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Abstract 
The changes in dry weight content, roots length, catalase (CAT), peroxidase (POD), α-amylase 

and acid phosphatase activities as well as soluble protein amount in two experimental group of soybean 
(Glycine max (L.) Merr). seedlings were investigated at four and seven days after NaCl treatment 
(50mM, 100mM and 150mM). One experimental group used the soybean seeds without bacterial 
inoculation (named GmI) and the other experimental group used seeds from plant inoculated with 
PGPR (named GmII). Salinity reduced the roots size for GmI seedlings while for GmII seedlings the 
roots dimensions were greater comparatively with control (practically doubling at seven days). The dry 
weight was relatively constant in comparison with the control, only Gm II seedling at four days showed 
a slightly increase at all NaCl concentrations. The effect of saline treatment on the antioxidative and 
hydrolytic enzymes activities varied, depending on the concentration of NaCl and the age of seedlings. 
Generally, saline stress increased protein content for both soybean seedlings. 
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1. Introduction  
 

A number of abiotic stress factors, such as drought, salinity, chilling, frost and 
flooding negatively influence the overall growth of plants, affecting root function, growth 
rates, reducing yields and germination, inducing metabolic changes and even plant death in 
extreme conditions [1]. These issues are useful and it is need a clearer understanding for an 
improvement of plant tolerance to these stresses, particularly for important culture plants. 

Salinity is one of the most severe environmental stresses for plants, the most common 
salt that inhibits plant growth being sodium chloride [2]. Studies of plant tolerance to salt 
stress cover many aspects of the influences of salinity on plant behavior, including alterations 
at the morphological, physiological and molecular levels [3]. Agricultural lands that have 
been heavily irrigated are highly saline and this leads to huge losees of crops. Thus, the 
productivity of most economically important crop species, such as rice (Oryza sativa), maize 
(Zea mays), soybean (Glycine max) and beans (Phaseolus vulgaris) is very sensitive to soil 
salinity [4; 5]  

Soybean is one of the main sources of edible vegetable oil and high-protein livestock 
feed and has been considered as a salt sensitive to moderately salt-tolerant crop [6].  

Since different abiotic stress conditions cause oxidative stress by generation of 
reactive oxygen species (ROS), the activation of antioxidant systems is considered as one of 
the general plant response mechanisms to stress [7]. Superoxidismutase (SOD), the first line 
of cell defence against ROS generated by stress conditions, catalizes the dismutation of 
superoxide into oxygen and hydrogen peroxide. Then H2O2 is scavenged rapidly by the 
antioxidative defence system (catalase - CAT and peroxidase - POD) to water and oxygen [8].   
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Some studies evidenced that several soil bacteria can help the plants to avoid or 
partially overcome a variety of environmental stresses. An experimental alternative is to 
alleviate salt stress by inoculating crops seeds and seedlings with various plant growth 
promoting bacteria (PGPB), such as Rhizobium spp. and Azospirillum spp. and also with 
mycorrhizal fungi [9]. Another study revealed the mitigation of salt stress in Raphanus sativus 
by plant growth promoting rhizobacteria (PGPR) like Staphylococcus kloosii and Kocuria 
erythromyxa [10]. It is known that PGPR strains can indirect enhance stress tolerance as a 
consequence of increasing activity of some antioxidant enzymes during periods with intense 
photosynthesis [11]. AAMIR & al., (2013) indicated that inoculation/co-inoculation with 
Rhizobium and PGPR could be an effective approach to induce salinity tolerance and improve 
nodulation, growth and yield of mung bean under salt affected conditions [6]. 
 In this study soybean seeds (Glycine max L. Merr.) (from plant uninoculated and 
inoculated with Plant Growth Promoting Rhizobacteria - PGPR) were used to evaluate the 
antioxidative and hydrolytic enzymes activities, root growth, dry weight and protein contents 
at four and seven days after treatment with several sodium chloride concentrations. 
 
2. Material and Methods 
 

Soybean seeds necessary for experiment were provided by the Laboratory of 
Microbiology, Faculty of Biology, Iasi. There have been two experimental groups using the 
soybean seeds without bacterial inoculation, named GmI and seeds from plant inoculated by 
immersion with plant growth promoting rhizobacteria (PGPR) strains S4 and S7, named 
GmII. Seeds were treated with 50 mM, 100 mM and 150 mM NaCl for four hours. Control 
was set up by seed immersion in distilled water. After treatment, 25 seeds of each soybean 
genotype were transferred to Petri dishes for germination. All morphological and biochemical 
attributes were evaluated at four and seven days after the treatment meaning for four and 
seven-days old seedlings of two soybean experimental groups.  

