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ABSTRACT. Six varieties of soybean 
(Glycine max L.) plants were grown for 30 
days under three levels of sea salt salinity 
(0.0, 8.0 and 16.0 mS/cm2) for studying the 
effect of sea salt on uptake of nitrate and 
response of the antioxidant system for these 
salinity doses. Salt treatments resulted in a 
gradual decline in nitrate uptake by 
increasing sea salt concentration, which 
mean that this will bring negative 
consequences on nitrogen assimilation. 
However, salt treatments induced the 
accumulation of hydrogen peroxide and 
glycinebetaine in the leaves of all soybean 
verities as an adaptive strategy to cope with 
salt stress. On the other hand, there was a 
differential response in phenolic compounds 
among soybean verities as a function of salt 
concentration and the studied variety, which 
means there has a decline in phenolics under 
salt stress in the varieties Crawford, G21, 
G22 and G83, but in contrary in G35 and 
G82, phenolics has accumulated in response 
to salinity. Isozymes electrophoretic 
banding showed changes in peroxidase 
activity with sea salt, however superoxide 
dismutase showed stability in number and 
intensity of bands with salt treatments. 
Esterase enzyme was more sensitive to 

salinity and showed a gradual decline in 
activity by increasing salt concentration. 
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INTRODUCTION 

 
Soybean (Glycine max L.) is one 

of the economically most important 
crops, which is used as a food because 
of the high protein content. The oil 
content of soybean seeds ranges from 
17 to 24%, with 85% poly unsaturated 
fatty acids compressing two essential 
fatty acids (linoleic and linolenic 
acid), which are not synthesized by 
the human body (Balasubramaniyan 
and Palaniappan, 2003). 

Nitrate (NO3
–) is the most 

important source of nitrogen for most 
crop plants, and often confines plant 
growth (Meloni et al., 2004) and its 
uptake is mediated by different 
transport systems. Nitrate uptake is 
the first step of nitrogen metabolic 



K.M. SAAD-ALLAH 
 

 
40 

pathway and is considered a key step 
of nitrogen metabolism. However, 
absorption of nitrate by the plant root 
is limited by high salinity in soil or 
nutrient solution (Yaoa et al., 2008). 
Some studies qualified uptake 
reduction to the antagonistic effect 
between Cl– and NO3

– or reduced 
water uptake (Abdelgadir  et al., 
2005). But, until now, there are few 
reports on the effect of sea salt 
salinity on the endogenous nitrate 
content of crop plants. 

Hydrogen peroxide (H2O2) is a 
non-radical form of ROS which is 
considered for long time as a toxic 
cellular metabolite, but it is toxic only 
at high concentrations (Uchida et al., 
2002). In contrast, it has proposed that 
exogenous application of H2O2 former 
to salt exposure induced salinity 
tolerance through the activation of 
enzymatic antioxidant defense system 
(Uchida et al., 2002). Szechynska-
Hebda et al. (2012) reported that 
H2O2 is the most stable and viable 
molecule among ROS in signal 
transduction. Consequently, H2O2 is a 
likely signaling molecule that 
contributes to the cross-tolerance 
phenomenon, which mean that 
exposure of plants to one stress, as 
H2O2, may offer protection against 
another stress, such as salinity (Neill et 
al. 2002). 

Glycinebetaine (GB) is a major 
organic and water soluble compatible 
solute that accumulate in a variety of 
plant species in response to abiotic 
stresses to maintain normal 
metabolism during stress (Ashraf  and 
Foolad, 2007). Also, GB stabilizes the 

structure and activity of enzymes and 
maintains the integrity of membranes 
against the damaging effects of 
various abiotic stresses (Gorham, 
1995). Enzymes responsible for GB 
synthesis are found in chloroplast 
stroma and their activity is increased 
in response to salinity (Chen and 
Murata, 2002). 

Phenolic compounds stimulated 
in response to biotic/abiotic stresses 
and play an important role in 
adsorbing and neutralizing free 
radicals, quenching singlet oxygen, or 
decaying peroxides (Ksouri et al., 
2007). Salinity stress induces 
interference in the metabolic 
processes resulting in an increase in 
phenolics (Ayaz et al., 2000). Higher 
activity of phenolics might be due to 
its high hydrogen-donating ability and 
radical stabilization than other 
antioxidant molecules (Rice-Evans et 
al., 1996). 

