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Abstract 

Salt and water stress tolerance of the seven soybean genotypes viz. BARI Soybean 6, BD 2329, 
BD 2342, AGS 95, BGH 02026, Galarsum and BD 2331 were evaluated for their performance at 
0 and 100 mM NaCl under well watered & water stress (watering with 70% depletion of 
available water at wilting) conditions at the Banghabandhu Sheikh Mujibur Rahman Agricultural 
University, Salna, Gazipur. The results indicated that all the growth parameters like plant height, 
shoot dry weight, root dry weight and dry matter distribution in different plant parts of the 
genotypes sharply decreased when the plants were exposed to water stress, salt stress and, 
combined salt and water stress conditions. Among the genotypes reduction in dry matter 
production was the least in Galarsum and BD 2331 in both the salt stress and, the combined salt 
and water stress conditions. These genotypes also accumulated lower amount of Na+ and higher 
amount of K+ in leaf tissues under salt stress and, combined salt and water stress environments as 
compared to others.   

 

Introduction 

Soybean is classified as a moderately salt-tolerant crop and the yield will be reduced when soil salinity 
exceeds 5 dS m-1 (Maas and Hoffman, 1977). High levels of salts in the soil can often cause serious 
limitations to crop production. Raptan et al. (2001) found that salinity decreased root, stem and leaf dry 
weights, and reduced plant height of mungbean plants. The adverse effect of salinity on plant is 
dependent on salt concentration in the substrate, duration of exposure to salinity and stages of plant 
growth (Blum, 1988; Maas and Poss, 1989; Gill, 1990). It is well known that salinity harms crop growth. 
Plants under high saline conditions cannot always absorb sufficient water for metabolic activities or 
maintain turgidity because of the low osmotic potential in the growth media. At the same time, plants 
absorb damaging amounts of Na and Cl (Blum, 1988; Greenway and Munns, 1980; Karim et al., 1992). 

Na+ is the primary cause of ion specific damage, resulting due to a range of disorders in enzyme 
activation and protein synthesis (Tester and Davenport, 2003). Therefore, exclusion of Na+ at root level 
and maintenance of high K+ at shoot level are vital for the plants to grow under saline conditions (Munns 
et al., 2000; Tester and Davenport, 2003).  

It is very common in the arid and semi-arid regions that when the crop growth season progresses, the 
precipitation decreases, and temperature and evapo-transpiration increase, resulting in rising salt 
concentration in the soil solution (Abdulrahman and Williams, 1981). Thus, salt and water stress prevails 
at the same time in the dry seasons, which very often add extra harm on plant growth (Karim et al., 
1993). Normally, salinity stress produces high osmotic potential in the soil solution (Hayward and Spurr, 
1943), whereas water stress impairs soil moisture transmission due to matric potential (Gingrich and 
Russell, 1957). However, the adverse effects of both salt and water stress are primarily due to the 
restriction of water uptake by the roots (Karim et al., 1993). The response of soybean to salinity stress 
depends both on genotypes and environmental conditions (Ghassemi-Golezani et al., 2009).  
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In the coastal area of Bangladesh, soil salinity increases during dry period (March – May) due to lack of 
rainfall. Thus, salinity and drought exist together during that particular period. It is well known that 
salinity exerts more deleterious effects on plant growth when drought prevails along with salinity. 
Therefore, this study was undertaken to analyze the growth and mineral ions accumulation pattern in 
some soybean genotypes.  

 

Materials and Methods 

The experiment was conducted in a plastic house of the Department of Agronomy at Banghabandhu 
Sheikh Mujibur Rahman Agricultural University (BSMRAU), Salna, Gazipur, Bangladesh. Seven 
genotypes (BARI Soybean 6, BD 2329, BD 2342, AGS 95, BGH 02026, Galarsum and BD 2331) of 
soybean including BARISoybean 6 were used for testing their salt and water stress tolerance. Selected 
genotypes were denoted as moderately salt tolerant (Khan, 2013). Seeds were washed several times in the 
tap water for surface cleaning then sown in the soil medium on January 13, 2011 in plastic pots having 30 
cm in height and 24 cm inner diameter. Each pot contained 12 kg air dried sandy loam soil.  Chemical 
fertilizers of 0.30 g urea, 0.90 g TSP, 0.60 g MOP and 0.60 g Gypsum per pot were also incorporated into 
the soil before sowing. The pots were watered daily for easy germination. After the emergence and 
establishment, three uniform healthy seedlings per pot were allowed to grow for three weeks (21 DAE) in 
equal environment. After three weeks of emergence, all the genotypes were divided into 6 groups. The 
treatment groups were; Control (T1), water shortage (irrigated with 70% depletion of available soil water 
when wilting sign developed) from 21 DAE (T2), 50 mM NaCl irrigated from 21 DAE (T3), 50 mM 
NaCl irrigated from 21 DAE + water shortage from 35 DAE (T4), 100 mM NaCl irrigated from 21 DAE 
DAE (T5) and 100 mM NaCl + water shortage from 35 DAE (T6). The control groups of plants were 
irrigated with tap water only. The experiment was arranged in two factors Completely Randomized 
Design (CRD) with 8 replications. Plant samples were collected in 42 DAE and different plant parts were 
separated and then oven dried at 70 ºC for 4 days to measure the dry weight. Dried leaves were finely 
ground and the samples were dry-ashed at 500 ºC for 8 hours and then digested with concentrated 
hydrochloric acid. Na and K concentrations were determined by a Flame Spectrophotometer. Data were 
analyzed by MSTAT-C program and the treatment means were compared by using Least Significant 
Difference (LSD). 

