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ABSTRACT 
 

Among all factors limiting crop productivity, drought remains single one important affecting the world 
security and sustainability in agricultural production and enzyme activity is one of the most important aspects of 
responses to water deficiency in plants. Anti-oxidant enzymes protect plant organisms against reactive oxygen 
species under water deficit condition. In order to investigation of relationship between anti-oxidant enzymes 
activity and resistance to water deficiency, a pot experiment was carried out as complete randomized design 
with four replications at the Razi University, Kermanshah in 2012. Experimental factors were include, water 
deficiency in three levels (control: without water deficiency, water deficiency during vegetative and 
reproductive growth stages from at -1.2 MPa) and four lentil cultivars (Landrace, Gachsaran, Kimia and 
Qazvin). Results showed that water deficiency treatments especially at vegetative stage, significantly decreased 
grain yield. Gachsaran and Landrace cultivars in control and water deficiencies treatments had the highest grain 
yield respectively. The least grain yield reduction down to control treatment was seen in Landrace cultivar.  
Anti-oxidant enzymes activity was raised with increasing of water deficiency severity. The activity of these 
enzymes in leaves of landrace cultivar was more than other cultivars. Superoxide dismutase activity was 
decreased by time and aging in spite of rose in other anti-oxidant activities during reproductive growth stage. It 
can interpret that, anti-oxidant enzymes have positive significant correlation with drought tolerance and they 
have determinant role in drought tolerance. 
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Introduction 
 

Pulse crops are one of the general species 
between ordinary plants in arid and semi-arid regions 
that planted in non-fertilized soil. These plants are 
often sensitive to water deficit [34]. Lentil is one of 
the important pulses which play a main role in 
human nutrition because of its high protein [22]. 
Cultivation of lentil in Iran is 220000 ha and 92% of 
it planted area as rain-fed condition [29]. 

Drought stress is the lack of humidity in 
susceptible stages of plant growth [18] and water 
deficiency is one of the most factors in increasing of 
oxidative stress and different types of Reactive 
Oxygen Species (ROS). Plants have enzymatic and 
non-enzymatic anti-oxidative mechanisms in order to 
encounter with oxidative stress. Some non-enzymatic 
anti-oxidants are includes Glutathione, Ascorbic acid 
and some enzymatic anti-oxidants are includes 
Superoxide dismutase, Catalase, Ascorbic 
peroxidase, Glutathione reductase and Peroxidase 
[26]. Allen [2] reported that the highest damage in 

plants which caused by drought stress is related to 
effect of different oxidants and destructive effects of 
oxidants in higher plants were harmful than direct 
effect of water deficit [31]. In water deficit condition 
stomata are closed. Therefore CO2 density in leaf is 
reduced and carbon fixation faced to disturb. Its 
consequence is not using of ATP and NADPH and 
reduces the form of NADP+ for gaining electron from 
photosystem I, then the oxygen molecule play a role 
as substituted acceptor for electrons and this process 
leads to producing different forms of free ROS 
[30,38]. ROS are produced in mitochondria, 
chloroplast, microsomal, cytosol and peroxisomes 
[3]. ROS including molecules such as superoxide 
(O2

-), hydrogen peroxide (H2O2) and hydroxyl Anion 
(OH-) [10]. Superoxide is the first reduced substance 
which responsible for both plasma membrane and 
etc. oxidation and may be leads to producing many 
of other ROS [3]. Most risk of superoxide and 
hydrogen peroxide is their ability in producing of 
hydroxyl radical [4,23]. Superoxide dismutase (SOD) 
known as a catalyst which can changes superoxide 
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radicals into hydrogen peroxide [33,23]. SOD can 
eliminates superoxide radical. Therefore, SOD is 
known as secondary defense against ROS. It seems 
that SOD has a crucial role in eliminating superoxide 
radical [3]. Ascorbate peroxidase is another anti-
oxidant enzyme which exists in chloroplast, apoplast 
(such as vacuole) and cytosol [10,4]. This enzyme 
can diminish hydrogen peroxide that produced by 
SOD [13,23]. Glutathione reductase is a three peptide 
enzyme which its anti-oxidant action performed by 
sulfhydryl groups (-SH) [25]. This enzyme can 
chemically take action with superoxide and hydroxyl 
radical and caused to eliminate free radicals directly 
[16]. 

