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 Abstract 

The effect of salt stress on some physiological traits of wheat (Triticum aestivum 

L.) was studied under growth chamber condition in a factorial experiment based 

on completely randomized design with three replications. Salinity treatments 

carried out in three levels (0.0, 50.0 and 100.0 mM) NaCl. Three wheat landraces 

(white heteyeh, black heteyeh and Norsi.) were studied. Relative leaf water 

content (RWC), chlorophyll content (SPDA), plant fresh weight and plant dry 

weight were measured at seedling stage. Salinity stress decreased relative water 

content (RWC), whereas chlorophyll content, fresh weight and dry weight were 

not affected. Based on the obtained results “Norsi” may be considered as the 

most tolerant landrace, since it showed the lowest reduction percent in LRWC 

under 50 and 100 mM NaCl. 
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 الملخص:

( في Triticum aestivum Lالفسيولوجية ) القمح على بعض صفات يجهاد الملحالإتأثير  ناول البحثت

 أضيفت معاملات. الحاضنة النباتيةعشوائي بثلاث مكررات تحت ظروف التصميم ال اعتمدتتجربة 

التجربة ثلاثة ( من كلوريد الصوديوم. تضمنت ولميمل 100و  50و، الشاهدالملوحة في ثلاثة مستويات )

تم قياس محتوى الكلوروفيل ونورسي. السوداء والة هتيّ والبيضاء، الة هتيّ ال أصناف محلية من القمح هي:

(SPDA ،)و( محتوى الماء النسبي للأوراقRWC ،)والوزن الجاف للنبات في مرحلة الطري وزن وال

ومع ذلك لم يتأثر محتوى  ،(RWCقلل الإجهاد الملحي المحتوى المائي النسبي )وتبين أن الشتلات. 

النورسي من أكثر  ديعُواعتمادا على نتائج الدراسة  .للنباتوالوزن الجاف  الطريالكلوروفيل والوزن 

 .لنسبيا المائي المحتوى في انخفاضنسبة  قلأأظهر  إذ للملوحة تحملا المستخدمة المحلية الاصناف
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Introduction 

Salinity reduces yields of agricultural crops in many arid and semiarid areas of 

the world, where rainfall is insufficient to leach salts from the root zone 

(Rengasamy, 2006). The cations most closely associated with salinity are Na
+
, 

Ca
2+

 and Mg
2+

, whereas Cl
–
, sulphate (SO4

-2
) and bicarbonate (HCO3

–
) are the 

anions that contribute to soil salinity (Tavakkoli et al., 2010). However, Na
+
 and 

Cl
–
 ions are considered the most important, mainly due to their toxicity at high 

concentrations (Hasegawa et al., 2000). In addition, high sodium concentrations 

in soil solution can cause deterioration in the soil structure, which may 

exacerbate the effects of salinity by impeding drainage as well as affecting the 

availability of water as the soils dry (Bennett et al., 2009). Salinity, therefore, is 

one of the most significant abiotic factors limiting crop productivity (Munnas, 

1993). The most important process that is affected in plants, growing under saline 

conditions is photosynthesis. Reduced photosynthesis under salinity is not only 

attributed to stomata closure leading to a reduction of intercellular CO2 

concentration, but also to non-stomata factors. There is strong evidence that salt 

affects photosynthetic enzymes, chlorophyll and carotenoids (Stepien and 

Klobus, 2006). Usually high salt concentrations cause osmotic stress by 

decreasing water potential within the cells, and ionic stress due to specific 

inhibition of metabolic processes (Heidari 2012). Plants respond to salinity by 

sequestering ions in the vacuoles and accumulation of compatible solutes in the 

cytoplasm to balance the decrease of water potential (Di Martino et al., 2003).  

Chlorophyll content is one of the major factors affecting photosynthetic capacity. 

