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ABSTRACT  
 

The present evaluation was conducted to study the effect of different concentrations of sodium chloride 
on growth, physiological and biochemical constituents of wheat at seedling stage. The results showed that 
different levels of salinity significantly affected the growth attributes by reducing the length and fresh weight of 
roots and shoots. Number of roots and dry weight of shoots were increased at 200 mM NaCl for the majority of 
genotypes, while they decreased at 300 mM NaCl for all genotypes. The three DH lines G7*164-DHL34, 
G168*164DHL3 and G7*115-DHL25 exhibited highest mean values at 200 and 300 mM NaCl of salt tolerance 
index (STI) for relative water content, chlorophyll content and membrane stability index compared to the check 
variety Sakha-93. The antioxidant enzymes such as catalase, peroxidase and polyphenol oxidase were alterations 
in its induction of expression and activities are dependent on genotypes and salt concentrations. The increasing 
expression of antioxidant enzymes helps the plant to withstand the environmental stress. High heritability was 
observed for all studied traits. Positive and significant correlations between STI for fresh and dry shoot weights 
and each of root length, fresh root weight, shoot length, chlorophyll content and membrane stability index under 
200 and 300 mM NaCl stress. Path coefficient analysis indicated that maximum direct effect upon STI for fresh 
and dry shoot weights were exerted by shoot length, roots number and chlorophyll content and their joint 
effects. Therefore, screening to improve salt tolerance must be performed under salt conditions only then it will 
be effective in improving fresh seedling weight which in turn could be related to yield. 
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Introduction 
 
Wheat (Triticum aestivum L.) is one of the most important crops in Egypt, which plays a special role in 

people’s nutrition. But unfortunately abiotic stresses, such as salinity, decrease wheat growth and productivity 
by reducing water uptake and cause nutrient disorders and ion toxicity. Salinity continue to be an important 
challenge to agricultural researchers in physiology and breeding. Over 6 % of the world’s total land area and 20 
% of irrigated land are salt-affected (FAO, 2008). Between 35% and 50% of the world's population in about 80 
countries are in semiarid areas where salinization is a major problem (Shahzad, 2012).    

Egypt presents a typical example of the problems faced by countries in such areas. Exploiting and 
increasing production in these areas are necessary to bridge the gap between production and consumption of 
many crops like wheat. Although different curative and management methods have been recommended to 
render salt-affected soils fit for agriculture, they are extremely costly in terms of finance, energy use and labour. 
Salt-tolerant crops need only half the leaching requirement of salt-sensitive crops (Rhoades et al., 1992), and 
thus, improving salt tolerance in current crop genotypes can lessen the costs of reclamation saline soils. 
However, insufficient genetic knowledge of the tolerance traits, lack of effective selection criteria and 
evaluation methods, and poor understanding of salinity and environmental interaction have all restricted 
breeding efforts to enhance the salt tolerance of wheat genotypes (Zeng et al., 2002). 

All plant growth stages are sensitive to salinity, the seedling stage is considered to be more sensitive in 
most plant species, salinity may cause several deleterious effects on growth and development of plants at 
physiological and biochemical levels (Munns, 2002). Salt stress is reported to cause decline in seed germination, 
root and shoot lengths, fresh mass and seedling vigour (Misra et al., 1996). Salinity tolerance is a complicated 
trait which is controlled by polygenes and their expressions are influenced by various environmental elements 
(Flowers, 2004). This means that breeding for this trait is so difficult. Tolerance to salinity stress is a 
complicated parameter in which crop’s performance can be influenced by several characteristics (Ingram and 
Bartels, 1996). Many factors can affect plant responses to salinity stress such as plant genotype, growth stage, 
severity and duration of stress, physiological process of growth, different patterns of genes expression, activity 
of photosynthesis machinery, metabolic pathways and molecular (Gupta and Huang, 2014).  

Salinity stress can also influence plants in antioxidant production, inhibition of photosynthesis, 
decrease in chlorophyll content, reduction in transpiration, and growth inhibition (Szegletes et al., 2000) to stand 
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with some osmotic changes in their organs. In many biochemical studies, it was found that regulation of the 
antioxidant gene expressions by producing superoxide dismutase (SOD) and catalase (CAT) (Jiang and Zhang, 
2002). The results at the various growth stages revealed an increase in the activity of catalase and peroxidase 
activity with the increasing intensity of proline accumulation also increased with higher concentration of salt 
(Mahdi et al., 2007). Reactive oxygen species (ROS) are regarded as the main source of damage to cells under 
biotic and abiotic stresses (Vaidyanathan et al., 2003). Several studies conducted on the impact of salinity stress 
on wheat. Although mechanisms underly hasing salinity tolerance is far from being completely understood 
(Gupta and Huang, 2014). 

 The objective of this research was to evaluate sources of partial tolerance of some wheat genotypes 
and comprehensive understanding of how plants respond to salinity stress and an integrated approach of 
combining mechanisms based on growth, morphological, physiological and biochemical screening. Thus, path 
coefficient analysis was used to identify the most contribution traits in salt tolerance index. 
 
Materials and Methods 
 

The experiments were carried out at the laboratory of plant physiology, Department of Botany, Fac. of 
Agric., Al-Azhar Univ.,Cairo, Egypt. One hundred and two wheat genotypes, including two check variety/line, 
namely, Sakha 93 and Line-A.  The Line-A was acquired from Prof. Dr. M. A. El-Hennawy, Agronomy Dept., 
Fac. of Agric., Al-Azhar Univ. One hundred doubled haploid (DH) lines were obtained from Dr. I. M. Al-
Ashkar, Agronomy Dept., Fac. of Agric., Al-Azhar Univ., (2011). These lines were derived from another culture 
technique. Hydroponic experiments were used to study salt stress on all wheat genotypes. Grains were 
germinated in trays float filled with washed sand on the quarter strength Hoagland’s nutrient solution (Hoagland 
and Arnon, 1950). The standard nutrient solution adjusted pH to 6.0, renewed weekly and aerated continuously. 
In the first phase of the experiment all the accessions were tested under three treatments of 0, 100 and 200 mM 
salt (NaCl) concentrations. Each genotype was replicated thrice (25 grains with replicate). Plants were harvested 
20 days after salt treatment. Data were recorded on shoot length, fresh and dry shoot weights. Salt tolerance trait 
index (STTI) at the seedling stage was calculated as the equation of Ali et al. (2007). 