 

Results and Discussion 

Plant height  

Plant height of soybean genotypes significantly decreased under water stress, salt stress and their 
combination (Fig. 1). Under only water stress condition, significantly the tallest plant recorded in BARI 
Soybean 6 and the shortest in BD 2331 genotype. Plant height was affected more in combined salt and 
water stress conditions than only in salt stress conditions in both the salinity levels (50 and 100 mM 
NaCl), though the reduction was higher at higher salinity levels. At higher salinity (100 mM NaCl), the 
tallest plant was recorded in AGS 95 (26.13 cm) followed by BD 2342 (25.63 cm) and the shortest in 
Galarsum (22.47 cm). At higher salinity (100 mM NaCl) combined with water stress condition, the tallest 
plant recorded in BD 2342 (25.23 cm) followed by BGH02026 (25.13 cm), while the shortest in BD 2329 
(20.10 cm). The reduction of plant height was also more in higher salinity both in only salt stress and, 
combined salt and water stress conditions (Fig. 2). At higher salinity, the maximum relative plant height 
was recorded in BD 2331 (97.70%) followed by AGS 95 (95.82 %) and the lowest in BD 2329 (75.95 %). 
But at higher salinity combined with water stress condition, the highest relative plant height recorded in 
AGS 95 (87.28 %) followed by Galarsum (86.84 %) and the lowest relative plant height in BD 2329 
(67.75%). Salt stress and water deficit significantly affected the plant height of soybean which is in 
agreement with Ozturk et al. (2004); Sari and Ceylan (2002). Osmotic potential of soil decreased due to 
salt water, and matric potential decreased due to water shortage in soil, which made interruption in water 
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uptake by the plant resulting in reduction of shoot growth, is commonly expressed by stunted shoot 
growth. Genotypic difference in the reduction of plant height due to salinity were also reported earlier by 
Aziz et al. (2005); Sultana et al. (2009) and Padder et al. (2012) in mungbean, Mannan et al. (2012) in 
soybean.  
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig.1. Plant height of soybean genotypes as affected by salinity and water stress, and their combination at 
42 DAE 
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig. 2.  Relative plant height of soybean genotypes as affected by salinity and water stress, and their 
combination at 42 DAE 

Shoot dry weight  

Shoot dry weight of soybean genotypes sharply decreased when plants were exposed to water stress, salt 
stress and, combined salt and water stress (Fig. 3). Under only water stress conditions, BD 2342 produced 
the highest shoot dry weight (1.94 g) followed by BARI Soybean 6 (1.87 g), and the least recorded in BD 
2331 (1.03 g). Shoot dry weight was affected more in the combined salt and water stress conditions than 
only in the salt stress in both the salinity levels (50 and 100 mM NaCl). But the reduction was higher in 
higher salinity levels. At higher salinity (100 mM NaCl), the highest shoot dry weight recorded in BD 
2342 (1.89 g) followed by BARI Soybean 6 (1.75 g) and the lowest in BGH 02026 (1.18 g). At the higher 
salinity combined with water stress condition, the highest shoot dry weight recorded in by BARI Soybean 
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6 (1.64 g),  which was followed by BD 2342  (1.63 g) and the lowest recorded in BGH 02026 (1.18 g). 
The relative shoot dry weight of soybean reduced in water stress, salt stress and, combined salt and water 
stress conditions (Fig. 4). Under only water stress condition, the highest relative shoot dry weight 
recorded in BARI Soybean 6 (77.5 %) followed by Galarsum (76.7 %) and the lowest in AGS 95 (39.7 
%). The relative shoot dry weight was reduced more in the combined salt and water stress conditions than 
only salt stress in both the salinity levels. At higher salinity (100 mM NaCl), the highest relative shoot 
dry weight was recorded in Galarsum (79.9 %) followed by BD 2331 (77.9 %) and the lowest in BD 2329 
(50.2 %). But at higher salinity combined with water stress condition, the highest relative shoot dry 
weight wasrecorded in Galarsum (68.4 %) followed by BARI Soybean 6 (68.0 %) and the lowest 
recorded in BD 2329 (44.1%). 
 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

