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INTRODUCTION 
 
Soil salinity is a major abiotic stress that limits plant 
growth and productivity. A high concentration of Na
harmful to plants because of its interference with K
nutrition and, consequently, alteration of enzyme ac
and cellular metabolism (Ward et al., 2003
and Shaddad, 2014 and 2016). In order to prevent 
accumulation of toxic amounts of Na

+
 in the cytosol, active 

Na
+ 

efflux into the apoplast and its compartmentalization
inside the vacuole occur (Apse and Blumwald
Kabala and Russak, 2012). Plant’s behavioral
salinity is complex, and different mechanisms are adopted 
by plants when they encounter salinity. The soil and water 
engineering methods increase farm production in the 
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Abstract 
 

The present work was conducting to study the response strategy of salt 
tolerance of cv. Sakha 94 and cv. Giza 168 and the biotic role 
Azospirillum brasilense inoculation in improvement osmotic defense system 
of these cultivars. It can be observed that cv. Giza168 was the most tolerant 
one and cv. Sakha 94 was the sensitive one. This sensitivity in 
was concomitant with the decrease in osmotic pressure
soluble sugar and soluble protein, shoot K

+ 
and Ca

uptake, fresh, dry matter and length of shoot and root of wheat plant. On 
other side the tolerant of cv. Giza in 168 was concomitant with the increase 
of osmotic pressure, shoot soluble sugar, soluble pro
fresh, dry matter and length of both organs. Sodium 
root of both cultivars. Azospirillum application was 

the production of fresh, and dry matter length and water 
cv. Sakha 94 and cv. Giza 168. Soluble sugar and soluble protein
both cultivars were markedly accumulated. Azospirrillum
induced a marked decrease in the accumulation of Na
root of both tested cultivars. Azospirillum inoculation 
increased K

+
, Ca

++
 and Mg

++ 
with increasing osmotic

of cv. Sakha 94. In cv. Giza168, there are a similar trend between shoot and 
root in the accumulation of K

+
 and Ca

++
, increase with increasing osmotic 

stress. 
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Soil salinity is a major abiotic stress that limits plant 
growth and productivity. A high concentration of Na
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harmful to plants because of its interference with K
+
 

nutrition and, consequently, alteration of enzyme activities 
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). In order to prevent 
in the cytosol, active 

its compartmentalization 
Apse and Blumwald, 2007; 

behavioral response to 
mechanisms are adopted 

The soil and water 
methods increase farm production in the 

damaged soil by salinity, but achievement of higher 
purposes by these methods seems to be very difficult 
(Yokoi et al. 2002; Mahajan and Tuteja, 2005).The high 
salinity of the soil affected the soil penetration, decreased 
the soil water potential and final
drought (Yusuf et al., 2007).The plants can overcome the 
changes in environmental conditions either by change 
their metabolism or by exogenous application of 
biofertilizers (Azospirillum). Apparently, inoculation with 
Azospirillum improved growth under water
conditions as was initially demonstrated in the 1980s (
Komy et al., 2003 and 
2010). Coleoptile heigh, and fresh and dry weight of wheat 
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seedlings inoculated with A. brasilense Sp 245 were 
enhanced, despite the water stress (Alvarez et al., 1996). 
Inoculation with Azospirillum alleviated the stress on 
wheat plants grown under drought and cupper stress 
conditions (El-Komy et al., 2003 and Hamdia, 2017). 
Turgor pressure at low water potential was higher in 
inoculated seedlings in two wheat cultivars under osmotic 
stress. This could result from better water uptake as a 
response to inoculation that, in turn, is reflected by faster 
shoot growth in inoculated seedlings exposed to these 
stresses. They showed better water status and                  
effects on cell wall elasticity or apoplastic water (Creus et 
al., 2004).Thus the present work carried out to                  
evaluate the salt tolerance of two wheat cultivars cv. 
Sakha 94 and cv. Giza 186 and try to ameliorate                      
the deleterious effect of salinity by Azospirillum 
inoculation. 
 
