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ABSTRACT 

Effect of sodium arsenate (Na2HAsO4.7H2O) on the growth and activity of few oxidizing enzymes of mungbean seedlings 
was investigated and it was found to have drastic effects on the growth and biochemical metabolism of germinating 
mungbean (Vigna radiata (L.) Wilczek cv. B-105) seedlings. With the increase in concentration of sodium arsenate (5μM, 
10μM and 20μM) significant decrease in seedling length and fresh weight and dry weight of mungbean seedlings was 
observed. Different growth promoters were used for amelioration. Reduction in growth inhibition was achieved by 
pretreating the seeds with phytohormones (GA3, IAA, Kinetin), macronutrients (KH2PO4, NaH2PO4.2H2O, K2SO4, 
CaCl2.2H2O, MgSO4.7H2O); best results were shown by GA3, KH2PO4, NaH2PO4 and pyruvate. Under arsenate induced 
oxidative stress levels of proline, H2O2 and phenol content was found to be elevated. An appreciable stimulation in the 
activity of some antioxidant enzymes, viz., catalase, catechol peroxidase, ascorbate peroxidase, polyphenol oxidase and 
ascorbic acid oxidase was noticed in seedlings growing in presence of sodium arsenate indicating oxidative stress. 
Pretreatment of mungbean seedlings with GA3,  KH2PO4, and  NaH2PO4.2H2O   helped in reduction of oxidative stress (to 
some extent) as observed by increased seedling growth and lower activities of antioxidant  enzymes and lesser 
accumulation of osmolyte Proline. It is assumed that pretreatment with GA3,  KH2PO4, and  NaH2PO4.2H2O    provided 
resistance to the mungbean seedlings against As-toxicity and hence has an ameliorating effect against As-induced stress. 
KEY WORDS: Macronutrients,  oxidative stress, phosphate,  phytohormones, sodium arsenate, Vigna  radiata .  
 
Received 26.01.2014 Accepted19.03.2014                                               © 2014 AELS, INDIA 

 
INTRODUCTION 
Arsenic is a potent, naturally occuring environmental pollutant and is released by geological activities, 
smelting operations, fossil fuel combustion and use in pesticides, herbicides, etc. [1]. It is a potential 
contaminant of groundwater, especially in Asian countries such as Bangladesh, India, China and Taiwan. 
In West Bengal, India, concentration of arsenic  (As)  in  groundwater  of  some  places  has  been  found  
to  be  above   the  maximum  permissible  limit  (recommended  value  by  WHO  and  US  EPA  is  0.01 
mg/l)  in 9 districts covering an area of  38,865  sq. km. This is regarded as the biggest arsenic calamity in 
the world. Arsenic toxicity is a chronic problem and currently epidemic in West Bengal. Crop plants are 
also affected when irrigated in fields by arsenic contaminated groundwater, which is expressed with 
reduction in growth and yield. The impact of this contaminated irrigation on mungbean is important as it 
is the major pulse crop and source of dietary protein for poor of the world population. 
Elevated  soil  As  levels  resulting  from  long term use of arsenic contaminated  ground  water for  
irrigation inhibit rice seed germination and seedling establishment. Root tolerance index (RTI) and 
relative shoot height (RSH) for rice seedlings decreased   with increasing concentrations of arsenate [2]. 
Arsenic, also, has a profound role in inhibiting the activities of enzymes required   for   growth   and 
metabolism.  Lead arsenate was found to   play an important role in decreasing the   concentration of 
citrate in citrus fruit (Citrus unshiu) by altering the activity of citrate synthase [3]. Arsenic toxicity in rice 
seedlings leads to the altered activity of another set of enzymes- the sugar metabolizing enzymes [4]. 
Biochemical responses of plants to toxic metals are complex and  several defense strategies are adopted 
by the plants, one of which includes enzymatic anti-oxidative system [e.g. catalase (CAT), ascorbate 
peroxidase (APX), guaiacol peroxidase (GTX), and glutathione reductase (GR)] [5]. 
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Phytohormones have profound role in counteracting the effects of toxic metals and metalloids. 
Phytohormones were found capable of reducing lead   toxicity   in   rice   seedlings [6]. Phytohormones 
(used as   pretreatment chemicals) were also found capable of alleviating the salinity stress in   mungbean 
plants [7].  
Macroelements are regarded as indispensable plant nutrients   which enter into the composition of the 
plant body itself. Among macroelements,   phosphorus is a necessary constituent of many important 
metabolites. Phosphorus has   another   important   role   in the present context, as it inhibits arsenate 
uptake in plant   system [8]. Arsenate, the dominant form of arsenic in aerobic conditions is taken by 
plants via the phosphate transport system because of the chemical similarity between arsenate and 
phosphate which compete for the same site in the soil and is taken up via phosphate transporters on the 
plasma membrane of the epidermal cells [9]. Phosphate suppresses arsenate uptake in rice [10] and 
arsenic tolerant plants like Holcus lanatus, Cystisus striatus.  
Therefore, the present investigation was undertaken to examine the effect of different concentrations of 
sodium arsenate on the growth and development of munbean seedlings and to study the altered 
metabolism of the seedlings due to stress induced by arsenic (As) toxicity. Phytohormones and Phosphate 
salts were tried as pretreatment chemicals to combat the serious problem of arsenic toxicity and to 
provide a possible method of arsenic tolerance. 
 
