a marked stimulation of catalase 
activity due to salinity stress in combination with lower doses of 
MeJA (10 μM) and Zn which showed significantly higher values 
under all salinity stress treatments in comparison with control and 
MeJA alone (Table 4). Methyl jasmonates doses individually were 
found at par with control while 10 μM MeJA performed better over 
15 μM in combination with either zinc and salinity or salinity alone. 
Similar trend of CAT activity was also recorded in 2017-18. 

The recorded observations on CAT activity in this study 
followed similar trend like other antioxidant enzymes. Application 
of 10 μM MeJA increased the CAT activity significantly under 
salinity stress. The threshold value of MeJA for inhibitory action on 
antioxidant enzymes activity in chickpea under salinity stress was 
identified. Excess of hydrogen peroxide formed in the
peroxisomes and its removal is mainly ensured by CAT. Enzyme 

 

Table 1 : Effect of methyl jasmonates and zinc on membrane stability index (%) in leaves of chickpea genotype BG-362 under induced salinity at different 
stages of growth

Treatments               30 DAS               60 DAS               90 DAS               120 DAS

2016 2017 2016 2017 2016 2017 2016 2017

T 64.00 64.00 73.00 73.00 82.00 82.00 82.00 81.000

T 50.00 48.00 55.00 55.00 56.00 56.00 57.00 57.001

T 63.00 63.00 73.00 74.00 82.00 84.00 83.00 82.002

T 62.00 62.00 72.00 72.00 81.00 80.00 82.00 80.003

T 72.00 74.00 83.00 87.00 92.00 94.00 92.00 95.004

T 55.00 53.00 65.00 64.00 69.00 67.00 69.00 67.005

T 50.00 49.00 55.00 56.00 58.00 57.00 58.00 57.006

T 72.00 73.00 82.00 85.00 90.00 91.00 91.00 92.007

T 71.00 72.00 82.00 84.00 89.00 89.00 90.00 91.008

T 61.00 59.00 71.00 72.00 78.00 79.00 78.00 78.009

T 55.00 55.00 65.00 65.00 69.00 71.00 70.00 70.0010

SEm± 0.39 1.00 0.55 1.10 1.27 2.10 1.41 1.60
LSD (p=0.05) 1.14 2.93 1.61 3.23 3.72 6.17 4.15 4.68
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-1 -1 Table 2 : Effect of methyl jasmonates and zinc on superoxide dismutase activity (unit.min g f.wt.) in leaves of chickpea genotype BG-362 under induced 
salinity at different stages of growth

Treatments               30 DAS               60 DAS               90 DAS               120 DAS

2016 2017 2016 2017 2016 2017 2016 2017

T 9.945 10.209 11.580 11.379 13.420 13.510 8.260 8.8430

T 11.675 12.116 13.420 13.452 17.820 19.322 10.420 11.5341

T 9.870 9.796 11.500 10.931 13.320 13.402 8.240 8.8212

T 10.453 11.167 12.120 12.420 13.860 15.028 9.010 9.6733

T 9.099 8.747 10.680 9.790 12.140 12.122 7.230 7.7034

T 13.329 14.052 15.180 15.556 21.180 22.466 12.090 13.3835

T 12.060 12.779 13.830 14.173 18.320 19.864 10.620 11.7556

T 9.174 9.436 10.760 10.539 12.360 12.494 7.360 7.8477

T 9.259 9.521 10.850 10.631 12.430 12.570 7.430 7.9248

T 15.369 16.404 17.350 18.113 23.520 25.503 15.280 16.9149

T 13.555 14.278 15.420 15.802 21.380 22.682 12.320 13.63710

SEm± 0.535 0.639 0.569 0.694 0.528 0.878 0.249 0.574
LSD (p=0.05) 1.569 1.873 1.669 2.036 1.550 2.576 0.732 1.684

-1 Table 3 : Effect of methyl jasmonate and zinc on ascorbate peroxidase activity (unit.g ) in leaves of chickpea genotype BG-362 under induced 
salinity at different stages of growth

Treatments               30 DAS               60 DAS               90 DAS               120 DAS

