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Abstract 

 

The constant salinization of arable land is a warning to the world food security. Salinized soils spreading across the 

various countries of the world lead to a great loss of cultivated land. Bread wheat (Triticum aestivum L.) is one of most 

important crops worldwide but suffers from a considerable grain yield losses due to soil salinity. The current study was 

designed to evaluate bread wheat genotypes for salt tolerance based on seedling traits. In this context, a set of 22 bread 

wheat genotypes were assessed against salinity stresses at early seedling stage (12 and 16 dSm-1) along with control. The 

obtained mean squares indicated that genotypes, treatments and genotype x treatment interactions differed significantly for 

all seedling traits, suggesting that genetic resources exploited in the current study were worth to be used in future wheat 

breeding programs. Based on mean performance under salinity stress conditions, a group of seven wheat genotypes like TD-

1, Kiran-95, Hamal, NIA-Sarang, AS-2002, LU-26s and NIA-AS-14 were identified as salinity tolerant; hence these 

genotypes may be used for further genetic analysis under salinity stress. With respect to cluster analysis based on early 

seedling performance, all genotypes were classified into four groups. The first group composed of seven wheat genotypes 

(NIA-Sarang, AS-2002, Kiran-95, LU-26s, NIA-AS-14, TD-1 and Hamal), indeed the genotypes of this group reflected a 

vigorous growth nevertheless recognized as tolerant against salinity stress, indicating that these bread wheat genotypes may 

provide useful genetic recombinations for salinity stress hence may be exploited for further breeding programs. However, 

second group was tagged as moderately tolerant while thrird and fourth group of genotypes were specified as sensitive and 

highly sensitive to salinity, respectively.  
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Introduction 

 

Bread wheat is cultivated almost in all parts of 

Pakistan under irrigated and rain fed systems, with 70 and 

30% ratio, respectively (Muhammad & Mohammad, 

2018); it contributes 9.6% to value addition in agriculture 

and 1.9% to national Gross Domestic Product (GoP, 

2017). Modern wheat breeding emphasis on development 

of new high yielding varieties suited best to diversified 

agro-climatic conditions. It needs knowledge regarding 

genetic variability which is present in the available crop 

germplasm, inheritance pattern functioning for the yield 

and its related characters. It can be achieved by breeders 

through identification of superior germplasm and crossing 

them to each other by using various hybridization 

strategies to create new variability and wheat plants with 

elevated levels of genetic diversity and/or recombination 

(Ishaq et al., 2018). 

Continuous conversion of arable land into saline soils 

is a real threat to food security; and reportedly (Anon., 

2010) more than 800 million ha of land are considered as 

salinity affected which accounts for about 6% of the total 

land area of the world and consequently around 20% 

present day agriculture is severely affected (Mickelbart et 

al., 2015). The soils under salinity are spread across 

continents and annually more than 10 million ha of arable 

land is being affected by the salinity. In order to combat 

irrigation induced salinity, annually US$ 27.3 billion are 

spent (Qadir et al., 2014). Due to salinity toxic Na+ and 

Cl- ions are accumulated in plant tissues causing osmotic 

and ionic stress in plants. According to Food and 

Agriculture Organization (2015), wheat is the most 

cultivated crop worldwide and the annual grain 

production is about 736 million tons. However, this most 

important crop is challenged by soil salinity and 

significant quantity of grain is lost due to salinity every 

year. Although, several strategies are continuously formed 

for enhancement of wheat grain production in saline soils 

through development of effective drainage system and by 

development of salinity tolerant genotypes to overcome 

problems associated with low wheat production on saline 

soils. Hence, identification of wheat genotypes tolerant to 

salinity is prerequisite and such tolerant wheat varieties 

needs to be evolved that have proven adaptability under 

salinity conditions. The ultimate solution to cope-up with 

adverse effects of salinity is to evolve salt tolerant wheat 

varieties which could survive in soil fertility deficit-areas. 

Keeping in view the above facts, a set of 21 wheat 

genotypes along with check wheat varieties were assessed 

for salinity tolerance at early seedling stage.  