 
                      Value of trait under stress condition 
     STTI =          ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ      x 100 
                     Value of trait under control condition 
 

Salt tolerance index (STI) was calculated as the mean of salt tolerance trait indices (STTIs). STIs were 
used to group the 102 wheat genotypes into four classes (Table 1). In the second experiment, 16 genotypes were 
selected from the four previously defined classes (salt tolerant, moderately salt tolerant, moderately susceptible 
and susceptible), and were evaluated under three treatments of 0, 200 and 300 mM salt (NaCl) concentrations. 
Completely randomized design was applied in this experiment with 16 genotypes and 3 replicates (25 grains 
with replicate). Plants were harvested 20 days after salt treatment. Data recorded at seedling stage for the 
following studied traits: 
 
1-Growth traits: Recorded on ten seedlings from each replicate for the following traits; root length (cm), roots 
number, fresh root weight (g), dry root weight (g), shoot length (cm), fresh shoot weight (g) and dry shoot 
weight (g). 
 
2-Physiological and Biochemical traits: Recorded on five fresh seedlings from each replicate for the following 

traits: 
Relative water content (RWC): The estimation of leaf relative water content conducted by incubating leaf 
samples (0.5 g) in 100 ml distilled water for 4 h (Weatherley, 1950). The turgid weight of leaf samples was 
recorded. The leaf samples were oven dried at 65 ºC for 48 h. Dry weights of the samples were taken after 
confirming that the samples were completely dried out. 
RWC = (fresh weight- dry weight)/ (turgid weight - dry weight) 
Chlorophyll content: was estimated by the spectrophotometeric method described by Hipkins and Baker (1986). 
Chlorophyll content was expressed as μg/ml methanol as follows: Total chlorophyll =25.8 x A650 + 4.0 x A665, 
where A650 and A665 are absorbances at 650 and 665 nm, respectively. Total chlorophyll was then converted 
to micrograms of chlorophyll per gram of tissue as follows by the formula (μg chlorophyll/ml methanol) x 3 ml 
methanol / (g. tissue) 
Membrane stability index (MSI): was determined according to Sairam et al. (2002). Leaf samples (0.1 g ) were 
placed in 10 ml of double-distilled water. Samples were kept at 40 °C for 30 min and its conductivity recorded 
(C1) using a conductivity meter. Subsequently the same samples were kept in a boiling water bath (100 °C) for 
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15 min and its conductivity was also recorded (C2). The membrane stability index (MSI) was calculated using 
following formula:   MSI = [1 – C1/ C2]/100 
Antioxidant enzymes: Tissue preparation for enzymatic antioxidants. Fresh leaves  samples (0.2 g) were ground 
in liquid N2 and homogenized in an ice-bath in 4 mL homogenizing solution containing 50 mM potassium 
phosphate buffer and 1% (w/v polyvinylpyrrolidone (pH 7.8). The homogenate was centrifuged at 14000 rpm at 
4°C for 10 min and the resulting supernatant was used for enzyme assays. 
Assay of catalase:  Catalase action was precise according to Aebi (1984). As concerning  for  Catalase  3 ml 
reaction mixture containing 1.5 ml of 100 mmol potassium phosphate buffer (pH = 7.2), 0.5 ml of 75 mmol 
H2O2, 0.03 ml enzyme extraction. The distilled water was used to construct the volume up to 3 ml. Reaction 
was progressed by the addition of H2O2. The absorbance recorded in decrease at 240 nm for 60s. The enzyme 
action was accounted by calculating the quantity of decomposed H2O2. 
Assay of peroxidase: was measured spectrophotometrically at 420 nm. The test solution was prepared by mixing 
0.03 ml of enzyme solution with 0.22 ml of 100 mM potassium phosphate buffer, pH 6.0 (at 20°C), 0.22 ml of 
5% (w/v) pyrogallol solution, 0.10 ml of 0.50% (w/w) hydrogen peroxide solution (H2O2) and 1.40 ml water. 
The “BLANK” was prepared by the same composition only 0.03 ml of 100 mM potassium phosphate buffer of 
pH 6.0 was added instead of enzyme solution. Catalase action was precise according to the method of (Chance 
and Maehly, 1955) 
Assay of polyphenol oxidase (PPO): was determined according to Duckworth and Coleman (1970) 
spectrophotometrically at wave length 420 nm at 25°C. The test solution was prepared by mixing 0.03 ml of 
enzyme solution with 1.74 ml of 20 mM catechol solution (which was prepared in 50 mM potassium phosphate 
buffer, pH 6.8 at 25°C). The "BLANK" was prepared with the same amount of catechol and 0.03 ml of 50 mM 
potassium phosphate buffer. 

Salt tolerance trait index (STTI) for all studied traits was calculated as previously described for 16 
genotypes under 200 and 300 mM NaCl concentration.  The STI data for 16 genotypes were used to rank these 
genotypes at 200 and 300 mM NaCl concentration.  The data were subjected to analysis of variance (Steel et al., 
1996) to determine the significant differences among genotypes.  The broad sense heritability (H2bs) was 
estimated according to Singh and Chaudhary (1999). Phenotypic correlation was computed for salt tolerance 
index of fresh and dry shoot weights and each of other traits under study according to Fischer and Wood (1979). 
Path coefficient analysis proposed by Dewey and Lu (1959) was used to partitioning the phenotypic correlation 
coefficient of into direct and indirect effects. 
 
Result and Discussion 

Morphological screening 

Based on salt tolerant index (STI) values, the 102 wheat genotypes were classified into four groups 
(Table 1), namely salt tolerant (STI= 70 to 100%), moderately salt tolerant (STI= 69 to 60 %), moderately salt 
susceptible (STI= 59 to 50%) and salt susceptible (STI= below 50%). Only 10 accessions fell in the tolerant 
class, including 9 lines and the check variety Sakha 93 was also among the tolerant genotypes. Fifteen 
accessions were moderately salt tolerant, twenty one accessions were moderately salt susceptible and fifty three 
accessions were salt susceptible. 

