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ABSTRACT 
 

Aims: Arsenic (As) contamination in rice is at alarming level as majority of rice growing regions in 
India are As contaminated. Present investigation is designed to study the better understanding of 
the physiological and biochemical mechanisms in the amount of chlorophyll change and 
antioxidative enzymes activity under arsenic stress on rice variety IET-4786 (Shatabdi). 
Study Design: Completely Randomized Design. 
Place and Duration of Study: The experiment was carried out in the departmental laboratory of 
Plant Physiology, Bidhan Chandra Krishi Viswavidyalaya (BCKV), Mohanpur, Nadia,West Bengal 
during the year 2017-18. 
Methodology: Two classes of inorganic arsenic- As(V) in the form of Sodium arsenate 
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(Na2HAsO4.7H2O, M. W. = 321.01) and As(III) in the form of Sodium arsenite (NaAsO2, M.W. 
=129.91) were added to the modified Hoagland nutrient solution@ 2.5, 5.0, 7.5, 10.0, 12.5,15.0 mg 
L-1concentration. After 20 days of treatment, rice seedlings under arsenate/arsenite treatments 
were analyzed for change in total chlorophyll content and antioxidative enzymes activity such as 
superoxide dismutase (SOD: EC 1.15.1.1), catalase (CAT: EC 1.11.1.6), ascorbate peroxidase 
(APX: EC1.11.1.11) and peroxidase (POD: EC 1.11.1.7). 
Results: A noticeable decrease in total chlorophyll content was observed with arsenic treatments 
as compared to control. Various antioxidative enzymes showed significant variable response upon 
exposure to As(III) and As(V). SOD activities increased at low arsenic exposure up to 7.5 mg L

-1
 

but decreased with further increase in arsenic treatments.  APX and POD activities were increased 
with increase in arsenic concentrations while CAT activity displayed decreasing trend.  
Conclusion: The results are suggestive of differential metabolism of As(III) and As(V) in rice and 
could exert harmfulness in the early development stage of rice at inappropriate concentrations. 
  

 
Keywords: Antioxidative enzymes; arsenic; stress; catalase; chlorophyll; peroxidase; rice; super oxide 

dismutase. 
 

1. INTRODUCTION 
 

Arsenic (As), a metalloid commonly known as 
“king of poisons” or “inheritance dust” and its 
lethal potential has been known for millennia 
that can undergo different ranges of biochemical 
and physiological interactions in plants. Since 
the last three decades, various natural and 
anthropogenic activities led to significant                       
abiotic threats of Arsenic towards sustainable 
agriculture and human health through                        
different mechanisms of toxicity. Soil type                       
and plant species affect greatly the rate of 
uptake or accumulation of Arsenic (As). The 
problem of As has two aspects, it’s a menace to 
sustainable crop production by creating stress 
as well as human health hazard due to 
incorporation of As in the food chain [1,2,3]. 
Arsenic is known to induce toxic reactive                  
oxygen species (ROS) which are generated in 
the cell wall region as well as inside the cell 
during the process, which affects electron 
transport chain, membrane permeability, 
enzyme activity, metabolic pool, ion 
homeostasis that leads to decrease in                          
plant biomass, leaf chlorosis and necrosis. 
Usually, plant roots are first tissue that exposed 
to As, that inhibits root extension and 
proliferation as well as compromising plant 
reproductive capacity through losses in fertility, 
yield, and fruit production [4-9]. Between the two 
inorganic forms, the highly oxidized pentavalent 
arsenate (As-V) is prevalent in the aerobic 
environment, while the highly reduced trivalent 
arsenite (As-III) is the predominant form in an 
anaerobic environment. Arsenate reduced to 
arsenite in plant tissue, does not normally have 
enough cytoplasmic concentrations to exert 
toxicity. Arsenite reacts with—SH group of 

enzymes and proteins due to suppression of 
cellular function and death. 
 
