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Abstract  

An experiment was conducted in a venylhouse at the environmental stress site of 

Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur during 

September to December 2012 to determine the changes of photosynthesis and 

some related traits under drought stress in soybean genotypes. Four studied 

genotypes viz. Shohag, BARI Soybean 6 and BD2331 (relatively stress tolerant) 

and BGM2026 (susceptible) were tested against two water regimes such as 

water stress and non-stress. Results indicated that gas exchange characteristics 

were positively correlated with plant growth. Photosynthesis and stomatal 

conductance showed more reduction in susceptible genotypes than the tolerant 

ones. Transpiration rate was found minimal in tolerant genotypes. Changes in 

leaf growth attributes of the four selected genotypes were compared under 

drought (water) stress conditions which is one of the major plant parts related to 

gas exchange. Generally, drought stress decreased the leaf area more in 

susceptible genotype than tolerant genotype. From the result, genotype 

BGM2026 which recorded the lowest photosynthesis, stomatal conductance, leaf 

area but highest transpiration rate was considered as drought susceptible 

whereas BARI Soybean-6, Shohag and BD2331 were more drought stress 

tolerant which have better mechanisms of drought tolerance. 

Keywords: Soybean, drought, photosy on thesis, transpiration, stomabal 

conductance. 

Introduction 

 Drought stress is one of the serious environmental factors affecting plant growth, 

development, yield and quality. It induces various physiological and biochemical 

adaptations in plants. Among  physiological processes gas exchange processes is 

one of the most important processes and this process of tolerant and susceptible 

genotypes responded dissimilarly under stress conditions. Lawlor and Cornic 

(2000) and Zhu (2002) reported that drought affects the morpho-physiological, 

biochemical and molecular processes in plants resulting in growth inhibition, 

stomata closure with consecutive reduction of photosynthesis, transpiration, 

decrease in chlorophyll content and inhibition of photosynthesis and protein 

changes to cope with osmotic changes in their tissues. The productivity of the 

crop may be related to physiological attributes like transpiration rate, 
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photosynthetic rate etc. Water stress inhibits cell enlargement more than cell 

division. It reduces plant growth by affecting photosynthesis, respiration, 

translocation, ion uptake, carbohydrates and nutrient metabolism and growth 

promoters (Farooq et al., 2009). Drought reduces leaf expansion (Alves and 

Setter, 2004), accelerates leaf senescence (De Souza et al., 1997) and leads to 

death of leaf tissue. The adaptive potential of some plant species reducing water 

losses were achieved by closing of stomata and reduction in the transpiration rate 

(Tardieu and Davies, 1996). Hence, measurement of transpiration rate is an 

excellent tool to assess drought tolerant capacity of crop plants. Soybean is one 

of the sensitive crop to several abiotic stress as compared to many other legumes 

though variability in tolerance among its genotypes is very common (Silveria et 

al., 2003). Among different stresses one of the most important stresses that 

affects plant growth is drought stress. This study was, therefore, initiated to 

determine the changes of photosynthesis and some related traits in soybean under 

drought stress situation. 

Materials and Method 

A pot experiment in a vinyl house was conducted at the Bangabandhu Sheikh 
Mujibur Rahman Agricultural University, Salna, Gazipur during September to 
December 2012. Three relatively water stress tolerant (Shohag, BARI Soybean 6 
and BD2331) and one susceptible (BGM 2026) genotypes, selected from the 
previous experiment, were used in this study to determine the changes of 
photosynthesis and some related traits in soybean under drought stress at 

vegetative and pod development stages. Seeds of tolerant genotypes and 
susceptible genotypes were sown in plastic pots (24 cm internal diameter and 30 
cm height). The pot was filled with mixture of soil and cow dung at a ratio of 4:1. 
Pot contained 12.0 kg of soil which was equivalent to 9 kg oven dry soil and 
holds about 28% moisture at field capacity (FC). Soil used in the pot was sandy 
loam. Fertilizer rates of 70 mg N, 35 mg P, 180 mg K and 20 mg S pot

-1
 in the 

form of urea, triple super phosphate, muriate of potash and gypsum was added 
and well mixed with the soil before pouring into the pots. Six seeds pot

-1
 were 

sown on 3 September, 2012. After seedling establishment two uniform and 
healthy plants pot

-1
 were allowed to grow. Two watering treatments of the plants 

viz. drought stress i.e. water stress (50% water of the FC) and non-stress i.e. 
control (80% water of FC) were applied at 21 days after emergence (DAE) and 

maintained throughout the growing season. The pots were arranged in a 
completely randomized design under Factorial arrangement with four replications 
(two plants pot