Effect of salt (NaCl) stress on growth traits 

 Plant growth at seedling stage was determined by growth traits are presented in Table (2).  Results 
showed highly significant differences for genotypes under the two NaCl concentrations. This was an indication 
of variation created. Under stress conditions, roots play an important role in plant tolerant. STTI values for root 
length ranged from 43.89 for the line G7*115QHL27 to 95.31% Saka 93 under 200 mM NaCl while they ranged 
from 42.88 for the line G7*115QHL27 to 94.43 % for the line G7*164-DHL16 under 300 mM NaCl stress 
level. This wide range indicated that genotypes had broad genetic base for root length. Overall, salt-tolerant 
genotypes showed greater root growth than susceptible genotypes. 

According to STTI for number of root a range value increased under concentration of 300 mM NaCl, but 
it decreased under 200 mM NaCl concentration with same genotypes in most cases. The DH line G7*115-
DHL25 gave highest mean value under the two concentrations compared to the check variety Sakha 93 and line-
A. For fresh root weight, all genotypes were lower than the check variety Sakha 93, which was 99.37 and 98.18 
% under 200 and 300 mM NaCl stress levels, respectively. With respect to STTI for dry root weight, one DH 
line was significantly heavier than the check variety Sakha93 under 200 mM NaCl concentration. 

Concerning STTI for shoot length, four lines were significantly taller than the check variety Sakha93 and 
ranged from 91.90 to 102.08 % under 200 mM NaCl level. While three lines were significantly taller than the 
check variety and ranged from 85.51 to 88.56 % under 300 mM NaCl level. Regarding fresh shoot weight, the 
STTI mean values of lines ranged from 47.19 to 78.49 % and 21.90 to 48.98 % compared with the check variety 
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Sakha 93, which had 70.66 and 64.96 % under 200 and 300 mM NaCl stress, respectively. At 200 mM NaCl 
stress, STTI values for dry shoot weight ranged from 74.24 to 165.25 %.  At 300 mM NaCl salt stress, the line-
A acquired the maximum STTI (137.81 %) for dry shoot weight followed by the DH line G7*164-DHL34 
(98.34 %). 
 

Table 1. Salt tolerance categories for doubled haploid (DH) wheat lines on the basis of salt tolerance index (STI) at 200 mM salt stress. 

Name of  DH wheat lines 
No. of 

accessions 
Range of STI 

Salt tolerance 
category 

Sakha93, Line-A, G7*115-DHL16, G7*115-DHL22, G7*115-
DHL25, G7*164-DHL34, G168*164-DHL3, G9*115-DHL5, 
164*115-DHL4, 164*115-DHL15 

10 70 % and above Tolerant 

G7*115-DHL4, G7*115-DHL12, G7*164-DHL3, G7*164-DHL9, 
G7*164-DHL20, G7*164-DHL21, G7*164-DHL22, G7*164-
DHL26, 164*115-DHL6, 164*115-DHL9, 164*115-DHL11, 
G7DHL1, G7DHL3, G7DHL5, G7DHL6  

15 70 -60 % Moderately  tolerant 

G7*115-DHL3, G7*115-DHL8, G7*115-DHL15, G7*115-DHL9, 
G7*115-DHL19, G7*115-DHL23, G7*115-DHL24, G7*164-DHL1, 
G7*164-DHL4, G7*164-DHL12, G7*164-DHL15, G7*164-DHL18, 
G7*164-DHL29, G168*164-DHL2, G9*115-DHL1, G9*115-DHL2, 
G9*115-DHL6, 164*115-DHL3, 164*115-DHL5, 164*115-DHL7, 
G7DHL2, G7DHL4, G164DHL1, 115DHL3 

24 60 – 50 % 
Moderately 
susceptible 

G7*115-DHL1, G7*115-DHL2, G7*115-DHL5, G7*115-DHL6, 
G7*115-DHL7, G7*115-DHL10, G7*115-DHL11, G7*115-DHL13, 
G7*115-DHL14, G7*115-DHL17, G7*115-DHL18, G7*115-
DHL20, G7*115-DHL21, G7*115-DHL26, G7*115-DHL27, 
G7*115-DHL28, G7*115-DHL29, G7*164-DHL2, G7*164-DHL5, 
G7*164-DHL6, G7*164-DHL7, G7*164-DHL8, G7*164-DHL10, 
G7*164-DHL11, G7*164-DHL13, G7*164-DHL14, G7*164-
DHL16, G7*164-DHL17, G7*164-DHL19, G7*164-DHL23, 
G7*164-DHL24, G7*164-DHL25, G7*164-DHL27, G7*164-
DHL28, G7*164-DHL30, G7*164-DHL31, G7*164-DHL32, 
G7*164-DHL33, 168*164-DHL1, G9*115-DHL3, G9*115-DHL4, 
164*115-DHL1, 164*115-DHL2, 164*115-DHL8, 164*115-DHL10, 
164*115-DHL12, 164*115-DHL13, 164*115-DHL14, 164*115-
DHL16, 164*115-DHL17, G164DHL2, 115DHL1, 115DHL2 

53 50 % and below Susceptible 

 
It is evident from the results that NaCl treatment had a significant inhibitory effect on all the growth 

attributes of wheat accessions. However, accessions differed in their response to NaCl stress. Salt-susceptible 
genotypes showed more reduction in their biomass as compared to tolerant genotypes. This was largely due to 
the genetic makeup of the plant, environment and genotype environment interaction. Plants were salt-sensitive 
at the seedling stage. It was well established that crop plants with better germination and seedling growth under 
salt stress will be more stress-tolerant at later stages and will produce better growth and productivity (Ahmadi 
and Arkedani, 2006 & Shahzad et al., 2012). 