Rice (Oryza sativa L.) belongs to the so-called 
group of C3 grasses, is the staple food as well as 
main agricultural crop in India. India’s role of 
being the second largest producer as well as 
consumer of rice besides the rice-based products 
is significant in the global economy. All activities 
of rice cultivation such as germination, raising of 
seedlings, transplanting and growing rice in main 
field are mostly done by groundwater irrigation. 
Rice production in India prefers two irrigation 
processes; in winter application of groundwater 
and in monsoon, rain-fed cultivation is preferred. 
But the presence of As in soil-water system 
hinders the rice plant inter-structural growth 
leading to the excess production of stress-
responsive mechanism in rice plant. Generally, 
the As containing groundwater used as irrigation 
in paddy fields through shallow wells in India 
mainly in Ganges-Meghan-Brahmaputra basin 
[10,11] 3-4 cm standing water in the field leads to 
the decrease in soil pH and some soil microflora 
used to transform As into to more phytoavailable 
forms to rice plants [12-14]. Rice is an efficient 
crop in As uptake in comparison to other cereal 
crops [15,16]. Studies showed that As 
concentrations in rice plant depends on As 
presence in soil and/or irrigated ground water in 
addition to other factors governing the As 
mobility and uptake in plant-rhizosphere. In rice, 
As is taken up by plant roots using macro-
nutrient transporters; arsenate via the phosphate 
while arsenite through Si transporters [17]. Rice 
cultivation in high As polluted agro-ecosystems 
resulted in inhibition in germination and seedling 
growth [18,19]; decrease in tillering [20,21]; 
reduction in shoot and root growth [22,23]; 



 
 
 
 

Gaikwad et al.; IJECC, 10(12): 411-421, 2020; Article no.IJECC.63951 
 
 

 
413 

 

reducing yield at harvesting [24,25] and 
sometimes, leads to death [26]. Beside these, 
reduction in chlorophyll content in both seedling 
and flowering stages and enhanced As content in 
rice grain were also noted [27-29]. At cellular 
level, As not only damages chloroplast 
membrane that alters the functions of 
photosynthetic systems, but also serve as the 
site for the ROS generation. These ROS species 
are produced either by oxygen reduction in 
Mahler reaction or from chlorophyll due to the 
direct transfer of energy leading to the formation 
of atomic oxygen. Moreover, mitochondria, 
protein oxidation, and various metabolic 
pathways in peroxisomes also contribute in 
oxidative stress phenomenon in plants. As a 
result, the imbalance between ROS production 
and antioxidative system response is the direct 
cause of oxidative stress [30]. Plants have innate 
and efficient defense system to counter attack 
the toxic effects of As that penetrate into the 
cytosol. To protect from the sudden increase in 
intracellular levels of ROS, plant cells contain 
both enzymatic antioxidants, superoxide 
dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), Guaiacol peroxidase (GPOX), 
monodehydroascorbate reductase (MDHAR), 
dehydroascorbate reductase (DHAR) and 
glutathione reductase (GR) as well as  
nonenzymatic antioxidants, such as ascorbate, 
glutathione, carotenoid, α-tocopherol and 
accumulation of anthocyanin in the leaves have 
been found to be very important [31, 32, 33]. 
Therefore, present study was conducted to 
compare the effect of two form of arsenic viz. As-
V and As-III on chlorophyll content in relation 
with the change in antioxidative enzyme pattern. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material, Growth andTreatment 
Conditions 

 
The experiment was conducted in laboratory 
condition under Bidhan Chandra Krishi 
Viswavidyalaya, Mohanpur. The rice genotypes 
IET-4786 (Shatabdi) was taken under study. The 
rice seedlings were grown on sand moistened 
with arsenate and arsenite solution under 
ambient laboratory condition. Two species of 
inorganic arsenic- As-V in the form of Sodium 
arsenate (Na2HAsO4.7H2O, M. W.= 321.01) and 
As-III in the form of Sodium arsenite (NaAsO2, 
M.W.= 129.91) were added to the modified 
Hoagland nutrient solution @ 2.5, 5.0, 7.5, 
10.0,12.5,15.0 mg L-1 concentration. After 20 
days of treatment, rice seedlings under 

arsenate/arsenite treatment were analyzed for 
change in total chlorophyll content and 
antioxidative enzyme activity such as superoxide 
dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX) and peroxidase (POD). 