Reduction or no-change in chlorophyll content of plant under drought stress has 

been observed in different plant species, the stress intensity depends on rate and 

duration (Ganji et al., 2012). Chlorophyll content of leaf is an indicator of 

photosynthetic capability of plant tissues (Nageswara et al., 2001). Relative water 

content (RWC) was introduced as a best criterion for plant water status, which 

afterwards, was used instead of plant water potential, RWC accurately reflects 

the balance between absorbed water by plant and consumed through transpiration 

(Ghogdi et al., 2012). 

Wheat (Triticum aestivum L.) is the most important food grain in the world. It is 

a staple food for hundreds of millions of people and major supplement in the 

human diet containing carbohydrate, protein, minerals and amino acids. 

Approximately two thirds of the wheat produced in the world is used for human 

food and about one-sixth is used for livestock feed (Akhtar et al., 2012). In 

Palestine, wheat is grown on the largest acreage of about 15489 ha producing 
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22301 hectogramme (100 grammes) per hectare (hg/ha) (FAOSTAT, 2019). 

Therefore, the objective of this study is to study the effect of salinity levels on 

plant growth, chlorophyll content and relative water content of three local wheat 

landraces.  

Materials and methods  

Experimental site and plant material 

The experiment was conducted under controlled conditions in the growth 

chamber at the Faculty of Agriculture and Veterinary Medicine, An-Najah 

National University, Tulkarm (Khadouri), Palestine (32.31519º N, 35.02033º W) 

during the growing season (2018/2019). Three local wheat landraces (Norsi, 

Black Heteyeh and White Heteyeh) were used. Seeds were sown in November in 

plastic pots (2L) filled with clay soil and agricultural sand mixture (1:1, v/v) in 

three biological replicates. Experimental design was complete randomized block 

design. 

Imposition of salinity stress 

The experiment comprised of two salinity levels (50 and 100 mM NaCl) and tab 

water was used as control. Liquid fertilizer (6-6-6) was added to the irrigation 

water (3 ml/L) for all treatments. 

 

Leaf Relative Water Content (LRWC) 

LRWC was determined at vegetative stage by cutting the top-most fully 

expanded leaf; leaves were immediately weighed to obtain the fresh weight. The 

leaves were kept in falcon tubes (15 ml). One ml of distilled water was added to 

each tube and kept in refrigerator at 4 °C for 24 hours. The leaves were then 

blotted with tissue paper to remove moisture on the leaves and immediately were 

weighed to obtain the turgid weight. The turgid leaves were oven-dried at 65 °C 

for 48hr in a ventilated oven. The dried leaves were weighed and were reported 

in gram per leaves. The relative water content (RLWC) was calculated according 

to the following formula: RWC (%) = [(FW-DW) / (TW-DW)] ×100. FW is the 

sample fresh weight, TW is the sample turgid weight, and DW is the sample dry 

weight (Pask et al., 2012). 
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Chlorophyll content 

Chlorophyll content was measured using Konica Minolta Chlorophyll Meter 

Spad-502 Plus (Japan).   

Statistical analysis 

Analysis of variance (ANOVA) was performed using GLM procedure of Minitab 

software, grouping information using Fisher LSD method and 95% confidence. 

Results and discussion 

Vegetative growth: Plant fresh and dry weight were not affected by salinity 

levels (Table 1). Further, no significant interactions were observed between 

landraces and NaCl concentrations.  