 Our results confirmed that dry matter accumulation was significantly affected by NaCl stress beyond 
200 mM concentration. Furthermore, the proportion of dry weight allocated to roots increased with increasing 
NaCl levels. Therefore, an increased root/shoot ratio seems to be an adaptation to salinity resulting in more 
efficient water and nutrient uptake under salinity stress. The STTI values for fresh and dry root weights were 
higher than those for fresh and dry shoot weights under NaCl stress (Shahzad et al., 2012). The possible reason 
for the greater root growth compared to shoot may be the fact that under stress condition salt stress induces 
physiological drought, and plants tend to proliferate roots more at higher stress levels in order to absorb more 
water (Ahmad et al., 2013). Better growth at high salinity levels is required for salt tolerance. Zeng et al. (2002) 
reported that under imposed stress, shoot growth was inhibited more than root growth.  
Heritability in broad sense is the ratio of the genetic variance to the phenotypic variance among studied growth 
traits of wheat genotypes and it is indication of the expected response of selection. Heritability values ranged 
from 73.51% for dry root weight to 98.19 % for roots number under 200 mM NaCl stress and from 71.30 % for 
fresh root weight to 95.68 % for root length under 300 mM NaCl stress. Similar results were obtained by 
Nguyen (2012). High broad sense heritability values for all the studied traits indicated that these traits are 
mainly controlled by genetic variance. High heritability estimates (above 80 %) for roots number, root length 
and fresh and dry shoot weights under 200 and 300 NaCl concentrations suggested that more than 80% of 
genetic variance transferred to offsprings was predominant role of gene effects in the expression of these traits 
(Ahmed et al., 2013). 
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Table 2. Salt tolerance trait indices (STTIs) for the studied traits of 16 wheat genotypes at 200 and 300 mM NaCl concentrations 

Genotypes 
Root  Length 

 
Roots  number 

 
Fresh root weight 

Dry root 
weight 

Shoot length 
 

Fresh shoot 
weight  

Dry shoot weight  
STI 

 
Rank 

 
200 300 200 300 200 300 200 300 200 300 200 300 200 300 200 300 200 300 

G7*115-DHL27 43.89 42.88 138.89 138.89 74.255 71.133 103.61 104.44 77.81 73.06 59.92 38.53 96.34 56.12 84.96 75.01 13 12 
G7*115-DHL16 88.00 63.01 125.00 150.00 93.936 95.847 134.72 140.18 102.08 88.56 57.28 35.06 95.12 73.21 99.45 92.27 1 2 
G7*164-DHL26 74.96 75.42 113.33 120.00 61.187 58.807 103.88 110.61 87.47 85.51 47.19 44.06 78.46 75.99 80.93 81.49 16 8 
G164*115-DHL9 73.59 59.25 116.67 100.00 71.010 69.861 124.52 123.23 91.90 82.09 56.02 43.82 119.08 85.79 93.26 80.58 7 9 
G7DHL3 53.70 51.19 108.33 141.67 93.917 91.172 110.46 135.34 83.92 73.29 53.43 35.63 89.84 65.26 84.80 84.79 14 5 
G164*115-DHL14 92.31 84.41 125.00 116.67 72.170 43.152 117.37 120.84 65.50 64.12 56.93 43.42 74.24 84.21 86.22 79.55 12 10 
G164*115-DHL15 69.81 65.06 113.33 93.33 70.249 61.991 107.74 108.69 95.96 79.53 59.30 28.95 94.44 68.13 87.26 72.24 11 15 
G7*164-DHL16 94.30 94.43 133.33 146.67 69.238 69.122 101.58 101.80 64.69 55.80 50.10 21.90 165.25 95.23 96.93 83.56 3 6 
G164*115-DHL5 82.38 63.92 123.33 108.33 78.729 54.320 110.85 108.76 74.97 69.53 52.06 32.36 96.15 62.52 88.35 71.39 10 16 
G7*115-DHL22 62.08 50.57 118.89 94.44 84.315 65.114 155.89 155.56 92.25 86.36 63.50 44.75 100.00 85.05 96.70 83.12 5 7 
G7*164-DHL34 85.36 80.95 107.78 113.33 71.294 71.289 109.16 131.55 82.80 61.61 76.63 48.98 116.10 98.34 92.73 86.58 8 4 
G168*164-DHL3 87.36 66.00 120.00 106.67 73.762 52.041 104.70 96.33 75.46 63.85 78.49 48.93 115.09 83.62 93.55 73.92 6 13 
G7*115-DHL9 66.16 57.16 102.78 130.56 56.864 56.777 106.33 104.56 82.40 70.77 60.89 42.39 102.74 80.88 82.59 77.59 15 11 
G7*115-DHL25 47.02 42.89 161.11 152.78 76.814 54.241 105.99 105.19 74.58 63.13 72.77 33.38 109.00 56.20 92.47 72.54 9 14 
Line-A 67.60 61.95 113.33 118.89 86.303 75.018 113.89 138.20 80.32 64.72 74.03 48.14 142.08 137.81 96.79 92.10 4 3 
Sakha93 95.31 90.55 108.33 108.33 99.377 98.182 126.39 152.78 84.68 79.49 70.66 64.96 104.17 80.61 98.42 96.41 2 1 
LSD 0.05 3.33 2.82 6.36 5.37 4.53 7.28 9.90 6.14 6.90 5.82 3.99 4.24 2.32 4.15     
LSD 0.01 4.495 3.81 8.56 7.23 6.11 9.82 13.34 8.27 9.30 3.72 5.37 3.72 3.13 5.60     
H²bs % 94.00 95.68 98.19 84.43 88.88 71.30 73.51 79.64 74.24 81.66 91.41 90.27 97.08 90.66     

  
Effect of salt (NaCl) stress on physiological and biochemical traits: 
 
-Relative water content:  

One of the early symptoms of salinity stress in plant tissue is the decrease of relative water content 
(RWC). Relative water content in the leaves of plants grown under salinity stress decreased significantly in all 
genotypes compared to those grown in non-saline solution (Table 3). This reduction of RWC in stressed plants 
may be associated with a decrease in plant vigor and was observed in many plant species (Halder and Burrage, 
2003). The DH line G7*164-DHL16 was maintained the highest value of RWC (93.43%) under 200 mM NaCl, 
while the line G168*164-DHL3 gave the highest value of 82.05% under 300 mM NaCl stress compared to the 
check variety Sakha 93 and line-A and under same salt concentration. RWC is of the best growth/biochemical 
indices revealing the stress intensity (Alizade, 2002).  