 

Materials and Methods 

 

The present study was carried out to assess the 

genetic basis of salinity tolerance in bread wheat 

genotypes. In this regard, 22 (one check) wheat genotypes 
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of diverse origin as mentioned in Table 2 were evaluated 

for early seedling traits under salinity stress conditions in 

laboratory conditions in growth cabinets. The experiment 

was conducted in water culture using 1/4th strength of 

Hoagland nutrient solution as growing media in plastic 

bowls (Size: 8.4 x 4.5cm). The experiment was conducted 

at Plant Physiology Division, Nuclear Institute of 

Agriculture, Tandojam, having three treatments (T1 = 

Control; T2 =12 dSm-1; T3 =16 dSm-1) and three 

replications. Seeds were planted on molded plastic sieves 

placed in plastic bowls, containing sufficient nutrient 

solution. The bowls were placed in programmed 

controlled growth cabinets maintained at 25/20ºC 

day/night temperatures and 12 hours photoperiod. The 

experiment was terminated after 10 days (240 hours). A 

total of eight early seedling traits were investigated such 

as germination (%), root length (cm), shoot length (cm), 

root fresh weight (g), shoot fresh weight (g), K+, Na+ and 

K+/Na+ ratio (Ansari & Flowers, 1986). The data obtained 

was subjected to statistical computer package (Statistix 

Ver. 8.1) for analysis of variance and LSD test, whereas 

cluster analysis (Ward’s method) was carried out with the 

help of SPSS v.21 computer software.  
 

Results and Discussion 
 

Regarding mean squares of genotypes, treatments 

and genotypes x treatment interaction were 

significantly different (p≤0.05) for all the traits, such 

as germination %, root length, shoot length, root fresh 

weight, shoot fresh weight, Na+, K+ and Na+/K+ ratio 

(Table 1). It refers that genotypes tended to possess 

genetic variability for various seedling and 

physiological parameters; hence these bread wheat 

genotypes may be preferred for further breeding 

experiments. Hussain et al., (2105) reported that 

twenty-five genotypes were significantly different for 

root length, shoot length and root-shoot fresh weight at 

various NaCl levels, whereas six salinity treatments 

and interaction of genotype × salinity treatments were 

also significant. Similarly, Mahboob et al., (2016) also 

observed significant differences among different bread 

wheat genotypes for some physiological traits 

including Na+, K+ and Na+/K+ ratio, while imposing 

genotypes at diffent levels of NaCl. 

The results noticeably pointed-out that increasing 

level of NaCl caused adverse effects on fresh as well as 

dry biomass production. Nevertheless, there was 

substantial variability for salt tolerance among the 

assessed bread wheat genotypes. Salt sensitive genotypes 

showed larger decrease in plant biomass while comparing 

with salt tolerant genotypes. The variation in response of 

the tested genotypes could basically be associated with 

genetic constitution of varieties. It has been described that 

wheat genotypes possess higher plant biomass at early 

seedling stage thus showing improved salt tolerance at 

maturity (Ahmadi & Ardekani, 2006). Production of more 

vigorous seedlings is a key phase towards the life cycle of 

crop plants. Assessment of genotypes with regard to 

salinity tolerance at the seedling stage can save substantial 

time if done at maturity (Gurmani et al., 2014). 

Like previous studies, the current study also 

showed more adverse effect on germination and plant 

biomass as the level of salt increased. However, several 

varieties also performed outstandingly for germination 

and plant biomass under salt stress conditions (Tables 

2-4). Under both salt stress (12 and 16 dSm-1) 

conditions, different genotypes expressed promising 

performance for germination and different early 

seedling traits, such as NIA-AS-14 (96.66 and 

89.67%), NIA-Sarang (94.44 and 91.33%) and Kiran-

95 (94.44 and 93.66%) for germination; TD-1 (11.84 

and 11.05 cm), Hamal (11.08 and 10.65 cm) and NIA-

AS-14 (11.00 and 10.65 cm) for root length; NIA-AS-

14 (20.95 and 19.45 cm), TD-1 (20.73 and 18.25 cm) 

and Kiran-95 (20.89 and 19.42 cm) for shoot length; 