 
MATERIAL AND METHODS 
 
Seeds cultivars of wheat Giza 168 and Skha 94 were 
surface sterilized by an immersion for 30 minutes in a 
mixture of 96% ethanol and 95% , H2O2 (1:1, V/V). Then 
they were washed with sterile distilled water several times 
and germinated in dark on wet sterile filter paper in petri 
dishes for 3 days at 30

o
C. The seedlings were 

transplanted in plastic pots containing 100 g clay soil 
without salinization treatment (control) and under different 
salinization concentration 50 mM and 100 mM NaCl 
concentrations were added to the soil in such a way that 
the soil solution acquired the assigned NaCl levels at field 
capacity. The previous treatment group was repeated for 
Azospirillum brasilense strain Z6/12 (isolated from maize 
rhizosphere) inoculation by El-Komy (1992). Bacterial 
strain was grown in malate medium supplied with 0.2 g L

-1
  

yeast extract for 20 h at 30
o
C on shaker at 200 rpm cells 

were h1 cm
3
 contained 10

7
 colony-forming units (CFU) at 

the logarithmic phase by centrifugation twice in sterile 
demineralized water and then used as inoculums at the 
moment of Cm

3
=10

7
per used. The noculums was placed 

on the root surface before immersion. A week after this 
treatment, the plants were harvested for analysis after 21-
days from planting. Dry matter was determined after 
drying plants in an aerated oven at 70

o
C to constant 

mass. Saccharides were determined by the anthrone-
sulfuric acids method (Fales, 1951). Soluble protein was 
measured according to Lowry et al. (1951). Sodium and 
potassium were determined by flam photometric method 
(Williams and Twine 1960), and calcium and magnesium 
by the versene titration method (Schwarzenbach and 
Biedermann 1948). 

Experimental data were subjected to one way analysis 
of variance and the means were separated by the least 
significant differences, L.S.D. (Steel and Torrie 1960). 
Correlation coefficients were calculated using statgraphics 
5.0 software. 
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RESULT 
 
Growth parameters 
 
Osmotic stress significantly lowered the production of 
fresh and dry matter of shoot and root of cv. Sakha 94 as 
compared with untreated plants (Tab. 1). The percent of 
reduction at 100 mM NaCl concentration was 73%, 60.7%, 
39% and 28.6% of shoot and root respectively. While cv. 
Giza 168 reflected in tolerance at lower NaCl level (50 
mM) especially in shoot than in root. Fresh and dry matter 
were significantly increased as compared with control 
plants at that level, above which a significant reduction 
was recorded (Table 1). The percent of reduction at 100 
mM was 59.4%, 27.3%, 2.5% and 21.8% of shoot and root 
respectively (Tab. 1). The length and water content in 
shoot and root of the two cultivars were markedly 
decreased with increasing salinization levels (Tab. 2). The 
percent of reduction in length at 100 mM NaCl was 39.1%, 
60.7% and for water content 63%, 41 % in shoot and root 
of cv. Sakha 94 respectively. However, water content in 
cv. Giza 168 showed activation at 50 mM NaCl in shoot 
and root, while it lowered at 100 mM NaCl compared with 
control plants (Tab. 2). 
 
 
Chemical constituents 
 
Osmotic stress induced a significant reduction in soluble 
sugar of shoot and root of cv. Sakha 94 (Fig. 1). Soluble in 
sugar run in opposite direction while increase in shoot, it 
tended to decrease in root of cv. Giza 168 with increasing 
salinity level (Fig. 1). Soluble protein was markedly 
decreased in shoot and root of cv. Sakha, while in cv. 
Giza 168 soluble protein was significantly increased in 
both organs (Fig. 1).  
 
 
Mineral contents 
 
Sodium content was significantly increased in shoot and 
root of both tested cultivars (Tab. 3 and 4).  This 
increasing effect was more obvious in shoot than in root 
and in cv. Sakha 94 than cv. Giza 186. K

+
 content showed 

a variable response to increasing osmotic stress between 
two cultivars while it was tended to increase at 50 mM in 
shoot of cv. Sakha 94 and cv. Giza 168, it was 
significantly decreased at 100 mM NaCl level. In root K

+ 

was markedly decreased in cv. Sakha while a huge K
+
 

accumulation was induced in cv. Giza 168. Calcium 
content was significantly showed a higher accumulation in 
both shoots and roots of cv. Giza 168 with increasing 
salinization levels (Tab. 3 and 4). However, osmotic stress 
effect variably to the accumulation of Ca

++
 in cv. Sakha 

94, induced an increasing effect in root, in shoot                 
induced a decreasing effect (Tab. 3 and 4). Mg

++
              

content was markedly and significantly  elevated  in shoot  
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Table 1. Effect of different osmotic stress levels  on fresh and dry matter in shoot and root of  cv. Sakha 94 and 
cv. Giza 168 grown for 21 days. 
. 

