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Abstract 

 

Salt tolerance of new wheat cultivar Banysoif 1 was investigated to find relevant culturing strategy in saline areas. 
Wheat cv. Banysoif 1 was grown in clay soil for 7 days in different pots. Then seedlings were irrigated by different 
saline waters (0, 60, 120, 180, 240 and 320 mM NaCl) near the field capacity. Plants were kept in the natural 
condition under these saline levels for 155 days. Fresh and dry weight of roots were measured unchanged up to the 
level of 120 mM NaCl then a significant reduction obtained at 240 and 320 mM NaCl. In shoots and spikes, dry 
matters were either unchanged or even stimulated to increase toward 180 mM NaCl then a quick reduction was 
observed. We assumed that it is associated with the increase of leaf area and photosynthetic pigments up to 180 mM 
NaCl. There was also a remarkable variation in accumulation of different carbohydrate fractions among wheat 
studied organs. In root, the drastic effect in soluble fraction was accompanied with a remarkable accumulation of 
insoluble components. In shoots, the production of carbohydrates remained mostly unaffected even at the highest 
salinity level. In spikes, the soluble fractions were increased significantly by salt stress while the insoluble slightly 
reduced. Protein content reduced at high levels of salinity in roots while has been increased significantly in shoots 
and spikes. Amino acid content increased significantly towards 120 mM and 180 mM NaCl then a quick reduction 
about 55% and 45% recorded in roots and shoots respectively. In spike, there was a significant reduction in amino 
acids by increasing salt stress. In roots, there was a large accumulation of proline even at the lowest salinity level. 
Accumulation of proline was failed in spikes and shoots and therefore a non-significant increase in proline content 
even at the highest salinity level was observed. Sodium content increased significantly in the three organ but the 
percent of increase was varied considerably among the three organs especially at sever salinity and the opposite 
pattern was observed in the accumulation and distribution of K+ , Ca+2 and Mg2+. K+ / Na+ ratio decreased in 
response to salt stress in root, shoot and spikes. 
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Introduction 

 
Soil salinity is one of the most important abiotic 
stress and limiting factor (De bez et al., 2006 and 
Koyro, 2006) for worldwide plant production. Up to 
20% of the irrigated arable land in arid and semiarid 
regions is already salt affected and is still expanding 
(Mühling and Läuchli, 2003). Under salt stress, plants 
have to cope with stress imposed by the low external  

 
 
water potential and with ion toxicity due to 
accumulation of ions inside the plants (Romero-
Aranda  et al., 2006). 
Differences in salt tolerance exist not only among 
different genera and species, but also within the 
different organs of the same species (Flowers and 
Hajibagheri 2001; Ismail, 2003). Comparing the 



 116 

response of cultivars of one species to salinity 
provides a convenient and useful tool for unveiling 
the basic mechanisms involved in salt tolerance. 
Salt stress has a different effect on carbohydrate 
contents. Some authors have reported carbohydrates 
accumulation in various plants under salinity 
condition (Abd El- Samad and Azooz, 2002; Parida et 
al., 2003 and Azooz et al., 2004). On the other hand, 
Mostafa (2004) observed that at low and moderate 
salinity levels, sugars and consequently the total 
carbohydrates are decreased. Soluble protein is 
generally decreased in response to salinity (Parida et 
al., 2002  and Abed-Latef, 2005). It has also been 
reported that high salt concentration either causes an 
increase in the N-contents and high protein content in 
some glycophytic plants (Abed El- Baki, 1996; Jones 
and Mac Millan, 1987) or increase in soluble proteins 
(Shaddad et al., 2005). The Number of N-containing 
compounds accumulating in plants subjected to 
environmental stress (Robe","1990 and Kuznetsov et 