Isozymes are biologically active 
different forms of the enzyme 
encoded by different genes in the 
same organism. Peroxidases (EC 
1.11.1.7) are involved in responses to 
biotic and abiotic stresses, the 
biosynthesis of lignin (Lagrimini et al., 
1987) and subrin (Espiele et al., 
1986), scavenging of ROS, 
chlorophyll degradation and 
senescence (Yamaguchi and Watada, 
1991). Superoxide dismutase (EC 
1.15.1.1) catalyses the disproportion 
of two superoxide radical to 
molecular oxygen and H2O2 
(Scandalios, 1993). Esterase (EC 
3.1.1.1) are lipolytic enzymes catalyze 
the hydrolysis of triacylglycerols into 
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fatty acids, diacylglycerol, 
monoacylglycerol, and glycerol 
(Arpigny and Jaeger, 1999). Isozymes 
activity is a potential biomarker of 
plants under salt stress. Thus, the 
present study was designed to 
establish the impact of sea salt stress 
on phenolic compounds, nitrate and 
hydrogen peroxide contents of 
different soybean varieties. In 
addition, the variation among these 
varieties in their expression to some 
selected isozymes as biological 
markers with salt stress was 
elucidated. 

 
MATERIALS AND METHODS 

 
Seeds of six varieties of soybean 

(Glycine max L. Merrill) were kindly 
provided by Agricultural Research Center 
(ARC) El-Dokki, Giza, Egypt. The 
obtained varieties are named Crawford, 
Giza 21, Giza 22, Giza 35, Giza 82 and 
Giza 83. The seeds were surface sterilized 
with 0.5% sodium hypochlorite for 5 
minutes and washed three times with tap 
water then rinsed with deionized water. 
The seeds were sown in plastic pots of 45 
cm diameter and 25 cm depth containing 
8 kg clay sandy soil (2:1 w/w) and 
irrigated with tap water. At full 
emergence, after five days, the pots 
received sea salt solutions (EC = 0.0, 8.0 
and 16.0 mS/cm2) prepared by dissolving 
the sea salt in tap water. The pots were 
arranged in spilt plot design in a 
randomized complete blocks arrangement 
with three replications. The plants were 
left to grow under the natural day/night 
conditions (14h light/ 10h dark) at 
28±2°C in the greenhouse of Botany 
Department, Faculty of Science, Tanta 
University, during the summer season of 
2014. The pots were irrigated whenever 

needed with the salt solutions to the end 
of the growth period (30 days). After that, 
fresh samples were harvested for the 
measurement of hydrogen peroxide and 
isozymes, some samples were dried for 
the measurement of nitrate and 
glycinebetaine contents. 

The nitrate content in leaf powders 
was determined according to the method 
adopted by Cataldo et al. (1975) and 
expressed as µmol/g d.wt using standard 
curve by KNO3. Hydrogen peroxide 
(H2O2) content was determined using    
the method given by Velikova et al.  
(2000) and the amount of H2O2 was 
calculated using the extinction coefficient 
(0.28 µM–1 cm-1) and expressed as nmol/g 
f.wt. Glycinebetaine (GB) content of the 
leaf powdered tissues was measured by 
the method of Grieve and Grattan (1983) 
and the concentration of GB was 
calculated by using standard graph 
developed with different concentrations of 
GB and expressed as µg/g d.wt. Total 
phenolic content was estimated 
quantitavely using the method described 
by Jindal and Singh (1975) and calculated 
as mg/g d.wt using standard curve 
prepared by gallic acid. 

Isozyme-PAGEs were prepared by 
extracting 0.2 g fresh leaves of 30-day-old 
seedlings according to El-Fadly et al. 
(1990). Esterases (EST)  were estimated 
by the method of Soltis et al. (1983) using 
α-naphthyl acetate for α-esterase and β-
naphthyl acetate for β-esterase. 
Superoxide dismutase (SOD) was stained 
with the method of Beauchamp and 
Fridovich (1971) using nitroblue 
tetrazolium (NBT), TEMED and 
riboflavine. Peroxidase (POD) enzyme 
was visualized in the gel using                
o-dianisidine as a hydrogen donor 
according to the protocol adopted by 
Suranto (2001). 