Trea. NaCl mM Shoot Root 
Cv. Sakha 94 f. m. % d. m. % f. m. % d. m. % 

Control 4.18 100 0.107 100 1.13 100 0.077 100 
50 mM 1.26 30 0.035 32.7 0.864 76.5 0.0610 71.4 
100 mM 1.13 27 0.042 39.3 0.667 61.0 0.047 71.4 
Control+Az. 2.68 64.1 0.066 61.7 1.78 157.3 0.120 155.8 
50 mM+Az. 1.35 68.2 0.045 68.2 0.925 81.9 0.065 84.4 
100 mM+Az. 1.78 89.1 0.059 55.1 0.895 97.2 0.059 76.6 
L.S.D. 0.05% 1.3  0.17  0.6  0.5  

Cv. Giza 168         
Control 0.838 100 0.033 100 0.564 100 0.055 100 
50 mM 1.08 128.9 0.035 106.1 0.578 102.5 0.042 76.4 
100 mM 0.340 40.6 0.024 72.7 0.550 97.5 0.04 78.2 
Control+Az. 1.78 212.4 0.065 196.9 1.02 180.9 0.043 78.2 
50 mM+Az. 1.49 178.5 0.051 154.5 0.795 140.9 0.05 92.7 
100 mM+Az. 1.19 142.0 0.04 121.2 0.626 110.9 0.05 90.9 
L. S. D. 0.05% 1.2  0.13  0.5  0.3  

 
 

Table 2. Effect of different osmotic stress levels on length and water content in shoot and root of cv. 
Sakha 94 and cv. Giza 168 grown for21 days. 
 

Treat. NaCl mM Length Water content 

Cv. Sakha 94 Shoot % Root % Shoot % Root % 

Control 20.5 100 3.5 100 4.07 100 1.05 100 

50 mM 11.0 53.7 2.5 71.4 1.23 30.2 0.803 76.5 

100 mM 12.5 60.9 2.5 71.4 1.1 27.0 0.62 59.0 

Control+Az. 18.5 90.2 5.5 157.1 2.61 64.1 1.66 158.1 

50 mM+Az. 16.0 78.0 5.0 142.9 1.31 32.2 0.86 81.9 

100 mM+Az. 13.5 65.9 3.0 85.7 1.72 42.3 0.84 80.0 

L.S.D. 0.05% 1.5  0.92  1.6  0.85  

Cv. Giza 168         

Control 14.0 100 6.0 100 0.805 100 0.509 100 

50 mM 12.0 85.7 4.0 66.7 1.05 130.4 0.536 105.3 

100 mM 7.0 50.0 3.0 50.0 0.316 39.3 0.51 100.2 

Control+Az. 15 107.1 3.3 55.0 1.72 213.7 0.977 191.9 

50 mM+Az. 17 121.4 5.0 83.3 1.43 177.6 0.745 146.4 

100 mM+Az. 15.5 110.7 5.0 83.3 1.15 142.9 0.576 113.2 

L.S.D. 0.05% 1.8  1.4  1.2  1.2  

 
 
 
and root of both tested cultivars. It is worthy to mention               
that at 50 mM NaCl induced a higher values of K

+
,                   

Ca
++

 in shoot and Mg
++ 

in root of cv. Sakha 94.                    
Whereas in cv. Giza 168, higher values was                       
recorded in shoot and root Ca

++
 and root Mg

++ 
(Tab. 3 and 

4). 
 
 
Osmotic pressure  
 
Osmotic pressure significantly elevates with increasing 
salinization levels in the soil in shoot and root of both 
tested cultivars (Figure 2). It is worthy to mention that               
this activation was more effective in shoot than in root 
organ. 
 

Azospirillum application 
 
Azospirillum inoculation was significantly increased the 
production of fresh, dry matter, length and water content 
of both cv. Sakha 94 and cv. Giza 168 (Tab. 1 and 2). 
Actually it can observed that cv. Giza 168 response more 
positively to  Azospirillum treatment than cv. Sakha 94 in  
production of growth parameters when compared with  
control plants or with the corresponding osmotic stress 
level. Soluble sugar and soluble protein of both cultivars 
were markedly accumulated especially in shoot than in 
root and at 50 mM NaCl level than 100 mM NaCl 
compared with uninoculated plants (Fig. 1). Azospirillum 
application induced a marked decrease in the 
accumulation  of  Na

+
  content  in  shoot  and root of both  

 



Abd El-Samad and Mohamed  169 
 
 
 

 
a 
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Fig. 1. Effect of different osmotic  stress  levels on  soluble sugar a (mg g-1 d. m. ) and soluble protein  b (mg g-

1 d. m. ) in shoot and root of cv. Sakha 94 and cv. Giza 168 grown for 21 days.. 