al., 2007). The most frequently accumulating 
compounds include amides (glutamine and 
asparagines), amino acids (arginine, proline, citrulline 
and ornithine) and the amine putrescine. Amino acids 
such as proline, asparagine and amino butyric can 
play important roles in osmotic adjustment of plant 
under saline conditions (Gilbert et al., 1998).  
Proline accumulation might be used as an indicator in 
selection for withstanding saline stress through the 
involvement in osmoregulation (Haroun, 2002 and 
Ueda  et al., 2007). Expression of one or more 
additional genes for proline accumulation can be 
induced by stress (Stewart et al., 1986). Additionally, 
proline accumulation under stress conditions may be 
caused by induction of proline biosynthesis enzymes, 
reduction the rate of proline oxidation conversion to 
glutamate , decrease utilization of proline in proteins 
synthesis and enhancing proteins turnover (Claussen, 
2005). The process of accumulation of ions such as 
sodium (Na+) potassium (K+), calcium (Ca 2+) and 
magnesium (Mg 2+) in plants are different and depend 
on variation in the external environment. Werner and 
Finkelstein (1995) reported that plants tend to take up 
more Na+ and exclude K+ with increasing NaCl 
concentration in the in vitro conditions. Parida et al., 
(2004) have reported a significant increase in Na+ and 
Cl- contents in leave, stem and root of mangrove 
Bruguiera parviflora without any significant 
endogenous alteration of K+ and Fe+2 . Decrease in Ca 
2+and Mg2+ content of leaves has also been reported 
by salt accumulation in this species.  

The K+ /Na+ ratio has been used as an index for 
sodium toxicity in plant tissues, because it is assumed 
that activity of K+ requires some enzymes (Cramer et 
al., 1994), and higher K+ /Na+ ratio indicates less Na+ 
toxicity. Some authors reported that K+/Na+ ratio is 
decreased under salt stress (Gadallah, 1999; Haroun, 
2002). In this study, the common physiological 
behavior of a new wheat cultivar Banysoif 1 (derived 
from breeding programs) under salt stress and effect 
of salt tolerance on different organs is being studied. 

 

 

Materials and Methods 

 

Culture Techniques 
 
Wheat (Triticum aestivum L.) cv. Banysoif 1 was 
obtained from the breeding program of Agricultural 
Research Center, Dokky, Cairo, Egypt. Two kilogram 
of soil composed of dried clay was put into the pots. 
Ten grains were sowed in each pot. They were daily 
irrigated with water until appearance of seedlings (7 
days). Thereafter, the pots were then watered to the 
saline levels (0, 60, 120, 180, 240 and 320, mM NaCl 
) by adjustment the water content of soil to near the 
field capacity. Pots were daily irrigated with tap water 
to reach the soil filed capacity. The plants were kept 
to grow in the natural conditions under the saline 
levels for 155 day. 
 

Measurement of variables 

 
Leaf area, fresh weight and dry matter yields of the 
different organs (roots, shoots and spikes) were 
measured after 155 days. Leaf area was measured by 
a Planimeter (SOKKIA PLANIMELER KP-90 UK)  . 
To determine the dry matter yields, the freshly 
harvested organs (roots, shoots and spikes) were dried 
in an aerated oven at 80˚C.  
Successive weighting was carried out until the 
constant dry weight, chlorophyll a, chlorophyll b and 
total carotenoids were extracted and determined 
according to Moran (1982). Soluble and total 
carbohydrates were also extracted by anthrone 
sulphuric acid method as described by Badour (1959).  
Total and soluble proteins were determined according 
to Bradford (1976) and also proline content measured 
(Bates et al., 1973). Free amino acids were extracted 
and determined according to Moore and Stein (1948). 
The mixed acid digestion method of Allen et al. 
(1974) was used to prepare samples for determination  
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Table 1. Effect of salinity treatment on fresh and dry matter (g plant-1) in the root, shoot and spike of 155-day old 
wheat of cv.Banysoif 1 

Treatment (NaCl) Fresh matter 

(Root) 

Dry 

matter 

(Root) 

Fresh matter 

(Shoot) 

Dry matter 

(Shoot) 

Fresh matter 

(Spikes) 

Dry matter 

(Spikes) 

Control 2.45 0.45 7.16 2.25 1.87 0.63 

60 mM 2.42 0.42 8.73 1.98 2.13 0.67 

120 mM 2.38 0.44 8.01 2.23 2.36* 0.74* 

180 mM 2.08 0.35* 6.50 2.01 2.85** 1.29** 

240 mM 0.74** 0.15** 3.18** 0.92** 0.82** 0.25** 

320 mM 0.65** 0.14** 2.90** 0.84** 0.86** 0.26** 

LSD at p ≤0.05 0.39 0.08 2.33 0.30 0.44 0.10 

LSD at p ≤0.01 0.54 0.28 3.31 0.39 0.65 0.32 

 

 
of minerals. The amount of sodium, potassium, 
calcium and magnesium concentration were estimated 
using a flame photometer (CORN NG 400 USA ) All 
determinations were done in duplicate and three 
plants were taken for each determination 
.Experimental data were subjected to one way 
analysis of variance (ANOVA) and the means were 
separated by the least significant difference LSD.     

