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ABSTRACT 
 
The research aimed to determine the tolerance 
limit of soybean genotypes toward salinity stress, 
plant growth and physiological characteristics. It 
was conducted in green house, from April to 
August 2013. The study involved two activities.  
The first activity for evaluating a salinity stress, 
consisted of four levels of soil salinity (EC): 0.9; 
4; 7; 10 dS m

-1 
and eleven genotypes. The 

second one to obtain information about changes 
in physiological and morphological characteristics 
of soybean affected by salinity stress. The 
second activity consisted of two soil salinity 
levels (EC): 1.52 dS m

-1
 and 8.58 dS m

-1
. The 

results showed that at salinity 10 dS m
-1
, all 

varieties/genotypes were not able to survive until 
the age of 43 days after sowing (DAS). At salinity 
4 dS m

-1
, total plant dry weight of most 

genotypes soybean decreased by 48.14%, while 
the salinity of 7 dS m

-1
 total plant dry weight of all 

soybean decreased by 64.89%. Concentration of 
K and Na in soybean leaves were higher than 
those in soybean root tissue. The content of K 
and Na in leaves and roots of most soybean 
genotypes increased as soil salinity increased 
from 1.52 to 8.58 dS m

-1
, except for genotype 

G11. 
 
Keywords: leaf chlorosis, necrosis, salinity tole-

rant, soybean genotype, K and Na 
content 

 
INTRODUCTION 

 
National demand of soybean is higher than 

its supply.  In the last three years (2010-2012) 
the average demand was 2 million tons, while the 
average production was 867,157 tons, or only 

40% of the soybean national demand (CBS, 
2013). Increasing soybean production by planting 
in arable land is limited, because the arable land 
is mainly used for staple food crops such as rice 
and corn. The chance of extending production 
area of soybean is by planting the crop in saline 
soil.  However, problem with the saline land is 
that it contains fairly high salt content which 
inhibits plant growth due to ion toxicity, nutritional 
imbalances, osmotic effect and oxidative stress 
(Leigh and Jones, 1984). Land with salinity stress 
requires special technologies that support 
soybean plants to be able to grow and produce, 
such as providing soybean varieties that are 
tolerant to salinity. Chinusamy et al. (2005) found 
that the salinity threshold for soybean is at 5.0 dS 
m

-1
. While Katerji et al. (2003) reported that 

soybean grain yield decreased by 20% at a 
salinity of 4.0 dS m

-1
 and 56% at 6.7 dS m

-1
 

salinity compared to 0.8 dS m
-1
. Reduction in 

crop productivity due to salinity stress is usually 
caused by an imbalance of ions, toxicity due to 
high salt concentrations, or due to osmotic stress 
(Ashraf and Foolad, 2007; Ashraf, 2009). 
Furthermore, Aini et al. (2012) found that the 
response of plants to salinity stress was 
influenced by species or genotypes. 

Saline land in Indonesia is estimated to 
440,300 ha consisting of 304 000 ha land with 
slightly saline (electrical conductivity of saturated 
soil extract water more than 4 dS m

-1
) and 140 

300 ha of saline land (Rachman et al., 2007). So 
far not many researches have been done on 
salinity tolerance of soybean varieties.  Soybean 
is relatively sensitive to salinity (Katerji et al., 
2003; Taiz and Zeiger, 2002), but is more 
tolerant compared to Arachis hypogaea, Vicia 
faba, Vigna unguiculata and Phaseolus vulgaris. 
Germination and growth of soybean sprouts 
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significantly decreased when soil ECe was about 
11 dS m

-1
 (Wang and Shannon, 1999). 