 
 
 
tested cultivars, the reduction was similar in the two 
cultivars (Tab. 3 and 4). Azospirillum inoculation was 
significantly increased K

+
, Ca

++
 and Mg

++ 
with increasing 

osmotic stress as compared with either salinization or 
corresponding level in shoot and root of cv. Sakha 94. 
Except of this trend shoot K

+ 
tended to decrease with 

raising salinity. In cv. Giza168, there was a similar trend 
between shoot and root in the accumulation of K

+
 and 

Ca
++

, increased with increasing osmotic stress (Tab. 3 and 
4). It is a surprising situation that Azospirillum application 
was significantly and progressively increased in Mg

++ 

content of both organs of the two  cultivars. This  increase  
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Table 3. Effect of different osmotic stress levels on  mineral contents   (mg g-1d. m.) in shoot of 
cv. Sakha 94 and cv. Giza 168 grown  for 21 days. 
 

Treat. NaCl mM Shoot 
Cv. Sakha 94 Na

+
 % K

+
 % Ca

++
 % Mg

++
 % 

Control 1.8 100 4.2 100 16.3 100 1.8 100 
50 mM. 3.0 166.7 4.6 109.5 12.0 73.6 1.8 100 
100 mM. 3.3 183.3 1.6 38.1 5.5 33.7 2.8 155.6 
Control +Az. 1.0 55.6 2.1 50 12.5 76.7 9.0 500 
50 mM+Az. 2.1 116.7 2.6 61.9 21 128.8 9.0 500 
100 mM+Az. 2.4 133.3 1.3 30.9 22.5 138.0 5.4 300 
L. S. D. 0.05% 1.1  1.2  1.1  1.4  

Cv. Giza 168         
Control 2.6 100 2.7 100 15 100 3.0 100 
50 mM 2.9 115 3.1 114.8 21 140 5.1 170 
100 mM 3.9 150 2.1 77.8 21 140 3.8 126.7 
Control + Az. 1.5 57.7 3.4 125.9 12.5 83.3 6.3 210 
50 mM+Az. 2.1 80.8 3.8 140.7 13.5 90 10.8 360 
100 mM +Az. 2.1 80.8 2.9 107.4 13.5 90 10.8 360 
L. S. D.  0.05% 1.0  1.3  1.0  1.2  

 
 

Table 4. Effect of different osmotic stress levels  on  mineral contents (mg g-1d.m.) in root  of cv. 
Sakha 94 and cv. Giza 168 grown  for 21 days. 
 

Treat. NaCl mM Root 
Cv. Sakha 94 Na

+
 % K

+
 % Ca

++
 % Mg

++
 % 

Control 1.5 100 3.3 100 15.0 100 1.8 100 
50 mM 2.1 140 1.0 30.3 19.5 130 4.5 250 
100 mM 2.1 140 0.78 23.6 18.0 120 2.7 150 
Control+Az. 1.2 80 4.3 130.3 15.0 100 3.4 188.9 
50 mM+Az. 1.1 73.3 4.5 136.4 18.0 120 5.4 300 
100 mM +Az. 1.9 126.7 1.0 30.3 15.0 100 10.8 600 
L. S. D. 0.05% 1.3  1.3  1.2  1.0  

 

Cv. Giza 168         
Control 2.1 100 1.0 100 7.8 100 2.9 100 
50 mM 2.2 104.8 2.1 210 21 269.2 3.6 124.1 
100 mM 2.4 114.3 2.1 210 16.5 211.5 3.7 127.6 
Control+Az. 1.1 52.4 1.2 120 14.4 184.6 5.1 175.9 
50 mM+Az. 1.18 56.2 2.1 210 28.2 361.5 5.8 200 
100 mM+Az. 1.2 57.1 2.9 290 18.0 230.8 3.6 124.1 
L. S. D. 0.05% 0.9  1.0  1.4  0.8  
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Fig. 2. Effect of different osmotic  stress  levels on  osmotic  pressure (mOsmo/ H2O) of shoot and   root of 
cv. Sakha 94 a  and cv. Giza 168 b grown  for the 21 days.  
 

 
 
was reached 2 to 5-folds in shoot and root of Cv. Sakha 
94 respectively and 2-folds in shoot cv. Giza168 
compared with control plants. Azospirillum application 
induced in most cases an increase in osmotic pressure of 
cv. Sakha94 and cv. Giza 168 at both osmotic stress 
levels (Figure 2). 
 