So far, however, there has been little information 
about the antioxidant system during water deficiency 
in lentil. Then, the objectives of this research are to 

determine the relationship between resistance to 
water deficit and antioxidant system during different 
growth stages in different lentil cultivars. 

 
Material and Methods 

 
This experiment was carried out as pot 

experiment based on complete randomized block 
design with four replications at Faculty of 
Agriculture and Natural Resources, Razi University, 
Kermanshah in 2011. Experimental factors were 
Water Deficiency (WD) including control (without 
WD) (S1), WD during vegetative (S2) and 
reproductive growth stages (S3) until -1.2 MPa 
(Table 1 and Fig. 1) and four lentil cultivars 
including Landrace, Gachsaran, Kimia and Qazvin 
cultivars.

 
Table 1: Soil characteristics in this experiment. 

 
Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Ca2+ 
(ppm) 

Mg+2 
(ppm) 

Na+1 
(ppm) 

K+1 
(ppm) 

N (%) 
Organic 
matter (%) 

Lime 
(%) 

pH of 
saturated 
extract 

ECe 
(ds/m) 

83 9 8 3.2 1.4 2.1 230 0.059 0.56 9 8 0.98 

 

 
Fig. 1: The relationships between different levels of water potential and soil moisture (%) in tested soil in this 

experiment. 
 

Superoxide Dismutase: 
 

The SOD activity assay was assayed according 
to the method of Beauchamp and Fridovich (1971). 
Samples (0.5 g) were homogenized in 5 ml cold 50 
mM phosphate buffer (pH 7.0) containing 1 mM 
EDTA, 0.05% (v/v) triton, 2% (w/v) polyvinyl-
polypyrolidone (PVPP) and ascorbic acid. In 
spectrophotometric assay, 1 mM reaction mixture 
contained 50 mM phosphate buffer (pH 7.8), 0.1 mM 
EDTA, 13 mM methionine, 75 µM NBT, 2 µM 
riboflavin and 50 µl plant extract. Riboflavin was 
added at last and the reaction was initiated by placing 
the tubes under white fluorescence light. The 
reaction was terminated after 10 min by removal 
from the light source. The reaction product was 
measured at 560 nm by Elisa (Model: Power wave 
XS, made by Bio Tek, USA). The volume of 
supernatant corresponding to 50% inhibition of the 
reaction was assigned a value of 1 enzyme unit. 

 

Glutathione Reductase: 
 

The GR activity was measured according to the 
method of Foyer and Halliwell [14]. The extraction 
solution was the same as that used for SOD. Activity 
was determined by monitoring the oxidation of 
NADPH at 340 nm by Elisa (Model: Power wave 
XS, made by Bio Tek, USA) in 270 µl solution that 
contained 50 mM tris-HCl (pH 7.8), 0.5 mM EDTA, 
0.25 mM NADPH, 1 mM oxidized glutathione and 
50 µl the enzyme extract. 
 
Peroxidase: 
 

for measuring of POD activity, the leaves were 
homogenized on ice in 10 ml cold sodium buffer (pH 
7.0). POD activity was determined with 
spectrophotometer according to Rodriguez and 
Sanchez [28] containing 40 mM guaiacol and 26 mM 
H2O2. The increase of absorbance at 420 nm by Elisa 
(Model: Power wave XS, made by Bio Tek, USA) 
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was recorded within 180 sec after adding 26 mM 
H2O2. 

 
Catalase: 
 

The CAT activity was assayed based on the 
method of Beers and Sizer [7]. 1 ml of reaction 
mixture contained 1 M potassium buffer (pH 7.8) 1 
M H2O2 and 10 µl crude extract. CAT activity assay 
determined by analysis of hydrolyzed H2O2 at using 
39.4 mM-1 cm-1 as extraction coefficient and decrease 
of absorbance at 240 nm by Elisa (Model: Power 
wave XS, made by Bio Tek, USA) was recorded 
within 60 sec. 