 
-Membrane stability index:  

Results revealed that salt stress had significant effect on MSI (Table 3). Linear decrease occurred in MSI 
with the increase in the salt stress. But higher MSI value was observed in the DH line G7*115-DHL25 at 300 
mM NaCl stress (68.55 %) compared to the check variety Sakha 93 and line-A under same salt concentration. 
Although the cultivar Sakha-93 was more positively value (101.30 %) at 200 mM NaCl when compared with 
the other genotypes. While the maximum decrease of membrane stability index was recorded in the line 
G164*115-DHL9 at the same salt concentration. Hence, the relative tolerance of this genotype to salt stress was 
reflected by its higher membrane stability. These results are consistent with Munns (2002) and Gomathi and 
Rakkiyapan (2011).  

 
-Chlorophyll content:  

The salt stress significantly affected the chlorophyll synthesis in plants from 200 mM onwards up to 300 
mM. There was an increase in total chlorophyll accumulation in the leaves at 200 mM NaCl as compared to 
control or 300 mM for all the genotypes in the present investigation. Though the DH line G7*115-DHL25 
showed more CHL content (146.47 %) under 200 mM when compared with the other genotypes under the same 
concentration. While the maximum decrease of total chlorophyll accumulation was recorded with line-A at both 
NaCl concentrations. The previous study (Evain et al., 2004) has also reported an increase in chlorophyll 
content in some cultivars of different plant species. Accordingly, different workers in their studies gave different 
reasons for the increase or decrease in chlorophyll content. Salinity may also be responsible for lower values of 
stomatal conductance, photosynthesis and relative water content (Evain et al., 2004). On the other hand, the 
reduced level of total chlorophyll content under high salt stress condition in the leaves, which may be due to 
membrane deterioration of the cell membrane of the chloroplastid leading towards lower accumulation of 
chlorophyll and lower photosynthetic efficiency as reported by Seemann and Critchley (1986). However, other 
researchers mentioned that reduction in chlorophyll content may be due to variation in its synthesis among the 
plant species as well as variation in specific enzymes under saline conditions (Kreps et al., 2002 and Keutgen & 
Pawelzik, 2007). 

 The heritability in broad sense had high values for all studied physiological traits; relative water 
content (93.88 %), followed by membrane stability index (86.15 %) and chlorophyll content (84.17 %) under 
200 mM/L NaCl while membrane stability index (94.27 %), followed relative water content (90.16 %) and 
chlorophyll content (78.17 %) under 300 mM NaCl (Table 3). High broad sense heritability indicates high 
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genetic potentials for these traits, low effect of the environment and existence of predominant role of additive 
genes (Stansfield, 2005).  

Table 3. Salt tolerance trait indices (STTIs) for the studied traits of 16 wheat genotypes at 200 and 300 mM NaCl concentrations. 
Genotypes Relative water 

content 
Membrane stability 

index 
Chlorophyll 

content 
STI 

 
Rank 

 
200 300 200 300 200 300 200 300 200 300 

G7*115-DHL27 83.98 70.21 62.47 53.05 108.14 109.83 84.86 77.70 15 9 

G7*115-DHL16 92.59 78.75 78.64 34.77 135.61 112.79 102.28 75.44 2 11 

G7*164-DHL26 83.77 74.07 66.85 62.22 126.15 97.95 92.26 78.08 7 6 

G164*115-DHL9 84.12 71.70 68.66 34.22 103.70 96.67 85.49 67.53 14 15 
G7DHL3 88.00 72.64 65.34 55.08 114.54 110.58 89.29 79.43 9 5 
G164*115-DHL14 92.44 75.14 67.80 41.01 109.33 107.86 89.86 74.67 8 12 
G164*115-DHL15 90.50 72.17 65.91 38.73 111.42 128.36 89.28 79.75 10 3 
G7*164-DHL16 93.43 71.52 64.61 56.67 99.13 87.40 85.72 71.86 12 8 
G164*115-DHL5 87.72 69.94 84.44 51.74 114.25 85.39 95.47 69.02 6 13 
G7*115-DHL22 89.43 71.16 67.10 40.42 108.15 85.04 88.23 65.54 11 16 
G7*164-DHL34 91.57 67.73 69.50 57.91 130.48 107.85 97.18 77.83 4 7 
G168*164-DHL3 90.09 82.05 69.82 67.21 131.62 125.89 97.19 91.72 3 1 
G7*115-DHL9 87.93 71.92 43.59 42.33 125.26 122.57 85.59 78.94 13 4 
G7*115-DHL25 88.84 71.69 79.93 68.55 146.47 111.27 105.08 83.84 1 2 
Line-A                  79.04 67.45 82.41 55.14 84.70 82.76 82.05 68.45 16 14 
Sakha93 81.87 65.41 101.30 49.17 107.82 115.07 97.00 76.55 5 10 
LSD 0.05 2.99 3.17 5.06 3.25 5.41 6.35     
LSD 0.01 4.03 5.00 6.82 4.39 7.29 8.56     
H²bs % 93.88 90.16 86.15 94.27 84.17 78.17     

 
Antioxidant enzymes:Antioxidant enzymes activities had different patterns in sixteen wheat genotypes. 
  
Catalase activity: 
 
  Increased in Sakha93 and DH line G164*115-DHL15 with increasing of  NaCl content to Hoagland's 
solution at 200 and 300 mM NaCl in comparison with the control (Table. 4). While a gradual decrease in 
catalase activity with increasing salt concentration was observed in the three DH lines G164*115-DHL14, 
G7*115-DHL27 and G7*115-DHL22. Data showed that the catalase capacity in the leaves of wheat did not 
significantly reach the same level before the stress imposition, with the exception of Sakha 93 and DH line 
G164*115-DHL15. Although its activity increased with the increase of salt stress. Effects of salt stress on the 
activities of catalase could decompose hydrogen peroxide into water and oxygen to remove the peroxide in 
plants.  Salinity alters general metabolic processes and enzymatic activities, causing increased production of 
reactive oxygen species (ROS) (Menezes-Benavente et al., 2004). CAT is an important antioxidant enzyme that 
converts H2O2 to water in the peroxysomes. In this organelle, H2O2 is produced from β-oxidation of fatty acids 
and photorespiration. Higher activity of CAT and APX decreased H2O2 level in cell and increased the stability 
of membranes and CO2 fixation because several enzymes of the Calvin cycle within chloroplasts are extremely 
sensitive to H2O2. A high level of H2O2 directly inhibits CO2 fixation (Yamazaki et al., 2003). Our results are 
in accordance with previous observations of Mandhania et al., 2006 and Shao et al., 2005. Expression of 
antioxidant defense genes would, in turn, be triggered to defend the cell against oxidative damage. 
  
