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Introduction 
 

Soybean is the world’s leading economic 

oilseed crop and the most widely grown 

oilseed worldwide, having reached a global 

production of 346.91 million metric ton in 

2017-18 crop season. In India this crop is 

cultivated in 101.561 Lakh ha area with the 

production of 83.504 Lakh metric ton 

soybean. Chhattisgarh contributes nearly 1.32 

Lakh ha area areas and 0.863 Lakh metric 

tons. However, the productivity of the crop in 

India is substantially low as compared to the 

advanced countries (SOPA 2017-18). The low 

productivity of soybean in India can be 

attributed to a range of abiotic and biotic 

stresses that affect crop growth and 

development. In particular, drought is a major 
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We compared the enzymatic antioxidative defence mechanisms of some 

regional soybean genotypes cultivated mainly in the regions of Maharashtra 

and Chhattisgarh. The variability in the activities of antioxidant enzymes 

superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT), 

and peroxidase (POD) and their changes under drought stress were 

investigated. The higher activity levels of antioxidant enzymes may 

contribute to better stress tolerance by increasing protection capacity 

against oxidative damage. Genotype NRC 37 and KDS 344 possessed 

higher SOD and APX activity which catalyzes superoxide free radical 

dismutation into H2O2 and O2 and defense against free radicals of oxygen 

under water stress. The maximum increase in peroxidase and catalase 

activity was recorded in leaves of NRC 37 and JS 335 help in biosynthesis 

of lignin which has a role in the defense against water stress by consuming 

H2O2. The antioxidant enzyme activities are used as indications of water 

stress in soybean plants and screening of drought resistant genotype. 
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constraint in a vast rainfed area sown to 

soybean. It is predicted that water deficit will 

continue to be a major abiotic factor affecting 

global crop yields (Sharma and Lavanya 

2002). One-third of the world’s population 

resides in water-stressed regions, with 

elevated CO2 levels in the atmosphere and 

climatic changes predicted in the future, 

drought could become more frequent and 

severe. 

 

Growth and productivity of plants depend on 

environmental conditions. Water deficit is a 

major limiting factor of crop production under 

continental climates and there is a continuous 

demand for genetically new drought-resistant 

crops. One of the possibilities to improve 

drought resistance of cultivated crops is to 

find ancient regional subspecies or local races 

which are well adapted to local environmental 

conditions. 

 

Drought is one type of oxidative stress that, at 

the cellular level, enhances the generation of 

active oxygen species (AOS), such as 

superoxide radicals (O2
.-
), hydrogen peroxide 

(H2O2) and hydroxyl radicals (OH˙). Plants 

have developed different enzymatic and non-

enzymatic scavenging mechanisms to control 

the level of AOS. The AOS can rapidly attack 

all types of biomolecules to cause membrane 

deterioration, lipid peroxidation and DNA 

mutation, leading to metabolic and structural 

dysfunctions and cell death (Halliwell and 

Gutteridge, 1989). In order to decrease these 

biological damages for survival, all organisms 

have evolved a well-integrated antioxidant 

system, including enzymatic and no enzymatic 

components. Due to this large number of 

processes that produce ROS, plants have 

evolved a series of detoxification reactions, 

which are located in distinct cell organelles. 

H2O2 formed during photorespiration by the 

conversion of glycolate into glyoxylate can be 

decomposed into H2O and O2 within the 

peroxisome, by catalase (CAT), which does 

not require an additional substrate (Scandalios, 

1994). The scavenging of H2O2 in other cell 

compartments depends on distinct peroxidases 

that use a reduced substrate for activity. 

 

The level of antioxidants and the activities of 

antioxidant enzymes such as H2O2 related 

SOD, APX, CAT, and peroxidase POD are 

generally increased in plants under stress 

conditions and in several cases their activities 

correlate well with enhanced tolerance (Foyer 

et al., 1997). Superoxide radicals can be 

converted to hydrogen peroxide enzymatically 

by superoxide dismutases (SOD) has been 

extensively studied (Bowler et al., 1992). 

Three classes of SOD have been observed in 

plants, cytosolic and chloroplastic Cu-

Zn/SODs, a chloroplastic Fe/SOD and a 

mitochondrial Mn/SOD, of which the former 

two have been shown to be regulated by 

oxidative stress (Azevedo et al., 1998). 

Ascorbate peroxidases use ascorbate as a 

reducing substrate and have been shown to be 

localized in several cell compartments such as 

chloroplasts, the cytosol and microbodies 

(Corpas et al., 2001). 