 



K.M. SAAD-ALLAH 
 

 
42 

RESULTS AND DISCUSSION 
 
Salinity stress is accomplished 

by disturbance in metabolic processes, 
plasma membrane permeability and 
ion uptake. Fig. 1 illustrate the 
response of nitrate content of six 
soybean varieties to three levels of sea 
salt salinity (0.0, 8.0 and 16.0 
mS/cm2). Nitrate content was 
extensively reduced in the presence of 
sea salt in all the treated soybean 
varieties, which mean that nitrate 
influx reduced by salt stress . The 
maximum decline was observed at the 
highest salinity level (16 mS/cm2) 
when compared to control treatments. 
The lowest nitrate content was 
recorded in soybean cultivar G22 
under the control treatment, however 
the highest one was recorded in G83 
variety. The most pronounced 
reduction in nitrate content as a result 
of the highest salinity level was 
obtained by Crawford variety, but the 
least reduction was obtained by G83 
one. 

Our results are in accordance 
with those of Silveira et al. (1999), 
who reported reduction of nitrate 
uptake by salt stressed plants, as 
salinity stress interferes with nitrogen 
processing and utilization. Frechill et 
al. (2001) stated that saline conditions 
can affect the different steps of 
nitrogen metabolism such as uptake, 
reduction and assimilation, which 
may be responsible for the observed 
reduction in plant growth rate. 
Salinity interferes nitrate uptake at 
two levels: a) direct antagonism of 
chloride with nitrate b) and changing 

plasma membrane integrity (Cramer 
et al., 1985). However, Abdelgadir et 
al. (2005) showed that the inhibition 
of NO3

- absorption in tomato as a 
result of salt stress was more strongly 
related to reduced water uptake than 
to Cl- antagonism. Niu et al. (1995) 
reported that salinity might stimulate 
alternations in either influx or efflux 
of nutrient ions such as Ca2+, K+ and 
mainly NO3

- from vacuole to cytosol 
and from cytosol to the external 
medium. 

Fig. 2 represent the changes in 
hydrogen peroxide (H2O2) content of 
six soybean varieties grown under 
three levels of sea salt salinity. There 
was a significant variation between 
soybean varieties in H2O2 content 
under control treatment (0.0 mS/cm2). 
The least H2O2 content was recorded 
by Crawford variety and the highest 
one was recorded by G83 one.  H2O2 
content showed a peak by the 
elevation of salinity level in all 
varieties, except G21, which showed a 
reverse trend. The most pronounced 
H2O2 content was achieved by the 
highest salinity level (16 mS/cm2) in 
G83 variety. 

These results are compatible 
with those of Fadzilla et al. (1997), 
who reported an increase of H2O2 
production in rice plants in response 
to salt stress. Also, Weisany et al. 
(2012) stated that H2O2 content of 
soybean leaves was considerably 
increased with increasing salinity. 
They attributed the increase in H2O2  
to the decrease in water potential 
which might have limited H2O2 
diffusion from the place of its 
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generation (leaves) to the other plant 
organs. Vranova et al.  (2002) 
demonstrated that excess H2O2 in the 
cell can accelerate processes like 
Haber-Weiss/Fenton reaction, 
resulting in the generation of hydroxyl 
radicals (OH-) that can cause lipid 
peroxidation. Another possible reason 
for increasing of H2O2 under salt 
stress is  the increased peroxisomal 
photorespiration reactions and           
β-oxidation of fatty acids (Noreen and 

Ashraf, 2009). Excess H2O2 
generation during salt stress has its 
deleterious effects on plant cells and 
organelles as mitochondria, plasma 
membrane and chloroplasts. So, plants 
have developed an effective strategy 
for eliminating the excessive amounts 
of H2O2 through an effective 
scavenging system to prevent its toxic 
effects on biomembranes and 
biomolecules.  

 

 
Figure 1 - Nitrate content of  six soybean varieties grown under three levels of sea 

salt salinity for 30 days 
 

 
Figure 2 - H2O2 content of  six soybean varieties grown under three levels of sea salt 

salinity for 30 days 
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As shown in Fig. 3, 
glycinebetaine (GB) content of 
soybean plants was increased in all 
varieties by increasing salinity level. 
Where salt treatments provoked an 
increase in the level of GB content 
with the increment in salinity level. 
The highest GB content was recorded 
as a result of 16 mS/cm2 sea salt 
treatment in all soybean varieties. 
However, the highest GB level under 
control conditions was exhibited by 
G82, followed by G83, and the lowest 
one was exhibited by Crawford and 
G21 varieties. 