 
2.2 Enzyme Assays 
 
The total chlorophyll contents in the leaves of 20 
days old rice seedlings were calculated out by 
applying the Arnon [34] formulae i.e. Total 
Chlorophyll: 20.2(A645) + 8.02(A663). 

 
SOD (EC 1.15.1.1) activity was determined by 
the nitro-blue tetrazolium (NBT) photochemical 
assay method as described by Giannopolitis and 
Ries [35].  The reaction mixture (3 mL) contains 
50 mM phosphate buffer (pH 7.8), 13 mM 
methionine, 75 μM NBT, 0.1 mM EDTA, 2 μM 
riboflavin and 0.1 mL of enzyme extract. The 
absorbance of the solution was measured at 560 
nm in a UV-Vis spectrophotometer. SOD activity 
was expressed as Enzyme unit/milligram 
protein. One unit of SOD was defined as the 
amount of protein causing a 50% NBT 
photoreduction. 
 
Total CAT (EC 1.11.1.6) activity was measured 
according the method of Beers and Sizer [36], 
with minor modifications. CAT was extracted in 
50 mM K-phosphate buffer (pH 7.0) and 0.5% 
PVP-10, and its activity was assayed by 
measuring the reduction of H2O2at 240 nm 
(ε=39.4/Mcm) for 1 min. 

 
APX (EC 1.11.1.11) activity was assayed 
following the method of Nakano and Asada [37]. 
The reaction mixture (3 mL) contained 50 mM 
potassium phosphate buffer (pH 7.0), 0.1 mM 
EDTA, 0.5 mM ascorbate, 0.1 mM H2O2 and 0.1 
mL enzyme extracts. The H2O2-dependent 
oxidation of ascorbate (AsA) was followed by a 
decrease in the absorbance at 290 nm with 
extinction constant 2.8/Mmcm. APX activity was 
expressed as µ mol/min-1mg-1 protein. 

 
POD (EC 1.11.1.7) activity was assayed as per 
the modified method of summer and Gjessing 
[38], Mixture of 1 ml of o-dianisidine, 0.5 ml of 
H2O2, 1ml of phosphate buffer and 2.4ml of 
distilled water in the test tube, incubated at 
30˚C, Reaction was started by addition of 0.2ml 
of enzyme extract and stopped after 5min by 
adding 1ml of 2N H2SO4. Absorbance was 
recorded at 430nm. Expressed the activity of 
enzyme as change in absorbance/ min/g. 
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Table 1. Effect of different concentrations of arsenate and arsenite on the activity on total 
chlorophyll content 

 

Treatments As-III As-V Mean B 
T1 1.317 1.317 1.317 
T2 1.201 1.224 1.213 
T3 1.088 1.125 1.107 
T4 0.903 0.995 0.949 
T5 0.785 0.885 0.835 
T6 0.636 0.802 0.719 
T7 0.504 0.727 0.615 
Mean A → 0.919 1.011  
Factors (A) (B) (A X B) 
CD (p=0.05) 0.012 0.023 0.033 
SE(m)± 0.004 0.008 0.011 

*A- arsenic treatments, **B- arsenic concentrations 

 
Table 2. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 

superoxide dismutase SOD activity (unit mg
-1

 protein) 
 

Treatments As-III As-V Mean B 
T1 0.682 0.682 0.682 
T2 1.750 1.114 1.432 
T3 1.905 1.692 1.798 
T4 2.522 1.987 2.254 
T5 2.001 1.775 1.888 
T6 1.623 1.522 1.573 
T7 1.201 1.038 1.120 
Mean A → 1.669 1.401  
Factors (A) (B) (A X B) 
CD (p=0.05) 0.023 0.044 0.062 
SE(m)± 0.008 0.015 0.021 

*A- arsenic treatments, **B- arsenic concentrations 
 

Table 3. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
catalase (μ mole of H2O2 used/min/g weight) 

 

Treatments As-III As-V Mean B 
T1 0.805 0.805 0.805 
T2 0.680 0.697 0.689 
T3 0.505 0.579 0.542 
T4 0.378 0.421 0.400 
T5 0.258 0.323 0.291 
T6 0.191 0.271 0.231 
T7 0.125 0.217 0.171 
Mean A → 0.420 0.473  
Factors (A) (B) (A X B) 
CD (p=0.05) 0.007 0.013 0.018 
SE(m)± 0.002 0.004 0.006 