Table 1: The effect of different levels of NaCl on plant fresh and dry weight on 

three wheat landraces 

Treatment 

(mM) 

Plant fresh weight 

(g) 

 Plant dry weight 

(g) 

Control 1.829
a 

 0.225
a
 

50 1.527
a 

 0.213
a
 

100 1.388
a 

 0.182
a
 

    

Landrace    

White Heteyeh 1.722
a 

 0.236
a
 

Black Heteyeh 1.609
a 

 0.196
a
 

Norsi 1.413
a 

 0.189
a
 

Means per columns that do not share a letter are significantly different. 
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Chlorophyll content:  

Chlorophyll content was not affected by increasing salt levels (Table 2), but 

differ significantly between landraces; however, no interactions were observed 

between landraces and NaCl concentrations. The greatest leaf chlorophyll content 

was recorded with Black Heteyeh and White Heteyeh (37.67 and 34.19 

respectively), whereas the lowest significant chlorophyll content was observed in 

Norsi (26.43).  Different results have been reported on the effect of salt and water 

stress on chlorophyll content. Jiang and Hung (2001) reported an increase in 

chlorophyll content during first period of stress and was then decreases after.in 

two species of grasses. Further, the increase in chlorophyll content due to salinity 

was also reported by Kuma and Das (2005). In addition, Mensah et al. (2006) 

reported that subjecting Sesames to drought stress led to an increase in leaf 

chlorophyll. 

 

Table 2: The effect of different levels of NaCl on chlorophyll content (SPDA) of 

three wheat landraces 

 

Treatment 

(mM) 

SPDA 

Control 30.87
a 

50 33.87
a 

100 35.56
a 

Landrace  

White Heteyeh 34.19
a 

Black Heteyeh 37.67
a 

Norsi 26.43
b 

Means per columns that do not share a letter are significantly different. 
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Change of Relative Water Content  

Cultivar and salinity made an effect on the changes of leaf RWC and it was 

significant statistically (p<0.01) (Table 3). Significant interactions were observed 

between landraces and salt concentrations. LRWC ranged from 133.07 for white 

heteyeh for control treatment and 84.46 for black heteyeh under 100 mM NaCl 

(Table 4). 

Table 3: The effect of different levels of NaCl on leaf relative water content 

(LRWC) on three wheat landraces 

Salinity  LRWC 

Control 113.66
a 

50 mM 96.34
b 

100 mM 88.97
c 

Means per columns that do not share a letter are significantly different. 

 

The reduction in LRWC ranged from 34.6% in white heteyeh under 100 mM 

NaCl and 2.4% for Norsi under 50 mM NaCl. Norsi may be considered as the 

most tolerant landrace, since it showed the lowest reduction percent in LRWC 

under 50 and 100 mM NaCl (2.4 and 5.4% respectively). Several studies reported 

that RWC was reduced when the salinity increased and the tolerant cultivars 

showed less reduction in the RWC (Jan et al., 2016; Hand et al., 2017; Hussein et 

al., 2017).  

Table 4: The effect of different levels of NaCl on leaf relative water content 

(LRWC) of three wheat landraces 

 

Cultivar 
mM NaCl 

 50 100 

Control LRWC Reduction% LRWC Reduction% 

White Heteyeh 133.07
a 

94.99
c 28.6 87.02

d 34.6 

Black Heteyeh 106.97
b 

95.51
c 10.7 84.46

d 21.1 

Norsi 100.93
bc 

98.53
c 2.4 95.44

c 5.4 

Means per columns that do not share a letter are significantly different. 
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Leaf RWC is one of the best growth/biochemical indices revealing the stress 

intensity (Ganji, 2012). Decrease in LRWC in plants under drought stress may 

depend on plant vigor reduction and have been observed in many plants (Liu et 

al., 2002). Difference in LRWC of cultivars under drought stress may reflect the 

ability of more absorption of water from soil or the ability of stomata to reduce 

the loss of water (Shamsi, 2010). 

Conclusion 

Results indicate that Norsi was more tolerant to salinity stress among the tested 

landraces. According to the higher reduction in RWC in white heteyeh, this 

landrace can be considered as more salt sensitive than black heteyeh. The use of 

the mentioned physiological determinants is suitable for screening salt tolerant 

wheat genotypes. In conclusion, it can be suggested that considering more 

physiological traits related to the salt tolerance can be useful for better 

understanding on physiological aspects of salinity tolerance mechanisms in 

wheat. 
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