-1
 considered as one replication). There were four genotypes and 

two water regimes treatments (hereafter referred to as non-stress and water stress 
treatments) were included as variable treatments. Weeding and spraying were 
done as normal management practices for all the treatments. Some growth 

parameters such as leaf area, leaf weight, transpiration rate and gas exchange was 
measured which are described below: 
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Data collection 

Leaf growth measurement 

Leaf samples were taken to determine leaf biomass accumulation at vegetative 

and pod development stages. At each sampling, leaves of two plants pot
-1

 were 

removed and leaf area plant
-1

 was measured by an automatic leaf area meter 

(AAM-8, Hayashi-denko, Japan). Leaves were oven dried at 70
0 

C to a constant 

weight and dry weight taken. Specific leaf area (SLA) and specific leaf mass 

(SLM) were also measured. 

Specific leaf area: Specific leaf area (SLA) is the ratio of leaf area to leaf dry 

weight. It is used to understand the quantity of plant tissue employed for 

photosynthesis per unit of leaf tissue. It was determined by the following 

formula:    

         Leaf area 

SLA =   ----------------------- (cm
2
 g

-1
) 

                             Leaf dry weight 

Specific leaf mass: The specific leaf mass (SLM) indicates the leaf thickness, 

and it was determined by the following formula: 

                             Leaf dry weight 
SLM =   ----------------------- (g cm

-2
) 

                                  Leaf area 

The transpiration rate and leaf gas exchange was measured at the pod 

development stage using a portable photosynthesis system (LICOR-6200). 

The data were analyzed by MSTAT-C statistical package program. The 

difference between the treatments means were compared by Least Significant 

Difference (LSD) test (Gomez and Gomez, 1984). Functional relationship 

between stomatal conductance and photosynthesis was established through 

correlation and regression analyses by using Excel program. 

Results and Discussion 

Photosynthesis 

Photosynthesis rate of four soybean genotypes grown under non-stress and water 

stress environment are presented in Fig. 1. Plants grown under water stress 

condition showed less photosynthesis than that grown under non-stress condition. 

Kawamitsu et al. (2000) reported that drought stress decreased the rate of 

photosynthesis in an intertidal algae and a land plant. Purwanto (2003) also 

reported that photosynthetic rate decreased as water stress was increased. 

Photosynthetic reduction due to drought was caused by a decrease in leaf 

expansion, impaired photosynthetic machinery, pre-mature leaf senescence and 
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associated reduction in food production (Wahid and Rasul, 2005). The 

differences in photosynthesis between the non-stressed and water stressed plants 

were observed in all the genotypes but the difference was higher in BGM2026 

than that of other genotypes. Photosynthetic rate ranged from 26.87 to 29.81 and  

17.14 to 22.06 µmol CO2 m
-2

 s
-1 

under non-stress and water stress conditions, 

respectively. The highest photosynthesis rate was observed in BARI Soybean 6 

under non-stress condition followed by BGM2026 though the reduction percent 

was higher in BGM2026 (40.48%). The other three genotypes (BARI Soybean 6, 

Shohag and BD2331) showed 25.97, 27.94 and 28.5% reduction, respectively. 

The decreased photosynthesis under stress might be attributed partly due to 

reduced stomatal conductance (Nagy and Galiba, 1995), lowered transporation of 

photosyntahte (Hagemayer, 1997), reduction in protein concentration (Sibole et 

al., 1998), decline in photosynthetic pigment concentration (Kolchevskii et al., 

1995), reduced carboxylase activity (Hagemayer, 1997) and inhibition of the 

light reaction mechanism (Unger, 1991). Drought stress may reduce plant 

photosynthesis by reducing leaf area, closing of stomata, and reducing the 

activity of dehydrated protoplasmic machinery (Boyer, 1976). Drought stress 

caused changes in photosynthetic pigments and components (Anjum et al., 

2003), damaged photosynthetic apparatus (Fu and Huang, 2001) and diminished 

activities of Calvin cycle enzymes, which are important factors for reducing crop 

yield (Monakhova and Chernyadev, 2002). The less reduction of photosynthesis 

under stress condition was obviously helpful for maintaining better growth. 