 

Recent reports on the responses of plant 

antioxidant enzymes to stress, have indicated 

several distinct patterns, which varied 

according to the species and tissue analysed 

(Ferreira et al., 2002). The aim of this study 

was to investigate the changes in activities of 

the antioxidant enzymes SOD, APX, POD, 

and CAT in the leaves of six soybean 

genotypes in response to drought stress. 

 

Materials and Methods 

 

Plant material and soil 

 

Six genotypes of soybean including locally 

adapted varieties KDS 344, JS 335, MACS 

1188, NRC 37, JS 9752, and CG soya were 

chosen for this experiment. Seed where sown 

by the hand using 3 hole plastic disc in all 
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treatments. Three bold seeds were sown in 12” 

diameter pots filled with 14 kg of clay loam 

soil and grown initially in under natural 

conditions outside the green house. 

Physicochemical properties of the soil used for 

experiments were as follows, pH 8.4, EC 0.24 

dSm
-1

, organic carbon 6.3 g kg
−1

, 170 kg 

nitrogen, 17 kg phosphorous and 140 kg 

potash ha
-1

. 

 

Experimental design and statistical analysis 
 

The experiment consisted of a randomized 

complete block design with two treatments: 

watered and water stress conditions. Eight 

replicates of each genotype treatment were 

done totalling 96 pots so that half of them 

were cultivated under watered conditions 

throughout the entire experiment, while the 

other half was water stress (drought-stressed). 

Drought stress was carried out by suspending 

watering of the 30 DAS and watered pots were 

used as control. At this age the plant were at 

the vegetative stages. Watering ensured 

approximately 40% water content of the soil 

mixture, which decreased to 22%. The 

analysis was performed in eight replicates on 

three plants of each soybean genotype. 

 

Analysis of observations were taken on 

different variables was carried out to know the 

degree of variation among all the treatments. 

The data was statistically analyzed through 

completely randomized block design. The 

result obtained through analysis of variance. 

 

Activity measurements of antioxidant 

enzymes 

 

Enzyme extraction 

 

Enzyme extract for superoxide dismutase, 

ascorbate peroxidase, catalase, and peroxidase 

was prepared by one gram of fresh leaf sample 

from watered and water stress plants were 

grinding in liquid nitrogen in mortar to 

prevent proteolytic activity followed by 

grinding in 4ml extraction buffer (50mM 

phosphate buffer pH 7.0, containing 1mM 

EDTA, 1mM phenylmethylsulfonyl fluoride 

and 1% polyvinylpolypirrolidone). The 

homogenate was centrifuged for 25 min at 15 

000 × g and 4°C. The supernatant was used 

for enzyme activity assays.  

 

SOD activity was determined spectrophoto-

metrically by measuring the ability of the 

enzyme to inhibit the photochemical reduction 

of nitro blue tetrazolium (NBT) in the 

presence of riboflavin in light (Dhindsa et al., 

1981). One unit (U) of SOD was the amount 

that causes a 50% inhibition of NBT reduction 

in light. The enzyme activity was expressed in 

terms of specific activity (U/mg protein). APX 

activity was measured in a 1-mL reaction 

volume containing 50 mM potassium 

phosphate buffer (pH 7.0), 0.1 mM hydrogen 

peroxide and 0.5 mM ascorbate. Adding the 

H2O2 started the reaction and the decrease in 

absorbance at 290 nm was recorded for 1 min 

to determine the oxidation rate of ascorbate 

(Nakano and Asada 1981). CAT activity was 

determined by the decomposition of H2O2 

which, in turn, was measured by the decrease 

in absorbance at 240 nm (Aebi, 1984). One U 

equals the amount of H2O2 (in μmol) 

decomposed in 1 min. POD activity was 

determined by monitoring the increase in 

absorbance at 470 nm during the oxidation of 

guaiacol (Putter, 1974). The amount of 

enzyme producing 1 μmol/min of oxidized 

guaiacol was defined as 1 U. The protein 

contents of the extracts were determined by 

the method of Bradford (1976). 

 

Results and Discussion 

 

Effect of drought on superoxide dismutase 

activity 

 

Water stress or severe water limitation is 

causes drastic changes in ion and water 
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homeostasis which results in oxidative stress 

through accumulation of reactive oxygen 

species such as superoxide (O2
-
), hydroxyl 

radicals (OH
-
) and hydrogen peroxide (H2O2) 

are produced in soybean plants naturally 

during cell metabolism in processes such as 

photosynthesis, photorespiration and fatty acid 

oxidation. The superoxide dismutase (SOD) is 

a potent antioxidant because it can catalyses 

superoxide free radical dismutation into H2O2 

and O2 and be recognized as early defence 

against free radicals of oxygen (Liu and 

Huang 2000). 

