
Available online at www.notulaebotanicae.ro

Not. Bot. Hort. Agrobot. Cluj 38 (3) 2010, 86-94

Print ISSN 0255-965X; Electronic 1842-4309

Notulae Botanicae Horti Agrobotanici
Cluj-Napoca

Change in several Antioxidant Enzymes Activity and Seed Yield 
by Water Deficit Stress in Soybean (Glycine max L.) Cultivars 

Hassan MASOUMI1) , Mozhgan MASOUMI2) , Farrokh DARVISH1) , Jahanfar 
DANESHIAN3) , Ghorban NOURMOHAMMADI1), Davood HABIBI4)

1) Islamic Azad University, Department of Agronomy and Plant Breeding, Science and Research 
Branch, Post code 14778, Tehran, Iran; Masoumi_hassan118@yahoo.com

2) Islamic Azad University, Department of Microbiology, Tehran Medical Branch, Tehran, Iran
3) Seed and Plant Improvement Institute, Department of Oil Seed Crops, Karaj, Iran

4) Islamic Azad University, Faculty of Agriculture and Natural Sciences, Karaj Branch,  Karaj, Iran

Abstract

Drought stress is one of several environmental factors greatly limiting crop production. In order to study the effect of water deficit 
on antioxidant enzymes activity and seed yield of five soybean cultivars, an experiment was conducted in two growing seasons in 
2008 and 2009. The experimental design was randomized complete block in a split plot arrangement with four replications. Irrigation 
treatments were (S1, 50; S2, 100 and S3, 150 mm evaporation from the Class “A pan” evaporation) and cultivars were (‘L17’, ‘Clean’, ‘T.M.S.’, 
‘Williams*Chippewa’ and ‘M9’). The results showed that, water deficit stress increased antioxidants content [superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (GPX)] significantly, but content of them were more at mild than high water deficit 
stress (S2>S3>S1). Furthermore, water deficit stress, decreased total chlorophyll content, number of pods per plant, thousand seed weight, 
seed yield and harvest index in all of cultivars. Among cultivars, ‘L17’ and ‘Williams*Chippewa’ produced the highest seed yield at the 
optimum condition of irrigation and both water deficit stress levels, respectively. Assessment of correlation results indicated that, there 
was a positive and significant correlation among SOD and seed yield in both water deficit stress levels, too.

Keywords: drought, oxidative stress, soybean, yield components

Abbreviation: ROS: Reactive oxygen species; SOD: Superoxide dismutase; CAT: Catalase; GPX: Glutathione peroxidase; MDA: 
Malondialdehyde; ABA: Abscisic acid; APX: Ascorbate peroxidase; HI: Harvest Index; a.s.l: above sea level; RCBD: Randomized 
Complete Block Design

Introduction

Glycine max is one of the most important oil seed crops 
in Iran that usually is confronted with water deficit stress 
and reduction of yield. The reasons are concerned to sum-
mer cultivation of soybean (substituting crop) and pres-
ence of competitor crops which have partially the same 
growth season. Drought stress significantly limits plant 
growth and crop productivity. A common consequence of 
drought stress is an increased production of ROS such as 
superoxide radicals (.O2

-), singlet oxygen (1O2), hydroxyl 
radicals (•OH) and hydrogen peroxide (H2O2) (Agarwal 
et al., 2005). One of the primary effects of ROS and their 
Products in cells is the peroxidation of membranes which 
leads to leakage of low-molecular-weight solutes, particu-
larly K+ (Hajiboland and Joudmand, 2009). The reaction 
of plants to water stress differs significantly at various or-
ganizational levels depending upon intensity and duration 
of stress as well as plant species and its stage of develop-
ment (Demiral and Turkan, 2005). Mechanisms of active 