 

Results 

 
The fresh and dry matter yields of root remained 
unchanged up to the level of 120m NaCl then a highly 
significant reduction was obtained which was much 
more expressed at the level of 240 and 320 mM NaCl 
salinity (Table 1). In shoots, the salt stress, up to 120 
mM NaCl enhanced the fresh and dry matter yield 
then these growth parameters remained mostly 
unchanged up to 180 mM NaCl thereafter a highly 
significant reduction was observed. In spikes, the 
fresh and dry matter yield was stimulated by salinity 
stress, up to 180mM NaCl then a quick reduction 
exhibited. Accordingly, there was a major difference 
in the salt tolerance of the three wheat organs, root 
was the most salt sensitive organ while spikes was the 
most salt tolerant and shoot was intermediate. This 
was associated with an increase in leaf area and 
photosynthetic pigments up to the level of 180mM 
NaCl (Table 3). 
The accumulation of carbohydrates and nitrogen 
compounds varied among the three wheat organs 
(roots, shoots and spikes) In roots, the drastic effect in 
soluble fractions was accompanied with a remarkable 
accumulation of insoluble compounds; consequently 
the total carbohydrates remained mostly unchanged 

even at the highest salinity level. In shoots, the 
production of carbohydrates remained mostly 
unaffected up to the highest salinity level. In spikes, 
while the soluble fraction increased significantly by 
salt stress, the insoluble slightly reduced and the total 
carbohydrates decreased significantly (Table 4).  
However, protein content varied among the three 
wheat organs so that, generally reduced in roots (the 
reduction approached 30% at the level of 320mM 
NaCl) and increased in shoots and spikes 
significantly, at severe salinity conditions (Table 5) 
Roots maintained their protein content around the 
control, up to the level of 120mM NaCl. Amino acids 
increased significantly in roots, up to the level of 120 
mM and 180 mM NaCl in shoots then a sharp 
reduction about 55% and 45% in root and shoot was 
recorded respectively. In spikes, there was a 
significant reduction in amino acids by increasing 
salinity level in the soil. There was a big variation in 
the accumulation of proline among the three wheat 
organs. In roots, there was a large accumulation of 
proline even at the lowest salinity level. The 
accumulation of proline content was about 169.66% 
and 788% at the level of 60 mM and 120mM NaCl 
respectively. Interestingly spikes failed to accumulate 
proline at any NaCl levels. In shoots, there was 
insignificant increase in proline content even at the 
highest salinity level (Table 6).  
This irregular behavior of proline content among the 
three wheat organs is problematic and needs further 
studies to follow up complicated events of proline in 
salt affected glycophytes. An important question has 
come out about the relationships between unexpected 
behavior of glycophytes and proline content in 
Banysoif wheat breeders (Sakha station) which might  
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Table 2. Effect of salinity treatment on water content (WC) of root, shoot and spike of 155 days old wheat 
cultivar Bansoif  

 

WC% 

Spike 

WC% 

(Shoot) 

WC% 

(Root) 

Treatment 

(NaCl) 

66.31 68.57 81.63 Control 

86.54* 70.57* 82.64 60 mM 

68.64** 72.15* 81.51 120 mM 

66.49 69.07* 83.17 180 mM 

69.51** 71.06* 79.72 240 mM 

69.76** 71.03* 78.55* 320 mM 

1.02 1.55 1.99 LSD at p ≤0.05 

2.25 2.87 3.19 LSD at p ≤0.01 

 
 

Table 3. Effect of Salinity treatment on  chlorophyll a (Chl a), chlorophyll b (Chl b) carotenoid (Car) pigments 
(mg g-1 FW), leaf area  (cm2 plant-1)  transpiration (g plant-1  day -1) of 155-day old wheat of cv.Banysoif 1 