 

The watered treatment genotype NRC 37 

(76.58) recorded the maximum SOD activity 

(Table 1) though did not vary significantly 

with JS 335 (70.77). Though KDS 344 (62.06) 

lagged behind the former but was at par with 

the JS 9752 (60.00) and MACS 1188 (59.27). 

The significant minimum SOD activity 

(53.86) value was noted in CG Soya. Water 

stress treatment genotype NRC 37 (101.28) 

possessed higher SOD activity and at par with 

KDS 344 (98.67), JS 335 (98.65) and MACS 

1188 (90.06) while, proved significant 

superiority over rest of the genotypes. CG 

Soya (84.59) recorded lowest SOD activity. 

 

The maximum per cent increase in superoxide 

dismutase activity under both treatments was 

recorded in leaves of KDS 344 (58.99). The 

minimum per cent increase in superoxide 

dismutase activity was recorded in leaves of 

NRC 37 (32.25). Superoxide dismutase (SOD) 

activities increased in response to water stress 

(Kukreja et al., 2005). The maximum activity 

of SOD (1127 u/g protein) found in drought 

stress condition and the minimum activity of 

the enzyme found in normal irrigation (709 

u/g protein) (Mohammadi et al., 2011). The 

SOD activities of seedling leaves were 

increasingly expressed in Xinong928 in one to 

two days of drought stress (Mingyang et al., 

2015). 

 

Effect of drought on Ascorbate peroxidase 

activity 

 

Soybean plants are exposed to water stress 

conditions the formation of ROS (reactive 

oxygen species) increases and can make 

critical harm the cells. The ascorbate 

peroxidase (APX) enzymes play a major key 

factor catalyzing the change of H2O2 into H2O 

utilizing ascorbate as a particular electron 

benefactor Ascorbate as a lessening substrate 

is available in unmistakable subcellular 

compartments, such as chloroplasts and 

cytosol. The APX reactions are legitimately 

associated with the insurance of plant cells 

against water stress conditions. 

 

From the Table 1, it was revealed that watered 

treatment genotype NRC 37 (16.75) recorded 

the maximum ascorbate peroxidase activity 

but was at par with JS 335 (16.23), KDS 344 

(14.33) and JS 9752 (13.77). Water stress 

treatment genotypes NRC 37 (26.31), KDS 

344 (25.34) and JS 335 (25.06) recorded the 

higher ascorbate peroxidase activity though 

they differed significantly among them. 

Though JS 9752 (22.71) had the lower values 

as compared to the former but was at par with 

MACS 1188 (22.48). CG Soya (22.93) 

registered the minimum ascorbate peroxidase 

activity in both treatments. 

 

The maximum per cent increase in ascorbate 

peroxidase activity under both treatments was 

recorded in leaves of KDS 344 (76.81). The 

minimum per cent increase in ascorbate 

peroxidase activity was recorded in leaves of 

CG Soya (22.93). The APX activity was 

enhanced in the leaves of drought tolerant 

cultivar of soybean plants under water stress. 

Otherwise salt treatment alone did not change 

the APX activity in the leaves of this plant 

(Yu and Liu 2003). Increase in APX amount 

and activity with increasing drought in 

soybeans.  
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Table.1 SOD and APX enzymes activities of genotypes under the watered and water stress 

treatments 

 

Table.2 POD and CAT enzymes activities of genotypes under the watered and water stress 

treatments 

 

 

The APX is one of the enzymes responsible 

for scavenging H2O2 which may be produced 

during water deficits and significant increases 

in activity in the tolerant cultivars (Kausar et 

al., 2012). 

 

Effect of drought on peroxidase activity 

 

Water stressed soybean leaves strongly 

enhanced the activities of peroxidase, which 

could be considered as a response to stress-

induced oxidative damage and enzymatic 

removal of H2O2 by peroxidase. Watered 

treatment genotypes NRC 37 (14.25), KDS 

344 (11.16) and JS 335 (10.94) recorded the 

higher peroxidase activity (Table 2) though 

they differed significantly among them.  