MATERIAL AND METHODS   
Plant material and arsenic treatments: 
Mungbean  (Vigna  radiata  (L.)  Wilczek  cv.  B -105)    seeds,  collected  from  Pulses  and Oilseed  
Research Station, Berhampore, Government  of  West   Bengal, India   were  treated  with  0.1% w/v HgCl2 
solution for 2 min for surface  sterilization   and  washed  repeatedly  with   distilled  water. The seeds 
(about 20) were  grown on petridishes  lined with filter paper and sodium arsenate, Na2HAsO4.7H2O, 
(from Loba Chemie, India) used as test solution at concentrations - 5μM, 10μM and 20μM for 5 days at 
30C. The seedlings were exposed to 14 hr photoperiod  (260µmol   m-2s-1PFD). The pH of the solution 
was 6.5 throughout. The seeds treated with only distilled water for 5 days served as control. The 
seedlings were harvested after 5 days for further studies. The above mentioned arsenate concentrations 
are comparable to soil conditions and are environmentally relevant.  
For  the   amelioration   of   arsenate   toxicity,   seeds   were  pre- treated   with   Phytohormones  (Auxin,  
IAA -  50 μM and 500 μM ; Gibberellin,   GA3 - 5 μM, 50μM and 500 μM and Cytokinin,  Kinetin - 1 μM, 10 
μM and 100 μM) and Macronutrients  (KH2PO4,  NaH2PO4.2H2O,  K2SO4,  CaCl2.2H2O, MgSO4.7H2O, 
solutions each at 10mM concentration) collectively  referred  here as ‘Chemical Regulators’, for  24 h  and 
then transferred to  sodium  arsenate  solution  (10μM, non-lethal medium dose)  for  next 4 days,  total  
germination  time  being  maintained for  5 days in  all  the  cases. Another  set of  seeds were  pretreated  
with  distilled  water  for 24 h  (instead of chemical regulators)   and    then  transferred  to   sodium  
arsenate  solution  (10μM) for next  4 days,  total  5  days. This was done to   observe the growth 
enhancing effect of the chemical regulators in comparison to water. The set which received distilled water 
for 5 days served as control.  
Morphological studies  
After 5 days, arsenate induced damaging effects were observed and root length  and shoot length of 
growing mungbean seedlings were measured in all the sets. Seedling length of 10 seedlings were 
determined after excising the cotyledons and averaged.  All the experiments were repeated thrice and 
analyzed statistically.   
Quantitative estimations: 
The Proline content was estimated according to the method of Bates et al. [11]. The estimation of total 
Phenolic compounds was done according to the method of Malik and Singh [12].The estimation of total 
H2O2 or Hydrogen peroxide content of the seedlings were done according to Velikova et al. [13]. The H2O2 
content was determined using an extinction coefficient of 0.28 µM-1cm-1. 
Enzyme assay:  
Assay of activity of few oxidizing enzymes were done which have been reported to be affected due to 
Arsenate induced stress.  Enzyme extraction process was carried out at 4ºC. The 5 day old seedlings were 
homogenized in pre-chilled 0.05M phosphate buffer (pH 7.4) and centrifuged at 10,000 g for 15 min. The 
supernatants were used for assay after   making a definite volume in each set and the enzyme activity was 
expressed on a fresh weight basis. Assay of Catalase was carried out according to the method of Gasper 
and Lacoppe [14]. Catechol   peroxidase   activity  was  assayed  following  the  method  of  Chance  and  
Maehly  [15], with   colorimetric   determination  of  the  colour   intensity of oxidized catechol at 420 nm. 
Ascorbic acid oxidase was assayed according to Olliver [16]. The Polyphenol oxidase enzyme activity was 
assayed spectrophotometrically according to Mayer and Harel [17] with some modifications. 
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Statistical analysis: 
The experiments were carried out in a completely randomized design (CRD) with 3 replicates; each 
replica comprising a single petridish containing an average of 20 seeds. All the experiments were 
analyzed statistically using ANOVA Table (and expressed as Critical Difference).  
 