AS-2002 (0.84 and 0.68 g), Kiran-95 (0.96 and 0.75 g) 

and Benazir (0.84 and 0.64 g) for root fresh weight and 

wheat genotypes like Kiran-95 (2.01 and 1.57 g), AS-

2002 (1.92 and 1.72 g) and TD-1 (1.33 and 0.97 g) for 

shoot fresh weight. The above-mentioned genotypes 

maintained higher plant biomass and showed minimum 

growth reduction when exposed to 12 dSm-1 and 16 

dSm-1. All in all, the genotypes Kiran-95, TD-1, 

Hamal, NIA-AS-14 and AS-2002 displayed desirable 

performance under salinity stresses. The wheat 

genotypes showed differential response to salt stress 

might be due to their differential genetic potential for 

salt tolerance. It is a well-known fact that tolerance 

ability of genotype at adult stage is being reflected by 

the tolerance capacity of genotype at early seedling 

stage. A great success of this fact has been reported in 

maize, sorghum, wheat, soybean and cotton by Khan et 

al., (2003a), Kausar et al., (2012), Ali et al., (2012), 

Kamal et al., (2003) and Azhar & Ahmad, 2000, 

respectively. During early screening trial at seedling 

stage, Sheerazi et al., (2018) identified four genotypes 

as tolerant at 16 dSm-1 salinity and narrated that better 

tolerance of those genotypes might be due to higher 

shoot and root dry weights. Naz et al., (2015) also 

reported that growth parameters, including shoot and 

root length, shoot and root fresh weight, shoot and root 

dry weight of wheat genotypes reduced with applied 

NaCl in solution culture at different levels as compared 

to their respective controls, yet the higher level of 

salinity was found to be as more damaging and resulted 

in higher growth reductions against low level of 

salinity. Under salt stress, variation in different 

varieties has also been reported for other crops, such as 

maize (Carpici et al., 2010; Hoque et al., 2015; Billah 

et al., 2017), sunflower (Shahbaz et al., 2011; 

Achakzai et al., 2015), barley (Mahmood, 2011; Abd 

El-Wahed et al., 2015),sorghum (Kausar et al., 2012), 

mungbean (Rahman et al., 2016), rice (Sheikh & Wani, 

2014; Mouhamad et al., 2017), chickpea (Shanko et al., 

2017), cowpea (Lima et al., 2017), berseem clover 

(Daneshnia & Chaichi, 2018), cotton (Soares et al., 

2018), millet (Caruso et al., 2018), lentil (Foti et al., 

2018) and sugarcane (Granja et al., 2018). 
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Table 1. Mean squares for different seedling and physiological traits of bread wheat genotypes under  

normal and salinity stresses at early seedling stage. 

Source of variance D.F. 
Germination 

(%) 

Root 

length 

Shoot 

length 

Root fresh 

weight 

Shoot dry 

weight 
K+ Na+ 

K+/Na+ 

ratio 

Replications 2 0.33 1.47 8.11 0.002 0.00074 0.0205 0.0226 0.368 

Genotypes (G) 21 1.12** 12.82** 115.51** 0.27** 0.04** 0.6687** 0.9588** 7.718** 

Treatments (T) 2 22.79** 259.75** 746.85** 2.28** 0.24** 29.112** 22.9075** 286.11** 

G x T interaction 42 0.07** 3.19** 6.77** 0.05** 0.04** 0.2915** 0.1036** 1.399** 

Error 130 0.009 0.67 2.15 0.004 0.0002 0.0111 0.0209 0.089 
** Represents significant level at 1% of probability 

 

Table 2. Mean performance of germination (%) and root length (cm) under normal and salinity  

stresses at early seedling stage. 

Genotypes 
Germination (%) Root length (cm) 