The potential soybean yield of 50% was 
achieved in the soil salinity levels (ECe land) of 
7.5 dS m

-1
, while 4.9 dS m

-1
, 6.8 dS m

-1
, 4.9 dS 

m
-1
 and 3.6 dS m

-1
 for Arachis hypogaea, Vicia 

faba, Vigna unguiculata and Phaseolus vulgaris 
respectively (Landon, 1984). Soybean species 
have different physiological response to salinity 
stress. Glycine soja is the most sensitive, G. 
tabacina intermediate and G. tomentella light 
sensitive to NaCl treatment. Grown under salinity 
condition for two months, the rate of photo-
synthesis, leaf area, and plant biomass of G. soja 
were lower than those of the crop planted in the 
control treatment (Kao et al., 2006).  Other 
studies showed that G. soja was not sensitive to 
Cl-toxicity compared to G. max, so it might be 
possible using G. soja to improve tolerance of G. 
max to salinity (Luo et al., 2005).  

Many studies reveals that soybean 
genotypes respond differently to high Cl content 
absorbed by the plant. Soybean Genotypes of 
Williams, Clark and HBK R4924 were catego-
rized as the Cl includer on interveinal chlorosis, 
while the soybean genotypes of S-100, Lee 68 
and HBK R5525 were grouped in Cl excluders 
because there were no symptoms of chlorosis 
at 120 mM NaCl (Valencia et al., 2008). 
Increasing concentrations of NaCl up to 8 g l

-1
 

(equivalent to 12 dS m
-1

) also increased cortical 
parenchyma and stele in Wilis variety, but it 
decreased those of Kipas Putih and Lokon 
varieties (Lubis, 2005).  

Soybean genotype tolerant to salinity stress 
might be developed on saline land. It is necessary 
to identify critical limits of salinity and some 
physiological and morphological characteristics of 
soybean genotypes that could be used as a basis 
for the development of soybean in saline land. The 
study aims to determine the critical limits of 
tolerance, growth and some physiological 
characteristics of soybean genotypes toward 
salinity stress conditions. This information  will 
help farmers to develop soybean cuture system 
on salin field, and gives new information for the 
future research. 

 
MATERIALS AND METHODS 

 
The study consisted of two activities and 

was conducted in Indonesian Legumes and 
Tuber Crops Research Institute, Malang, 

Indonesia, from April to August 2013. First 
experiment was done to obtain critical threshold 
of tolerance to salinity and growth of several 
soybean genotypes. Critical salinity level is the 
level of salinity which can reduce grain yield by 
50%. The experiment was designed using a 
factorial randomized complete block design with 
three replicates and two treatments. The first 
treatment was 4 levels of soil salinity, i.e (L1) 0.9 
dS m

-1
, (L2) 4 dS m

-1
, (L3) 7 dS m

-1
 and (L4) 10 

dS m
-1
. The second treatment was eleven 

varieties/ genotypes of soybean, namely (G1) 
Willis, (G2) Tanggamus, (G3) Echo, (G4) 
LK/3474-403, (G5) -SU 7-1014, (G6) MLG 2805-
962, (G7) MLG 3474-991, (G8) IAC, 100/Bur// 
Malabar 10-KP-21-50, (G9) IAC, 
100/Bur//Malabar 10-KP-27-67, (G10) IAC, 
100/Bur//Malabar 10-KP-3075 and (G11) 
Argopuro//IAC, 100.  

The experiment was conducted using a 
polybag with 500 g soil/pot. Soybean seed was 
planted until the salt toxicity symptoms. Salinity 
treatment was done with seawater by diluting it into 
tap water with electrical conductivity (EC) of about 
0.3 dS m

-1
. The seawater was taken from the 

South Coast in Malang. Salinity was made with the 
following composition: (L1) tap water (EC = 0.3 dS 
m

-1
) was used as control; (L2, EC = 4 dS m

-1
): 10% 

seawater and 90% tap water (L3, EC = 7 dS m
-1
): 

20% and 80% seawater and tap water (L4, EC = 
10 dS m

-1
): 30% sea-water and 70% tap water. 