BARI soy 6 BD 2329 BD 2342 AGS 95 BGH02026 Galarsum BD 2331

Soybean genotypes

Sh
oo

t d
ry 

we
igh

t (g
/pl

an
t)

Cont WS 50mM NaCl 50mM+WS 100mM NaCl 100mM+WS

 
Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig. 3. Shoot dry weight of soybean genotypes as affected by salinity and water stress, and their 
combination at 42 DAE 
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig. 4. Relative shoot dry weight of soybean genotypes as affected by salinity and water stress, and their 
combination at 42 DAE 

Wang et al. (2011) also reported that total biomass, shoot biomass, leaf biomass decreased significantly 
in saltcedar (Tamarix chinensis) seedlings due to water scarcity under salt and water stress condition. 
Under only water stress, when soil dries up, the matric potential decreases, therefore increases the 
resistance of water flow to the roots in a non-linear fashion (Homaee et al., 2002). Application of salt 
water increases in soil salinity. At given salt water content, the soil water potential reduces but does not 
reduce water flow to the roots. Root cortical cells can osmotic ally adjust to some extent allowing water 
to readily move into the root. Therefore, shoot dry weight of soybean was affected more in combined salt 
and water stress conditions than only in salt stress conditions. The finding is also in agreement with the 
findings of Meiri (1984) that the matric potential preferentially affected the shoot growth of bean more 
than did the osmotic potential. 
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Under salt stress condition, cell expansion is reduced due to low turgor, beside these excess sodium ion 
damages cell membrane and organelles, resulting in plant growth reduction. The reduction in shoot dry 
weight due to salinity was reported by Karim et al. (1993) in triticale, Khan et al. (1997) in rice, Aziz et 
al. (2005) in mungbean, Waheed et al. (2006) in pigeonpea, Jamil et al. (2007) in sugarbeet, Sultana et al. 
(2009) in mungbean, Chookhampaeng (2011) in pepper plant and Mannan et al. (2012) in soybean.  
 
Root dry weight  

Root dry weight of soybean genotypes decreased under water stress, salt stress and, combined salt and 
water stress condition (Fig. 5). Under water stress, the highest root dry weight (0.30 g) was recorded in 
BGH02026 and the lowest (0.10 g) in BD 2342. Root dry weight affected more in combined salt and 
water stress than only in salt stress in both the salinity levels (50 and 100 mM NaCl). At higher level of 
salinity, the highest root dry weight (0.31 g)was  recorded in both BD 2342 and BD 2331, and the lowest 
in BGH02026 (0.21 g). At higher level of salinity combined with water stress condition, the highest root 
dry weight (0.24 g) was recorded in both BD 2342 and AGS 95 genotypes, and the lowest in BD 
2331(0.19 g). The relative root dry weight reduced in water stress, salt stress and, combined salt and 
water stress conditions (Fig. 6). The relative root dry weight was reduced more in combined salt and 
water stress conditions than only salt stress in both the salinity levels (50 and 100 mM NaCl). At higher 
level of salt stress condition, the highest relative root dry weight recorded in Galarsum (88.4 %) which 
was followed by BD 2331 (74.6 %) and the lowest recorded in BD 2329 (49.4%). At higher level of salt 
combined with water stress condition, the highest root dry weight also recorded in Galarsum (69.8 %), 
which was followed by BGH02026 (61.1%) and the lowest recorded in BD 2329 (42.4 %). 
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig. 5.  Root dry weight of soybean genotypes as affected by salinity and water stress, and their 
combination at 42 DAE 
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration. 