Peroxidase activity 
 
  Had different patterns in sixteen genotypes. The best value was observed with the DH line G164*115-
DHL14 (156.53 %) at 200 mM NaCl, but the highest value at 300 mM NaCl (163.53%) was showed with DH 
line G7*115-DHL27, when compared with Sakha 93 (108.14 % and 60.46 %) at 200 and 300 mM NaCl, 
respectively (Table 4). Effects of salt stress on the activity of peroxidase (POD) could remove H2O2 in plants to 
prevent the cell membrane from oxidation by H2O2. Therefore, the enhancement of POD activity could 
effectively resist the oxidative stress caused by salt stress, thereby improving the salt tolerance of plants 
(Mandhania et al., 2006). POD catalyses the reduction of oxidized glutathione, an important endogenous 
antioxidant (Zhang et al., 2006). 
  
Polyphenol oxidase (PPO):  
 

Phenol accumulation could be cellular adaptive mechanisms for scavenging oxygen radicals during 
stress. The results of our study clearly show that saline stress resulted in the increase of polyphenol content. The 
results of our study clearly show that saline stress resulted in the increase of polyphenol content in many 
genotypes stash as Line-A, G7*115-DHL27, G7DHL3, G164*115-DHL5 and G164*115-DHL15 which may 
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make them more tolerant to salt stress in comparison with the other genotypes that’s were decreased by 
increasing NaCl concentration (Table 4). The antioxidant activity of phenolic compounds can play a vital role in 
neutralizing ROS (Zheng and Wang, 2001). High polyphenol oxidase activity under stress indicates its ability to 
oxidize and to degrade the toxic substances such as phenolic compounds which are generally reported to be 
accumulated during salt stress (Subhashini and Reddy, 1990). Sharp increase in polyphenol oxidase activity 
under salinity stress was associated with enhanced rooting in Excoecaria agallocha, Cynometra iripa and 
Heritiera fomes (Basak et al., 2000). Increase in polyphenol content in different tissues under increasing salinity 
has also been reported in a number of plants (Agastian et al., 2000). 

 The heritability in broad sense had the highest percentage for peroxidase (82.20 and 87.90 %), followed 
by polyphenol-oxidase (70.13 and 70.35 %) and catalase (67.03 and 64.00 %) under 200 and 300 mM/L NaCl 
stress, respectively (Table 4). In general, all of the three traits had high broad sense heritability and its 
magnitude was higher under two stress conditions. Since POD and PPO were controlled by relatively lower 
environment effect than CAT (Shahbazi et al., 2010). 
 
Table 4. Salt tolerance trait indices (STTIs) for the studied traits of 16 wheat genotypes at 200 and 300 mM NaCl concentrations. 

Genotypes 
Catalase peroxdase Polyphenol-oxidase 

STI 
 

Rank 
 

200 300 200 300 200 300 200 300 200 300 
G7*115-DHL27 82.81 76.86 95.29 163.53 150.08 157.23 109.39 132.54 7 2 
G7*115-DHL16 92.31 99.82 51.72 64.83 36.32 22.68 60.12 62.44 16 14 
G7*164-DHL26 96.84 102.46 48.23 61.76 57.11 71.41 67.39 78.54 15 12 

G164*115-DHL9 97.28 100.91 131.59 163.19 311.89 33.09 180.25 132.40 1 3 

G7DHL3 106.72 106.91 94.55 45.45 106.68 126.70 102.65 93.02 10 9 
G164*115-DHL14 80.94 62.61 156.53 117.39 158.88 117.67 132.12 99.22 4 7 
G164*115-DHL15 114.39 106.73 102.75 100.92 72.20 138.92 96.44 115.52 11 5 
G7*164-DHL16 97.44 76.07 61.11 97.78 166.80 8.14 108.45 60.66 8 15 
G164*115-DHL5 72.92 70.36 64.76 76.19 180.24 220.36 105.97 122.30 9 4 
G7*115-DHL22 104.87 103.80 61.07 45.80 185.84 71.39 117.26 73.66 6 13 
G7*164-DHL34 103.16 99.43 75.00 37.50 200.25 118.23 126.14 85.05 5 10 
G168*164-DHL3 102.19 98.94 130.01 120.00 221.45 180.97 151.22 133.30 2 1 
G7*115-DHL9 90.46 74.86 21.15 0.96 130.02 100.00 80.54 58.61 14 16 
G7*115-DHL25 101.40 102.40 133.80 112.68 26.30 39.97 87.17 85.02 13 11 
Line-A 107.46 100.16 86.00 91.00 81.77 145.57 91.74 112.24 12 6 
Sakha93 163.48 167.50 108.14 60.46 125.02 59.97 132.21 95.98 3 8 
LSD 0.05 11.04 8.16 8.11 4.73 10.48 7.41     
LSD 0.01 14.89 11.00 10.94 6.39 14.13 9.98     
H²bs % 67.03 64.00 82.20 87.90 70.31 70.35     

 
In conclusion, morphological, physiological and biochemical traits could be used in evaluating salt 

tolerance in wheat genotypes. It is necessary to establish an accurate standard to effectively evaluate tolerance to 
salt stress for wheat improvement. The results obtained in this study could help increase genetic resources and 
improve breeding programs for salt tolerance in wheat genotypes and will be investigated in wheat salt tolerance 
reproductive stage and maturity in salt-affected field conditions for their confirmation as new sources of salt 
tolerance. 

 
Correlation and path coefficient analysis studies: 

 
Correlation coefficients between all pairs of studied traits are presented in Table (5). The results 

indicated that the highest values under 200 mM NaCl stress were found between shoot length and salt tolerance 
index for  both fresh shoot weight and dry shoot weight (0.74 and 0.72, respectively), while under 300 mM 
NaCl stress was found between leaf relative water content and salt tolerance index of dry shoot weight (0.70). 
Results showed the presence of positive and significant correlations between salt tolerance index for fresh and 
dry shoot weights and each of roots number, fresh root weight, shoot length, membrane stability index and 
chlorophyll content under 200 and 300 mM NaCl concentrations. Accordingly, it should exploit the previous 
characteristics to achieve high salt tolerance of wheat. However, insignificant associations were observed 
between salt tolerance index for fresh and dry shoot weights and each of root length, peroxidase and 
polyphenol-oxidase under 200 and 300 mM NaCl concentrations, indicating that these traits may be independent 
in their genetic expression under the present study.  