 
Proline: 
 

Proline was determined as described by Bates et 
al., [6]. Leaf tissues (0.25 g) were rinsed three times 
with distilled water and the stoppered tubes with 10 
ml water placed in a boiling water bath for 10 min to 
extract the hot water-soluble compounds. An aliquot 
of water extract was treated with ninehydrine 

reagent. Toluene phase was decanted and the 
absorbance was recorded at 520 nm by Elisa (Model: 
Power wave XS, made by Bio Tek, USA). Different 
concentrations of L-proline were used as standard. 

Analysis of variance performed by using SAS 
9.1 and MSTAT-C soft wars, also means comparison 
between was performed with the Least Significant 
Differences  method (LSD) at p<0.05. 

 
Results and Discussion 

 
Grain Yield (mg/plant): 
 

WD and cultivar treatments had significant 
effect on grain yield (p<0.01) (Table 3). The highest 
grain yield was seen in control (S1) with 39.87 
mg/plant and the least one was belonged to WD 
during vegetative growth stage (S2) with 17 mg/plant 
(Fig. 2). 

Landrace cultivar with 33.66 mg/plant had 
higher grain yield than the others. The lowest grain 
yield was belonged to Kimia and Qazvin cultivars 
with 25.88 and 25.49 mg/plant, respectively (Fig. 3).

 
 

Fig. 2: Effect of different water deficiency levels on      Fig. 3: Effect of water deficiency on different  grain  
            yield.                                                                                 cultivars grain yield . 

(S1: Control, S2: water deficiency during vegetative growth stage, S3: water deficiency during reproductive 
stage) 

 
WD*cultivar interaction had significant effect 

on grain yield (p<0.05) (Table 3). In control 
condition, Gachsaran cultivar had the highest grain 
yield (45.11 mg/plant). In two levels of WD, 
Landrace cultivar had the highest grain yield with the 
least grain yield reduction down to control situation. 

These result showed that with respect to grain yield 
production in control treatment and two levels of 
WD, Landrace cultivar is more resistant cultivar to 
WD occurrence at vegetative growth stage and 
reproductive stage than the other evaluated cultivars 
(Table 2).

 
Table 2: Mean comparisons of grain yield and grain yield reduction of different lentil cultivars in two water deficiency treatments at  
             vegetative and reproductive stages down to control. 

Cultivar 
Control (S1) 
(mg/plant) 

S2 (mg/plant) 
Decrease down to S1 
(%) 

S3 (mg/plant) 
Decrease down to S1 
(%) 

Landrace 40.80 24.08 40.98 36.08 11.56 
Gachsaran 45.11 17.39 61.44 30.31 32.80 
Kimia 36.33 13.58 62.62 27.72 23.69 
Qazvin 37.21 12.92 62.27 26.32 29.26 

(S1: Control, S2: Water deficiency during vegetative growth stage, S3: Water deficiency during reproductive stage) 
(LSD Value: 4.242) 
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Table 3: Analysis of variance for Superoxide Dismutase (SOD), Glutathione Reductase (GR), Peroxidase (POD), Catalase (CAT) and  
              Proline 

F Value   
Df SOV Proline CAT POD GR SOD Grain 

Yield R V R V R V R V R V 
**** ** ************** ** 22 Drought Stress 
**** ** ************** ** 3 Cultivar 

** n.s 

** ** ** ** n.s
** n.s

** * 
6 

Drought × 
Cultivar 

13.39 17.54 12.73 10.77 11.17 8.48 13.03 9.71 14.20 9.95 17.20 %CV 
V: Vegetative growth stage   R: Reproductive growth stage    ** Significant at 1% level,  n.s no significant difference 

 
Superoxide Dismutase (SOD): 
 

the results obtained from current experiment 
showed that water deficiency (WD) had significant 
effect on SOD activity in both vegetative and 
reproductive stages while interaction between WD 
and cultivar was significant only at vegetative growth 
stage (Table 3). Application of WD at vegetative 
stage compared to the control condition significantly 
increased SOD activity from 372.1 to 426.5 and from 
239.0 to 396.8 units mg-1 protein at vegetative and 
reproductive growth stages, respectively. As shown 

in Fig. 4, SOD activity decreased in plants by time 
and aging (Fig. 4). 