Soil with low salinity levels less than 1.0 dS 
m

-1
 was used as a growing medium. Phonska 

fertilizer was applied when planting with a dose of 
300 kg ha

-1
 as a basic fertilizer. Watering was 

done by using tap water until it reached field 
capacity, which was given from planting to V3 
phase. Salinity treatment was given after phase 
V3 by immersing polybags which have been 
perforated at the bottom (double-pot method) with 
diluted seawater. The maintenance of plant such 
as pest control, pathogens and weeds was 
carried out intensively. Data observations 
included salt toxicity scores using the method of 
Dong Lee et al. (2008) and total plant dry weight.  

The objective of the second experiment 
was to obtain information about changes in 
physiological and morphological characteristics 
of soybean genotypes affected by salinity stress. 
The experiment was designed using a factorial 
randomized complete block design with two 
factors of treatment and three replicates. The first 
factor consisted of two soil salinity levels: (1) Soil 
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EC 1.52 dS m
-1
 (as a control) and (2) EC 8:58 dS 

m
-1
 (critical point of soybean which was obtained 

from the first study).  The second factor consisted 
of eleven soybean genotypes as they were 
tested in the first experiment. Data were collected 
from morphological and physiological characters. 
The morphological characters included plant dry 
weight, yield components, and grain yield. The 
physiological characteristics observed were 
absorption of Na, K and Cl leaf and root content. 
The both of morphological and physiological 
characters were collected at the same time while 
research was carried out. 

Data were analyzed by analysis of 
variance using GENSTAT software 15

th
 edition. 

Data of all characters analyzed at the same time. 
If there was a significant effect of treatment, the 
analysis was followed by Least Significant 
Difference test at 5% level. 

 
RESULTS AND DISCUSSION 

 
Tolerance of Soybean Genotypes to Salinity 
Stress 

Tolerant level of soybean genotypes due 
to salt toxicity was observed on day 33, 36 and 
43 after sowing (DAS) in the first experiment.  On 
33 DAS, there were no toxicity symptoms found 
in all varieties/genotypes. Initially, salt toxicity 
symptoms were observed on 36 DAS as indicated 
by the leaves which turned into yellow (chlorosis), 
leaf edges started to burn and stunted the growth 
of the plant.  

On 36 DAS, varieties Willis (G1) and 
Tanggamus (G2) had symptoms of toxicity when 
they were grown on salinity level of 4 dS m

-1
. At a 

salinity of 7 dS m
-1
, symptoms of toxicity were 

found in most varieties/genotypes.  However, at 
such a salinity level, there were no toxicity 
symptoms found in genotypes of MLG 3474-991 
(G7); IAC, 100/Bur//Malabar 10-KP-21-50 (G8); 
IAC, 100/Bur//Malabar 10-KP-27-67 (G9); IAC, 
100/Bur//Malabar 10-KP-3075 (G10) and 
Argopuro//IAC, 100 (G11). In salinity level of 10 
dS m

-1
, almost all varieties/genotypes had 

indicated the toxicity symptoms, except the 
genotypes of IAC, 100/Bur//Malabar 10-KP-21-50 
(G8) and Argopuro//IAC, 100 (G11) (Figure 1). 

On 43 DAS observations, some varieties/ 
genotypes had toxicity symptoms at a salinity 
level of 4 dS m

-1
, such as Willis (G1) and 

Tanggamus (G2) (Figure 1a, 1b.). It seems likely 
that the IAC, 100/Bur//Malabar 10-KP-21-50 (G8) 

and Argopuro//IAC, 100 (G11) genotypes could 
be classified as tolerant genotypes and slightly 
tolerant to salinity levels of 7 dS m

-1
. At 10 dS m

-1
 

salinity, almost all varieties/ genotypes were not 
able survive except genotype of Argopuro//IAC, 
100 (G11), which appeared to be the most 
tolerant genotype (Figure 1c, 1d) grown on 
salinity level of 10 dS m

-1
. These results indicate 

that theearly vegetative growth can be used to 
see the response of soybean plants to salinity. It 
aims for efficiency in screening soybean plants. 