DISCUSSION 
 
The present results indicated that the salt tolerant 
mechanisms not only varied according to different 
cultivars but also varied between different organs of                
the same plant. Additionally, this effect seems to be more  
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expressed in shoot than in root of both tested cultivars. It 
can be recorded that cv. Giza 168 was the most tolerant 
cultivar and cv. Sakha 94 was the sensitive one during this 
stage of plant development. The sensitivity in cv. Sakha94 
was paralleled with the reduction in osmotic pressure of 
the cell sap which was inhibited in the accumulation of 
soluble sugar and soluble protein in shoot and root of this 
cultivar. This reduction was reflected on the lowering of 
water uptake that lead to a reduction in fresh and dry 
matter, length in shoot and root of cv. Sakha 94  plant. 
Also, the reduction of K

+ 
and Ca

++ 
content  in shoot  and 

K
+ 

in root may play a role in this strategy. On the other 
side the tolerant of cv. Giza 168 was coincided with the 
increase of osmotic pressure especially at lower salinity 
levels. This tolerant strategy was related with the increase 
of shoot soluble sugar and soluble protein in both organs 
which increased the ability of cv. Giza 168 to uptake more 
water content (Zahra et al., 2010; Zhao et al. 2010 and 
Rabie and Almadini, 2014). The enhancement uptake of 
water increase photosynthetic activity which confirm in the 
production of fresh and dry matter in this cultivar. 
Enhancement of organic and inorganic solutes can be 
used as a suitable trait to discriminate genotypes for salt 
tolerance and osmotic stresses. Mohammed (2007) 
reported that it is important to know how the sink source 
relationships are affected in plant growth under salt stress 
conditions, because the efficient use of assimilate may be 
a limiting factor to plant growth under salinity. The relative 
ability of the plant or plant organ to stimulate the 
accumulation of cytosol substances in its tissues (osmotic 
adjustment)  will  partially   determine    its    tolerance    to    
stress conditions (Kukreja et al., 2005). The marked 
increase in soluble sugars as well as soluble protein and 
tissue water contents in shoots might indicated the 
superiority of shoots and over roots to alleviate the 
imposed salt stress, either via osmotic adjustment as in 
cv. Giza 168 (D’Onofrio and Lindbeg, 2009; Hamdia, 
2013) or by conferring desiccation resistance to plant cells  
as in Cv. Sakha 94 (Hamdia, 2016 and Hamdia and 
Shaddad 2014 and 2016). Hamdia et al. (2017) study the 
response of wheat plants to different osmotic stress levels 
varied among the different organs root, shoot and spike 
and the situation of these organs with application of two 
Cu

++ 
levels 5 mM and 25 mM as CuSO4. The sensitivity of 

root organ was related with reduction in fresh, dry matter 
and length. This resulted from reduction of soluble sugar 
reflected a reduction in water uptake and K

+
 content of the 

cell sap. In the moderate organ spike, the reduction in 
fresh, dry matter and length were concomitant with the 
accumulation of soluble sugar and a huge accumulation of 
soluble protein. In the higher organ shoot, this related with 
more water uptake which in turn induced an accumulation 
of soluble protein and cofactor K

+
 content. It can be 

recorded that shoot was higher Na
+
 accumulation than 

root and spike. It is worthy to note that the differential 
distribution of Na

+
 between two cultivars and between            

the shoot and root of the same  cultivar  may  explain  the  

 
 
 
 
tolerance strategy mechanism of two tested cultivars. The 
increase translocation of Na

+ 
from root to shoot is similar 

between the two cultivars leads to the inhibition in fresh 
and dry matter in shoot more than in root. While the 
accumulation of Na

+
 in higher values in salt sensitive cv. 

Sakha 94 more than salt tolerant  cv. Giza 168  support 
the previous view. Our results distinguished another point 
that the increase of Na

+
in shoot cv. Sakha 94 was related 

with reduction uptake of  K
+
and Ca

++
 while in root this 

reduction was related with the decrease in K
+
 only lead to 

inhibition of growth parameter in shoot more than in root. 
In cv. Giza 168 the increase in Na

+
 was parallel with 

increase in K
+
, Ca

++
 and Mg

++
 in shoot and root  which 

induced an increase in OP and  finally enhanced growth 
parameter of this cultivar. 

It is important to note that the low levels (50 mM) 
osmotic stress induced a higher values of K

+
, Ca

++
 in 

shoot and Mg
++

 in root of cv. Sakha 94. Whearas in cv. 
Giza 168, higher vaues was recorded in  shoot and root 
Ca

++
 and root Mg

++
.This is a good criteria reflected on the 

salt tolerance of cv. Giza 168 (Tammam et al. 2008 and 
Hamdia and Shaddad, 2016) and Wilson et al. (2000)  
suggested that K

+
 might be recirculates from the leaves to 

the roots along with organic anions. After eventual 
metabolism of the organic acids in the roots, K

+
 is 

available for renewed xylem transport to the shoot. It is 
well detected that the increase of sodium in shoot and root 
of  both cultivars  represented a sign for salt sensitivity 
and tolerance. This activation was more detected in cv. 
Sakha 94 than cv. Giza 168 and in shoot than in root. This 
correlated  with   reduction  of  fresh   and   dry   response 
matter was in shoot more than in root. This suggested that 
salt-sensitive cultivars accumulate more Na