oxygen species detoxification exist in all the plants and 
include activation of enzymatic [superoxide dismutase 
(SOD, EC 1.1.5.1.1), catalase (CAT, EC 1.11.1.6), gluta-
thione peroxidase (GPX)] ( Johnson et al., 2003) as well as 
non-enzymatic (flavones, anthocyanins, carotenoids and 
ascorbic acid) antioxidants (Nayyar and Gupta, 2006). 
Superoxide dismutase, is a class of enzymes that catalyze 
the dismutation of superoxide into oxygen and hydrogen 
peroxide. As such, it is an important antioxidant defense 
in nearly all cells exposed to oxygen (Corpas et al., 2006) 
and plays a key role in the reduction of oxidative damages. 
Catalase is a common enzyme found in nearly all living or-
ganisms that are exposed to oxygen, where it functions to 
catalyze the decomposition of hydrogen peroxide to wa-
ter and oxygen (Vertuani et al., 2004). Catalase has one of 
the highest turnover number of all enzymes; one molecule 
of catalase can convert millions of molecules of hydrogen 
peroxide to water and oxygen per second (Chelikani et al., 
2004). Also, glutathione peroxidase is the general name 
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tion) characterized by warm and dry summers, long-term 
(30 years) mean annual rainfall and temperature of 246 
mm and 23.36 °C, respectively. The meteorological data 
recorded during the trial period in each growing season 
are given in Tab. 1. Before the experimental began, two 
composite soil samples were taken at depths of 0-30 and 
30-60 cm. The samples were sent to laboratory and tested 
for pH, electrical conductivity (EC), organic carbon, total 
N, available P and available K. Details of soil properties are 
shown in Tab. 2. 

The experimental design was a RCBD arranged in split 
plot with four replications. Each replication was divided 
into three main plots, which differed in severity of im-
posed water shortage. The water deficit treatments were 
applied by changing in irrigation intervals. Irrigations 
were carried out when an amount of evaporated water 
from class “A pan” evaporation reached 50 (S1; optimum 
conditions of irrigation), 100 (S2; mild water deficit) and 
150 (S3; high water deficit) mm, respectively. Irrigation 
levels were randomized to the main plots. Amount of ir-
rigation was identical for all water deficit treatments from 
the beginning of planting time till complete establishment 
of plants (appearance of fourth and fifth nodes; R5). Total 
irrigation water applied in optimum conditions of irriga-
tion (S1), mild and high water deficit stress levels (S2, S3) 
were 465, 234.5 and 146.56 m3, respectively. After this 
stage, the plots were irrigated according to their prescribed 
treatment. Soybean Cultivars included ‘L17’ (V1), ‘Clean’ 
(V2), ‘T.M.S.’ (V3), ‘Williams*Chippewa’ (V4) and ‘M9’ 
(V5), that were arranged in sub plots.

Before planting, the soil surface was ploughed during 
autumn and then disked twice in the spring (at the begin-
ning of April and middle of May). Ttriple super phosphate 
fertilizer was applied before sowing at a rate of 150 kg ha-1. 
The nitrogen fertilizer (15 kg ha−1) in the form of urea was 
applied before planting (one third of the application). The 
rest of nitrogen fertilizer, distributed before starting the 
first stress treatment.

Plots were 7-m long and consisted of six rows, 0.6 m 
apart. Between all main plots, a 3-m wide strip was left 
bare to eliminate all influences of lateral water movement. 
Soil surface of cultivated area was thoroughly irrigated 6 
days before planting. The soybean seeds were inoculated 
with Rhizobium japonicum before planting and were 

of an enzyme family with peroxidase activity whose main 
biological role is reduce lipid hydroperoxides to their cor-
responding alcohols and to reduce free hydrogen peroxide 
to water (Ran et al., 2007). 

The degree to which the activities of antioxidant en-
zymes and the amount of antioxidants are elevated under 
drought stress is extremely variable among several plant 
species (Zhang and Kirkham, 1995) and even between 
two cultivars of the same species (Bartoli et al., 1999). 
However, under conditions of environmental stress, pro-
duction of ROS can increase and endogenous protective 
activity may then become inadequate. Various associations 
between water deficit stress and endogenous levels of wa-
ter-soluble antioxidants have been described (Zaman and 
Das, 1991; Borrmann et al., 2009; Manavalan et al., 2009). 
Environmental stresses including drought and temperature 
affect nearly every aspect of the physiology and biochem-
istry of plants and significantly diminish yield (Vranov et 
al., 2002). Drought stress induces cellular accumulation 
of ROS which can damage membrane lipids, proteins and 
nucleic acids (Munns, 2002; Lovelli et al., 2007). Several 
studies have pointed out that drought-tolerant species 
increased their antioxidant enzyme activities and antioxi-
dant contents in response to drought treatment, whereas 
drought-sensitive species failed to do so (Foyer et al., 1994; 
Selote and Khanna-Chopra, 2004). In addition, plants are 
subjected to the interaction of two or more environmental 
stress factors under natural conditions and many studies 
have been carried out to study the effects of these stress 
factors on plant metabolism separately. Therefore, the aim 
of the study was to investigate the effect of water deficit 
stress levels on number of pods per plant, thousand seed 
weight, seed yield, total chlorophyll content and activities 
of three antioxidant enzymes (CAT, SOD, GPX) for five 
cultivars of soybean.