Treatment  (NaCl) Chl a  Chl b Carot. Leaf area Transpiration 

Control 1.66 1.22 0.52 19.02 106.23 

60 mM 2.02** 1.44* 0.59* 22.15* 86.55** 

120 mM 2.08** 1.48* 0.60* 19.81 92.37** 

180 mM 1.77 0.94** 0.62* 19.55 52.81** 

240 mM 1.03** 0.85** 0.41** 10.38** 64.90** 

320 mM 1.09** 0.73** 0.34** 9.22** 60** 

LSD at p ≤0.05 0.12 0.19 0.05 2.25 8.71 

LSD at p ≤0.01 0.25 0.29 0.11 4.73 11.32 

  
 
be, somehow, because of effect of different 
chromosomal changes in wheat as a result of different 
techniques, applied during breeding programs.   
Rate of mineral content was varied considerably 
among the three wheat organs even in accumulation 
of  Na+. At the level of 320 mM NaCl, the percent 
increase of Na+ was 138.27, 39.71 and 58.33 mg g-1 
dry matter in roots, shoots and spikes respectively, 
indicating that root is the highest Na+ accumulator 
organ. Interestingly the opposite pattern was 
exhibited in the accumulation and distribution of K+, 
Ca2+ and Mg2+, where shoots and spikes accumulated 
a large amount of ions in comparison to the roots. At 
the level of 320 mM NaCl, K+ content was 3.5 and 4 
times   higher  in  shoots  and  spikes  respectively   in  

 
comparison with roots. The same pattern also was 
seen relatively in distribution of Ca2+ among three 
studied organs. K+ /Na+ ratio decreased in response to 
salt stress in root, shoot and spike. 

 

Discussion 

 

The most important feature in wheat cultivar 
Banysoif 1 is that the drastic effect of salinity stress 
during the reproductive stage was obvious only at the 
highest salinity level at all tested organs.  
Additionally, this effect seems to be more expressed 
in root than in stem and spikes. Thus we have 
suggested that this cultivar tolerates moderate salt 
stress.    NaCl   salinity  enhanced  the biosynthesis of  
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          Table 4. Effect of salinity treatment on carbohydrates content (mg g-1 DW) in the roots, shoots and spikes of 155-day  

old wheat cv. Banysoif 1. 
 

Organ Treatment 

(NaCl) 

Soluble Insoluble Total 

Control 79.73 174.90 254.64 

60 mM 57.77** 163.16** 220.93** 

120 mM 59.71** 164.74** 224.45** 

180 mM 30.61** 212.89** 243.50** 

240 mM 26.37** 224.03** 250.40 

320 mM 16.33** 237.94** 254.27 

LSD at p ≤0.05 4.43 6.30 5.55 

 

 

Root 

LSD at p ≤0.01 7.86 9.71 6.30 

Control 150.94 192.70 343.64 

60 mM 160.02 188.05 348.07 

 

 

Shoot 120 mM 158.76 190.36 342.13 

180 mM 148.39 196.98 344.37 

240 mM 149.54 200.73 349.27 

320 mM 148.04 200.00 348.04 

LSD at p ≤0.05 13.02 7.03 12.35 

 

LSD at p ≤0.01 16.52 10.77 15.35 

Control 134.31 440.31 574.62 

60 mM 140.02** 428.07** 568.09** 

120 mM 160.13** 423.82** 563.95** 

180 mM 192.87** 320.05** 512.92** 

240 mM 180.20** 315.50** 495.70** 

320 mM 167.58** 321.37** 488.96** 

LSD at p ≤0.05 5.95 3.88 2.73 

 

 

Spikes 

LSD at p ≤0.01 9.33 6.54 4.54 

 
 

 

soluble carbohydrates, proteins and even amino acids 
in shoots especially at mild salinity. Enhancement of 
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 cytosolutes in its 
tissues (osmotic adjustment) will partially determine 
it's tolerance to stress conditions (Karimi et al., 2005 
and Kukreja et al., 2005). The marked increase in 
soluble saccharides as well as soluble protein and 
tissue water contents in shoots might indicate the 
superiority of shoots and even spikes over roots to 