+
 than salt 

tolerant for rice Lutts et al. (1996) and Hamdia and Azooz 
(2002) for maize and Tammam et al. (2008) for wheat 
Hamdia et al. (2004) and Hamdia and Barakat (2013), 
working with wheat cultivars and broad bean, respectively 
found that K

+
/Na

+
 ratio was high in salt tolerant than 

sensitive cultivars and recommended it as a suitable 
selection criterion for salt tolerance. Al- Alfocea et al. 
(1993) and Hamdia et al. (2004) reported that K

+
 nutrition 

is not affected by excessive Na
+
 in salt tolerant tomato 

and wheat plants respectively. This situation was 
interpreted by Garacia et al. (1997) who reported that in 
rice there was no correlation between K

+
 and Na

+
 

transport and concluded that the genes affecting Na
+
 

uptake had not apparently related with those involved in 
K

+ 
uptake. However, this situation contrasts with that in 

triticeae (Hamdia, 2013& 2016). Antagonistic relations 
between Na

+
 and K

+
 or negative effects of salinity on K

+
 

uptake in different plants were recorded by other authors 
(Hamdia and Shaddad, 2014; 2016). The mechanisms of 
ion distribution increased the osmotic pressure of the 
shoot which facilitates the steepness of osmoregulation 
towards the aerial parts which in turn increases the water 
flow from the root to the shoots which in turn maintained 
the  water  status (the  conservation  and  utilization). Also,  



 
 
 
 
when treated both cultivars with Azospirillum inoculation 
under osmotic stress respond passively to this treatment. 
This effect was more prominent in salt tolerance cv. Giza 
168 than in salt sensitive Sakha 94.  This was detected in 
the accumulation of soluble sugar and soluble protein, 
shoot and root K

+
 and root Ca

++
, which reflected on the 

increase of growth parameters production (fresh, dry 
matter, length and water content). Finally it can be said 
that the tolerance of cv. Giza 168 enabled the cultivar to 
overcome the saline injury and respond more positively 
than salt sensitive cv. Sakha 94 to Azospirillum 
inoculation. Supporting this view Hamdia and El-Komy, 
(1997) and Hamdia et  al. (2004) showed that the 
Azospirillum inoculation in maize at NaCl concentrations 
up to –1.2 MPa significantly increased chlorophyll, K

+
, 

Ca
++

, soluble saccharides and protein contents compared 
with control maize growing without NaCl. Similarly, under 
high NaCl concentration inoculation of wheat with A. 
lipoferum reduced some of the deleterious effects of NaCl 
(Bacilio et al., 2004). Finally, Azospirillum-inoculated 
lettuce seeds had better germination and vegetative 
growth than no inoculated controls after being exposed to 
NaCl (Barassi et al., 2006; Bashan et al., 2004: Bashan 
2010, Kang et al. 2014, Abd-Alla et al., 2014 and Hassen 
et al., 2016). Hamdia (2017) stated that Azospirillum 
brasilense inoculation increased the accumulation of 
soluble sugar and soluble protein which reflected an 
increase in the production of fresh, dry matter and water 
content with increasing values of osmotic pressure of the 
tested plants under Cu

++
 treatment. Finally, wheat               

plants differentially to Cu
++

 treatment according to  its  
organ and Azospirillum brasilense treatment                      
improved wheat plant efficiency to tolerate the effect of 
Cu

++
 stress. 

 
 
CONCLUSION 
 
The present work was conducting to study the               
response strategy of salt tolerance of two wheat cultivars 
cv. Sakha 94 and cv. Giza 168 and the biotic role of 
fertilizer Azospirillum inoculation in improvement osmotic 
defense system of these cultivars. It can be observed that 
cv. Giza 168 was the most tolerant one and cv. Sakha 94 
was the sensitive one. This strategy reflected on               
growth and metabolities, mineral and osmotic                     
pressure of the tested two cultivars and on their                   
response to natural fertilizers Azospirillum  brasilense 
applications. 
 
 
ACKNOWLEDGEMENT 
 
I would greatly appreciate the memory of my father 
Mahmoud Abd El-Samad and mother Karema Kotob, 
Ahmed and Naema for helping to reach the scientific 
degree professor in plant physiology. 

Abd El-Samad and Mohamed  173 
 
 
 
REFERENCES 
 
Abd-Alla MH, EL Enany AWE, Nafady NA, Khalof DM, Morsy FM (2014): 

Symbiotic interaction of Rhizobium leguminous arumbvviciae and 
Arbuscularmycorrhizal fungi as plant growth promoting biofertilizers 
for faba bean(Vicia fabaL.) in alkaline soils. Microbiol Res 169:                 
49–58 

Alfocea FP, Estan MT, Bolarin MC (1993): Response of tomato cultivars 
to salinity. Plant Soil. 150: 203-211.   