Dry weight content was determined using gravimetric method by maintenance of the 
biological material at 105°C to constant weight. The results are expressed in g dry 
matter/100g fresh biological material [13]. 

Increase of roots soybean seedlings (without bacterial inoculation and from plant 
inoculated with PGPR) was calculated by measuring their size (in cm). 

Enzymes activity assay 
For CAT and POD extraction, seedling sample (0.3g) were homogenized with 0.1 M 

phosphate buffer (pH=7.5) and the homogenates were centrifuged at 40C in Beckman 
refrigerated centrifuge for 15 min at 15000xg. The supernatants were used for enzymes 
activity assay. 
 Peroxidase (POD) activity was determined spectrophotometrically by measuring the 
oxidation of o-dianisidine [14]. The reaction was started by adding 0.1 H2O2 0.05% on 
mixture reaction containing 0.2 ml of enzyme extraction, 0.8 ml distillated water and 1.5 ml 
1% O-dianisidine. After 5 min. the reaction was stopped with 2.5 ml H2SO4 50%. The 
enzyme activity is expressed as peroxidase units (UP) which corresponds to the quantity of 
enzyme capable to decompose 1 micromole of H2O2 per minute.  

Catalase (CAT) activity was measured according to the method described by SINHA 
[15]. Briefly, the assay mixture consisted of 0.4 ml phosphate buffer (0.01 M, pH 7.0), 0.5 ml 
hydrogen peroxide (0.16 M) and 0.1 ml enzymatic extract in a final volume of 3.0 ml. About 
2 ml dichromate acetic acid reagent was added in 1 mL of reaction mixture, boiled for 10 min, 
cooled. Changes in absorbance were recordes at 570 nm. CAT activity was expressed as the 
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amount of enzyme needed to reduce 1 µmol of H2O2 per min. Enzymes activity (POD and 
CAT) were expressed as unit per mg proteins (U/mg protein). 
 The acid phosphatase activity was measured according to the method described by 
ARTENIE and TANASE, 1981. The 0.9% saline enzymatic extract was added on 1m 1.5% 
disodic β-glycerophosphate and after keeping 30°C for 30 min., the reaction was stopped with 
10% triclor acetic acid. The centrifugation was effected at 3000rpm and in this supernatant 
was dosed the phosphorous using the Bell and Doisy method modified by Artenie [16]. 

  Activity of α-amylase was estimated using starch as substrate, according with the 
Noelting-Bernfeld method [16]. One enzyme unit (U) liberates 1 μmol of reducing sugar 
(calculated as maltose) per minute at 40°C and pH 5.6 from soluble starch. 

The determination of soluble protein content was made using 50mM Tris-HCl buffer, 
pH 7, according to BRADFORD method with bovine serum albumin as standard. Thus, this 
assay is refers to the binding of Coomassie Brilliant Blue G-250 at aromatic amino acid 
radicals and measuring the colour at 595nm [17]. The result was expresed in mg protein per g 
fresh weight. 

In order to compare the sensitivity of each studied parameter, changes in their values 
were calculated as a percentage of control value (set to 100%). The increase or decrease rates 
were establised by equation: (1-x/y)100, were y is the average value detected in the control 
and x is one of each treated samples.  
  
3. Results and Discussions 

 
3.1. Salinity effect on growth and dry weight 

Salt stress, like many other abiotic stresses inhibits plant growth. Slower growth is an 
adaptive feature for plant survival under stress because it allows plants to replay on multiple 
resources (eg. building blocks and energy) to combat stress [18]. There are differences in 
tolerance to salinity among species and cultivars as well as among the different plant growth 
parameters.  

In our study, at both four and seven days after the treatment, salinity altered the length 
of the GmI soybean seedlings roots, comparatively with the control (Table 1). A stimulation 
of the roots length was observed in the case of GmII seedlings with the increase of saline 
stress. If the length of four-days old  seedlings roots showed a low increase with the arise of 
NaCl concentrations, at next interval, seven days, the seedlings roots length at all salt 
concentrations were practically doubling comparing with control. While for GmI the root size 
was affected by saline stress, in GmII the effect was stimulatory and this fact is probably 
because the seeds from plant inoculation with PGPR strains were able to alleviate the salt 
stress. Similar results showing an increase in salinity tolerance of some plants (several crops, 
such as pea, maize, groundnut, chickpea, faba bean, lettuce, pepper, tomato, barley and 
radish) were obtained by other autors following  roots inoculation [19, 20, 21, 22]. 