RESULTS AND DISCUSSION 
Effect of arsenate  and Chemical regulators on the growth of seedlings. 
Sodium arsenate, Na2HAsO4.7H2O, has been found to be very toxic for the growth of mungbean seedlings. 
Inhibition of elongation of mungbean seedlings started at a concentration of 5μM sodium arsenate 
solution and it was remarkably pronounced at 20μM (Fig. 1). The inhibition increased at higher doses, the 
effect   being more pronounced   on    root     than    shoot. Roots were characteristically stubby and brittle 
and root  tips gradually turned brown. Similar reports were observed in rice seedlings where shoot height 
decreased with increasing concentrations of sodium arsenate [2].                                
Among all the chemical regulators used for amelioration, phytohormones were best capable of reversing 
arsenic toxicity. IAA, GA3 and Kinetin could ameliorate arsenic toxicity to different degrees when the 
seeds were pretreated with them followed by transfer to sodium arsenate (Table 1). Best result was put 
forward by GA3 followed by IAA and Kinetin.  Among different macronutrients used to ameliorate arsenic 
toxicity, KH2PO4 and NaH2PO4.2H2O brought about the best results, when used as pretreatment chemical 
(Table 2).  Growth enhancement of seedlings caused by these two phosphate salts with different cations 
indicates that anion phosphate and not cation (Na and K) is responsible for the beneficial effect [18]. 
Similar results were obtained in Canola (Brassica campestris) where addition of higher dose of P (500 µM) 
in hydroponic solution could prevent the plant form As toxicity [8]. Again, amelioration of arsenate 
toxicity was achieved  only  by  pretreating  the    seeds  with  the   above   mentioned    chemical  
regulators   while    post-treatment   or   simultaneous   treatment   of  these chemical  regulators  with 
sodium  arsenate bore no fruitful result [18]. 
Effect of arsenate and Chemical regulators on Proline content of seedlings: 
In the present investigation, the total proline content of the mungbean seedlings were found to be 
elevated with the increase in the concentration of sodium arsenate which shows that the seedlings were 
oxidatively stressed (Table 3). Phenomenal accumulation of proline has been reported in plants subjected 
to stress conditions [19]. Beside acting as a cytoplasmic osmoticum and osmolyte, proline may function as 
a scavenger of free radicals [20]. Elevated level of proline has been reported to confer increased tolerance 
to hyperosmotic stress that might be the possible role of proline in stressed plants [21]. Pre-treatment 
with chemical regulators could improve the stressed condition. Proline content was found to decrease in 
chemical regulators pre-treated sets in comparison to water pre-treated set indicating relaxation of 
stressed condition.  
Effect of arsenate and Chemical regulators on Phenol content of seedlings: 
In the present research work, As stress resulted in an increase in phenol content of mungbean seedlings 
(Table 3). Recently, phenolic compounds have been associated with antioxidant activity [22] and are 
included under non-enzyme antioxidants [23]. It has been clarified that phenolic compounds have active 
ROS scavenging capacity [24]. Phenol content was found to decrease in chemical regulators pre-treated 
sets in comparison to water pre-treated set indicating improvement of stressed condition and 
detoxification of reactive oxygen species.  
Effect of arsenate and Chemical regulators on H2O2 content of seedlings: 
Arsenate induced oxidative stress leads to an increased H2O2 content in mungbean seedlings. Highest 
H2O2 content was found in seedlings treated with the highest concentration of As(V) used, i.e., 20µM 
(Table 3). H2O2 is one of the potent Reactive oxygen species (ROS) produced in plants. The rapid increase 
in ROS concentration in response to adverse environmental changes (stress) is called “Oxidative 
Burst”[25]. When the equilibrium between production and scavenging of ROS is perturbed by any abiotic 
stress factor like arsenate here, the plant becomes hypersensitive to stress and thus H2O2 level increases 
[26]. During abiotic stress, H2O2 serves as a signal molecule to achieve control and regulation of biological 
processes as well as plays a dual role in plant defense. Also, H2O2 effectively increases the activities of 
H2O2 scavenging enzymes [27]. However, pretreatment with GA3 and Phosphate salts (Chemical 
regulators) caused a marked decrease in H2O2 content of mungbean seedlings which may support the 
better seedling growth under arsenate toxicity. 
Effect of arsenate and Chemical regulators on antioxidant enzyme activities of seedlings:  
In  the  present  work,  under   arsenate  induced   stress,   growth   inhibition  in  mungbean  seedlings  
was   recorded with a simultaneous  increase in   activity  of  all  the  four  oxidizing  enzymes  viz.,  
catalase,  phenol  or   catechol   peroxidase, ascorbic acid oxidase and polyphenol oxidase (Table  4). 
Activity of  these oxidizing  enzymes  have been found to  be stimulated by toxic concentrations  of some  
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other  heavy metals  as well, such as,   lead  [28]  and    chromium. Roquejo and Tena [29] have suggested 
that the induction of oxidative stress is a main process underlying arsenic toxicity in plants.  
Arsenic toxicity to plants is thought to be induced through an enhanced generation of reactive oxygen 
species, ROS [30]. Catalase and peroxidase are important  enzymatic  defense systems of plants against  
free oxygen radicals. Therefore,  increased activities  of these  enzymes  observed in   the  present  work  
can   be  considered   as  circumstantial   evidence  for  enhanced   production of ROS which  might  be  one  
of  the  reasons   for  poor growth. 
Under the present  investigation,  pretreatment  of  mungbean  seeds  with  chemical  regulators helped to 
reduce arsenate induced growth inhibition  with a simultaneous  decrease in the activities of all the four 
ROS scavenging enzymes as compared  with the set receiving only  sodium arsenate (Table 4).  GA3, 
KH2PO4, NaH2PO4.2H2O  may be assumed  to be effective  ameliorative chemicals which possibly brought 
down the concentration of toxic H2O2 in sodium arsenate poisoned seedlings with  concomitant  reduction  
in  the  H2O2   metabolizing  enzymes.  Thus, chemical regulators may have some growth promoting roles 
over water which provide resistance to the mungbean seedlings against As-toxicity and help in the  
reversal of  altered  metabolism  induced  by arsenate stress to different degrees and thereby, have an 
ameliorating effect against As-induced stress. 
 