alleviate the imposed salt stress, either via osmotic 
adjustment (Romero–Aranda et al., 2006) or by 
conferring desiccation resistance to plant cells (Handa 
et al., 1983 and Erdei and Taleisnik, 1993). 
Also, the increase in protein content at mild salinity 
associated with the increase in growth while at sever 
salinity accompanied with a significant reduction in 
growth. This effect is considered to be important in 
salt adaptation of wheat Banysoif 1 which 
accumulated protein to maintain osmotic adjustment 
and growth at moderate salinity. The opposite effect 
on sever salinity could be due to the ability of shoots 
and even spikes and consequently the whole plant in 
triggering the transition of cells and tissues from a 
state of active growth to a state of salt tolerance. In 
addition, the observed accumulation of protein is 
linked with a reduction of carbohydrates. Ability of 
the moderate salt–adapted wheat to divert most of the  
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Table 5. Effect of salinity treatment on protein contents (mg g-1 DW) in the roots shoots and spikes of 155-day old 
wheat cv. Banysoif 1. 

 

Organ Treatment(NaCl) Soluble Insoluble Total 

Control 68.04 89.88 157.92 

60 mM 60.48 90.96 151.44** 

120 mM 59.64 91.52 151.16** 

180 mM 49.56** 58.80** 108.36** 

240 mM 48.72** 38.64** 87.36** 

320 mM 48.72** 40.32** 89.04** 

LSD at p ≤0.05 3.52 4.44 10.26 

 

 

Root 

LSD at p ≤0.01 4.31 6.03 12.15 

Control 116.76 100.00 216.76 

60 mM 120.84 110.71** 231.55 ** 

120 mM 120.32 115.88** 236.20 ** 

180 mM 120.28 116.23** 237.51 ** 

240 mM 120.24 122.52** 242.76** 

320 mM 120.72 112.76** 233.48** 

LSD at p ≤0.05 9.94 6.66 7.73 

 

 

Shoot 

LSD at p ≤0.01 10.87 9.34 10.15 

Control 69.30 90.72 160.02 

60 mM 69.55 90.56 160.11 

120 mM 69.72 90.04 159.76 

180 mM 70.96 95.04* 166.00 

240 mM 73.50* 96.68 160.18 

320 mM 75.00* 99.48** 174.48 

LSD at p ≤0.05 6.32 3.33 12.13 

 

 

Spikes 

LSD at p ≤0.01 10.15 7.42 15.14 

 
 

 

 
synthesized carbohydrates into distinct types of 
building materials (insoluble protein) and 
osmoregulation (soluble protein) is also confirmed 
particularly at moderate salinity. This leads us to 
conclude that salt tolerance of wheat. Banysoif 1 at 
moderate salinity seems to be linked with an 
equilibrium and inter-conversion between 
carbohydrate and nitrogen metabolism, whereas 
saline injury leads to metabolic disturbances in both 
components.  It is important to note that, although 
carbohydrates, proteins and even amino acids 
(including proline) enhanced remarkably up to the 
level of 180mM NaCl but in sever salinity the 
opposite effect occurred with sever reduction in dry 
matter yields except for proline, which increased 
significantly. Therefore, proline is the only organic 
cytosolute which able to make the major  contribution  

 
for osmotic adjustment at sever salinity in roots, 
while in shoots and spikes the contribution of proline 
in osmoregulation might be reduced. We concluded 
that there is no stable situation in usage of organic or 
inorganic soluble components in osmotic adjustment 
in the cultivars and lines on different salinity levels. 
This is happened not only in different cultivars but 
also in different organs which conferring the 
contrasting opinions about the physiological 
significance of proline which has remained 
controversial among physiologists. Many reports have 
pointed out that proline is mostly accumulated when 
plants growth ceased (Lutts et al., and 1996 and Joly 
et al. 2000). In spikes significant reduction in proline 
has been shown in most salinization levels, while the 
growth criteria of  plant organ enhanced up to the 
180m M NaCl.  
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Table 6. Effect of salinity treatment  on amino acid and proline contents (mg g-1 DW) in the roots, shoots 
and spikes of 155-day old wheat cv. Banysoif 1. 