Fig. 6. Relative root dry weight of soybean genotypes as affected by salinity and water stress, and their 
combination at 42 DAE 

 
 
Under salt and water stress condition, cell expansion is reduced due to low turgor, beside these excess 
sodium ion damages cell membrane and organelles, resulting in reduction of root growth. Wang et al 
(2011) reported that root biomass decreased significantly in tamarisk seedlings due to water severity 
under salt and water stress condition. Decreased in radical dry weight of mungbean under salinity and 
water stress was also reported by Padder et al. (2012). The reduction in root dry weight due to salinity 
were reported by Aziz et al. (2005); Sultana et al. (2009) in mungbean, Waheed et al. (2006) in 
pigeonpea, Jamil et al. (2007) in sugarbeet and Chookhampaeng (2011) in pepper plant.  
 
Dry matter distribution  

Dry matter distribution in different plant parts of soybean genotypes as affected by water stress, salt stress 
and, combined salt and water stress condition is presented in Fig. 7. All plant parts were reduced by 
stresses. Under water stress, the highest stem in BARI Soybean 6 (0.77 g), petiole (0.25 g) and leaves 
(0.95 g) in BD 2342 were recorded while the lowest stem (0.36 g), petiole (0.14 g) and leaves (0.53 g) 
were recorded in BD 2331. All plant parts reduced more in all genotypes in the combined salt and water 
stress than only in the salt stress in both the salinity levels (50 mM and 100 mM NaCl). But the reduction 
was more in leaves than stem and petiole. At higher salinity, the highest leaves dry weight recorded in 
BD 2342 (0.93 g), which was followed by BD 2329 (0.92 g) and the lowest recorded in BGH02026 (0.71 
g). But at higher level of salinity combined with water stress condition, the highest leaves dry weight 
recorded in BD 2329 (0.81 g) and the lowest (0.59 g) in BGH 02026. 

Under water stress condition, cell expansion of leaf is reduced due to low turgor, which is controlled by 
the processes related to cellular water uptake and cell wall extension (Cramer and Bowman, 1993). 
Therefore, leaf area was decreased resulted in decreased leaves dry weight under salt and water stress 
condition. Long term exposure to salinity lead to premature leaf senescence; and thus reduced the 
photosynthetic area (Cramer et al., 1991) in soybean plants. The highest reduction of leaf dry weight in 
the genotype BGH02026 at 100 mM NaCl salinity might be due to high salt load in the leaf. The salt that 
exceeds the capacity of compartmentation in the cell vacuoles of leaf causing salt to build up in the 
cytoplasm to toxic levels (Munns, 2002; Munns et al., 2006). The reduction in leaf dry weight due to 
salinity was reported by Karim et al. (1993) in triticale, Khan et al. (1997) in rice, Aziz et al. (2005) in 
mungbean and Mannan et al. (2013) in soybean. 
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Here, Cont = Control, WS = Water stress, mM = NaCl concentration 

Fig. 7. Dry matter accumulation in different plant parts of soybean genotypes as affected by salinity and 
water stress, and their combination at 42 DAE 
 

 
Sodium accumulation  

Sodium (Na) uptake in leaf tissue (%) of soybean genotypes was significantly affected by water stress, 
salt stress and, combined salt and water stress condition (Table 1). The accumulation of Na was lower in 
leaves of all the genotypes under water stress than control. Significantly the lowest Na content was found 
in BD 2329 (0.072 %), which was identical with BARI Soybean 6 (0.091 %) in only water stress 
treatment. The accumulation of Na was more in the salt stress than in the combined salt and water stress 
conditions in both the salinity levels (50 and 100 mM NaCl). Results reveal that concentration of Na 
increased with increasing salinity levels. Genotypic differences were also observed in Na accumulation. 
At higher level of salt stress (100 mM NaCl), Galarsum (0.223%) accumulated significantly the lowest 
concentration of Na, which was identical by the accumulation of BD 2331 (0.226 %) and the highest was 
accumulated by BGH 02026 (0.495%). At higher level of salinity combined with water stress condition, 
Galarsum (0.173%) was also accumulated lower amounts of Na which was at par with the accumulation 
of BD 2331 (0.182%) and the highest in AGS 95 (0.330 %).The results are in agreement with the earlier 
reports that tolerant genotypes accumulate lower amount of Na than the salt sensitive ones (Karim et al., 
1992; Khan et al., 1997; Ahmadi et al., 2009; Mannan et al., 2013). Kao et al. (2006) also reported that 
differences among soybean species in leaf accumulation of Na+ might be responsible for the differential 
sensitivity to NaCl treatments. Plant responses to salt and water stress have much in common 
phenomenon. Salinity leads to many metabolic changes identical to those caused by water stress, and 
there are still salt-specific effects. Accumulation of Na+ in leaves results in necrosis and premature leaf 
senescence (Munns, 2002).   
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Table 1. Sodium (Na) uptake in leaf tissue (%) of soybean genotypes as affected by salinity and water 
stress 