Materials and methods

Experimental set-up
The experiment was carried out at educational farm of 

Karaj Islamic Azad University (35° 48’ 29” N, 51° 10’ 29” 
E, and 1321 meter a.s.l), Iran during the 2007-2008 and 
2008-2009 growing seasons. This location is classified in a 
semiarid area (according to the Köppen climate classifica-

Tab. 1. Monthly temperature and precipitation during the growing season in 2007-2008 and 2008-2009*

Month
Average temperature (˚C)

Precipitation (mm)
Minimum Maximum Mean

2007-2008 2008-2009 2007-2008 2008-2009 2007-2008 2008-2009 2007-2008 2008-2009
May 12.1 12.0 26.0 25.8 19.1 18.9 19.9 19.8
June 16.9 16.8 32.6 32.5 24.7 24.7 0.3 0.1
July 19.1 19.2 35.1 35.2 27.1 27.2 4.6 5.2

August 19.6 19.6 35.1 35.0 27.4 27.3 1.8 1.5
September 15.9 15.8 31.2 31.3 23.5 23.5 0.4 0.2

October 11.8 12.0 24.9 25.1 18.4 18.6 11.6 10.6
* Data recorded at the Karaj meteorological Station



Masoumi, H. et al. / Not. Bot. Hort. Agrobot. Cluj 38 (3) 2010, 86-94

88

hand-planted on 24th May 2008 and 26th May 2009 at the 
rate of 20 seeds per m2 of row and then were thinned to 
achieve a density of approximately 333,333 ha−1. During 
the whole growth season, weeds and insects were effec-
tively controlled.

Measurement of number pods per plants, thousand seed 
weight seed yield and harvest index 
Six representative plants per plot were sampled to calcu-

late the number of pods per plant and harvest index (HI). 
Number of pods were added for all six plants separately, 
and then averaged. Harvest index (HI) was computed as 
the division of seed yield per biological yield. Biological 
yield was by sampling six plants in each plot. Samples were 
dried in an oven at 60˚C for 72 hours and then weighted. 
One thousand seed weight was determined by measuring 
the weight of 500 seeds from each plot and multiplying 
by 2 in order to express as 1000 seeds. After the soybean 
cultivars reached physiological maturity seed yield was de-
termined by harvesting two central rows in first week of 
October in both years. 

Measurement of Antioxidant Enzymes Activities
To quantify antioxidant enzymatic activity, fifteen 

leaves were taken from each plot randomly and were 
placed in liquid N2 and then stored at -80°C pending bio-
chemical analysis.

Samples preparation for enzyme assay and protein 
measurement
Leaves from each sample were washed with distilled 

water and homogenized in 0.16M Tris buffer (pH = 7.5) 
at 4°C. Then, 0.5 ml of total homogenized solution was 
used for protein determination by the Lowry et al. (1951) 
method. Based on the amount of protein per volume of 
homogenized solution, the following enzymes were as-
sayed in the volume containing a known protein concen-
tration in order to calculate the specific activities of the 
enzymes.

Superoxide dismutase (SOD) activity
Superoxide dismutase activity was determined by 

a modification of the protocol of Misra and Fridovich 

(1972) at alkaline pH, O2
- serves as chain propagation spe-

cies for the autoxidation of epinephrine to adrenochrome. 
Superoxide dismutase competes with this reaction, thus 
decelerating the adrenchrome formation. One unit of su-
peroxide dismutase is defined as the amount of extract that 
inhibits the rate of adrenochrome formation by 50%. 

The modified assay contained 800 µL of buffer I (62.5 
mM Na2CO3/NaHCO3 [pH 10.2], 125 µM EDTA), 10 
µl catalase and 10 µl epinephrine (10.5-11.0 mg epineph-
rine in 2 mL 0.1 N HCI). The final volume of 1 ml was 
adjusted by addition of buffer II (20 mM KH2PO4/K2H-
PO4 [pH 7.8], 0.5% [v/v] Triton X-100). The epinephrine 
solution was adjusted to cause a change in absorption of 
0.021 to 0.024 per minute at 480 nm in the controls. The 
assay was performed in thermostated cuvettes at 30°C. The 
changes of absorption in controls and different dilutions 
of extract were recorded by a spectrophotometer. For the 
determination of superoxide dismutase activity each assay 
was repeated for five volumes of extract and five controls 
three to four times. The superoxide dismutase activity of 
the extracts were expressed as SOD units per milligram of 
protein

Catalase (CAT) activity
Catalase activity was estimated at 25°C as previously 

described by Paglia and Valentine (1987) that used hydro-
gen peroxide as substrate and one unit of catalase was de-
fined as the rate constant of the first order reaction (k).