Organs Treatment(NaCl) Amino Acids Proline 

Control 13.76 0.89 

60 mM 23.84** 2.40* 

120 mM 23.12** 3.31* 

180 mM 9.81** 5.29* 

240 mM 6.08** 7.23** 

320 mM 6.09** 7.9** 

LSD at p ≤0.05 5.22 0.25 

 

 

Root 

LSD at p ≤0.01 8.66 5.9 

Control 40.53 7.21 

60 mM 45.6* 8.37* 

120 mM 45.* 8.26 

180 mM 46.9** 9.46** 

240 mM 22.06** 9.23** 

320 mM 25.60** 7.30 

LSD at p ≤0.05 3.68 1.22 

 

 

Shoot 

LSD at p ≤0.01 5.71 2.03 

Control 109.74 19.26 

60 mM 93.12** 23.56** 

120 mM 77.02** 18.90 

180 mM 64.25** 19.83 

240 mM 76.77** 19.68 

320 mM 66.12** 17.26* 

LSD at p ≤0.05 6.34 1.98 

 

 

Spikes 

LSD at p ≤0.01 8.55 2.52 

 
 
 

 
 
 

Table 7. Effect of salinity treatment on mineral composition (mg g-1 DW) in the root of 155-day old wheat 
cv.Banysoif 1. 

 

Treatment (NaCl) 

 

Na
+ 

 

K
+ 

 

Ca
2+ 

 

Mg
2+

  

Control 10.66 38.40 4.53 2.80 

60 mM 12.00 35.20* 3.33** 3.68** 

120 mM 12.80* 36.66 3.20** 2.96 

180 mM 16.30** 29.86** 3.06** 2.40** 

240 mM 20.70** 21.33** 3.06** 2.24** 

320 mM 25.00** 20.26** 2.93** 2.08** 

LSD at p ≤0.05 1.50 2.20 0.88 0.18 

LSD at p ≤0.01 2..03 4.11 1.03 0.35 
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Table 8. Effect of salinity treatment on mineral composition (mg g-1 DW) in the shoot of 155-day old wheat  
cv.Banysoif 1.  

Treatment (NaCl) Na
+ 

K
+ 

Ca
2+ 

Mg
2+

  

Control 9.06 81.06 7.46 2.64 

60 mM 9.33 85.33* 7.46 3.44** 

120 mM 9.60 78.40* 7.46 2.92* 

180 mM 10.53 70.70** 6.42** 3.42 

240 mM 11.06 58.13** 5.60** 3.92** 

320 mM 12.50** 69.86** 6.93* 3.44** 

LSD at p ≤0.05 2.87 2.52 0.70 0.22 

LSD at p ≤0.01 3.33 4.30 1.03 0.40 

 
 
 

 
 
 

Table 9. Effect of salinity treatment on mineral composition (mg g-1 DW) in the spike of 155-day old wheat of 
cv.Banysoif 1 

Treatment(NaCl) Na
+ 

K
+ 

Ca
2+ 

Mg
2+

  

Control 9.60 70.96 4.13 3.84 

60 mM 12.26** 84.26** 4.83* 4.24 

120 mM 13.33** 68.80** 5.33** 5.44** 

180 mM 14.40** 54.93** 6.oo** 2.92** 

240 mM 15.10** 57.60** 6.90** 2.16** 

320 mM 15.20** 82.20** 7.73** 2.96** 

LSD at p ≤0.05 1.11 5.91 0.63 0.42 

LSD at p ≤0.01 2.32 7.93 0.95 0.60 

  
 
When tissue water content was increased at sever 
salinity in shoots and spikes, proline content 
increased insignificantly in shoots and decreased in 
spikes (Table 2). while the opposite events exhibited 
in roots simultaneously. Therefore, it seems that 
contribution of proline in osmotic adjustment is 
negligible. Lutts et al., (1996) found that the 
accumulation of proline in salt sensitive cultivars is 
higher than in salt tolerant rice cultivars. They 
concluded that there is no relation between osmotic 
potential and proline accumulation. Distribution of 
the two compounds with the wheat organs should be 
similar if proline dose act as a compatible solute in 
response to Na+ vacuolar accumulation. Obviously, 
this is not appled among the different organs of wheat 
Banysoif 1 where the proline content of shoots 
remained mostly unchanged and decreased in spikes. 
Since, the Na+ content increased significantly in 
shoots and spikes it is assumed that Na+ and proline 
accumulation negatively correlated. On the other 
hand, there is a positive correlation in the 
accumulation of Na+ and proline in roots which both  

 
increased progressively. The function of this 
osmoprotectant is presumed to be protective, with a 
role in scavenging free radicals (Mansour, 2000). 
Minimization of reactive oxygen as a result of 
inhibition of photosynthesis and maximization of 
their removal (scavenging) is likely to be an 
important response to high salinity, among other 
stresses (Zhu, 2001). 
 