Effect of Soil Salinity on Plant Growth 
Based of the research plant growth was 

affected by soil salinity and general condition of 
planting site.  Salinity was disadvantages condi-
tion for plant growth and plant development.  
Genotypes will give specific response to soil 
salinity but in other side the respond  depend on 
the genetic characters. 

Plant growth of soybean was significantly 
affected by interaction between genotype and 
salinity. In general, total plant dry weight of 
soybean decreased with increasing salinity 
levels. Up to observation at 43 DAS, the total dry 
weight of plant varieties/genotypes of soybean 
declined more than 50% at the salinity level of 
3.91 dS m

-1
, except that of genotype IAC, 

100/Bur//Malabar 10-KP-21-50 (G8) and 
Argopuro//IAC, 100 (G11). The total dry weight of 
the two genotypes only decreased less than 
30%. At the salinity level of 12.68 dS m

-1
, total 

plant dry weight of most varieties/genotypes 
decreased with average of 4.89%, except that of 
the genotypes IAC, 100/Bur//Malabar 10-KP-21-
50 (G8) and Argopuro//IAC, 100 (G11), which 
decreased less than 50% (Figure 2). Dry weight 
reduction of some soybean genotype in 
conditions of high soil salinity is probably caused 
by decrese of soil potential,  of increased uptake 
Na and Cl, or both according to what is stated by 
Greenway and Munns (1980). The low soil 
potential resulting soil water becames 
unavailable to the planst. Water required for plant 
cell turgor and the prosess of photosynthesis. 
Plant that do not get enough water then becomes 
low cell turgor and stomatal will close. Stomatal 
closure caused the CO2 supply constrained, 
resulting in decrease in photosynthetic prosess. 
Dry weight of plant is result of accumulation of 
photosynthetic prosess so that when 
photosynthesis decreases resulting in a decrease 
in plant dry weight. 
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Figure 1. Effect of salinity levels (L1 = 0.3 dS m
-1

, L2 = 4 dS m
-1

, L3 = 7 dS m
-1

, L4 = 10 dS m
-1

) on a susceptible varieties: (a) G1 
(Variety of Willis) and (b) G2 (Variety of Tanggamus) and tolerant genotypes (c) G8 (IAC, 100/Bur//Malabar 10-KP-21-
50) and (d) G11 (Argopuro//IAC, 100) 
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Figure 2. Total plant dry weight of soybean genotypes with different salinity level 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3. Seed yield of soybean genotypes with different salinity levels 
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At soil salinity level of 8.58 dS m
-1
, the 

average reduction in seed weight of all genotypes 
was 88.77%. Grain weight of Willis (G1) and 
Tanggamus (G2) decreased by 99.22% and 
99.13%, respectively.  At the same salinity level, 
seed weight of the tolerant genotypes (IAC, 
100/Bur//Malabar 10-KP-21-50 (G8) and 
Argopuro//IAC, 100 (G11)) decreased by 52.19% 
and 64.79%, respectively. These results might be 
consistent with the findings of other studies which 
imply that elevation levels of NaCl decrease the 
total dry weight of soybean plants (Wang and 
Shannon 1999; Valencia et al., 2008; 
Dolatabadian et al., 2011). 

 
Effects of Soil Salinity on K, Na and Cl 
Contents of Leaves and Roots 

The ionic concentration of shoot or leaf can 
be used as indicator of plant performance under 
salinity. This reseach results showed that K, Na 

and Cl contents of leaves and roots of soybean 
were significantly affected by genotype and soil 
salinity. The means of K, Na and Cl of leaf and 
root content are presented in Table 1, Table 2 and 
Table 3, respectively. The results showed that the 
concentration of K, Na, and Cl in leaf and root 
tissues of soybean varied with the variety or 
genotype. In general, the concentrations of K and 
Na in soybean leaves were higher than those in 
soybean root tissue (Table 1 and Table 2, 
respectively).  