Glutathione peroxidase (GPX) activity
The activity was measured by the Paglia and Valentine 

(1987) method in which 0.56M (pH=7) phosphate buffer, 
0.5M EDTA, 1mM NaN3, 0.2mM NADPH were added 
to the extracted solution. Glutathione peroxidase (GPX) 
catalyses the oxidation of glutathione (GSH) by cumene 
hydroperoxide. In the presence of glutathione reductase 
and NADPH, the oxidized glutathione is immediately 
converted to the reduced form with the concomitant oxi-
dation of NADPH to NADP. The decrease in absorbance 
at 340 nm was measured with a spectrophotometer.

Measurement of Total Chlorophyll
Fresh leaves (1 g) were extracted with 80% acetone and 

centrifuged at 5000×g for 10 min. The absorbance of the 
supernatant was read at 645 and 663 nm and calculated 
for total chlorophyll (Arnon, 1949).

Statistical analyses
All data were analyzed with an analysis of variance 

(ANOVA) using the GLM procedure in SAS (SAS Insti-
tute, 2002). The assumptions of variance analysis was test-
ed by ensuring that the residuals were random and homog-
enous, with a normal distribution about a mean of zero. 
The LSMEANS command was used to compare means at 
a P<0.05 probability. Correlation analysis using PROC 

Tab. 2. Physico-chemical properties of the soil in the 
experimental field

Soil properties
Values

2007-2008 2008-2009
0-30 cm 30-60 cm 0-30 cm 30-60 cm

EC (dSm-1) 1.4 2.25 1.31 2.1
pH 7.8 7.6 7.6 7.3

Organic carbon (%) 0.72 0.49 0.67 0.51
Total N (%) 0.07 0.05 0.05 0.03

Available P (mgkg-1) 6.1 5.7 7.6 7.2
Available K (mgkg-1) 182 186 195 188
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CORP in SAS were conducted to determine the relation-
ship between measurement parameters and seed yield.

Results

The mean monthly of temperature and precipitation 
often had the same trend in both years during the growth 
season (Tab. 1). The negligible variation between the two 
years could explain the non significant interaction of the 
years and treatments in most traits. 

Superoxide dismutase (SOD)
Superoxide dismutase content was affected by water 

deficit and cultivars as well as the interaction of water 
deficit×cultivars (Tab. 3). Mean comparison indicated that 
the SOD content in water deficit conditions (S2, S3) were 
higher than the optimum condition of irrigation (S1). Of 
course, the SOD content had a decline order of S2>S3>S1 
(Tab. 4). Among cultivars and at the optimum conditions 
of irrigation, the highest and lowest SOD content was ob-
served in ‘L17’ and ‘T.M.S.’, respectively. In both mild and 
high water deficit stress levels, the highest and lowest SOD 
content were obtained from ‘Williams*Chippewa’ and 
‘T.M.S.’ A positive and significant correlation was among 
SOD content with seed yield, CAT and GPX content in 
mild and high water deficit stress. Also, there was a posi-

tive correlation among SOD content and total chlorophyll 
in high water deficit stress (Tab. 8, 9).

Catalase (CAT)
Analysis of variance for CAT content showed that, 

there were significant differences (P<0.01) among irri-
Tab. 4. Effects of irrigation levels on some antioxidants content in soybean cultivars