Alvarez MI, Sueldo RJ, Barassi CA (1996). Effect of Azospirillumon 
coleoptilesgrowth in wheat seedlings under water tress.Cereal Res. 
Commun. 24:101–107. 

Apse MP, Blumwald E (2007). Na
+
 transport in plants  FEBSLett. 581: 

2247-2254. 
Bacilio M, Rodriguez H, Moreno M, Hernandez JP, Bashan Y (2004). 

Mitigation of salt stress inwheat seedlings by a gfp-tagged 
Azospirillum lipoferum. Biol. Fertil. Soils. 40: 188–193. 

Barassi CA, Ayrault G, Creus CM, Sueldo RJ, Sobrero MT (2006): Seed 
inoculation with Azospirillum mitigates NaCl effects on lettuce. Sci. 
Hortic. 109: 8–14. 

Bashan Y, Holguin G, de-Bashan LE (2004). Azospirillum–plant 
relationships: Physiological, molecular, agricultural, and 
environmental advances (1997–2003). Can. J. Microbiol. 50: 521–
577. 

Bashan Y.andde-Bashan L (2010). How the plant growth-promoting 
bacterium Azospirillumpromotes plant growth—A Critical 
Assessment.  Advances in Agronomy.  108 : 78:122.  

Creus CM, Sueldo RJ, Barassi CA (2004). Water relations and yield in 
Azospirillum-inoculated wheat exposed to drought in the field. Can. J. 
Bot. 82: 273–281.  

D’Onofrio C, Lindberg S (2009). Sodium induces simultaneous changes 
in cytosolic calcium and pH in salt-tolerant quince protoplasts. J Plant 
Physiol.166:1755–1763. 

El-Komy HM (992). Ecological and physiological studies on the genus 
Azospirillumfrorm the rhizospere of maize and rice plants Ph. D. T. 
Shesis. Institute of Agricultural Microbiology. Russian Acad. Agr.Sci., 
Sankt Petbeurg. 

El-Komy HM, Hamdia MA, El-Baki GKA (2003): Nitrate reductase in 
wheat plants grown under water stress and                 
inoculated with Azospirillum  spp. Biol.  Plantarum.   46:   281–287. 

Fales DR (1951): The assimilation and degradation of carbohydrates of 
yeast cells. J. Biol. Chem. 193: 113-118,. 

Garacia A, Rizzo CA, UdDin J, Bartos SL, Senadhira D, Flowers TJ, Yeo 
AR (1997): Sodium and potassium transport to the xylem are 
inherited independently in rice and the mechanism of sodium a 
potassium selectivity between rice and wheat. Plant Cell Environ. 20: 
1167-1174. 

Hamdia M. A. and Azooz, M. M. (2002): salt tolerane of maize cultivars. 
Bull. Fac. Sci., Assiut Univ. 31: 27-34 

Hamdia M. Abd El-Samad (2017): The biphasic role of upper and 
counteraction with Azospirillum brasilense application on growth, 
metabolities, osmotic pressure and mineral of wheat plant. American 
Journal of Plant Sciences, 2017, 8:1182-1195 

Hamdia M. Abd El-Samad, Shaddad MAK (2014). The exogenous 
amelioration roles of growth regulators on crop plants grow under 
different osmotic potential. J. Stress Physiol. Biochem. 1: 203-213. 

Hamdia M. Abd El-Samad, Shaddad MAK (2016): Mchanisms of Salt 
Tolerance of Wheat Cultivars. Triticeae Genomics and Genetics. 7:1-
16. 

Hamdia MA (2016). The potential role of osmotic pressure to exogenous 
application of phytohormoneson crop plants grown under different 
osmotic stress. Ame. J. Plant Sci. 7-937-948. 

Hamdia MA, Barakat AMN (2013): The physiological  mechanisms of 
calcium chloride application on broad bean plants grown under 
salinity stress. J. Ecol. Natural Environ. 5: 371-377. 

Hamdia, M. A. (2013): The physiological response of wheat plants to 
exogenous application of gibberellic acid (GA3) or indole-3-acetic 
acid (IAA) with endogenous ethylene under salt stress conditions. Int. 
J. Plant Physiol. Biochem. 5: 58-64. 

Hamdia, M. A. and Shaddad, M. A.K. (2010):Salt tolerance of cropplants. 
J. Stress Pysiol. Biochem. 6: 46-90. 

