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ABSTRACT 
 

The term stress is used with various meanings, the physiological definition and appropriate term as responses in 
different situations. The flexibility of normal metabolism allows the response initiation to the environmental changes, 
which fluctuate regularly and are predictable over daily and seasonal cycles. The worldwide importance of soybean 
and the main limitations to crop yields because of its potential for large-scale production, soybean (Glycine max (L.) 
has excelled in the world agricultural economy as a major oilseed crop. The field experiment was laid out split plot 
with randomized complete block design with three replications. Treatments included water stress (control, Water 
stress at flowering and grain filling) and Soybean Cultivars (PE, HT, V292, Sahar, M7, DPX, M9, Williams). 
Analysis of variance showed that the effect of cultivar on all characteristic was significant. Analysis of variance 
showed that the effect of water stress on biological yield and grain yield was significant.  
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INTRODUCTION 
 

The worldwide importance of soybean and the main 
limitations to crop yields because of its potential for large-
scale production, soybean (Glycine max (L.) Merrill) has 
excelled in the world agricultural economy as a major 
oilseed crop. At present, soybeans are grown primarily for 
oil extraction and for use as a high protein meal for animal 
feed (Singh & Shivakumar, 2010). According to Li-Juan 
& Ru-Zhen (2010), soybean has a protein content of 
approximately 40% and an oil content of approximately 
20%. In 2010, the area planted with soybeans worldwide 
was 102.4 million hectares, with total production of 261.6 
million tons in the same year (Faoestat, 2012). This crop 
is currently being produced around the world, including in 
much of North America, South America and Asia. The 
U.S. and Brazil are the world's largest producers and 
exporters of soybean (Kumudini, 2010). Stress is an 
altered physiological condition caused by factors that tend 
to disrupt the equilibrium. Strain is any physical and 
chemical change produced by a stress (Gaspar et al., 
2002). The term stress is used with various meanings, the 
physiological definition and appropriate term as responses 
in different situations. The flexibility of normal 
metabolism allows the response initiation to the 
environmental changes, which fluctuate regularly and are 

predictable over daily and seasonal cycles. Thus every 
deviation of a factor from its optimum does not 
necessarily result in stress. Stress being a constraint or 
highly unpredictable fluctuations imposed on regular 
metabolic patterns cause injury, disease or aberrant 
physiology. Plants are frequently exposed to many 
stresses such as drought, low temperature, salt, flooding, 
heat, oxidative stress and heavy metal toxicity, while 
growing in nature. Drought is a meteorological term and 
is commonly defined as a period without significant 
rainfall. Generally drought stress occurs when the 
available water in the soil is reduced and atmospheric 
conditions cause continuous loss of water by transpiration 
or evaporation. Drought stress tolerance is seen in almost 
all plants but its extent varies from species to species and 
even within species. Water deficit and salt stresses are 
global issues to ensure survival of agricultural crops and 
sustainable food production (Jaleel et al., 2007b-e; 
Nakayama et al., 2007). The need for water in soybean 
increases with plant development, peaking during the 
flowering- grain filling stages (7-8 mm day-1) and 
decreasing thereafter. The total water requirement for 
maximum productivity varies between 450 and 800 mm, 
depending on weather conditions, crop management 
practices and cycle timing (Embrapa, 2011, Farias et al, 
2007). The loss of productivity under water deficit 
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conditions depends on the soybean phonological stage, 
duration and intensity of water shortages (Doss & 
Thurlow, 1974). Kron et al. (2008) evaluated the 
responses of soybean to water stress induced in different 
phases in the plants and concluded that plants subjected to 
water stress during the V4 stage showed an increased 
tolerance to water shortages in later stages. This stage was 
considered to represent a “developmental window” in 
soybean, characterized as a specific period during plant 
development when environmental disturbances can be 
embodied, thereby improving subsequent plant resistance 
to environmental changes (Kron et al., 2008). Desclaux et 
al. (2000) evaluated the effects of water stress at various 
stages of development in soybean plants and found the 
average length of the internodes to be the most sensitive 
feature to drought imposed during the vegetative stages 
(V4) and flowering (R1-R3), and a reduction in plant 
height was associated with water stress induced in the V4 
stage. The number of pods per unit of shoot dry matter 
was significantly affected by water deficits in the 
reproductive stages (R3-R5). When stress occurred during 
grain filling (R5), the characteristics of the plant that were 
most affected were the number of grains per pod and the 
grain weight. Conventional plant breeding attempts have 
changed over to use physiological selection criteria since 
they are time consuming and rely on present genetic 
variability (Zhu, 2002). Tolerance to abiotic stresses is 
very complex, due to the intricate of interactions between 
stress factors and various molecular, biochemical and 
physiological phenomena affecting plant growth and 
development (Razmjoo et al., 2008). High yield potential 
under drought stress is the target of crop breeding. In 
many cases, high yield potential can contribute to yield in 
moderate stress environment (Blum, 1996). Drought stress 
is considered to be a moderate loss of water, which leads 
to stomatal closure and limitation of gas exchange. 
Desiccation is much more extensive loss of water, which 
can potentially lead to gross disruption of metabolism and 
cell structure and eventually to the cessation of enzyme 
catalyzed reactions (Smirnoff, 1993; Jaleel et al., 2007d). 
Drought stress produced changes in the ratio of 
chlorophyll ‘a’ and ‘b’ and carotenoids (Anjum et al., 
2003b; Farooq et al., 2009). A reduction in chlorophyll 
content was reported in drought stressed cotton (Massacci 
et al., 2008) and Catharanthus roseus (Jaleel et al., 2008a-
d). The chlorophyll content decreased to a significant 
level at higher water deficits in sunflower plants (Kiani et 
al., 2008) and in Vaccinium myrtillus (Tahkokorpi et al., 
2007). The foliar photosynthetic rate of higher plants is 
known to decrease as the relative water content and leaf 
water potential decreases (Lawlor & Cornic, 2002). 
However, the debate continues as, whether drought 
mainly limits photosynthesis through stomatal closure or 