Figure 1 and Table 2 highlights that the dry weight content in soybean seedlings was 
relatively constant in comparison with the control, with small variations (a slight decrease at 
100mM in Gm I). Only in GmII seedling at four days was noted a slightly increased of root at 
all NaCl concentrations used (maximum increase rate is 25% at 100mM concentration). 
Generally, salinity can affect growth, dry matter accumulation and yield [23, 24, 25]. ESSA, 
2002 studied the salinity sensitivity of soybean and evidenced that shoot dry weight was more 
sensitive to salinity than root dry weight and that shoot dry weight was significantly reduced 
by increasing salinity level [26]. 
 

Table 1. Variation of root length (cm) in G. max genotypes seedlings after NaCl treatment  
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Variant NaCl 

concentrations  
Size (cm) 

4 days 7 days 
x±SE STDEV x±SE STDEV 

Gm I 
G. max (without 

PGPR 
inoculation) 

control 2.62 ± 0.27 0.47 10.8 ± 1.23 2.13 
50 mM 2.12 ± 0.49 0.85 8.65 ± 1.20 2.09 

100 mM 2.5 ± 0.62 1.08 8.67 ± 2.47 4.29 
150 mM 2.87 ± 0.49 0.85 8.70 ± 1.44 2.5 

GmII 
G. max (with 

PGPR 
inoculation) 

control 2.00 ± 0.4 0.7 4.70 ± 0.89 1.55 
50 mM 2.5 ± 0.40 0.7 8.5 ± 1.74 3.02 

100 mM 2.75 ± 0.68 1.19 8.42 ± 3.75 6.5 
150 mM 2.87 ± 0.35 0.62 9.32 ± 2.12 3.67 

                Values are means± SE of 10 replicates 
 

Although in salinity conditions the dry weight decreased, using PGPR inoculation 
increases were recorded. Inoculation with PGPR (five halotolerant bacterial strains) increased 
the root dry weight (15,4%-61,8%) under salt stressed conditions (80 mM, 160 mM and 320 
mM) in seven-days old wheat seedlings when compared with positive control [27]. Another 
study evidenced that inoculation significantly increased the fresh and dry weights of tomato 
seedlings grown in the presence of up to 172 mM NaCl salt [28]. 
3.2. Salinity effect on biochemical parameters 

Salinity causes either an increase or a decrease in the activity of enzymes, depending 
on the nature of the enzymes, extent of stress, the plant parts studied and the genotypes of 
plant species differing in salt tolerance.  

Alpha amylase is an important key enzyme in carbohydrate metabolism that plays a 
significant role in starch degradation in germinating seeds and mobilization of reserved 
material required for the growth of young seedling [29]. In our study, at four days after the 
NaCl treatment the α-amylase activity in both soybean seedlings had the same trend (Fig. 2, 
Table 2). Thus, at four days after treatment, the decrease in α-amylase activity was observed 
at 50mM and 100 mM concentrations but the higher inhibition rate was at 100 mM (-31% in 
GmI and -40% in GmII). This decrease in enzymatic activity may be one of the factors for 
reduced assimilate transportation and reduction in growth at seedling stage [30]. Numerous 
studies evidenced that under salinity stress, a decrease of α-amylase activity has been reported 
in some grains like Hordeum distichum [31], Brassica napus - cv. Exagone [32], Triticum 
aestivum [33] and Triticum durum [34]. After seven days, this enzyme activity exhibited a 
relatively constant activity for GmI seedling, comparatively with control, while GmII 
seedlings had a significant increase at lower level of salinity, 50mM NaCl (20%) and a 
slightly rate of decrease at 100mM (16%) and 150mM (8%). This increase of α-amylase 
activity may help seedling to overcome the inhibition exerted by salinity stress and could be 
associated with the effect of PGGR on seedling.  

Phosphatase enzymes are responsible for dephosphorylation of organic phosphate and 
altering it to mineral phosphate. It is known that acid phosphatases provide phosphate to 
tissues that have high energy requirements, especially during development, growth and 
maturation. As a result of salt stress, the acid phosphatase activity was very different in both 
four and seven days after treatment soybean seedlings (Figure 3). So, at four days after NaCl 
treatment the activity was relatively constant in Gm II. At the same age, in GmI only 50mM 
concentration had diminished acid phosphatase activity (reduced rate -49%) whereas at 
100mM and 150mM stimulation rate was high (87% and 33%, respectively). According to 
EHSANPOUR and AMINI (2003) experiments (not published), when a plant increases its 
acid phosphatase activity under stress condition it becomes more resistant to harmful 
condition [35]. On the other hand it may be due to fact that under stress conditions, growth is 
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restricted and delivery of phosphate is impaired, thus resulting in the activation of the cellular 
phosphatases that release soluble phosphate from its insoluble compounds inside or outside of 
the cells thereby modulates osmotic adjustment by free phosphate uptake mechanism [36]. 