Highest SOD activity was observed in water 
deficiency treatment during vegetative growth stage. 
During this growth stage, Landrace cultivar with had 
the highest SOD activity (481.1 units mg-1 Pro) and 
the significant difference with other cultivars. Kimia 
and Qazvin cultivars under all treatments (control 
and WD) had the lowest SOD activity (Table 4). 
These results were similar to Badawi et al. [5] and 
Terzi and Kadioglu [37] while some researchers 
believe that increase in SOD activity which resulted 
from drought stress is not significant [7]. 

 

 
Fig. 4: Effect of different levels of water deficiency (WD) at vegetative and reproductive growth stages on SOD 

(Superoxide dismutase) activity of Lentil cultivars. 
(S1: Control, S2: water deficiency during vegetative growth stage, S3: water deficiency during reproductive 

stage) 
 

Table 4: Effect of water deficiency×cultivar interaction at vegetative and reproductive growth stages on antioxidant enzymes activity and  
             Proline concentration of different Lentil cultivars.   

water 
deficiency 

Cultivar 
Grain 
Yield 
(mg/plant) 

SOD 
(units/mg 
Protein) 

POD (µM H2O2 
dec./min/mg 
Protein) 

CAT (µM H2O2 
dec./min/mg 
Protein) 

GR (µM 
NADPH/min/mg 
Protein) 

Proline 
(µmol/g 
fw) 

V V R V R V R 

S1 

Landrace 40.80 380.1 602.4 1602 331.3 310.3 7.70 2.51 
Gachsaran 45.11 371.9 601.8 1601 329.9 309.8 7.30 2.46 
Kimia 36.33 368.2 594.6 1592 322.0 305.0 6.00 1.46 
Qazvin 37.21 368.1 592.7 1591 322.2 303.8 6.10 1.49 

S2 Landrace 24.08 481.1 1000 1752 596.0 451.3 11.7 2.15 
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Gachsaran 17.39 465.8 983.9 1742 574.6 439.9 9.00 1.67 
Kimia 13.58 451.9 951.1 1728 573.0 433.5 8.40 1.38 
Qazvin 12.92 451.1 949.9 1727 574.3 429.3 8.40 1.34 

S3 

Landrace 36.08 381.0 601.5 2301 330.2 517.6 7.60 4.23 
Gachsaran 30.31 372.5 600.0 2294 330.6 509.1 7.20 2.92 
Kimia 27.72 366.8 594.6 2280 325.1 499.2 6.10 2.18 
Qazvin 26.32 365.3 592.8 2279 325.2 499.0 5.90 1.92 

LSD Value 4.242 5.502 4.982 4.585 4.522 4.398 0.735 0.101 
V: Vegetative growth stage    R: Reproductive growth stage 
SOD: Superoxide dismutase, POD: Peroxidase, CAT: Catalase, GR: Glutathione reductase 
S1: Control, S2: Drought stress during vegetative growth stage, S3: Drought stress during reproductive stage 

 
Peroxidase (POD): 
 

 WD and WD*cultivar interaction had 
significant effect on POD activity in both vegetative 
and reproductive growth stages (p<0.01) (Table 3). 
There was remarkable difference in POD activity 
between vegetative and reproductive growth stages 
between cultivars which affected by water 
deficiency. In this condition, Landrace cultivar 
always showed highest POD activity (1000 and 2301 
µM H2O2 dec./min/mg protein in vegetative and 
reproductive growth stages, respectively. Totally, 
with increasing plant age  an increase in POD 
activity was observed but in treatments which 
affected by water deficiency during vegetative 
growth stage, increase in POD activity with 
increasing plant age  was slower than other 
treatments (Table 4). 

Terzi and Kadioglu [37] reported that POD is the 
most important enzyme for drought tolerance in 
Ctenanthe cetosa. Also Syros et al. [35] and 
Yashimoura et al. [39] reported same results which is 
similar with current experiment. 

High concentration of POD is exists in 
mesophyll cells [4] and it helps SOD to protect leaf 
organs against oxidative damages; Therefore, it's 
relation with SOD is not ignorable. In current 
experiment, amount of POD activity rose in 
reproductive growth stage and by considering to 
decrease in SOD activity during this stage, it can be 
concluded that POD activity increased in order to 
compensate the lack of SOD activity to H2O2 
reduction.  