through metabolic impairment (Lawson et al., 2003; 
Anjum et al., 2003b). Both stomatal and non-stomatal 
limitation was generally accepted to be the main 
determinant of reduced photosynthesis under drought 
stress (Farooq et al., 2009). The limitation of 
photosynthesis under drought through metabolic 
impairment is more complex phenomenon than stomatal 
limitation and mainly it is through reduced photosynthetic 
pigment contents in sunflower (Reddy et al., 2004). 
Chlorophyll b content increased in two lines of okra, 
whereas chlorophyll a remained unaffected resulting in a 
significant reduction in Chl a: b ratio in both cultivars 
under water limiting regimes (Estill et al., 1991; Ashraf et 
al., 1994). 

 
MATERIALS AND METHODS 

 
Location of experiment 

The experiment was conducted at the zahak which is 
situated between 31° North latitude and 61° East longitude. 
 
Composite soil sampling 

Composite soil sampling was made in the 
experimental area before the imposition of treatments and 
was analyzed for physical and chemical characteristics. 
 
Field experiment 

The field experiment was laid out split plot with 
randomized complete block design with three replications. 
 
Treatments 

Treatments included water stress (control, Water 
stress at flowering and grain filling) and Soybean 
Cultivars (PE, HT, V292, Sahar, M7, DPX, M9, Williams).  
 
Data collect 

Data collected were subjected to statistical analysis 
by using a computer program MSTATC. Least Significant 
Difference test (LSD) at 5 % probability level was applied 
to compare the differences among treatments` means 

 
RESULTS AND DISCUSSION  

 
Analysis of variance showed that the effect of water 

stress on plant height was significant (Table 1). The 
maximum of plant height of treatments control was 
obtained (Table 2). The minimum of plant height of 
treatments water stress at flowering and grain filling was 
obtained (Table 2). Analysis of variance showed that the 
effect of cultivar on plant height was significant (Table 1). 
The maximum of plant height of treatments M7 was 
obtained (Table 2). The minimum of plant height of 
treatments Williams was obtained (Table 2).  

 
Table 1: Anova analysis of the soy bean affected by water stress and cultivar
S.O.V df Plant height Pod length Number of pod per plant 1000 grain weight 
R 2 26.16ns 0.25ns 21.90* 593.25ns 
Water stress 1 1290.65* 0.96* 2451.021** 1920.27ns 
Error a 2 58.23 0.035 1.021 172.67 
Cultivar 7 258.53** 0.114ns 659.35** 4621.71** 
Stress* cutivar 7 81.15** 0.144ns 327.21** 125.11ns 
Error b 28 14.61 0.156 44.72 298.22 
CV (%) - 8.03 10.94 14.54 16.87 
*, **, ns: significant at p<0.05 and p<0.01 and non-significant, respectively. 
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Table 2: Comparison of different traits affected by water stress and cultivar 
Treatment Plant height (cm) Pod length Number of pod per plant 1000 grain weight 
Water  stress     

Control 52.75a 3.75a 53.12a 108.68a 
Water stress at flowering and grain filling 42.38b 3.47b 38.83b 96.03b 

Cultivar     
PE 46.33bcd 3.65a 53.83ab 116.66ab 
HT 49.67bc 3.65a 58.67a 114.94ab 
V292 44.42cd 3.78a 42.50cd 111.57b 
Sahar 43.97d 3.73a 42.67cd 122.59a 
M7 61.28a 3.62a 37.17d 50.04c 
DPX 50.07b 3.62a 28.00e 66.69c 
M9 45.92bcd 3.37a 56.83b 121.73a 
Williams 38.87e 3.45a 48.1bc 114.61ab 

Any two means not sharing a common letter differ significantly from each other at 5% probability 
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