Levels of 
irrigation Cultivar Superoxide  dismuatase 

(u mg-1 protein)
Catalase 

(u mg-1 protein)
Glutathione peroxidase 

(u mg-1 protein)
S1 1591.86c 104.56c 18.14c

S2 2442.48a 130.30a 34.75a

S3 2152.15b 121.69b 28.14b

‘L17’ 2216.43b 125.71a 29.00b

‘Clean’ 2089.41d 121.50b 25.64d

‘T.M.S.’ 1556.41e 99.81c 20.45e

‘Wiliams*Chippewa’ 2304.09a 127.71a 32.95a

‘M9’ 2144.5c 119.53b 26.92c

S1 ‘L17’ 1856.15a 119.15a 22.68a

S1 ‘Clean’ 1772.70b 114.09ab 19.87b

S1 ‘T.M.S.’ 1307.56d 83.86d 14.42e

S1 ‘Wiliams*Chippewa’ 1524.68c 106.96b 17.59c

S1 ‘M9’ 1498.20c 98.72c 16.14d

S2 ‘L17’ 2711.18b 134.29b 40.14b

S2 ‘Clean’ 2303.22d 127.77c 30.56d

S2 ‘T.M.S.’ 1858.18e 119.06d 25.91e

S2 ‘Wiliams*Chippewa’ 2803.12a 140.39a 43.87a

S2 ‘M9’ 2536.71c 130.01bc 33.04c

S3 ‘L17’ 2081.14d 123.68b 24.19d

S3 ‘Clean’ 2192.30c 122.63b 26.50c

S3 ‘T.M.S.’ 1503.48e 96.51c 21.02e

S3 ‘Wiliams*Chippewa’ 2584.45a 135.76a 37.41a

S3 ‘M9’ 2398.58b 129.87a 31.59b

 Levels of irrigation: S1; optimum condition of irrigation, S2; mild water deficit stress level, S3; high water deficit stress level; for a given means within each column 
of each section followed by the same letter are not significantly different (P<0.05); u mg-1 protein: International Units of activity per milligram protein

Tab. 3. The mean squares of ANOVA for effect of irrigation 
levels on some antioxidants content in soybean cultivars

Features df
Superoxide 
dismuatase 

(SOD)

Catalase 
(CAT)

Glutathione 
peroxidase 

(GPX)
Year 1 ns ns ns

Irrigation
levels 2 ** ** **

Year*
Irrigation levels 2 ns ns ns

Cultivars 4 ** ** **
Cultivars * 

Irrigation levels 8 ** ** **

Year *
Cultivars 4 ns ns ns

Year * Cultivars * 
Irrigation levels 8 ns ns **

 ns, *, and **: non-significant and significant, at the 5% and 1% levels of probability,
respectively
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gation levels, cultivars and also interaction of irrigation 
levels×cultivars (Tab. 3). The CAT content increased in 
mild and high water deficit stress (S2, S3) compared to nor-
mal condition of irrigation. But CAT content was more 
in mild than high water deficit stress levels. At the opti-
mum condition of irrigation, the highest and lowest CAT 
content were observed in cultivars of ‘L17’ and ‘T.M.S.’ 
Furthermore, the differences in CAT content among 
‘Williams*Chippewa’ and ‘M9’ were not significant. At the 
mild and high water deficit stress levels (S2, S3), there were 
significant differences among cultivars. In both condi-
tions, the highest and lowest CAT content were obtained 

from ‘Williams*Chippewa’ and ‘T.M.S.’ (Tab. 4). In the 
meanwhile, there was observed a positive and significant 
correlation between CAT content and seed yield at opti-
mum condition of irrigation and high water deficit stress 
(Tab. 7, 8).

Glutathione peroxide (GPX) 
Mean comparison of interactions effects between ir-

rigation levels×cultivars indicated that GPX content in-
creased with intensification in water deficit (Tab. 3). But 
similar to CAT and SOD, GPX content was more in mild 
water deficit stress than high water deficit stress and op-

Tab. 5. The mean squares of ANOVA for effect of irrigation levels on total chlorophyll content, number of pods per plant, 
thousand seed weight, seed yield and harvest index in soybean cultivars

Features df Total 
Chlorophyll

Number of 
pods per plant

Thousand 
seed weight Seed yield Harvest 

Index
Year 1 ns ns ns ns ns

Irrigation levels 2 ** ** ** ** **
Year* Irrigation levels 2 ns ns ns ns ns

Cultivars 4 ** ** ** ** **
Cultivars * Irrigation levels 8 ** ** ** ** **

Year * Cultivars 4 ns ns ** ns ns
Year * Cultivars * Irrigation levels 8 ns ** ns ns *

 ns, *, and **: non-significant and significant, at the 5% and 1% levels of probability, respectively

Tab. 6. Effects of irrigation levels on total chlorophyll content, number of pods per plant, thousand seed weight, seed yield and 
harvest index in soybean cultivars