By examining the other correlations among different characters, it can be observed that fresh root 
weight was positive and significant correlated with membrane stability index and peroxidase under 200 and 300 
mM NaCl concentrations. However, negative and significant or insignificant correlations were found between 
leaf relative water content and each of root length and dry root weight under 200 and 300 mM NaCl 
concentrations. It must take in account the interrelationships among these traits when planning of wheat 
improving. These results are in agreement with those obtained by Mohammad et al. (2008), Shahzad et al. 
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(2012) and Ghaedrahmati et al. (2014). In present study, the development of positive correlation between dry 
shoot weight and shoot length under salinity conditions partially might be attributed to the seedling chlorophyll 
content, which helped the seedlings to continue growth. 
 
Table 5: Correlation coefficients among all pairs of studied characters of wheat at seedling stage under 200 mM/L NaCl (above diagonal) 

and 300 mM/L NaCl (below diagonal). 

Traits RN RL FRWT  DRWT SL RWC MSI CHLO POD PPO CAT 
STI 

FSWT DSWT 

RN  -0.055 0.464** 0.176 0.009 0.032 0.199 0.274* 0.262 -0.261 0.248 0.450** 0.290* 

RL 0.248  0.092 -0.237 0.119 -0.082 0.118 0.016 -0.113 0.033 0.040 0.042 0.170 

FRWT 0.395** 0 .391**  0.246 0.266 -0.087 0.339* 0.228 0.417** -0.331* 0.169 0.500** 0.440* 
DRWT 0.106 0.045 0.283*  0.178 -0.060 0.136 -0.379** 0.361 -0.021 -0.054 0.032 0.100 
S L 0.009 -0.132 0.297* -0.088  0.028 0.480** 0.191 -0.072 -0.242 -0.035 0.740** 0.721** 
RWC 0.074 -0.470** -0.108 -0.452** 0.302*  -0.134 0.359** -0.056 -0.087 -0.598** 0.107 -0.243 
MSI 0.293* 0.072 0.339** -0.201 0.480** 0.169  0.001 0.312* -0.346* 0.126 0.489** 0.659** 
CHLO .374** -0.006 0.293* -0.223 0.191 0.083 0.203  -0.019 -0.382** -0.070 0.530** 0.484* 
POD 0.095 0.141 0.372** -0.006 -0.057 0.179 -0.078 -0.080  -0.364** 0.116 0.011 -0.084 
PPO -0.226 0.111 0.097 0.311* 0.246 -0.243 0.085 0.343* -0.008  -0.300* -0.309* -0.250 
CAT 0.244 -0.025 0.346** 0.186 -0.215 0.050 0.222 -0.038 0.029 -0.303*  0.079 0.001 

 
STI 

FSWT 0.504** -0.068 0.485** 0.118 0.647** -0.049 0.500** 0.695** -0.248 0.086 0.281*   

DSWT 0.605** -0.140 0.498** 0.318* 0.648** 0.700** 0.489** 0.695** -0.117 -0.167 0.172   

*=Significant (P < 0.05), ** = Highly significant (P < 0.01), RN= Roots number, RL= Root length, FRWT= Fresh root weight, DRWT= 

Dry root weight, SL= shoot length, RWC= Relative water content, MSI= Membrane stability index, CHLO= Chlorophyll content, 

POD=peroxides, PPO= Polyphenol-oxidase,  CAT= Catalase,  FSWT = Fresh shoot weight,  FRWT = Fresh root weight, STI= Slat 

tolerance index. 

 

Information obtained from phenotypic correlation coefficient technique can be enlarged by partitioning 
it into direct and indirect effects for a given set of casual interrelationships. The matrix of direct and indirect 
effects of the five related characters on salt tolerance index of fresh and dry shoot weight are shown in Table (6).  
Shoot length had the highest direct effect on salt tolerance index for fresh and dry shoot weight (0.60 and 0.43) 
under 200 mM NaCl stress and (0.51 and 0.55) at 300 mM NaCl stress, respectively, followed by chlorophyll 
content for fresh weight and membrane stability index for dry shoot weight (0.31 and 0.41) at 200 mM NaCl 
stress as well as chlorophyll content for fresh shoot weight and root number for dry shoot weight (0.46 and 0.43) 
at 300 mM NaCl stress, respectively.  However, the low direct effect on salt tolerance belonged to fresh root 
weight under 200 and 300 mM NaCl concentrations and membrane stability index except STI of dry shoot 
weight under 200 mM NaCl stress. Very high direct effect of dry shoot weight upon fresh and dry shoot weight 
under salinity could partly be due to the biomass of shoot and partly due to the accumulation of organic and 
inorganic solutes for osmotic adjustment. Similar results were reported by Thaukar and Rai (1984) and Khan et 
al. (2004). 

The indirect effects of shoot length and chlorophyll content via other traits were very low. The highest 
phenotypic indirect effects of roots number via chlorophyllcontent under 200 and 300 mM NaCl concentrations 
(0.086, 0.100, 0.172 and 0.156) for fresh and dry shoot weight, respectively. Fresh root weight had high indirect 
effect via shoot length. The phenotypic indirect effects of membrane stability index via shoot length at 200 and 
300 mM NaCl concentrations showed values of 0.287, 0.209, 0.245 and 0.264, respectively. 

 The components of the total salt tolerance index of fresh and dry shoot weight variation determined 
directly and jointly by each factor are presented in Table (7). The main sources of STI variation in order to the 
importance of  shoot length (35.84 % ), followed by chlorophyll (9.84 %) and root number (8.53 %) for fresh 
shoot weight while the maximum direct effects were observed by shoot length (18.87 %), membrane stability 
index (17.06 %) and chlorophyll content (13.38 %) for STI dry shoot weight  under 200 mM NaCl. The great 
values of joint effect components toward salt tolerance index were expressed by shoot length through their 
associations with each of  membrane stability index (6.39 and 17.23 %) and chlorophyll content (7.16 and 6.06 
%), as well as by root number via chlorophyll content (5.02 and 1.45 %) for fresh and dry shoot weight, 
respectively. 