 

Though MACS 1188 (9.06) lagged behind the 

former but was at par with the CG Soya 

(6.70). JS 9752 (5.44) registered the minimum 

peroxidase activity. Water stress treatment 

genotype NRC 37 (19.71) noted the higher 

peroxidase activity though did not vary 

significantly with JS 335 (19.48), KDS 344 

(17.06) and MACS 1188 (15.31). CG Soya 

Genotypes SOD (units mg
-1

 protein) APX (units mg
-1

 protein) 

Watered Water 

stress 

% 

increase 

Watered Water 

stress 

% 

increase 

CG Soya 53.86 84.59 57.04 7.53 9.26 22.93 

JS 335 70.77 98.65 39.38 16.23 25.06 54.44 

JS 9752 60.00 87.71 46.19 13.77 22.71 64.93 

KDS 344 62.06 98.67 58.99 14.33 25.34 76.81 

MACS 1188 59.27 90.06 51.96 12.77 22.48 75.97 

NRC 37 76.58 101.28 32.25 16.75 26.31 57.10 

Total 382.55 560.96  81.38 131.16  

SEm± 4.260 4.062  1.097 0.886  

CD at 5% 12.407 11.831  3.195 2.581  

Genotypes POD (units
-1

min
-1

g
-1

) CAT (units
-1

min
-1

g
-1

) 

Watered Water 

stress 

% 

increase 

Watered Water 

stress 

% 

increase 

CG Soya 6.70 8.09 20.81 13.78 16.09 16.78 

JS 335 10.94 19.48 78.06 18.06 26.15 44.77 

JS 9752 5.44 9.17 68.71 15.44 22.48 45.64 

KDS 344 11.16 17.06 52.86 19.16 25.84 34.82 

MACS 1188 9.06 15.31 68.99 17.11 24.23 41.64 

NRC 37 14.25 19.71 38.30 22.75 29.64 30.30 

Total 57.55 88.83  106.30 144.43  

SEm± 1.217 1.691  1.930 1.343  

CD at 5% 3.544 4.926  5.621 3.911  
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(8.09) recorded the minimum peroxidase 

activity. The maximum per cent increase in 

peroxidase activity under both treatments was 

recorded in leaves of JS 335 (78.06). The 

minimum per cent increase in peroxidase 

activity was recorded in leaves of CG Soya 

(20.81). Significantly increase peroxidase 

activity in soybean genotype NRC 37 which 

protects the cellular damage by converts the 

toxic O2
-
 and H2O2 to water and molecular 

oxygen (O2) under water stress. Higher 

peroxidase enzyme activity was obtained 

under drought stress and can be attributed to 

the plant defence mechanisms against free 

radical formation resulting from water deficit 

(Ruppenthal et al., 2016). Peroxidase enzyme 

activity increased under drought stress and 

used in the selection of soybean genotypes 

with greater tolerance to drought (Zoz et al., 

2013). 

 

Effect of drought on Catalase activity 

 

Catalase plays a crucial role in determining 

the tolerance of a plant under water stress. 

Increase in the level of antioxidant enzyme 

catalase (CAT) with increase in water stress 

intensity. Watered treatment genotype NRC 

37 (22.75) possessed higher catalase activity 

(Table 2) and at par with KDS 344 (19.16) and 

JS 335 (18.06) while, proved significant 

superiority over rest of the genotypes. Water 

stress treatment genotypes NRC 37 (29.64), JS 

335 (26.15) and KDS 344 (25.84) recorded the 

higher catalase activity though they differed 

significantly among them. Though MACS 

1188 (24.23) had the lower values as 

compared to the former but was at par with JS 

9752 (22.48). CG Soya registered the 

minimum catalase activity in both treatments. 

 

The maximum per cent increase in catalase 

activity under watered and water stress 

treatment was recorded in leaves of JS 9752 

(45.64). The minimum per cent increase in 

catalase activity was recorded in leaves of CG 

Soya (16.78). The water stress-induced 

increases in catalase antioxidant enzyme 

activities were observed in the NRC 37 

soybean genotype. The drought stress 

treatment increase in activity of antioxidant 

enzymes like catalase (CAT) that allow this 

species to present a high degree of drought 

tolerance characters (Adriano et al., 2015). 

The increase in catalase (CAT) activity 

detected for Detam-1 and Detam-2 soybean 

genotypes (Damanik et al., 2016). 

 

The present study clearly showed that amongst 

six genotypes of soybean NRC 37, JS 335 and 

KDS 344 was significantly exhibited the 

higher activity of superoxide dismutase, 

ascorbate peroxidase, catalase and peroxidase 

those play a critical role in detoxifying 

reactive oxygen species (ROS) induced by 

water stress. Changes in the activities of 

antioxidant enzymes during drought stress 

indicated that the antioxidant system plays a 

fundamental role in the identifying the drought 

resistant soybean genotypes. 
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