Glycinebetaine is a quaternary 
ammonium compound that occurs in a 
wide range of plants and performs a 
significant role in plants subjected to 
environmental stresses. The increased 
production of GB improves plant 

tolerance to various abiotic stresses 
without strong phenotypic changes 
(Wani et al., 2013). GB acts as 
osmoprotectant by stabilizing 
quaternary structures of proteins 
against the adverse effects of high 
salinity, and efficiently protects 
various components of the 
photosynthetic machinery such as 
Rubisco and photosystem II from salt 
induced inactivation or damage 
(Papageorgion and Murata, 1995). 
Wani et al. (2013) reviewed that GB 
plays an adaptive function in 
mediating osmotic adjustment and 
protecting the sub-cellular structures 
in stressed plants, protect the 
transcriptional and translational 
machineries and act as a molecular 
chaperone in the refolding of 
enzymes.  

 

 
Figure 3 - Glycinebetaine content of  six soybean varieties grown under three 

levels of sea salt salinity for 30 days 
 
The total content of phenolic 

compounds in six soybean varieties 
under the effect of three sea salt 
salinity levels is shown in Fig. 4. The 
highest phenolic content under the 
control treatment was exhibited by 

G22 variety, however the lowest one 
was exhibited by G35 and G82 
varieties.  Addition of sea salt resulted 
in a variable effect on soybean 
varieties, where the treatment with sea 
salt had resulted in the decline of 
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phenolics compared to the control 
treatments of soybean varieties 
Crawford, G21, G22 and G83. On the 
other hand, sea salt treatments had 
resulted in the increment of phenolic 
content higher than that of the control 
in soybean varieties G35 and G82.  

The accumulation of phenolic 
compounds after salinity stress have 
been reported in the earlier work of 
Elhaak et al. (2014). Also, Sadak 
(2015) reported that the exposure of 
sunflower to sea salt salinity have 
resulted in the accumulation of 
phenolic compounds. Rivero et al. 

(2001) attributed the massive 
accumulation of phenolic compounds 
in response to salinity stress to the 
activation of phenylalanine ammonia 
lyase (PAL). These phenolic 
compounds play an important role in 
scavenging free radicals, where its 
antioxidative properties arise from 
their elevated reactivity as hydrogen 
or electron donors enabling them to 
stabilize and delocalize the unpaired 
electrons (Huang et al., 2005). Also, 
phenolics act as antioxidants by 
inhibiting enzymes involved in radical 
generation (Castellano et al., 2012). 

 

 
Figure 4 - Phenolic compounds content of  six soybean varieties grown under three 

levels of sea salt salinity for 30 days 
 
Activity analysis of soybean 

varieties under sea salt stressed 
treatments stained onto gels detected 
variation of peroxidase (POD), 
superoxide dismutase (SOD) and α 
and β esterases (EST) isozymes  as 
biochemical markers in response to 
salinity stress (Fig. 5). Enzymes 
encoded by different alleles of a 
distinct locus or by separate loci 
commonly show different 

electrophoretic mobilities due to 
variations in the amino acids sequence 
of the enzyme molecules, which in 
turn dependent on the sequences of 
nucleotides in DNA (Micales et al., 
1992). POD isozymes pattern (Fig. 
5a) reflected six different isoforms 
(POD1-6) in the studied soybean 
varieties under different levels of sea 
salt salinity. POD4 and POD6 were 
commonly found in all treatments 
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with the same intensity. However, 
POD1 was not detected in G82 and 
G83 under control treatment, but 
detected in all soybean varieties under 
8.0 and 16.0 mS/cm2. POD2 isoform 
is highly affected by salt stress, where 
it is present in all varieties in the 
unstressed treatment, but disappeared 
under salinity from all soybean 

varieties, except G82 and G83 at 8.0 
mS/cm2 and G83 at 16.0 mS/cm2. 
POD3 isoform was more sensitive, 
that it completely disappeared in salt 
treatments. POD5 isoform is common 
in all varieties under control and salt 
treatments, except G82 variety at 0.0 
mS/cm2 salt level.  