Comparing the acid phosphatase activity, at seven days Gm I and GmII seedlings, the 
results indicates that salinity stress lead to the very similar profile only at the first two NaCl 
concentrations (50mM and 100mM). So, at 150mM concentration the rate of increase was 
220% at GmII while at GmI the rate decrease was very low -16%. Similar results obtained at 
two bread wheat cultivar [37] or Brassica napus [32] indicated that salinity stress enhanced 
phosphatase (acid and alkaline) enzymes activities.  

CAT is known to have a lower affinity to H2O2 compared to POD, suggesting that it is 
involved in H2O2 mass scavenging, rather than  in fine regulation of H2O2 [38]. Our findings 
showed that the activity of antioxidant enzymes such as CAT and POD was differentially 
affected by salinity stress (Fig. 4, Fig. 5 and Table 2). At four and seven days after salt 
treatment CAT response registred for GmI seedling showed a slightly descendent trend at 
lower concentration, 50 mM compared to control. At 100 mM concentration the activity was 
higher comparatively with control indicating an increase rate at four (35%) and seven days 
(13%). On the other hand, at 150 mM concentration the decrease of CAT activity in 7-days 
old seedling was significant (decrease rate – 87.63%) whereas in four days old seedling the 
activity was increased (20%). A significant declin of CAT activity was evidenced in Gm II at 
seven days in relation with NaCl higher concentration. This may be correlated with PGPR 
seed inoculation which protected seedling by the deleterious saline effect. In contrast, the 
enzyme activity was relatively constant at all NaCl concentrations at four days, in the case of 
GmI seedling. Similar results were previously presented by ARSHI & al., (2012) which 
evidenced that catalase activity decreased in three soybean cultivars under treatment, except 
just one cultivar that was most efficient in managing protection against salinity stress [39]. 
AMIRJANI (2010), observed that the superoxide dismutase, catalase and peroxidase activities 
were significant decrease under 100 and 200 mM NaCl in soybean seedling exposed to 
salinity [6]. Similar results was obtained by NOORIEH & al., (2013) who studied PGPR 
inoculation effects on growth parameters, microelements and antioxidant enzymes activities 
levels in two canola cultivars under salt stress [40]. Their results indicated that antioxidant 
enzyme levels (CAT and POD) significantly increased in both cultivars under two salinity 
concentrations but these activities significantly decreased when PGPR where used for seed 
inoculation. 

The activity of POD in GmI seedling at four days was decreased significantly by NaCl 
treatment comparatively with control at all concentrations. In contrast, at the same age, the 
enzyme activity of Gm II seedling has a significant increase rate only at 50 mM (50%) and 
100 mM (just 9%) concentrations compared to control.  

The responses in the POD activity against salt treatment at both genotypes were 
relatively similar at seven days, only 100mM concentration having slightly high values 
comparatively with the control (6% at GmI and 19% at GmII).  
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Table 2. Comparative behaviour of several enzymes activities in four and seven-days old soybean seedlings, after NaCl treatment 

 

Variant 
α-

amylase 
-/+ rate 

(%) 

Acide 
phosphat

ase 
-/+ rate 

(%) catalase 
-/+ rate 

(%) 
peroxidas

e 
-/+ rate 

(%) protein
-/+ rate 

(%) 

Dry 
weight 

-/+ rate 
(%) 