Genotypes Control Water  
stress (WS) 

50 mM 
NaCl 

50 mM 
NaCl + WS 

100 mM 
NaCl 

100 mM 
NaCl + WS 

BARI Soy-6 0.136 0.091 0.319 0.179 0.390 0.226 
BD 2329 0.083 0.072 0.275 0.195 0.330 0.198 
BD 2342 0.143 0.121 0.283 0.217 0.358 0.303 
AGS 95 0.162 0.094 0.286 0.239 0.385 0.330 
BGH 02026 0.165 0.143 0.413 0.253 0.495 0.292 
Galarsum 0.132 0.105 0.160 0.138 0.223 0.173 
BD 2331 0.105 0.094 0.162 0.143 0.226 0.181 
LSD(0.01)   0.022    
CV (%)   4.98    

 
Potassium accumulation  

Accumulation of potassium (K) in leaf tissue (%) of soybean genotypes was also affected by water stress, 
salt stress and, combined salt and water stress condition (Table 2). The accumulation of K was higher in 
leaves under water stress than control. Under only water stress treatment, significantly the highest K 
content was found in BD 2331 (2.52 %), which was identical by the accumulation of BD 2342 (2.42 %) 
and the lowest in AGS 95 (1.96 %). The accumulation of K was more in the combined salt and water 
stress than in the salt stress conditions in both the salinity levels (50 and 100 mM NaCl) in all the 
genotypes, except BARI Soybean 6 and BGH 02026. The accumulation of K decreased with increasing 
salinity levels. At higher level of salt stress (100 mM NaCl), Galarsum (1.75 %) accumulated 
significantly the highest amounts of K which was identical by the accumulation of AGS 95 (1.70 %), BD 
2331 (1.70 %) and BARI Soybean 6 (1.65 %). The least amount of K was accumulated by BD 2342 (1.55 
%) at this level of salinity. At higher level of salinity combined with water stress condition, Galarsum 
(1.80 %) also accumulated significantly the highest amounts of K, which was identical by the 
accumulation of BD 2331 (1.75 %), AGS 95 (1.75 %) and BD 2329 (1.70 %), while BGH 02026 (1.34 
%) accumulated the least.Under water stress as well as under salt stress conditions, K plays an important 
role in osmoregulation, and stress tolerant genotypes accumulate higher amounts of K than susceptible 
ones (Blum, 1988; Qadar, 1988). Here, soybean genotype Galarsum accumulated higher amount of K in 
leaves than others under the salt and water stress conditions. A greater degree of salt tolerance in plants 
was found to be associated with a more efficient system for selective uptake of K over Na (Neill et al., 
2002). The selective uptake of K in contrast to Na is considered as one of the important physiological 
mechanisms contributing to salt tolerance in many plant species (Poustini and Siosemardeh, 2004). There 
was a negative relationship between Na and K concentration in leaves. Similar results had been observed 
by Khan et al. (1997) and Goudarzi and Pakniyat (2008).   
 
Table 2. Potassium (K) uptake in leaf tissue (%) of soybean genotypes as affected by salinity and water 

stress 

Genotypes Control Water  
stress (WS) 

50 mM 
NaCl 

50 mM 
NaCl + WS 

100 mM 
NaCl 

100 mM 
NaCl + WS 

BARI Soy-6 1.96 2.16 2.06 1.56 1.65 1.44 
BD 2329 2.06 2.37 1.96 2.11 1.56 1.70 
BD 2342 2.37 2.42 1.75 1.96 1.55 1.65 
AGS 95 1.75 1.96 1.80 1.85 1.70 1.75 
BGH 02026 2.16 2.22 2.01 2.06 1.56 1.34 
Galarsum 1.85 2.16 1.96 2.06 1.75 1.80 
BD 2331 1.70 2.52 2.16 2.16 1.70 1.75 
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LSD(0.01)   0.15    
CV (%)   3.74    

 
Conclusion 

The results of this study indicated that all the growth characters of the soybean genotypes sharply 
decreased when plants were exposed to water stress, salt stress and, combined salt and water stress 
conditions. Variation in salt and water stress tolerance of soybean genotypes was obvious. Among the 
genotypes, reduction in dry matter production was least in Galarsum and BD 2331 in both salt and, 
combined salt and water stress conditions. These genotypes also accumulated lower amount of Na and 
higher amount of K in leaf tissues under the salt stress and, the combined salt and water stress 
environments as compared to others.   
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