 

Fig.1 Photosynthesis rate and reduction (%) in four soybean genotypes grown under 

non-stress and water stress conditions at pod development stage. Vertical 

bars represent LSD(0.05) value. 
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Stomatal conductance 

Stomatal conductance indicated the degree of exchange of CO2 and water vapor 

between ambient and inner leaf. Stomatal conductance decreased very quickly as 

soil dried (Atteya, 2003). Water stress condition significantly decreased the 

stomatal conductance of leaves in all the genotypes studied (Fig. 2). Decreased 

stomatal conductance due to water stress also observed in soybean leaves by 

Makbul et al. (2011).  They reported that exposure to drought stress resulted in 

decreasing in stomatal conductance of 42% in drought stressed leaves as 

compared to the unstressed leaves. To survive over an extended drought period, it 

is important for the soybean leaves to adjust its stomatal conductance to prevent 

excessive water loss (Ku et al., 2013). Stomatal conductance ranged from 0.284 to 

0.498 and 0.033 to 0.091 mol water m
-2

 s
-1 

under non-stress and water stress 

conditions, respectively. BARI Soybean 6 showed higher stomatal conductance 

followed by genotype BGM2026 under non-stress environment but the highest 

reduction in stomatal conductance occurred in BGM2026. The stomatal 

conductance of BGM2026 was 0.033 mol water m
-2

 s
-1 

which was much less than 

that of other three genotypes. The higher reduction of stomatal conductance in 

BGM2026 due to water stress might be attributed to the lower leaf water potential 

and a reduction in leaf relative water content, which resulted in loss of turgor vis a 

vis to reduced photosynthetic rate. In this study, stomatal conductance declined by 

78.52 to 93.22% due to water stress. Stomatal conductance was decreased under 

water stress, and plants grown under drought condition had lower stomatal 

conductance in order to conserve water (Purwanto, 2003). 

 

Fig. 2  Stomatal conductance and  reduction (%) in four soybean genotypes grown 

under non-stress and water stress conditions at pod development stage. 

Vertical bars represent  LSD(0.05)  value. 
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Stomatal conductance and photosynthetic rate of soybean genotypes showed a 

strong positive relationship (r=0.97; Fig. 3). A linear relationship between 

stomatal conductance and photosynthetic rate was observed at pod development 

stage indicating that higher the stomatal conductance greater was the 

photosynthetic rate. Ashraf and Iram (2005) reported that higher stomatal 

conductance in plants increased CO2 diffusion into leaf thereby favoring higher 

photosynthetic rate. However, both variables declined considerably under water 

deficit stress condition. Similar result was found in Phaseolus vulgaris and 

Sesbania aculeate by Ashraf and Iram (2005). Mafakheri et al. (2010) also 

reported that plants grown under drought condition had a lower stomatal 

conductance in order to conserve water and consequently, the CO2 fixation was 

reduced vis a vis photosynthetic rate decreased considerably. 

 

Fig. 3 Relationship between stomatal conductance and photosynthesis at pod 

development stage. 

Transpiration rate 

The effect of drought stress on transpiration rate was similar to that on 

photosynthesis. Transpiration rate in all the four soybean genotypes decreased 

with water stress (Fig. 4). Under water stress condition, genotype BGM2026 

showed higher transpiration rate than the other genotypes. The reduction in 

transpiration rate was higher in BARI Soybean-6 followed by Shohag while that 

was the least in the genotype BGM2026 (Fig. 4). Transpiration rate was 21, 31 
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and 15% lower in Shohag, BARI Soybean-6 and BD2331, respectively than the 

genotype BGM2026. Genotypes Shohag, BARI Soybean 6 and BD2331 

presumably conserved more water than BGM2026. Transpiration rate ranged 

from 10.3 to 12.09 mmol water m
-2

 s
-1

 under non-stress and 2.52 to 3.35 mmol 

water m
-2

 s
-1 

under water stress conditions. In response to the water stress, the 

highest reduction in transpiration rate was observed in BARI Soybean 6 

(78.38%), while the lowest in BGM2026 (72.29%) but close to BD2331 

(72.71%). Islam et al. (2004) reported that the decrease in transpiration under 

stress conditions may be considered as a drought avoidance mechanism in French 

bean.  

 

Fig. 4. Transpiration rate and reduction (%) in four soybean genotypes grown 

under non-stress and water stress conditions at pod development stage. 

Vertical bars represent LSD(0.05) value. 

Avoidance of drought can be realized minimizing water loss by reduction of 

stomatal conductance or the transpiring leaf surface (Van den Boogaard et al., 

1996). Leaf water use efficiency may be positively correlated with yield when 

water is a limiting factor for crop growth (Condon et al., 1990). The higher value 

of water use efficiency at the leaf level resulted from lower rates of transpiration 

rather than from higher rates of photosynthesis (Van den Boogaard et al., 1996). 

Leaf growth attributes  

Leaf area is the expression of cumulative cell expansion and division during leaf 

growth and plasticity in leaf area could be a means by which plants control water 

use under stress conditions. Leaf area of soybean genotypes subjected to drought 
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stress was significantly lower than those that were not exposed to drought stress. 