Control 12dSm-1 16dSm-1 Control 12dSm-1 16dSm-1 

NIA-AS-14 97.66 96.66 89.67 12.08 11.00 10.65 

NIA-AS-9 98.89 91.11 82.67 11.23 8.90 7.17 

NIA-AS-10 95.55 92.22 85.33 13.93 8.75 4.52 

NIA-2B 97.77 90.11 88.67 9.92 9.57 6.15 

NIA-5B 100.00 87.66 72.22 10.42 9.49 6.88 

SALT-6 98.67 90.00 85.33 9.73 7.46 5.37 

SRN-87 94.44 91.11 75.59 10.98 9.96 8.65 

SRN-11 97.77 89.11 89.66 13.60 8.18 7.57 

CT-49 100.00 86.67 63.67 11.84 9.41 8.68 

NRC-1236 96.66 92.44 92.99 11.33 8.41 6.73 

NIA-Sundar 100.00 87.33 71.00 10.78 9.62 8.05 

NIA-Sarang 97.33 94.44 91.33 13.07 10.77 9.16 

Kiran-95 98.89 94.44 93.66 13.04 11.41 9.95 

TD-1 92.22 90.89 83.33 12.88 11.84 11.05 

Benazir 94.44 90.44 83.65 9.52 6.11 5.17 

Hamal 93.11 87.33 60.89 12.73 11.08 10.65 

AS-2002 98.89 93.33 90.77 11.13 9.53 8.94 

Sehar-2006 93.33 85.55 65.55 10.39 7.78 6.88 

Bathoor-08 85.33 58.89 55.00 8.86 6.69 6.56 

Tatara 100.00 87.33 92.22 11.53 9.17 6.80 

TJ-83 87.33 77.78 68.00 11.17 8.48 4.44 

LU-26s(check) 96.43 93.33 93.33 10.93 10.64 10.61 

Average  96.12 85.40 80.51 11.41 9.08 7.47 

Range  85.33-100.00 58.89-96.66 22.78-93.66 8.86-13.93 6.11-11.00 4.44-10.61 

LSD at 5% (G) 5.13 

1.89 

8.88 

0.76 

0.28 

1.33 

LSD  at 5% (T) 

LSD  at 5% (G xT) 

 

Based on ion selectivity, the screening of wheat 

genotypes against salinity stress is an important 

physiological trait and it may help to provide salt tolerant 

wheat genotypes for cultivation under salinity stress 

conditions (Khan et al., 2017). The variations for salt 

tolerance within population may be due to variability in 

selective uptake of Na+ ions or restricted moving of such 

ions to the active parts of the leaves for photosynthesis 

(Aurangzeb et al., 2013). There was lower accumulation 

of sodium (Na+) found in a group of wheat genotypes 

under salinity stresses. The minimum accumulation of 

Na+ at 12 and 16dSm-1 was expressed by Hamal (0.46 and 

0.59), TD-1 (0.68 and 1.02), Kiran-95 (0.72 and 1.77), 

NIA-Sarang (0.85 and 1.77) and LU-26s (0.66 and 1.32) 

(Table 5), registering that these genotypes tended to 

possess a variety of resistant genes against salinity stress. 

Such tolerance against salinity by above genotypes may 

be due to inherent capacity and the presence of more 

tolerant genes to confer salinity stress resistance. The 

better growth of these genetic materials than sensitive 

ones may be attributed to reduced Na+ accumulation and 

possibly mobilization of the defense mechanisms, 

including antioxidative enzymes such as catalase, 

superoxide dismutase and ascorbate peroxidase, which 

might have suppressed the Na+ transport to further tissues 

(Gupta & Huang, 2014). Our results are in agreement 

with Khan et al., (2017) who demonstrated that wheat 

genotypes (WSP-1 and LU-26s) accumulated less 

quantity of Na+. Naz et al., (2015) also reported that 

SARC-I, Sehar-2006 and Shafaq-2006 were found 

tolerant to salinity because of better growth, lower NaCl 

relative toxicities and lower leaf Na+. 
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Table 3. Mean performance shoot length (cm) and root fresh weight (g) under normal and  

salinity stresses at early seedling stage. 

Genotypes 
Shoot length (cm) Root fresh weight (g) 