Lutts et al. (1996) recorded that rice salt-sensitive 
cultivars accumulate more Na+ and proline than salt-
tolerant. They also reported that proline accumulation 
is not related to proteolysis and could not be 
explained by stress–induced modifications in ∆-
pyrroline 5-carboxylase reductase or proline 
dehydrogenase activities recorded in vitro. Therefore, 
they suggested that proline accumulation is a 
symptom of salt–stress injury in rice and that 
accumulation in salt sensitive plant results from an 

increase in ornithine α-aminotransferase activity and 
increase in the endogenous pools of its precursor 
glutamate. 
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Table 10. Effect of Salinity treatment on K+/Na+ ratio in the roots, shoots and spikes 155-day old wheat of 
cv.Banysoif 1 

Treatment (NaCl)  Root Shoot Spikes 

Control 3.60 8.94 7.38 

60 mM 2.93* 9.14 6.87 

120 mM 2.83** 8.16* 5.16** 

180 mM 1.83** 6.71** 3.81** 

240 mM 1.08** 5.01** 3.81** 

320 mM  0.8** 5.58** 5.40** 

LSD at p ≤0.05 0.55 0.23 0.54 

LSD at p ≤0.01 0.71 4.01 0.99 

  
 
 

 
 

Results obtained from three wheat organs have shown 
the lack of consistent correlation between salinity 
tolerance and criteria of proline. Nevertheless, the 
accumulation of proline and Na+ in wheat roots might 
be protected the dehydration of the cytoplasm as a 
result of the accumulation of Na+. Proline also serve 
as a sink for energy to regulate redox potentials, as a 
hydroxyl radical scavenger, a solute that protects 
molecules against denaturation, and means reducing 
the acidity in the cell (Tammam, 2003).  
In confirmatory to the above results and discussions 
Na+ in shoots and spikes is considerably lower than in 
roots. Conversely potassium accumulation in shoots 
and spikes is higher than in roots (3.5- fold in shoots 
and 4-fold in spike). The clear restriction of Na+ 
content in shoots and spikes may be a suitable index 
of salt stress adaptation. Zhu et al., (2001) found that 
plants  are able to tolerate moderately saline 
environments with a greater ability to exclude Na+  

from shoot or at least the leaf blade and concurrently 
maintain high level of K +. Similarly the K + content 
in shoots and spikes is an index of osmotic 
adjustment , consequently the higher K+ / Na+  ratios in 
shoots and spikes as compared with roots could 
attribute to the operation of enhanced K+/Na+ 
discrimination traits (Gorham, 1994). Cuin et al 
(2003) recorded that high K+/Na+ ratio is more 
important for many species than simply maintaining a 
low concentration of Na+, which makes sense given 
that much of the basis for Na+ toxicity is due to 
competition with K+ for K+ binding sites. Thus the 
salt tolerance of this wheat cultivar as well as the 
difference in salt tolerance among the three wheat 
organs might be closely related to its ability to 
enhance K+/ Na+ discrimination traits which enhanced 
the machinery of water flow. This was supported by 

the relative highest water content in shoots. In sever 
salinity plant tissues are able to maintain their water 
content much, for more tolerance to dehydration 
(Flower  and Hajiabagheri, 2001). In wheat, 
extracellular Ca2+ inhibits unidirectional Na+ influx 
and also inhibits Na+ influx through a non selective 
cation channel, isolated in planar lipid bilayers, 
suggesting that the effect of Ca2+ on Na+ influx might 
be direct and cytosolic signaling for modification of 
ion channel activity is not required (Davenport et al., 
1997). 
This study on effect of NaCl wheat organs showed a 
general relationship between low shoot content of Na+ 
and salt tolerance in term of dry matter production 
and tissue water content. The potency of proline and 
it's mode of action in stress tolerance remains 
controversial, mainly because of inconsistent results, 
suggesting that stress induced proline accumulation is 
not essential for tolerance in plants.  External supply 
of proline is toxic to plants in spite of its protective 
functions under stress condition (Deuschle et al., 
2001). 
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