ACKNOWLEDGEMENT 
The author is grateful to Calcutta University, W. B., for supporting this part of research work by supplying 
all the necessary chemicals, instruments and other necessary infrastructure. Thanks are also due to Prof. 
Subhendu Mukherji, C.U. for his whole hearted cooperation and guidance throughout the research work. 

     
Fig 1: Effect of sodium arsenate on shoot and root length of 5 day old mungbean seedlings. Vertical bars 

represent  standard error of  mean of 3 replicates. 
[C.D.-Critical difference]C. D. at 5% (for Shoot length) C. D. at 5% (for Root length) = 0.52 

                 

 
 

 
Table 1.  Effect of   pre-treatment  (24 h)  of    Phytohormones   on the growth of  mungbean  seeds followed  by 

transfer to   sodium arsenate, 10 µM for 4 days more. C.D.-Critical difference] 
[Total germination time – 5 days] 

Treatment Shoot length 
(cm) 

Inhibition 
% 

Root length 
(cm) 

Inhibition 
% 

Water, control 11.5 _ 4.5 _ 
Sodium arsenate 2.2 80 0.6 87 

Pretreatment 
(24 h) with : 

    

H2O 3.0 74 0.8 82 

IAA, 50 µM 6.0 48 3.2 29 

IAA, 500 µM 3.2 72 1.0 78 

GA3, 5 µM 5.2 55 2.7 40 
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GA3, 50 µM 10.0 13 3.8 15 

GA3, 500 µM 7.2 37 3.2 29 

Kinetin, 1 µM 4.2 63 1.6 64 

Kinetin, 10 µM 6.5 43 2.0 56 

Kinetin, 100 µM 2.2 81 1.0 78 

S.E. (Mean) 0.32 _ 0.22 _ 
C.D. at 5 % 0.53 _ 0.37 _ 

 
Table 2.  Effect of pre-treatment (1 day) with Macronutrients, 10 mM (followed  by  transfer  to  sodium  arsenate,  

10M  for  4days more) on the growth of mungbean seeds. C.D.-Critical difference] 
[Total germination time - 5 days] 