2016 2017 2016 2017 2016 2017 2016 2017

T 22.36 22.72 32.63 34.59 40.16 42.06 45.23 48.580

T 31.82 32.33 41.26 43.74 53.12 55.64 56.52 60.701

T 22.28 22.64 32.32 34.26 40.12 42.02 45.13 48.472

T 22.42 22.78 32.82 34.79 40.18 43.09 45.38 48.743

T 15.12 15.36 25.42 26.95 32.18 33.70 37.82 40.624

T 42.58 43.26 50.16 55.29 63.18 66.17 65.40 73.465

T 31.88 32.39 41.36 43.84 53.32 55.84 56.82 61.026

T 15.16 15.40 26.13 27.70 33.18 34.75 38.26 41.097

T 15.36 15.61 26.43 28.02 33.38 34.96 38.36 41.208

T 53.61 54.47 68.72 70.72 72.10 71.49 78.81 81.429

T 42.89 43.58 50.38 55.52 63.38 66.38 65.42 73.4810

SEm± 1.76 1.92 2.02 2.14 2.25 2.36 2.17 2.33
LSD (p=0.05) 5.15 5.63 5.93 6.29 6.60 6.92 6.36 6.83

f.wt.

-1 -1Table 4 : Effect of methyl jasmonates and zinc on catalase activity (nmol.g f.wt. min ) in leaves of chickpea genotype BG-362 under induced salinity at 
different stages of growth

Treatments               30 DAS               60 DAS               90 DAS               120 DAS

2016 2017 2016 2017 2016 2017 2016 2017

T 153.39 154.68 160.18 158.47 167.33 167.23 165.12 165.390

T 155.26 157.59 162.17 161.46 169.49 170.09 165.00 166.721

T 153.34 154.63 160.13 158.42 167.28 167.13 165.02 165.292

T 153.44 154.73 160.23 158.52 167.22 167.28 165.63 164.443

T 150.79 152.03 157.42 155.74 164.34 165.08 160.14 163.264

T 158.04 159.43 165.13 163.36 172.70 173.38 168.78 170.875

T 156.30 159.49 163.28 163.42 170.70 170.18 165.19 168.316

T 151.51 152.76 158.18 156.49 165.16 165.12 160.23 163.307

T 151.70 152.95 158.38 156.69 165.38 165.32 160.42 162.208

T 161.06 165.27 168.34 169.38 176.19 176.42 171.43 174.159

T 158.14 161.42 165.23 165.41 172.81 174.03 169.28 171.4510

SEm± 0.516 0.639 0.549 0.659 0.728 0.677 0.249 0.692
LSD (p=0.05) 1.514 1.875 1.610 1.933 2.135 1.986 0.732 2.030
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catalases are ubiquitous in nature and supply free O  for 2

detoxifying harmful metabolic products like hydrogen peroxide 
formation in peroxisomes (Mudoi et al., 2013). Catalase prevents 
the cell oxidative damage by catalyzing hydrogen peroxide into 
water and oxygen with high efficiency. The study of CAT kinetics 
followed its decrease activity in the earlier growth stage i.e. 30 
DAS due to the presence of less substrate. On further growth 
stages, H O  acts as signaling messenger for CAT amplification 2 2

for eliminating the excess H O  molecules (Asghari and Soleimani 2 2

Aghdam, 2010). Exogenous MeJA induced increase in the activity 
of antioxidative enzymes like SOD, CAT and APX activities in K. 
obovata seedlings subjected to Cd stress and up-regulated the 
expression of oxidative stress genes (Chen et al., 2014). 

From the above results, MeJA mediated plant responses 
to salinity stress by triggering antioxidant defense machinery 
through transcriptional reprogramming that allows cells to cope 
with the stress. It is concluded that salinity stress significantly 
affected MSI of chickpea and manifested the activation of 
antioxidant enzymes activities. Higher activities of SOD, CAT and 
APX were observed in combined application of MeJA and Zn 
treated plants under salinity stress. The results suggest that MeJA 
worked effectively in alleviating the negative effects of salinity 

-1stress at concentration 10 μM with Zn (15 mg kg  soil) in chickpea 
genotype and this could be utilize for inducing plant defensive 
system that will enable the plants to withstand against salinity 
stress. Further investigations on MeJA at threshold 
concentrations for other crops and stresses need to be studied to 
recognize their roles at molecular level. Therefore, it can be 
concluded that MeJA can be used as a growth regulator to 
enhance membrane stability index and antioxidant defensive 
machineries.
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