Levels of 
irrigation Cultivar Seed yield

(kg.ha-1)
Harvest Index

(%)
Thousand seed 

weight (g)
Number of 

pods per plant
Total Chlorophyll

(mg/g fw)
S1 2339.31a 46.43a 146.76a 27.65a 5.33a

S2 1019.52b 38.034b 116.77b 19.67b 4.49b

S3 468.82c 27.92c 90.41c 14.45c 3.65c

‘L17’ 1490.70a 34.70d 111.08d 24.51a 4.59b

‘Clean’ 1359.03b 32.46e 112.51c 21.61b 4.48d

‘T.M.S.’ 870.64d 35.12c 103.05e 17.92e 4.03e

‘Wiliams*Chippewa’ 1375.54b 43.39a 135.52a 20.41c 4.82a

‘M9’ 1283.49c 41.63b 127.72b 18.49d 4.53c

S1 ‘L17’ 2869.17a 45.80c 148.50c 33.41a 5.65a

S1 ‘Clean’ 2458.74b 42.87d 142.97d 29.58b 5.43ab

S1 ‘T.M.S.’ 2002.83e 46.96b 130.15e 25.82c 5.12b

S1 ‘Wiliams*Chippewa’ 2245.03c 50.10a 158.00a 25.39c 5.26b

S1 ‘M9’ 2120.80d 46.43bc 154.18b 24.04d 5.21b

S2 ‘L17’ 1184.72b 33.25d 103.59d 23.11a 4.57b

S2 ‘Clean’ 1161.83c 33.05d 109.09c 20.39b 4.39bc

S2 ‘T.M.S.’ 356.47d 38.40c 101.79d 19.53c 4.21c

S2 ‘Wiliams*Chippewa’ 1246.63a 43.98a 140.76a 18.48d 4.80a

S2 ‘M9’ 1147.92c 41.46b 128.63b 16.82e 4.48b

S3 ‘L17’ 418.22d 25.05c 81.17d 17.02a 3.56c

S3 ‘Clean’ 456.52c 21.45d 85.49c 14.85b 3.60c

S3 ‘T.M.S.’ 252.62e 20.01e 77.21e 8.42c 2.75d

S3 ‘Wiliams*Chippewa’ 634.97a 36.08b 107.81a 17.35a 4.40a

S3 ‘M9’ 581.75b 37.00a 100.36b 14.59b 3.91b

Levels of irrigation: S1; optimum condition of irrigation, S2; mild water deficit stress level, S3; high water deficit stress level; for a given means within 
each column of each section followed by the same letter are not significantly different (P<0.05); mg/g fw : Milligram per gram fresh weight 
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mum condition of irrigation and high water deficit stress 
and the same correlation was observed among GPX con-
tent and total chlorophyll content in all of the irrigation 
levels (Tab. 7, 8, 9).

Total chlorophyll 
Total chlorophyll content was altered by intensifica-

tion in water deficit stress and decreased significantly in all 
of cultivars (Tab. 5). Among cultivars and at the optimum 

timum condition of irrigation (S2>S3>S1). Assessment of 
interaction between irrigation levels×cultivars showed 
that at the optimum condition of irrigation, cultivars of 
‘L17’ and ‘T.M.S.’ had the highest and lowest GPX content, 
respectively. Whereas, at both mild and high water deficit 
stress levels, cultivars of ‘Williams*Chippewa’ and ‘T.M.S.’ 
indicated the highest and lowest GPX content (Tab. 4). In 
this experiment, there was a positive and significant cor-
relation between GPX content and seed yield at the opti-

Tab. 7. Correlation coefficient between antioxidant content, total chlorophyll content, number of pods per plant, thousand seed 
yield, seed yield and harvest index at the optimum condition of irrigation (S1)

Features
Superoxide 
dismuatase 

(SOD)

Catalase 
(CAT)

Glutathione 
peroxidase 

(GPX)

Total 
chlorophyll

Number 
pods per 

plant

Thousand 
seed 

weight

Seed 
yield

Harvest 
Index

Superoxide dismuatase (SOD) 1
Catalase (CAT) 0.96** 1

Glutathione peroxidase (GPX) 0.97 0.95** 1
Total chlorophyll 0.96** 0.90* 0.99** 1

number pods per plant 0.85 0.73 0.91* 0.95* 1
Thousand seed weight 0.31 0.52 0.30 0.2 -0.11 1

Seed yield 0.93* 0.89* 0.99** 0.99** 0.94* 0.23 1
Harvest Index -0.53 -0.31 -0.38 -0.44 -0.50 0.40 -0.36 1

ns, *, and **: non-significant and significant, at the 5% and 1% levels of probability, respectively