Control 12 dSm-1 16 dSm-1 Control 12 dSm-1 16 dSm-1 

NIA-AS-14 21.74 20.95 19.45 0.72 0.68 0.48 

NIA-AS-9 22.43 17.12 15.37 0.66 0.48 0.41 

NIA-AS-10 22.43 19.95 16.54 0.77 0.79 0.47 

NIA-2B 22.80 17.32 12.62 0.86 0.77 0.65 

NIA-5B 23.88 18.57 16.23 0.73 0.71 0.51 

SALT-6 15.52 12.17 8.68 0.43 0.33 0.21 

SRN-87 22.52 20.89 19.42 0.78 0.59 0.53 

SRN-11 21.22 19.23 14.23 0.82 0.72 0.32 

CT-49 22.30 18.16 15.43 0.61 0.41 0.18 

NRC-1236 22.33 17.62 15.00 0.84 0.49 0.39 

NIA-Sundar 19.30 15.69 13.28 0.43 0.31 0.18 

NIA-Sarang 19.87 18.81 16.86 1.14 0.78 0.42 

Kiran-95 19.37 17.81 14.86 1.26 0.96 0.75 

TD-1 23.12 20.73 18.25 0.83 0.64 0.52 

Benazir 14.01 14.91 13.61 1.00 0.89 0.64 

Hamal 18.32 16.96 15.00 1.13 0.50 0.46 

AS-2002 19.14 17.63 16.93 1.01 0.84 0.68 

Sehar-2006 20.50 17.62 14.13 0.72 0.47 0.38 

Bathoor-08 18.11 14.04 14.73 1.58 0.61 0.42 

Tatara 16.08 5.48 3.92 0.98 0.54 0.29 

TJ-83 18.32 14.81 11.13 1.11 0.82 0.55 

LU-26s (check) 23.35 18.96 16.41 0.75 0.48 0.41 

Average  20.05 15.99 13.38 0.87 0.63 0.45 

Range  14.01-23.88 5.48-20.89 3.92-18.25 0.43-1.58 0.31-0.96 0.18-0.75 

LSD at 5% (G) 1.36 

0.51 

2.39 

0.06 

0.02 

0.10 

LSD  at 5% (T) 

LSD  at 5% (G xT) 

 
Table 4. Mean performance shoot fresh weight (g) and K+ under normal and salinity stresses at early seedling stage. 

Genotypes 
Shoot fresh weight (g) K+ 

Control 12 dSm-1 16 dSm-1 Control 12 dSm-1 16 dSm-1 

NIA-AS-14 2.08 1.14 0.90 3.38 3.15 2.26 
NIA-AS-9 1.92 1.04 0.88 2.68 2.13 1.74 
NIA-AS-10 2.51 1.79 1.26 2.93 2.25 1.87 
NIA-2B 2.00 1.01 0.69 2.96 1.95 1.77 
NIA-5B 1.85 0.91 0.78 3.15 2.45 1.94 
SALT-6 1.35 0.82 0.35 3.23 2.27 1.16 
SRN-87 1.98 1.33 0.97 3.26 2.31 1.76 
SRN-11 2.03 1.42 0.95 3.18 2.10 1.95 
CT-49 1.88 1.06 0.78 3.25 2.45 2.17 
NRC-1236 1.90 1.10 0.98 2.85 2.20 1.84 
NIA-Sundar 1.79 0.71 0.85 3.74 2.70 2.16 
NIA-Sarang 2.39 1.40 0.76 3.07 2.38 1.63 
Kiran-95 3.27 2.01 1.57 3.66 3.31 2.64 
TD-1 1.91 1.30 0.94 3.52 3.32 2.74 
Benazir 2.51 1.72 1.23 3.27 2.69 2.31 
Hamal 1.38 0.85 0.62 3.37 2.84 2.68 
AS-2002 2.92 1.92 1.72 3.40 2.76 2.27 
Sehar-2006 2.01 1.15 0.94 3.10 2.21 1.84 
Bathoor-08 1.56 0.91 0.82 2.93 2.36 1.80 
Tatara 2.26 1.18 0.54 2.87 2.07 1.68 
TJ-83 1.85 1.03 0.92 2.85 2.20 1.48 
LU-26s(check) 2.08 1.35 0.99 3.13 2.78 2.23 
Average  2.06 1.23 0.93 3.17 2.49 2.00 
Range  1.35-3.27 0.71-2.01 0.35-1.72 2.68-3.74 1.95-3.32 1.16-2.74 
LSD at 5% (G) 0.09 

0.03 
0.16 

0.13 
0.04 
0.23 

LSD  at 5% (T) 
LSD  at 5% (G xT) 
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Table 5. Mean values of Na+ and K+/Na+ ratio under normal and salinity stresses at early seedling stage. 