 



174  Merit Res. J. Agric. Sci. Soil Sci. 
 
 
 
Hassen AI, Bopape FL, Sanger LK (2016). Microbial Inoculants as 

Agentsof Growth Promotion and AbioticStress Tolerance in Plants. 
Agricultural Productivity. 23-36. 

Kabala K, Russak M (2012): Na
+
/H

+ 
antiport activity in plasma membrane 

and tonoplast vesicles isolated from NaCl-treated cucumber roots. 
BiologiaPlantarum. 56: 377-382. 

Kang SM, Khan AL, Waqs M, You YH, Kim JH, Kim GK, Hamayun M, 
Lee IJ (2014): Plant growth promoting rhizobacteria reduce adverse 
effects of salinity and osmotic stress by regulating phytohormones 
and antioxidantsin Cucumis sativus. J Plant Interact 9:673–682 

Kukreja S, Nandwal AS, Kumar N, Sharma SK, Sharma SK, Unvi V, 
Sharma PK (2005). Plant water status, H2O2 scavenging enzymes, 
ethylene evolution and membrane integrity of Cicer arietinum roots 
as affected by salinity. Biologia Plantarum 49, 305–308. 

Lowry OH, Roserbrogh NJ, Farr AL, Ramadal RJ (1951): protein 
measurement with the Folin-phenole reagent. J. Biol. Chem. 193: 
265-275. 

Lutts S, Kinet JM, Bouharment J (1996). Effect of salt stress on growth 
mineral nutrition and proline accumulation in relation to osmotic 
adjustment in rice (Oryza sativa L.) cultivars differing in salinity 
resistance. Plant Growth Regul. 19: 207-218. 

Mahajan S, Tuteja N (2005). “Cold, Salinity and Drought stresses: An  
overview”. Biochem.Biophys. 444: 139-158. 

Mohammed HAM (2007): Physiological studies on the antioxidative 
responses and some related metabolities of lupin and sorghum 
plants grown under sea water M.Sc. thesis, South Vally. Univ. 
Quena, Egypt.1-184. 

Norman J, Campbell GS (1994). Canopy Structure. In: Pearcy, R.W., 
Ehleringer, J., Moony, H.A. and Rundel, P.W., Eds., Plant 
Physiological Ecology, Chapman & Hall, London, 301-326. 
Physiologia Plantarum, 115, 251-257. 

Rabie GG, Almadini AM (2014):  Role of bioinoculants in development of 
salt-tolerance of Vicia faba plants under salinity stress. Int. J. Water 
Resources and Arid Environments. 3: 35-42,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Shchwarzenbach G, Biedermann W (1948): Complexons X. Alkaline 

earth complexes of O,O-dihydroxyazodyes. Helv.Chim.Acta. 31: 678-
687.  

Steel RG, Torrie JH (1960). Principles and Procedures of Statistics. 
McGraw-Hill book Co., New York.  

Tammam AA, Abou Alhamd MF, Hemeda MM (2008). Study of salt 
tolerance in wheat (Triticuma estvium L.) cultivar Banysoif 1. 
Australian J. Crop Sci.  Southern Cross Journals.1: 115-125  

Ward JM, Hirschi KD, Sze H, Plants pass the salt. (2003): Trends Plant 
Sci. 8: 200-201. 

Williams, V. and Twine S. (1960): Flam photometric methods for sodium, 
potassium and calcium. In Paech, K., Tracey, m. V. (ed.): Modern 
Methods of Plants Analysis. Vol. V. Pp. 3-5. Springer-Verlag, Berlin.  

Wilson C, Lesch SM, Grieve CM (2000). Growth Stage Modulates 
Salinity Tolerance of New Zealand Spinach (Tetragonia 
tetragonioides, Pall.) and Red Orach (Atriplexhortensis L.). Annals of 
Botany 85: 501:509. 

Yokoi S, Bressan RA, Hasegawa PM (2002). “Salt Stress Tolerance of 
Plants”. JIRCAS Working Report. pp. 25-33. 

Yusuf M, Hasan SA, Ali B, Hayat S, Fariduddin Q, Ahmad A (2007). 
Effect of salicylic acid on salinity induced changes in ''Brassica  
juncea'' J. Integr. Plant Biol. 50: 1096-1102. 

Zahra S, Amin B, Ali VSM, Ali Y, Mehdi Y (2010). The salicylic acid effect 
on the tomato (Lycopersicum esculentum Mill.) sugar, protein and 
prolinecontentsunder salinity stress (NaCl ). Journal of Biophysics 
and Structural Biology . 2: 35-41. 

Zhao KF, Song J, Fan H, Zhou S, Zhao M (2010): Growth response to 
ionic and osmotic stress of NaCl in salt-tolerant and salt-sensitive 
maize. J Integr Plant Biol. 52:468-75. 