Tab. 8. Correlation coefficient between antioxidant content, total chlorophyll content, number of pods per plant, thousand seed 
yield, seed yield and harvest index at the mild water deficit stress (S2)

Features
Superoxide 
dismuatase 

(SOD)

Catalase 
(CAT)

Glutathione 
peroxidase 

(GPX)

Total 
chlorophyll

Number 
pods per 

plant

Thousand 
seed 

weight

Seed 
yield

Harvest 
Index

Superoxide dismuatase (SOD) 1
Catalase (CAT) 0.97** 1

Glutathione peroxidase (GPX) 0.94* 0.97** 1
Total chlorophyll 0.94 0.99** 0.97** 1

number pods per plant 0.06 0.03 0.16 0.55 1
Thousand seed weight 0.62 0.69 0.59 0.75 -0.69 1

Seed yield 0.9* 0.85 0.74 0.78 0.04 0.53 1
Harvest Index 0.22 0.31 0.28 0.43 -0.81 0.84 0.006 1

ns, *, and **: non-significant and significant, at the 5% and 1% levels of probability, respectively

Tab. 9. Correlation coefficient between antioxidant content, total chlorophyll content, number of pods per plant, thousand seed 
yield, seed yield and harvest index at the high water deficit stress (S3)

Features
Superoxide 
dismuatase 

(SOD)

Catalase 
(CAT)

Glutathione 
peroxidase 

(GPX)

Total 
chlorophyll

Number 
pods per 

plant

Thousand 
seed 

weight

Seed 
yield

Harvest 
Index

Superoxide  dismuatase (SOD) 1
Catalase (CAT) 0.98** 1

Glutathione peroxidase (GPX) 0.91* 0.85 1
Total chlorophyll 0.99** 0.97** 0.94* 1

number pods per plant 0.85 0.92* 0.64 0.85 1
Thousand seed weight 0.88* 0.81 0.99** 0.91* -0.56 1

Seed yield 0.99** 0.95* 0.95* 0.98** 0.77 0.94* 1
Harvest Index 0.82 0.77 0.89* 0.83 0.54 0.93* 0.89* 1

 ns, *, and **: non-significant and significant, at the 5% and 1% levels of probability, respectively
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tivars and their interactions (Tab. 5). Seed yield decreased 
from optimum condition of irrigation to mild and high 
water deficit stress levels in all of cultivars, significantly. 
At the optimum conditions of irrigation, the highest and 
lowest seed were by cultivars of ‘L17’ and ‘T.M.S.’ whereas, 
at the mild and high water deficit stress conditions, the 
highest and lowest seed yield were observed in cultivars of 
‘Williams*Chippewa’ and ‘T.M.S.’ (Tab. 6). Also within 
this period, the highest and the lowest percent of decrease 
in seed yield were in cultivars of ‘T.M.S.’ (87.39%) and 
‘Williams*Chippewa’ (71.72%).

Harvest Index (HI) 
There were significant differences (P<0.01) be-

tween irrigation levels, cultivars and interaction of 
cultivar×irrigation levels (Tab. 5). Mean comparison 
showed that, harvest index decreased with increase in inten-
sity of water deficit stress in all of the cultivars (Tab. 6). At 
the optimum condition of irrigation, the highest and low-
est harvest index were in cultivars of ‘Williams*Chippewa’ 
and ‘Clean’. In this condition, the differences among cul-
tivars of ‘M9’, ‘T.M.S.’ and ‘L17’ were not significant. The 
same trend was observed in mild water deficit stress. Al-
though, the difference in harvest index among ‘L17’ and 
‘Clean’ was not significant. At the high water deficit stress, 
cultivars of ‘M9’ and ‘T.M.S.’ had the highest and lowest 
harvest index, too. From the correlation aspect, a positive 
and significant correlation was observed between harvest 
index and GPX content, thousand seed weight and seed 
yield at the high water deficit stress (Tab. 9).