 
Catalase (CAT): 
 

CAT activity significantly affected by water 
deficiency in both vegetative and reproductive 
growth stages, cultivars and also interaction between 
cultivar and water deficiency (Table 3). Water 
deficiency significantly increased CAT activity at 
vegetative and reproductive stages.  CAT activity 
under water deficiency application at vegetative 
growth stage was more increased than reproductive 
growth stage. CAT activity decreased from 582 to 
438 µM H2O2 dec./min/mg protein after water 
deficiency removal in treatments which water 
deficiency applied at vegetative growth stage. In 
control, Kimia and Qazvin cultivars showed lower 
CAT activity than Landrace and Gachsaran cultivars. 

These differences also were seen under application of 
water deficiency at vegetative and reproductive 
growth stages (Table 4). However, the Landrace 
cultivar showed highest CAT activity during 
different water treatments. 

There is some reports that revealed CAT 
increased in water deficiency conditions [33,21]. 
Sairam and Serivastava [31] reported that CAT has 
more important role than SOD in drought tolerance 
because accumulation of H2O2 which resulted from 
reaction between superoxide radical and SOD, lead 
to SOD deactivation [5]. Therefore increasing of 
CAT activity in order to reduce amount of H2O2 and 
prevent of ceasing SOD activity is crucial. It seems 
that this fact caused to reduction in SOD activity 
faced to increase in CAT activity in reproductive 
stage. 

 
Glutathione Reductase (GR): 
 

Water deficiency treatments and cultivars in 
both vegetative and reproductive growth stage had 
remarkable effect on GR activity but water 
deficiency*cultivar only had significant effect on GR 
activity at vegetative growth stage (Table 3). Under 
all water treatments GR at reproductive growth stage 
had more activity (Fig. 5). 

In vegetative growth stage, highest GR activity  
was seen in Landrace cultivar with 11.7 µM NADPH 
dec./min/mg protein and there was no significant 
difference between Gachsaran, Kimia and Qazvin 
cultivars  about GR activity (with 9.0, 9.4 and 8.4 
unit, respectively) (Table 4). 

Agrawal et al. [1] reported that GR activity in 
plant leaves is crucial when drought stress happen, 
while some researchers believe that changes in GR 
activity in plant leaves does not significant under 
water deficiency condition and most of GR activity 
in order to face to drought stress is in plant roots 
[36,37] Results of current experiment were similar to 
Fernandez-Orozoco et al. [12]. Deunas et al. [11] 
said that changes in anti-oxidant activities in lentil 
may resulted from hormone activities in plants. 

 
Proline:  

 
water deficiency and cultivar had significant effect 
on proline concentration during vegetative growth 
stage, while interaction between water deficiency and 
cultivar just affected proline concentration during 
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reproductive growth stage (Table 3). Proline 
accumulation in reproductive stage was more than 
vegetative stage. At reproductive stage the amount of 

proline in treatments which affected by water 
deficiency during vegetative growth stage rose to 
1.63 µmol/g fw (fig. 6). 

 
 

 
 
Fig. 5: Effect of water deficiency treatments at vegetative and reproductive growth stages on GR (Glutation 

reductase) activity of Lentile cultivars. 
 (S1: Control, S2: Drought stress during vegetative growth stage, S3: Drought stress during reproductive 

stage) 
 

 
 

Fig. 6: Effect of water deficiency treatments at vegetative and reproductive growth stages on Proline 
concentration of Lentil cultivars. 

 (S1: Control, S2: Drought stress during vegetative growth stage, S3: Drought stress during reproductive 
stage) 

 
Amount of proline increased during reproductive 

growth stage and it seems to have role in plant 
protection against water deficiency while in 

vegetative growth stage, the amount of proline 
decreased by affected of water deficiency. Gunesh et 
al. [15] reported same results in their experiment on 
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pea and said that proline acts as material for 
producing another substance to protect the plant 
against drought stress. 

The Highest proline accumulation was related to 
Landrace cultivar with 4.23 µmol/g fw in  water 
deficiency during reproductive growth stage and the 
least one belonged to kimia and Qazvin cultivars 
with 2.18 and 1.92 µmol/g fw, respectively (Table 4). 
According to Hamudi et al. [17] water deficiency 
caused increase of proline concentration in 
Cathayana leaves. Also Khan et al. [19] reported 
same results. 