*A- arsenic treatments, **B- arsenic concentrations 
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Table 4. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
ascorbate peroxidase apx (µ mol/min-1mg-1 protein) 

 
Treatments As-III As-V Mean B 
T1 1.97 1.97 1.965 
T2 5.35 3.93 4.641 
T3 8.03 5.90 6.962 
T4 10.70 7.86 9.283 
T5 14.38 9.83 12.104 
T6 17.06 11.79 14.424 
T7 23.41 15.72 19.566 
Mean A → 11.556 8.142  
Factors (A) (B) (A X B) 
CD (p=0.05) 0.201 0.376 0.532 
SE(m)± 0.069 0.129 0.182 

*A- arsenic treatments, **B- arsenic concentrations 

 
Table 5. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 

peroxidase (absorbance/min/g.) 

 
Treatments As-III As-V Mean B 
T1 6.61 6.61 6.607 
T2 9.56 8.76 9.160 
T3 12.49 10.24 11.362 
T4 14.71 11.19 12.952 
T5 16.52 12.09 14.303 
T6 16.83 12.46 14.647 
T7 17.17 13.92 15.542 
Mean A → 13.413 10.751  
Factors (A) (B) (A X B) 
CD (p=0.05) 0.190 0.355 0.501 
SE(m)± 0.065 0.121 0.172 

*A- arsenic treatments, **B- arsenic concentrations 

 
2.3 Statistical Analysis 
 

The data represent mean calculated from three 
replicates ± standard error (S.E). Two-way 
ANOVA was employed to confirm the variability 
of data and validity of results with different rates 
of as addition. 

 
3. RESULTS AND DISCUSSION 
 

3.1 Effect of Arsenic Toxicity on 
Chlorophyll Content in Rice Seedling 

 
Arsenic availability in soil can disturb normal 
functioning of plant metabolism such as 
impeded nutrient absorption, the negative effect 
on photosynthetic apparatus, the disruption of 
plant water status, interaction with the functional 
groups of enzymes, consequently leading to 

stunted growth and low crop productivity [39, 
40]. Decreases in chlorophyll (Chl) content and / 
or decreased photosystem-II activity are some 
common effects of As toxicity [41]. The results of 
present study on total chlorophyll content are 
summarized in (Fig. 1). The total chlorophyll 
content in the rice leaves changed with 
presence of arsenite and arsenate 
concentrations as compared to control. Highest 
chlorophyll content was observed in the plants 
with no arsenic exposure but it started to 
decrease with increase in arsenic concentration. 
The highest reduction in total chlorophyll content 
was noticed in the plants treated with arsenic 
treatment 15 mg L

-1 
concentration. Higher 

arsenic interferes with chlorophyll synthesis and 
disrupts photosynthetic apparatus                              
that consequently lowers effectiveness of PS-II 
[10].  
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3.2 Effect of Arsenic Toxicity on Anti-
oxidant Enzyme Activity in Rice 
Seedling 

 
Presence of arsenic in soil and water can create 
abiotic stress leading to overproduction of 
reactive oxygen species (ROS) that alter redox 
state of the cells [42, 43]. Plants have innate and 
efficient defense system to counter attack the 
toxic effects of As that penetrate into the cytosol. 
To protect from the sudden increase in 
intracellular levels of ROS, increasing activities 
of the antioxidant enzymes has been shown 
[44]. Activities of different antioxidant enzymes 
such as SOD, CAT, APX and POD significantly 
varied in all arsenic treated rice seedlings. 
Among these antioxidant enzymes, SOD is a 
key player that constitutes the first line of 
defense against ROS in plants. SOD belongs to 
a group of metalloenzymes and catalyzes the 
dismutation of superoxide free radicals (O2

-) into 
O2 and H2O2. Arsenic-induced increase in the 
activity of SOD can be due to an enhanced level 
of O2