 

 
a) Peroxidase (POD) b) Superoxide dismutase (SOD) 

 
c) α-Esterase  (α-EST) d) β-Esterase (β-EST) 

Lanes: (1) Crawford, (2) G21, (3) G22, (4) G35, (5) G82, (6) G83, (7) Crawford+8 mS/cm2, 
(8) G21+8 mS/cm2, (9) G22+8 mS/cm2, (10) G35+8 mS/cm2, (11) G82+8 mS/cm2, (12) 
G83+8 mS/cm2, (13) Crawford+16 mS/cm2, (14) G21+16 mS/cm2, (15) G22+16 mS/cm2, 
(16) G35+16 mS/cm2, (17) G82+16 mS/cm2 and (18) G83+16 mS/cm2. 
 

Figure 5 - Zymogram of four enzymes in  the leaves six soybean varieties grown 
under three levels of sea salt salinity for 30 days 

 
The pattern of SOD isozymes on 

native PAGE gels of soybean varieties 
(Fig. 5b) under three levels of sea salt 
salinity (0.0, 8.0 and 16.0 mS/cm2) 
revealed four isoforms designated as 
SOD1-4. The SOD1 isoform was the 

highly expressed, while SOD3 
isoform was the weakest. From the 
provided zymogram, soybean SOD 
was shown to be non-sensitive to 
salinity and all the bands were 
expressed with the same intensity. 
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This result is compatible with the 
findings of Shao et al. (2015), who 
reported that the leaves of 
Andrographis paniculata showed no 
obvious band intensity changes of 
SOD and CAT with salt stress. Also, 
Luna et al. (1985) concluded that 
SOD activity in maize was not 
affected by drought stress. 
Nevertheless, it has been reported by 
Turhan et al. (2008) that unchanged or 
enhanced enzyme activities were 
observed in salt-tolerant cultivars to 
reduce stress severity thus allowing 
cell growth, and POD activity was 
found to be higher, providing 
protection against the oxidative stress. 

Zymogram of α-Esterase (α-EST) 
electrophoretically detected three 
isoforms in soybean leaves under 
salinity treatments (Fig. 5c). The 
zymogram showed that, α-EST1 is 
common in all varieties at all salinity 
levels, but its intensity decrease 
gradually by increasing salt 
concentration. α-EST2 is found in 
G21, G35 and G83 varieties under 
non-saline conditions, however 8 
mS/cm2 salinity level induced the 
expression of this isoform in all 
varieties. Also, 16 mS/cm2 salinity 
level resulted in switching off α-EST2 
isoform gene and switching on          
α-EST3 isoform gene in the different 
soybean varieties. Also, the 
electrophoretic profile of β-Esterase 
(β-EST) isozyme showed two 
isoformes of this enzyme with the 
commonness of  β-EST1 in soybean 
varieties at the various salinity levels 
(Fig. 5d). However, β-EST2, like      
α-EST2, is found only in G21, G35 

and G83 varieties only at the non-
saline treatment. β-EST2 was induced 
by 8.0 mS/cm2 salinity level at all 
soybean varieties, but it was 
disappeared by 16 ms/cm2 treatment 
from soybean varieties except 
Crawford and G82 varieties. So, salt 
stress induced negative effects on 
esterases in the number and intensities 
of the bands. Our results are 
incompatible with those of Mohamed 
(2005), who reported induction of 
esterases expression in maize plants 
exposed to NaCl salinity. Also, 
Hassanein (1999) concluded that 
salinity increase esterase isoenzymes 
in peanut and the number of esterase 
isoenzymes increase by increasing 
NaCl concentration. On the other 
hand, Swapna (2003) reported that 
salinity stress decrease esterase 
activity in rice plant at seedling stage. 
Radic and Pevalek-Kozlina (2010) 
reported that low salt stress induced 
EST activity in the leaves of 
Centaurea ragusina, while the higher 
concentrations decline it. In general, 
the change in the isozyme profile 
through the induction of new 
isozymes or the disappearance of 
existing bands play an important role 
in the cellular defense against 
oxidative stress caused by salt stress. 

 
CONCLUSION 

 
Overall, the results of this study 

showed that all the studied soybean 
varieties are mild-salt tolerant. 
Furthermore, our results proved that 
salinity stress resulted in negative 
consequences on nitrogen metabolism 
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due to diminution of nitrate uptake, 
nevertheless it has enhanced the 
accumulation of  the compatible 
osmolyte glycinebetaine and the 
antioxidant  phenolic compounds.  
Also, salinity caused pronounced shift 
in the activity of peroxidase and 
esterase isozymes, but has a non-
significant effect of superoxide 
dismutase.  
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