 
Correlations between anti-oxidant enzymes activity 
and proline concentration: 
 

Kuznetsov and Shievyakova [20] said that 
proline can protect protein molecules against 

decomposition. On the other hand, enzymes, 
specifically anti-oxidants have protein structure and 
it can interpreted that proline can protect them. As 
regards to current experiment results, Landrace 
cultivar had highest proline accumulation in 
comparison with other cultivars and its antioxidant 
enzymes activity was more than the others. The 
correlation coefficient between ant-oxidant enzymes 
activity and proline concentration was negative and 
significant during vegetative growth stage because of 
decrease in proline content during this stage. In 
reproductive growth stage, proline showed a positive 
and remarkable correlation with POD and GR while 
its correlation with SOD and CAT was not 
considerable during this stage (Table 5). These 
results were similar to Gunesh et al. [15]. 

 
Table 5: Correlation coefficients among anti-oxidant enzymes activity and proline concentration during vegetative and reproductive growth  
              stages under different levels of water deficiency. 

 
SOD POD CAT GR Proline 
V R V R V R V R V R 

SOD 
V 1 -- 0.83** -- 0.89** -- -0.54* -- -0.60* -- 
R  1 -- 0.80** -- 0.91** -- 0.71* -- 0.58n.s

POD 
V   1 -- 0.90** -- 0.82** -- -0.62* -- 
R    1 -- 0.87** -- 0.89** -- 0.60*

CAT 
V     1 -- 0.81** -- -0.62* -- 
R      1 -- 0.88** -- 0.53n.s

GR 
V       1 -- -0.60* -- 
R        1 -- 0.60**

Proline 
V         1 -- 
R          1 

V: Vegetative   R: Reproductive   * Significant at 5% level,  ** Significant at 1% level,  n.s no significant difference 
SOD: Superoxide dismutase, POD: Peroxidase, CAT: Catalase, GR: Glutathione reductase 

 
Conclusion: 

 
The amount of antioxidant enzymes activity was 

significantly increased under water deficiency 
treatments in plants may be due to diminish the 
oxidative damage which forced by water deficiency. 
Therefore, the present study confirms previous 
findings and contributes additional evidence that 
suggests the role of antioxidant enzymes are crucial 
for plants in face to water deficiency. Increasing of 
antioxidant enzymes activity in tolerant cultivars can 
lead to increasing of drought resistance. By the way, 
measurement of anti-oxidant enzymes activity can be 
used as a useful method to choose drought tolerant 
cultivars in lentil and may be other crops as well 
Landrace cultivar in current study showed maximum 
antioxidant activity and also had the highest grain 
yield during different water deficiency levels and the 
least reduction in grain yield down to control 
treatment.  

 
Reference 

 
1. Agrawal, S.B. and D. Rathore, 2007. Changes in 

oxidative stress defense system in wheat 
(Triticum aestivum L.) and mung bean (Vigna 

radiate L.) cultivars grown with and without 49 
mineral nutrients and irradiated by supplemental 
ultraviolet-B. Environmetal and Experimental 
Botany, 59: 21-33. 

2. Allen, R.D., 1995. Dissection of oxidative stress 
tolerance using transgenic plants. Plant Physiol, 
57: 1049-1054. 

3. Alsher, R.G., N. Erturk and S. Heath, 2002. Role 
of superoxide dismutase (SOD) in controlling 
oxidative stress in plant. J. Exp. Bot., 153: 1331-
1341. 

4. Arora, A., R.K. Sairam and G.C. Srivastava, 
2002. Oxidative stress and antioxidant system in 
plants. Ann. Rev. Current Science, 82: 1227-
1238. 

5. Badawi, G.H., Y. Yamauchi, E. Shimada, R. 
Sasaki, N. Kawano, K. Tanaka and K. Tanaka, 
2003. Enhanced tolerance to salt stress and water 
deficit by overexpressing superoxide dismutase 
in tobacco (Nicotiana tabacum) chloroplasts. 
Plant Sci., 166: 919-928. 

6. Bates, I.S., R.P. Waldern and I.D. Teare, 1973. 
Rapid determination of free proline for water 
stress studies. Plant and Soil, 39: 205-207. 