Genotypes 
Na+ K+/Na+ ratio 

Control 12 dSm-1 16 dSm-1 Control 12 dSm-1 16 dSm-1 

NIA-AS-14 0.61 1.50 1.72 7.29 4.62 1.70 

NIA-AS-9 0.68 1.50 2.12 3.97 1.42 0.82 

NIA-AS-10 0.47 0.69 1.33 4.83 1.50 1.10 

NIA-2B 0.67 1.48 1.78 4.45 1.32 1.00 

NIA-5B 0.76 1.23 2.05 4.18 1.98 0.98 

SALT-6 0.77 1.23 2.74 4.24 1.84 0.42 

SRN-87 0.70 1.30 1.58 4.67 1.78 1.17 

SRN-11 0.80 1.50 1.60 3.99 1.42 1.22 

CT-49 0.66 1.00 1.88 4.94 2.47 1.16 

NRC-1236 0.72 1.63 2.13 3.99 1.36 0.87 

NIA-Sundar 0.74 0.95 1.80 5.05 2.87 1.21 

NIA-Sarang 0.75 0.85 1.77 4.29 2.83 0.54 

Kiran-95 0.72 0.72 1.77 5.12 4.63 1.50 

TD-1 0.50 0.68 1.02 7.08 4.92 2.71 

Benazir 0.47 1.55 1.84 7.06 1.74 1.26 

Hamal 0.77 0.46 0.59 7.38 4.17 1.52 

AS-2002 0.75 0.85 1.91 7.70 3.91 1.19 

Sehar-2006 0.64 1.78 2.16 4.84 1.24 0.84 

Bathoor-08 0.62 1.04 2.42 4.78 2.28 0.75 

Tatara 0.54 1.00 2.10 5.30 2.07 0.80 

TJ-83 0.46 0.68 1.76 3.73 1.20 0.49 

LU-26s(check) 0.51 0.66 1.32 6.20 4.23 1.70 

Average  0.63 1.16 1.96 5.23 2.54 1.13 

Range  0.46-0.80 0.66-1.84 1.02-3.01 3.73-7.70 1.20-4.92 0.42-1.70 

LSD at 5% (G) 0.09 

0.03 

0.17 

0.27 

0.10 

0.48 

LSD  at 5% (T) 

LSD  at 5% (G xT) 

 

It is also thought that appropriate source of K+ is the 

key factor to reduce the toxic effects of Na+ (Khan et al., 

2017). Therefore, the K+ in different wheat genotypes 

affected differentially by salinity stress due to their 

different genetic makeup. Nevertheless, salt tolerant 

genotypes like, TD-1 (3.32 and 2.74), Kiran-95 (3.31 and 

2.64), NIA-AS-14 (3.15 and 2.26), Hamal (2.84 and 2.68) 

and AS-2002 (2.76 and 2.27) maintained higher uptake of 

K+ at both salinity levels (Table 4). Gurmani et al., (2014) 

observed that beyond the stress of salinity, some wheat 

genotypes including N-13, Shorawaki, Kharchia-65 N-7 

and N-9 sustained larger uptake of K+ at all salinity levels. 

Considering the physiological mechanisms of salt 

tolerance, such as identification of genotypes with narrow 

Na+ uptake or with maximum uptake of K+ over Na+ have 

been seen to help in selection of salt tolerance (Flowers, 

2004). The trait +/Na+ ratio, is considered the main 

selection criteria of salt tolerance in plant. It has been well 

known that there is positive correlation between increase 

soil salinity and increase concentration of Na+ and 

decrease K+ in wheat genotypes, which results in low 

extent of K+/Na+ ratio (Aurangzeb et al., 2013). Present 

study indicates that those genotypes, which showed 

higher K+ content, ultimately reflect higher concentration 

of K+/ Na+ ratio. The genotypes TD-1 (4.92 and 2.71), 

NIA-AS-14 (4.62 and 1.70), Kiran-95 (4.63 and 1.50), 

LU-26s (4.23 and 1.70) and Hamal (4.17 and 1.52) also 

showed higher concentration of K+/ Na+ ratio (Table 5). 

Gurmani et al., (2014) referred that salinity tolerance by 

plants includes the ability of plant to exclude Na+ and the 

capacity to accumulate K+ in leaf tissue, while K+/Na+ 

ratio declines with increasing salt concentration. 