Discussion

The present findings revealed that all of the cultivars 
had varying ability to deal with oxidative stress that might 
govern their differential sensitivity to water deficit stress. 
They did differ significantly for water deficit stress injury 
in their seed yield, harvest index, thousand seed weight, 
number of pods per plants, antioxidant enzymes (SOD, 
CAT and GPX) and total chlorophyll contents at moder-
ate and high water deficit stress levels (S2, S3). However, the 
differences between them became evident as the degree of 
the stress increased to moderate and higher levels. The wa-
ter deficit stress levels (S2, 100 and S3, 150 mm evaporation 
from the Class “A pan” evaporation) decreased total chlo-
rophyll, number of pods per plants, thousand seed weight, 
seed yield and harvest index in all of the assessed cultivars. 
The decrease in yield and yield components in different 
soybean cultivars due to water deficiency has also been re-
ported by other researchers (Dominique et al., 2007; Vicki 
Hufstetler et al., 2007; Ohashi et al., 2009). The results in-
dicated that, cultivars of ‘L17’ and ‘Williams*Chippewa’ 
had the highest seed yield in optimum condition of irriga-
tion and both water deficit stress levels, respectively (Tab. 
6). Also, Larry and Heatherly (2000) in their experiment 

conditions of irrigation, the highest total chlorophyll con-
tent was observed in ‘L17’. Although, differences among 
cultivars of ‘Clean’, ‘T.M.S.’, ‘Williams*Chippewa’ and ‘M9’ 
as well as ‘L17’ and ‘Clean’ were not significant. At both 
mild and high water deficit stress, ‘Williams*Chippewa’ 
had more total chlorophyll content and least percent of 
declined compared with optimum condition of irrigation. 
Also, differences between cultivars of ‘Clean’ and ‘L17’ at 
both conditions were not significant (Tab. 5). Assessment 
of correlation tables indicated that, there was a positive 
and significant correlation between total chlorophyll con-
tent and seed yield at the optimum condition of irrigation 
and high water deficit stress. Such a positive and signifi-
cant correlation was observed among total chlorophyll 
and measured enzyme activities (SOD, CAT and GPX) in 
different irrigation levels of this experiment (Tab. 7, 8, 9).

Number of pods per plant 
The analysis of variance indicated that irrigation lev-

els, cultivars and interaction of cultivars×irrigation levels 
had significant effect on number of pods per plant. The 
number of pods per plant decreased significantly at mild 
and high water deficit (Tab. 6). At the optimum condition 
of irrigation and mild water deficit stress, cultivars of ‘L17’ 
and ‘M9’ had the highest and lowest number of pods per 
plant, whereas, at the high water deficit stress, the highest 
and lowest number of pods per plant were obtained from 
‘L17’, ‘Williams*Chippewa’ and ‘T.M.S.’ At the optimum 
condition of irrigation, the differences among cultivars 
of ‘T.M.S.’ and ‘Williams*Chippewa’ and at the high wa-
ter deficit stress differences among cultivars of ‘L17’ and 
‘Williams*Chippewa’ as well as ‘Clean’ and ‘M9’ were not 
significant. A noticeable point was that, a positive and 
significant correlation between number of pods per plant 
and seed yield was observed only at the optimum condi-
tion of irrigation (Tab. 7).

Thousand seed weight
Assessment of variance analysis and mean compari-

son tables indicated that, seed thousand weight decreased 
with intensification in water deficit stress in all of cultivars 
significantly (Tab. 5). The differences in thousand seed 
weight among cultivars were significant in all of irrigation 
levels. At the optimum condition of irrigation and high 
water deficit stress, the highest and lowest thousand seed 
weight were from ‘Williams*Chippewa’ and ‘T.M.S.’, re-
spectively. Furthermore, the highest and lowest thousand 
seed weight were in cultivars of ‘Williams*Chippewa’ and 
‘L17’, ‘T.M.S.’, respectively (Tab. 6). There was a positive 
and significant correlation between thousand seed weight 
and GPX content, total chlorophyll, harvest index and 
seed yield at the high water deficit stress (Tab. 9).

Seed yield 
Analysis of variance for Seed yield indicated significant 

differences (P<0.01) among irrigation levels, soybean cul-



Masoumi, H. et al. / Not. Bot. Hort. Agrobot. Cluj 38 (3) 2010, 86-94

93

Conclusions

In conclusion this study has shown that, all of the soy-
bean cultivars responded to different water deficit stress 
levels and activated antioxidant defensive mechanism 
against free radical by a significant increase in antioxidants 
content. Also there was observed that, cultivars with high-
er antioxidants levels had more yield and yield compo-
nents in water deficit stress. In other words, antioxidants 
enzymes could increase the survival capacity of soybean 
cultivars under conditions of water deficit stress. 

Finally, the present findings revealed that, cultivars of 
‘L17’ and ‘Williams*Chippewa’ are more suitable than oth-
ers for sowing at the optimum condition of irrigation (S1) 
and water deficit conditions (S2, S3).
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