7. Beers, R.F. and I. Sizer, 1952. A 
spectrophotometric method for measuringthe 



542 
Adv. Environ. Biol., 7(4): 535-543, 2013 

 

 

breakdown of hydrogen by Catalase. J. 
Biochem., 195: 133-140. 

8. Beuchamp, C. and I. Fridovich, 1971. 
Superoxide dismutase: improved assey and an 
assey applicable to acrylamide gels. Analytical 
Biochemistry, 44: 276-287. 

9. Borsani, O., P. Diaz, M.F. Agius, V. Valpuesta 
and J. Monza, 2001. Water stress generates on 
oxidative stress through the induction of a 
specific Cu/Zn superoxide dismutase in Latus 
corniculatus leaves. Plant Science, 161: 757-
763. 

10. Cho, U. and N. Seo, 2005. Oxidative stress in 
Arabidopsis thaliana exposed to cadmium is due 
to hydrogen peroxide accumulation. Plant Sci, 
168: 113-120. 

11. Deunas, M., T. Hernandez and I. Estrella, 2007. 
Changes in the content of bioactive polyphenolic 
compounds of lentils by the action of exogenous 
enzymes. Effect on their antioxidant activity. 
Food Chemistry, 101: 90-97. 

12. Fernandez-Orozoco, R., J. Frais, H. Zielinski, R. 
Munoz, M.K. Pisjula, H. Kozlowska and C. 
Vidal-Valverde, 2009. Evaluation of 
bioprocesses to improve the antioxidant 
properties of chickpeas. LWT-Food Science and 
Technology, 42: 885-892. 

13. Foyer, C., 1993. Ascorbic acid. In: Antioxidants 
in higher plants. Alscher, R. G. and Hess, J. L. 
(Eds) CRC Press. Boca Raton., pp: 31-58. 

14. Foyer, C.H. and B. Halliwell, 1970. The 
presence of glutathione and glutathione 
Reductase in chloroplasts: a proposal role in 
ascorbic acid metabolism. Planta, 133; 21-35. 

15. Gunes, A., A. Inal, M.S. Adak, E.G. Bagchi, N. 
Cicek and F. Eraslan, 2008. Effect of drought 
stress implemented at pre- or post-anthesis stage 
on some physiological parameters as screening 
criteria in chickpea cultivars. Russian J. of Plant 
Physiology, 55: 59-67. 

16. Habibi, D., M. Mashdi Akbar Boojar, A. 
Mahmoudi, M.R. Ardakani and D. Taleghani, 
2004. Antioxidative enzyme in sunflower 
subjected to drought stress. 4th International 
Crop Science Congress., pp: 1-4. 

17. Hamudi, J., R. Heydari, M. Nojavan and S. Zare, 
2000. Effect of drought stress on biochemical 
and biological parameters in sunflower (Rekurd 
variety). Ms.C. Thesis. Uromia University. Iran. 

18. Houshmand, S., H. Abasalipour, A, Tadayyon 
and H. Zinali, 2011. Evaluation of four 
chamomile species under late season drought 
stress. International Hournal of Plant Production, 
5(1): 9-24. 

19. Khan, A.J., S. Hassan, M. Tariq and T. Khan, 
2001. Haploidy breeding and mutagenesis for 
drought tolerance in wheat. Euphytica, 120(1): 
409-414. 

20. Kuznetsov, V. and N.I. Shevyakova, 1999. 
Proline under stress, biological role, metabolism 

and regulation. Russian Journal of Physiology, 
46: 247-287. 

21. Lascano, H.R., G.E. Antonicelli, C.M. Luna, 
M.N. Melchiorre, L.D. Gomez, R.W. Racca, 
V.S. Trippi and L.M. Casano, 2005. Antioxidant 
system response of different wheat cultivars 
under drought: field and in vitro studies. Aust. J. 
Plant Physiol., 28: 1095-1102. 

22. Majnoun Hoseini, N., 2008. Grain legume 
production. Jahad Daneshgahi of Tehran 
University. Tehran. 283 p. (in Persian). 

23. Mc Kersie, B.D., 2004. Oxidative stress. Dept of 
Crop Science, University of Guelph. 

24. Owesis, T., A. Hachum and M. Pala, 2004. 
Lentil production under supplemental irrigation 
in a Mediterranean environment. Agricultural 
Water Management, 68: 251-265. 