Considering the direct effect of STI fresh and dry shoot weight under 300 mM NaCl, The main sources 
of STI variation in order to importance of shoot length (26.02 and 30.36 %), chlorophyll content (21.25 and 
17.48 %) and roots number (8.53 and 18.16 %), respectively. Furthermore, the joint effects of chlorophyll with 
each of root number (9.80 and 13.32 %) and shoot length (8.96 and 8.78 %) for fresh and dry shoot weight, 
respectively. 

The great contribution of these traits on STI supported their importance as selection criteria in wheat. 
Similar results were obtained by Khan et al. (2004) and Nguyen (2012). It could be concluded that maximum 
direct effect upon STI for fresh and dry shoot weights was exerted by shoot length, roots number and 
chlorophyll content and their joint effects. This is emphasize that selection criteria based on seedling growth 
parameters in wheat varies under salt stress conditions. Therefore, selection to improve salt tolerance must be 
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performed under salt conditions only then it will be effective in improving fresh seedling weight which in turn 
could be related to yield. 
 
Table 6: Path coefficients (direct and joint effects) of salt tolerance indices (STI) for fresh and dry shoot weight and its related characters 

under 200 and 300 mM NaCl concentrations. 

Sources 
200 mM NaCl 300 mM NaCl 

STI (FSWT) STI (DSWT) STI (FSWT) STI (DSWT) 
Roots  number                         
 Direct effect 0.292 0.072 0.284 0.426 
 Indirect effect via fresh root weight 0.044 0.031 0.027 0.018 
Indirect effect via shoot  length 0.005 0.004 0.005 0.005 
Indirect effect via membrane stability index     0.022 0.082 0.016 0.000 
Indirect effect via chlorophyll content   0.086 0.100 0.172 0.156 
Total    0.450 0.290 0.504 0.605 
Fresh root weight     
 Direct effect 0.096 0.067 0.067 0.044 
 Indirect effect via roots  number  0.136 0.034 0.112 0.168 
Indirect effect via shoot length 0.159 0.115 0.151 0.163 
Indirect effect via membrane stability index     0.038 0.140 0.019 0.000 
Indirect effect via chlorophyll content   0.072 0.084 0.135 0.122 
Total    0.500 0.440 0.485 0.498 
Shoot length     
 Direct effect 0.599 0.434 0.510 0.551 
 Indirect effect via  roots  number 0.003 0.001 0.003 0.004 
Indirect effect via fresh root weight 0.025 0.018 0.020 0.013 
Indirect effect via  membrane stability index     0.053 0.198 0.026 0.000 
Indirect effect via chlorophyll content   0.060 0.070 0.088 0.080 
Total    0.740 0.721 0.647 0.648 
Membrane stability index         
 Direct effect 0.111 0.413 0.055 0.000 
Indirect effect via  roots number 0.058 0.014 0.083 0.125 
 Indirect effect via fresh root weight 0.032 0.023 0.023 0.015 
Indirect effect via shoot length 0.287 0.209 0.245 0.264 
Indirect effect via chlorophyll content   0.000 0.000 0.094 0.085 
Total    0.489 0.659 0.500 0.489 
Chlorophyll content      
 Direct effect 0.314 0.366 0.461 0.418 
Indirect effect via  roots number 0.080 0.020 0.106 0.159 
 Indirect effect via fresh root weight 0.022 0.015 0.020 0.013 
Indirect effect via shoot length 0.114 0.083 0.097 0.105 
Indirect effect via  membrane stability index  0.000 0.000 0.011 0.000 
Total    0.530 0.484 0.695 0.695 
Residual effect 0.396 0.432 0.381 0.269 

 
Table 7: Coefficient of determination (CD) and relative importance (RI %) of salt tolerance indices (STI) for fresh and dry shoot weight and 

its related characters under 200 and 300 mM NaCl concentrations. 
Sources of variation 200 mM NaCl 300 mM NaCl 

 
   STI (FSWT) 
  CD        RI% 

STI (DSWT) 
 CD         RI% 

 STI (FSWT) 
  CD        RI% 

STI (DSWT) 
 CD         RI% 

Direct effect 

Roots  number (RN) 
Fresh root weight (FRWT) 
Shoot length (SL) 
Membrane stability index (MSI) 
Chlorophyll  content(Chlo) 

0.085 8.525 0.005 0.522 0.081 8.083 0.182 18.163 
0.009 0.917 0.005 0.454 0.005 0.455 0.002 0.198 
0.358 35.846 0.189 18.873 0.260 26.018 0.304 30.360 
0.012 1.238 0.171 17.064 0.003 0.304 0.000 0.000 
0.098 9.840 0.134 13.382 0.212 21.246 0.175 17.476 

Indirect effect 
 
 
Roots  number (RN) via   
 

FRWT 0.026 2.597 0.005 0.452 0.015 1.514 0.015 1.496 
SL 0.003 0.318 0.001 0.057 0.003 0.264 0.004 0.427 
MSI 0.013 1.294 0.012 1.189 0.009 0.920 0.000 0.002 
Chlo 0.050 5.018 0.014 1.448 0.098 9.800 0.133 13.324 

 
Fresh root weight (FRWT) via 
 

SL 0.030 3.047 0.016 1.556 0.020 2.042 0.015 1.453 
MSI 0.007 0.722 0.019 1.887 0.003 0.252 0.000 0.000 
Chlo 0.014 1.371 0.011 1.126 0.018 1.822 0.011 1.089 

Shoot  length (RL) via 
MSI 0.064 6.394 0.172 17.228 0.027 2.701 0.000 0.004 
Chlo 0.072 7.159 0.061 6.058 0.090 8.962 0.088 8.780 

Membrane stability index (MSI) via Chlo 0.000 0.003 0.000 0.012 0.010 1.033 0.000 0.001 
Total (direct + indirect) 0.843 84.290 0.813 81.308 0.854 85.416 0.927 92.796 
Residual 0.157 15.710 0.187 18.692 0.146 14.584 0.072 7.204 
Total 1.000 100.00 1.000 100.00 100 1.000 100 1.000 
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