- 
or the direct action of As on SOD. In 

plants, As has been reported to either increase 
or decrease CAT activity [45, 46]. In this present 
experiment, The SOD activity of the rice 
seedlings under different arsenic treatments are 
shown in (Fig. 2).  The SOD activities of the rice 
seedlings displayed increasing trend at lower 
arsenic exposure with maximum increase at 7.5 
mg L

-1
. Higher exposure to As-III and As-V 

caused decline in SOD activity. Plants exposed 

to As-III shown significant increase in SOD in 
comparison to As-V. Higher activity of SOD may 
be the cause of this H2O2 production during the 
arsenic stress. The variation in catalase activity 
(Fig. 3) of rice variety shatabdi due to different 
treatments of arsenic was statistically significant 
(p=0.05) among the concentrations. The highest 
catalase activity under this treatment was 
observed in arsenic @ 0 ppm (control) and then 
decreasing trend was observed with increasing 
concentrations of arsenic. The mean catalase 
activity over different concentrations of arsenite 
was higher than that of arsenate indicating the 
latter form of arsenic as a stronger toxicant. 
According to CAT isozyme chart, CAT isozyme 
bands were strong with low concentrations of 
As, and it meant that the activity was enhanced. 
With the increase of As, CAT isozyme bands 
became dark, and it meant that the activity 
decreased, which coincided with the measured 
results of CAT activity. As a member of ascorbic 
acid-glutathione cycle, APX plays a crucial role 
in eliminating poisonous H2O2 from plant cells. 
The APX activity was found to be higher at all 
concentrations in response to As-III and As-V 
exposed plants. There was significant increase 
in mean values of As-III over As-V treatments 
(Fig. 4). APX is a heme-containing protein 
located in plastid stroma and membrane. In the 
presence of APX and two molecules of 
ascorbate the hydrogen peroxide get reduced 
into water and two molecules of 
monohydroascorbate are also generated [47]. 

 

 
 

Fig. 1. Effect of different concentrations of arsenate and arsenite on the activity on total 
chlorophyll content 

T1 T2 T3 T4 T5 T6 T7

AS-III 1.317 1.201 1.088 0.903 0.785 0.636 0.504

AS-V 1.317 1.224 1.125 0.995 0.885 0.802 0.727
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Fig. 2. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
superoxide dismutase SOD activity (unit mg

-1
 protein) 

 

 
 

Fig. 3. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
catalase (μ mole of H2O2 used/min/g weight) 

 
Upregulation of APX activity has been reported 
in rice seedling [48], Mung bean [49], Beans [50] 
and Maize [51] exposed to arsenic. The effects 
of arsenic toxicity on POD activity are presented 
in (Fig. 5). POD activity increased significantly 
with the increase of arsenic concentrations. 
Analysis of variance showed that POD activity 
and arsenic concentrations had significant 
effects (p=0.05). Highest POD activities were 
observed in the arsenic 15 mg L-1 concentration. 
According to POD isozyme chart, with the 

increase of the concentration of As, POD 
isozyme bands color was stronger, and it meant 
that the activity was increased gradually,                     
which coincided with the measured results of 
POD activity. Increased followed by decreased 
SOD activity coupled with the increased                       
APX activity and low CAT level might be 
responsible for higher accumulation of H2O2 in 
leaves of As-treated rice plants than control 
plants. 

 

T1 T2 T3 T4 T5 T6 T7

AS-III 0.682 1.750 1.905 2.522 2.001 1.623 1.201
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Fig. 4. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
ascorbate peroxidase APX (µ mol/min

-1
mg

-1
 protein) 

 

 
 

Fig. 5. Effect of different concentrations of arsenate and arsenite on the activity of enzyme 
peroxidase (absorbance/ min/g.) 

 

4. CONCLUSION 
 
The results of this study suggest that, arsenic 
induced enhancement in the activities of 
antioxidant enzymes. The increase in APX, 
SOD, POD activities could represent an 
appropriate protection against overproduction of 
peroxides when As accumulated in rice. It may 
represent a fundamental defensive mechanism 
against oxidative stress which prevents 
biological damage mediated by ROS. We 
observed that rice crop is more sensitive to As-
III than As-V toxicity and all data demonstrate 

that As-III is more toxic to these plants than As-
V. 
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