According to Asch et al. (2000), that leaf ion 
concentration can be used to distinguish between 
sodium-includers and sodium-avoiders. High 
sodium concentrations in the leaf blades indicate 
includers, and if accompanied by high K/Na ratio, 
a high potassium uptake. In contrast, sodium 
avoiders require less potasium to achieve high 
K/Na ratios in the leaf blades, and therefore have 
low leaf sodium concentration. 

 
 

Table 1. Effects of Soil Salinity (dS m
-1

) on K Uptake of Soybean Genotype 

Genotype 

K Contents (mg g
-1

) 

Leaves Root 

Salinity level (dS m
-1

) 

1.52 8.58 1.52 8.58 

Willis (G1) 24.26 a 36.85 fg 18.48 a 29.96 fg 

Tanggamus (G2) 32.84 c 36.11 ef 25.86 c 29.72 fg 

Echo (G3) 35.11 d 38.85  j 28.36 e 30.78 hi 

LK/3474-403 (G4) 35.43 de 37.96 hi 28.68 e 31.41 j 

SU 7-1014 (G5) 29.63 b 36.52 fg 21.39 b 29.44 f 

MLG 2805-962 (G6) 33.32 c 38.14 ij 26.67 d 30.86 ij 

MLG 3474-991 (G7) 35.47 de 40.88 l 28.30 e 34.24 m 

IAC, 100/Bur//Malabar 10-KP-21-50 (G8) 38.37 ij 36.47 f 32.06 k 30.09 g  

IAC, 100/Bur//Malabar 10-KP-27-67 (G9) 38.18 ij 37.30 gh 30.82 ij 30.19 gh 

IAC, 100/Bur//Malabar 10-KP-3075 (G10) 34.73 d 36.70 fg 28.33 e 30.05 g 

Argopuro//IAC, 100 (G11) 40.09 kl 39.89 k 32.67 l 32.55 kl 

LSD 5% 2.307 1.258 

Remarks: Mean values within the same column followed by the same letter do not differ significantly (0.05 level) 
according to the LSD test 
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The content of K and Na in leaves and roots 
of most soybean genotypes/varieties increased as 
soil salinity increased from 1.52 to 8.58 dS m

-1
, 

except for genotype of Argopuro//IAC, 100 (G11). 
This was slightly different from the results of Safavi 
and Khajehpour (2007) who reported that an 
increase in soil salinity increased Na, but 
decreased K and the ratio of K/Na ratio of aerial 
parts of both borage and echium plants. In 
soybean genotypes that were sensitive to saline 

conditions (Willis (G1) and Tanggamus (G2)), the 
concentration of K in the leaves and roots was 
lower than that of salinity tolerant soybean. The 
results ralated to the total dry weight of soybean 
genotype. In soil salinity level of 8.58 dS m

-1
, the 

concentration of K in the leaves and roots of Willis 
(G1) and Tanggamus (G2) was lower than that of 
Argopuro//IAC, 100 (G11) (the most tolerant 
genotype). 

 
Table 2. Effects of Soil Salinity (dS m

-1
) on Na Uptake of Soybean Genotype 

Genotype 

Na Contents (mg g
-1

) 

Leaves Root 

Salinity level (dS m
-1

) 