This study also identified a group of bread wheat 

genotypes, whose performance under salinity was poor; 

hence proved susceptible to salinity stresses. The adverse 

effects of salinity stress on plant growth with respect to 

biomass production have been already reported (Ma et al., 

2013). The increase in osmotic potential leads in 

dehydration and ionic imbalance in tissue, which cause 

reduction in cell division and cell elongation and may be 

the major reason for low root and shoot production, 

subsequently inhibit wheat plant growth at considerable 

level (Zhu, 2001; Munns, 2005; Huang et al., 2006). A 

drastic performance under salinity treatments (12 and 16 

dSm-1) was revealed by Bathoor-08 (58.89 and 55.00%), 

Sehar-2006 (85.55 and 65.55%) and TJ-83 (87.33 and 

68.00%) for germination; Benazir (6.11 and 5.17 cm), 

Bathoor (6.69 and 6.56 cm) and Salt-6 (7.46 and 5.37 cm) 

for root length; Tatara (5.48 and 3.92 cm), Salt-6 (12.17 

and 8.68 cm) and TJ-83 (14.81 and 11.13 cm) for shoot 
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length; NIA-Sundar (0.31 and 0.18 g), Salt-6 (0.33 and 

0.21 g) and CT-49 (0.41 and 0.18 g) for root fresh weight; 

NIA-Sundar (0.71 and 0.85 g), Salt-6 (0.82 and 0.35 g) 

and Bathoor (0.91 and 0.82 g) for shoot fresh weight; 

Sehar-2006 (1.78 and 2.16), NRC-1236 (1.63 and 2.13) 

and NIA-AS-9 (1.50 and 2.12) for Na+; NIA-2B (1.95 and 

1.77), Tatara (2.07 and 1.68) and SRN-11 (2.10 and 1.95) 

for K+; TJ-83 (1.20 and 0.80), Sehar-2006 (1.24 and 

0.84), NRC-1236 (1.36 and 0.87) and NIA-2B (1.32 and 

1.00) for Na+/K+ ratio (Tables 2-5). The reduction in 

growth in plants subjected to NaCl stress, which is, 

however, linked with reduced photosynthetic pigments 

and such decrease in chlorophyll contents due to salinity 

stress has been observed in different corps, including 

wheat, canola and maize (Raza et al., 2006; Ali et al., 

2007). Though, above mentioned genotypes expressed 

poor performance under salinity stress conditions; 

nevertheless, these genotypes may also be exploited in 

various breeding programs, while crossing with tolerant 

genotypes, inheritance pattern of different genes may be 

known, identification of quantitative trait loci, gene 

mapping and gene linkage. 

In order to separate the superior bread wheat 

genotypes with respect to salinity stress, the average 

performance of genotypes for all the studied characters 

under both salinity stresses (12dSm-1 and 16dSm-1) 

were averaged and used for grouping the superior and 

inferior bread wheat genotypes through cluster 

analysis. The averaged data of each character were 

used for hierarchical cluster analysis using ward 

method and Euclidean distance. With respect to cluster 

analysis based on early seedling performance, all 

genotypes classified into three major and one minor 

group (Fig. 1). The first group composed of seven 

wheat genotypes (NIA-Sarang, AS-2002, Kiran-95, 

LU-26s, NIA-AS-14, TD-1 and Hamal), infact the 

genotypes of this group revealed a vigorous growth 

nevertheless recognized as tolerant against salinity 

stress. The second cluster collected eight genotypes, 

such as NIA-2B, SRN-11, NRC-1236, NIA-AS-9, 

Benazir, NIA-AS-10, Salt-6 and Tatara; however 

considered as moderately tolerant since a moderate 

decline was observed in growth due to salinity stress. 

The third group also consisted of six wheat genotypes, 

including NIA-5B, NIA-Sundar, SRN-87, CT-49, 

Sehar-2006 and TJ-83, it was observed on the basis of 

seedling traits that these genotypes showed their poorer 

growth; therefore, regarded a group of sensitive wheat 

genotypes. Moreover, the fourth group only consisted 

of one genotype (Bathoor-08), which was regarded as 

highly sensitive against salinity. 

 

 
 

Fig. 1. Cluster analysis of 22 bread wheat genotypes on the basis of early seedling traits. 
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Conclusions  

 

It is concluded that on the basis of mean performance 

under salinity stress conditions, a group of seven wheat 

genotypes like TD-1, Kiran-95, Hamal, NIA-Sarang, AS-

2002, LU-26s and NIA-AS-14 were isolated as tolerant 

against salinity; therefore these genotypes may be used 

for further genetic analysis under salinity stress. 
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