Gm I - 4 days control 202,75 0 3,36 0 144,49 0 1,46 0 28,5 0 47,38 0 
  50mM 172,84 -14,75 1,71 -49,10 134,17 -7,14 0,97 -33,56 30,34 6,45 49,05 3,52 
  100mM 138,31 -31,78 6,3 87,5 195,2 35,09 0,85 -41,78 33,41 17,22 46,2 -2,49 
  150mM 172,5 -14,91 4,48 33,33 174,44 20,72 0,92 -36,98 34,67 21,64 49,59 4,66 
Gm I - 7 days control 305,48 0 5,78 0 109,36 0 1,33 0 20 0 29,92 0 
 50mM 301,96 -1,15 6,74 16,60 105,12 -3,87 0,87 -34,587 24,5 22,5 30,45 1,77 
 100mM 307,21 0,56 4,89 -15,39 124,65 13,98 1,41 6,015 25,6 28 26,5 -11,43 
 150mM 286,07 -6,35 4,83 -16,43 13,52 -87,63 0,49 -63,15 23,9 19,5 32,03 7,05 
Gm II - 4 days control 195,23 0 3,33 0 131,33 0 1,14 0 33,71 0 41,59 0 
  50mM 170,44 -12,69 3,58 7,50 140,79 7,20 1,71 50 30,23 -10,32 44,79 7,69 
  100mM 115,9 -40,63 3,32 -0,30 125,85 -4,17 1,25 9,64 32,85 -2,55 52,33 25,82 
  150mM 152,83 -21,71 4,11 23,42 126,56 -3,63 0,3 -73,68 29,7 -11,89 47,29 13,70 
Gm II - 7 days control 280,11 0 1,85 0 133,77 0 1,14 0 23,1 0 31,47 0 
 50mM 336,51 20,13 4,31 132,97 52,77 -60,55 0,79 -30,70 23,7 2,59 29,53 -6,16 
 100mM 326,54 16,57 1,54 -16,75 8,31 -93,78 1,36 19,29 30,3 31,16 30,11 -4,32 
 150mM 304,74 8,79 5,93 220,54 11,12 -91,68 0,66 -42,10 24,7 6,92 32,21 2,35 

-decrease rate; + increase rate 
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Fig.1. Variation of dry weight content in G. max seedlings after NaCl 
treatment 

Fig. 2. Variation of α-amylase activity in G. max seedlings 
after NaCl treatment 
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Fig. 3. Variation of acide phosphatase activity in G. max seedlings after 
NaCl treatment 

Fig. 4. Variation of catalase activity in G. max seedlings 
after NaCl treatment  
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Fig. 5. Variation of peroxidase activity in G. max seedlings after NaCl 
treatment  

Fig. 6. Variation of soluble protein content in G. max 
seedlings after NaCl treatment  
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In their study, Han and Lee, (2005) observed that the un-inoculated soybean plants 
cultivated under soil salinity conditions had an increased antioxidant activity (GR and APX) 
and concentration of proline and MDA compared with the inoculated plants [41]. Their results 
suggested that inoculation of salt-stressed plants with PGPR strains could alleviate salinity 
stress. 

Generally, as Figure 6 show in both soybean seedlings groupe the protein content 
increased after applying the saline stress treatment. A gradual increase in protein content was 
observed in GmI at 4-days old seedling whereas at 7 days, the level of soybean seedling 
protein was relatively constant, having highest stimulation rate at 100mM (28%). At seven 
days the protein level of Gm II seedling was highest at 100mM (stimulation rate 31%) 
comparatively with control. The amount of protein has close values at seven days both in GmI 
and GmII at concentrations 50mM and 150mM NaCl. 

Salinity interferes with protein synthesis, fact evidenced by the inhibition of the amino 
acids incorporation into proteins. This inhibition is marked by an increase in the concentration 
of free amino acids, especially proline [42]. In the majority of cases salinity decrease the level 
of protein in salt-stressed plant parts as a result of the decreased synthesis of protein as well as 
the increased activities of protein-hydrolyzing enzymes. However, in certain cases, an 
increased protein level is noticed under salinization, possibly due to the increased synthesis of 
new salt-induced proteins or the decreased activities of proteolytic enzymes [43]. On the other 
hands, it is a well known fact that the PGPR strains improve the nutritive value of the beans 
by enhancing the soluble protein [11].  

 
4. Conclusions 
 

In conclusion, the results of the present study show modifications in morphological 
and biochemical responses for both GmI and GmII soybeans seedlings. Sodium chloride 
salinity diminished the root size of GmI seedlings while in GmII seedlings  the dimensions 
was practically doubled compared with control. The total dry weight of seedling GmII 
increased with 25.82% while in seedling GmI this increase was lower - only 4.66% under 
salinity stress at 150mM and 100mM, respectively. The α-amylase activity was lower than 
control at four days in both soybean experimental groups but at seven days it was observed an 
increase of activity only for GmII.  

ROS scavenging enyzmes such as SOD and POD had a very variated activity in both 
soybean seedlings depending on the concentration of NaCl, the age of seedlings and PGPR 
inoculation. There is no correlation between antioxidant enzymes activity, salinity and 
influence of PGPR strains revealed by our study. 

The level of soluble proteins was increased in seedling of both soybean experimental 
groups compared with control, with exception of GmII at four days. 
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