1.52 8.58 1.52 8.58 

Willis (G1) 1.55 a 2.18 de 1.36 a 1.99 de 

Tanggamus (G2) 2.07  c 2.17 cde 1.88 c 2.01 de 

Echo (G3) 2.24 efg 2.38 hi 2.05 efg 2.06 efg 

LK/3474-403 (G4) 2.29 efgh 2.31 fgh 2.07 efgh 2.13 fgh 

SU 7-1014 (G5) 1.86 b 2.21 def 1.56 b 1.99 de 

MLG 2805-962 (G6) 2.17 cde 2.26 efgh 1.93 cd 2.06 efg 

MLG 3474-991 (G7) 2.29 efgh 2.44 i 2.05 efg 2.28  j 

IAC, 100/Bur//Malabar 10-KP-21-50 (G8) 2.34 ghi 2.10 cd 2.26 ij 1.97 cde 

IAC, 100/Bur//Malabar 10-KP-27-67 (G9) 2.45 i      2.23 efg 2.18 hij 2.02 def 

IAC, 100/Bur//Malabar 10-KP-3075 (G10) 2.24 efg 2.27 efgh 2.02 def 2.04 ef 

Argopuro//IAC, 100 (G11) 2.44 i 2.35 ghi 2.16 ghi 2.08 efgh 

LSD 5% 0.055 0.043 

Remarks: Mean values within the same column followed by the same letter do not differ significantly (0.05 level) 
according to the LSD test 

Table 3. Effects of Soil Salinity (dS m
-1

) on Cl Uptake of Soybean Genotype 

Genotype 

Cl Contents (mg g
-1

) 

Leaves Root 

Salinity level (dS m
-1

) 

1.52 8.58        1.52 8.58 

Willis (G1) 1.11 a 1.54 cde 1.19 a 1.62 cde 

Tanggamus (G2) 1.47 c 1.54 cde 1.54 c 1.63 cdef 

Echo (G3) 1.58 efgh 1.67 ijk 1.65 defg 1.65 defg 

LK/3474-403 (G4) 1.62 efghi 1.63 fghij 1.67 defg 1.71 efgh 

SU 7-1014 (G5) 1.33 b 1.56 def 1.31 b 1.61 cd 

MLG 2805-962 (G6) 1.48 cd 1.59 efghi 1.58 cd 1.65 defg 

MLG 3474-991 (G7) 1.62 efghi 1.71 jk 1.65 defg 1.81 h 

IAC, 100/Bur//Malabar 10-KP-21-50 (G8) 1.65 ghijk 1.48 cd 1.80 h 1.61 cd 

IAC, 100/Bur//Malabar 10-KP-27-67 (G9) 1.71 jk 1.57 efg 1.75 gh 1.63 cdef 

IAC, 100/Bur//Malabar 10-KP-3075 (G10) 1.58 efgh 1.57 efg 1.63 cdef 1.65 defg 

Argopuro//IAC, 100 (G11) 1.72 k 1.66 hijk 1.73 fgh 1.67 defg 

LSD 5% 0.024 0.035 

Remarks: Mean values within the same column followed by the same letter do not differ significantly (0.05 level) 
according to the LSD test 
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Na concentration in the leaves and roots of 
the sensitive soybean genotypes increased, 
whereas the concentration tended to decrease in 
the tolerant genotypes. Similarly, at soil salinity 
level of 8.58 dS m

-1
, the concentration of Cl

- 
in 

sensitive soybean genotypes tended to absorb 
more Cl

-
 than that of tolerant genotypes (Table 3). 

Asch et al. (1997) stated that cultivars may absorb 
the same high amount of sodium in the leaves, but 
differ strongly in potassium status of the leaves 
and the yield loss. 

 
CONCLUSION 

 
Wilis (G1) and Tanggamus (G2) could be 

classified as susceptible varieties to soil salinity. 
The genotypes of IAC, 100/Bur//Malabar 10-KP-
21-50 (G8) and Argopuro//IAC, 100 (G11) were 
grouped as tolerant and medium tolerant to the 
salinity level of 12.68 dS m

-1
. At salinity level of 

18.82 dS m
-1

 all varieties / genotypes were not 
able to survive except G11 (Argopuro//IAC, 
100). At salinity levels of 3.91 dS m

-1
, total dry 

weight of plant varieties/genotypes decreased by 
48.14%, while the levels of salinity of 12.68 dS m

-

1
 total dry weight of plant varieties/genotypes 

decreased by 64.89%. Concentrations of K and 
Na in soybean leaves were higher than those in 
soybean root tissue. The content of K and Na in 
leaves and roots of most soybean genotypes or 
varieties increased as soil salinity increased 
from 1.52 to 8.58 dS m

-1
, except for genotype of 

G11 (Argopuro//IAC, 100). 
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