25. Pastori, G.M., P.M. Mullineaux and C.H. Foyer, 
2000. Post-transcriptional regulation prevents 
accumulation of glutathione Reductase protein 
and activity in the bundle sheath cells of maize. 
Plant Physiol., 122: 667-676. 

26. Perl-Travis, R. and A. Perl, 2002. Oxidative 
stress: an introduction in oxidative stress in 
plants. (ED. Inze Dirk and Marc Van 
Montaggu), p. 1-32. Taylor and Francis. 

27. Rather, S.S., R. Khandwe, N. Khandwe and P.P. 
Singh, 1992. Effect of irrigation schedules 
phosphorus levels and phosphate solubilizing 
organisms on lentil. I. yield. Lens Newsletter, 
19: 17-19. 

28. Rodriguez, R. and T.R. Sanches, 1982. 
Peroxidase and IAA oxidase in germinating 
seeds of Cicer arientium L. Rev. Esp. Fisiol., 38: 
183-188. 

29. Sabaghpour, S.H., 2006. Parameters and 
mechanisms if drought tolerance in crops. 
Natonal Committee of Agriculture Aridity and 
Drought Management, p: 145. 

30. Sairam, R.K. and D.C. Saxena, 2000. Oxidative 
stress and antioxidant in wheat genotypes: 
possible mechanism of water stress tolerance. J. 
Agronomy and Crop Sci., 184: 55-61. 

31. Sairam, R.K. and G.C. Srivastava, 2001. Water 
stress tolerance on wheat triticum aestivum L.: 
Variation of hydrogen Peroxidase accumulation 
and antioxidant activity in tolerant and 
susceptible genotype. J. Agronomy and Crop 
Science, 186: 63-70. 

32. Sairam, R.K. and G.C. Srivastava, 2002. 
Changes in antioxidant activity in sub-cellular 
fractions of tolerant and susceptible wheat 
genotypes in response to long term salt stress. 
Plant Science, 162: 897-904. 

33. Sgherri, C.L., M. Maffei and F. Navari-Izzo, 
2000. Antioxidative enzymes in wheat subjected 
to increasing water deficit and rewatering. J. 
Plant Physiol., 157: 273-279. 

34. Singh, K.B. and M.C. Saxena, 1993. 
Physiologival and morphological basis of abiotic 



543 
Adv. Environ. Biol., 7(4): 535-543, 2013 

 

 

stress resistance in chickpea. In: Breeding for 
stress tolerance in cool season food legumes. 
ICARDA. 

35. Syros, T., T. Yupsanis, H. Zafiraidis and A. 
Economou, A., 2004. Activity and isoforms of 
peroxidases, lignin and anatomy, during 
adventitious rooting in cuttings of Ebenus 
cretica L. J. Plant physol., 161: 69-77. 

36. Tanakara, K., R. Masuda, T. Sugimoto, K. 
Omasa and Z. Sakuki, Z. 1990. Water 
deficiency-induced changes in the contents of 
defensive substances against active oxygen in 
spinach leaves. Agricultural and Biological 
Chemistry, 54: 2634-2639. 

37. Terzi, R. and A. Kadioglu, 2006. Drought stress 
tolerance and the antioxidant enzyme system in 
Ctenanthe cetosa. Series Botanica, 48(2): 89-96. 

38. Turkan, I., M. Bor, F. Ozdemir and H. Koca, 
2005. Differential responses of lipid 

peroxidation and antioxidants in the leaves of 
drought-tolerant P. acutifolius Gray and 
drought-sensitive P. vulgaris L. subjected to 
polyethylene glycol mediated water stress. Plant 
Sci., 168: 223-231. 

39. Yoshimoura, k., Y. Yabuta, T. Ishikawa and S. 
Shigeoka, 2000. Expression of spinach 
Ascorbate Peroxidase isoenzimes in response to 
oxidative stress. Plant Physol., 123: 223-233.  

 
Abbreviations: 
 

SOD: Superoxide dismutase, POD: Peroxidase, 
CAT: Catalase, GR: Glutathione reductase, ROS: 
Reactive oxygen species, S1: Control, S2: Drought 
stress during vegetative growth stage, S3: Drought 
stress during reproductive growth stage.

   
 