Barrios et al. (2005) reported that leaf area of dry beans reduced when the plants 

expose to drought stress. In this experiment, leaf area in the four genotypes was 

strongly reduced by water stress (Tables 1 and 2). At vegetative stage, leaf areas 

of stressed plants were 87, 89, 88 and 74% of that of non stress plants of Shohag, 

BARI Soybean 6, BD2331 and BGM2026, respectively (Table 1). On the 

contrary, at pod development stage, the areas of water stressed plants were 71, 

72, 70 and 55% (Table: 2) of that of non-stressed of Shohag, BARI Soybean 6, 

BD2331 and BGM2026, respectively which indicated that the expansion of 

newer leaves was less under water stress condition compared to non-stress 

condition. Similar results were observed by Ocampo and Robles (2000) in 

mungbean. The reduction in leaf area as a result of drought stress is considered to 

be a drought adaptive mechanism whereby plant avoids becoming dehydrated. 

With the reduction of leaf area transpiration losses would also be minimized 

(Purwanto, 2003). 

Table 1.  Leaf area (LA), specific leaf area (SLA) and specific leaf mass (SLM) of 

four soybean genotypes at vegetative stage under two water regimes 

Genotypes 

LA (cm
2
) SLA (dm

2
 g

-1
) SLM (g dm

-2
) 

Non-

stress 

Water 

stress 

Non-

stress 

Water 

stress 
Non-stress 

Water 

stress 

Shohag 651.52 569.16 3.25 3.21 0.306 0.314 

BARI Soybean 6 717.2 642.8 3.26 3.25 0.306 0.322 

BD 2331 625.6 552.7 3.23 3.19 0.308 0.313 

BGM 2026 711.12 526.31 3.15 3.09 0.316 0.323 

LSD(0.05) S ** NS NS 

G 24.69 NS NS 

SxG 34.91 NS NS 

CV% 3.91 3.99 5.77 

S=Stress, G=Genotypes, ** significant at 5% levels of probability, NS=not significant.  

Specific leaf area (SLA) is an indirect measure of leaf thickness. SLA was not 

significantly affected during water stress at vegetative stage, though affected at 

pod development stage. Specific leaf area was slightly higher in non-stress 

condition, whereas specific leaf mass was higher in water stress condition. 

Coasta-Franca et al. (2000) reported that SLA was not significantly affected 

during 10 days drought in Phaseolus vulgaris. Mondal and Paul (1992) also 

reported that pre-flowering SLA of the irrigated plants of mustard was 

significantly higher than that of the rainfed mustard plants. The slightly lower 

SLA under water stress condition revealed that leaves were to some extent thick 
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compared to that of non-stress condition. Specific leaf mass (SLM) was 

significantly affected during water stress at pod development stage. SLM 

indicates amount of photosynthetic tissues in a unit leaf area increased in 

response to water stress. An increase in SLM suggests that the water stressed 

plants may have accumulated dry matter in the leaves more when encountered 

water stress which is considered as an adaptive strategy to cope with the water 

stress situation. Higher SLW means high ratio of leaf weight to leaf area and it is 

indicative of plant ability to reduce water loss (Purwanto, 2003). According to 

Nobel (1980), increases in rate of photosynthesis have been correlated with 

increase in specific leaf mass. 

Table 2. Leaf area (LA), specific leaf area (SLA) and specific leaf mass (SLM) of 

four soybean genotypes at pod development stage under two water 

regimes 

Genotypes 

LA (cm
2
) SLA (dm

2
 g

-1
) SLM (g dm

-2
) 

Non-

stress 

Water 

stress 
Non-stress 

Water 

stress 
Non-stress Water stress 

Shohag 1040.8 745.12 3.14 3.02 0.318 0.332 

BARI Soybean 6 1093.24 792.66 3.21 3.03 0.311 0.330 

BD 2331 982.37 687.65 3.11 2.97 0.320 0.336 

BGM 2026 1126.21 624.75 3.25 2.91 0.307 0.342 

LSD(0.05) 

S ** ** ** 

G 54.15 NS NS 

SxG 76.58 NS NS 

CV% 4.95 4.6 4.41 

S=Stress, G=Genotypes, ** significant at 5% levels of probability, NS=not significant.  

Conclusion 

It is clear from this study that drought stress tolerance of genotypes Shohag, 

BARI Soybean 6, BD2331 was associated with higher photosynthetic efficiency 

and stomatal conductance, maintaining higher leaf area and lower transpiration 

rate and genotype BGM2026 showed lower tolerance to drought stress. 
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