 
Treatment Shoot length 

(cm) 
Inhibition 

% 
Root length 

(cm) 
Inhibition 

% 

Water, Control 11.5 _ 4.5 _ 

Sodium arsenate 2.2 80 0.6 87 

Pretreatment (24 h) 
with 

    

H2O 3.0 74 0.8 82 

KH2PO4 8.4 27 3.3 26 

NaH2PO4.2H2O 8.0 30 3.2 29 

K2SO4 4.0 65 1.5 67 

CaCl2.2H2O 3.5 70 2.3 49 
MgSO4.7H2O 3.4 71 2.0 56 

S.E(mean) 0.28 _ 0.14 _ 
C.D. at 5% 0.38 _ 0.31 _ 

 
 

Table 3. Effect of  A) Sodium arsenate, As(V)  and  B) Chemical   regulators (pretreatment for 1 day followed   by  
transfer to sodium  arsenate,10µM  for 4  days more )   on  Proline content (mg/g fresh weight), Phenol content (mg/g 

fresh weight) and H2O2 content (mg/g fresh weight) of 5 day old  mungbean seedlings. 
[Control = Water  treatment ; H2O = Treatment  of  seeds  with  water then transferred  to As; Concentration of GA3-

50M,   NaH2PO4 and KH2PO4 -10mM, Total period of growth – 5 days. C.D.-Critical difference] 
Treatment Proline 

content 
 

Promotion 
Over 

Control 
% 

Phenol 
content 

Promotion 
Over control       

% 

H2O2 
content 

Promotion 
Over control         

% 

A)Control 0.04 - 0.68 - 0.045 - 

5μΜ As(V) 0.08 100 0.98 44 0.067 49 

10μΜ As(V) 0.11 175 1.12 65 0.074 64 

20μΜ As(V) 0.15 275 1.24 82 0.087 93 

B)Pretreatment 
(24h)with: 

      

H2O 0.1 150 1.04 53 0.072 60 

GA3 0.07 75 0.72 6 0.05 11 

NaH2PO4 0.07 75 0.81 19 0.048 7 

KH2PO4 0.06 50 0.74 9 0.052 16 

S.E.(mean) 0.01 - 0.02 - 0.01  

C.D. at 5% 0.0022  0.064  0.0041  

 
Table 4. Effect of  A) Sodium arsenate, As(V)  and  B) Chemical   regulators (pretreatment )    for 1 day followed   by  

transfer to sodium   arsenate,10µM  for  4 days   more )   on    the   activity of  catalase,    catechol peroxidase,  ascorbic 
acid  oxidase and polyphenol  oxidase   enzymes   of   5 day   old  mungbean   seedlings. 

[Control = Water  treatment ; H2O = Treatment  of  seeds  with water  then transferred  to As; Concentration of GA3-
50M, KH2PO4  NaH2PO4-10mM; Total period of growth – 5 days; C.D.-Critical difference] 
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Treatment Catalasea 
 

Catechol 
peroxidaseb 

Ascorbic acid 
oxidasec 

Polyphenol 
oxidased 

 

A)Control 97 0.12 7.2 0.38  
As(V),5μΜ 129 (+33) 0.22(+83) 

 
12.2(+69) 

 
0.44(+16) 

 
 

As(V),10μΜ 140 (+44) 0.34(+183) 
 

17.8(+147) 
 

0.54(+42) 
 

 

As(V),20μΜ 154 (+59) 
 

0.45(+275) 
 

24.7(+243) 
 

0.75(+97) 
 

 

B)Pretreatment 
(24h)with: 

     

H2O 132(+36) 0.30(+150) 
 

15.2(+111) 
 

0.52(+37) 
 

 

GA3 110(+13) 0.24(+100) 
 

9.2(+28) 
 

0.45(+18) 
 

 

NaH2PO4 

 
115(+19) 0.25(+108) 

 
10.2(+42) 

 
0.41(+8) 

 
 

KH2PO4 

 
105(+8) 

 
0.20(+67) 

 
9.5(+32) 

 
0.42(+10) 

 
 

S.E.(mean) 5 0.1 0.5 0.1 
 

 

C.D. at 5% 3 0.100 3.48 0.018  

aCatalase: mg H2O2 destroyed/h/g fresh weight 
bCatechol peroxidase :O.D. at 420 nm/min/g fresh weight. 

cAscorbic acid oxidase : mg Ascorbic acid destroyed/h/g fresh weight 
dPolyphenol oxidase :Change in O.D. at 480 nm/h/g fresh weight. 

(+): Figures in paranthesis indicate promotion of enzyme activity over control. 
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