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Abstract 
 

Fifty cotton genotypes were evaluated for NaCl tolerance in which plants were irrigated with nutrient solution with an 

electrical conductivity (EC) of 10 dS m-1 and 15 dS m-1 with the addition of NaCl from 10 d to 40 d seedlings. The chlorophyll 

contents, root and shoot lengths, root fresh and dry weights, shoot fresh and dry weights, Na+, K+ and K+/Na+ ratio was 

measured from the seedlings after three days of harvesting. There were significant differences among the genotypes at control 

and both salt stress levels. The maximum decline in growth and ionic traits was observed at 15 dS m-1 salt stress among all 

cotton genotypes for chlorophyll contents, root and shoot length, root fresh and dry weights, shoot fresh and dry weights, Na+, 

K+ and K+/Na+ ratio, however, magnitude of reduction varied among all genotypes. High heritability and genetic advances 

were observed for the root length, fresh root weight, dry root weight, dry shoot weight and K+/Na+ ratio showing the presence 

of additive gene actions in the expression of these characters. Principal component analysis revealed NIAB-824, Mubarak, 

CIM-612, FH-114 and Kehkshan as salt tolerant genotypes. Existence of genetic variability in the cotton germplasm against 

salinity tolerance exhibited that it can be exploited for the genetic improvement in future cotton breeding program for salinity 

tolerance. © 2018 Friends Science Publishers 
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Introduction 
 

Salinity is the rise of salt level in the soil which obstructs the 
healthy growth of the plant. Around the globe, the looming 
accumulation of salts in the soil is hampering the yield of 
various crops. All-important corps give only a fraction- 
average yield from 20 to 50%; of the expected yield mostly 
due to the high salinity (Shrivastava and Kumar, 2015). The 
levels of salts in the soil are rising due to the high evapo-
transpiration rate and irrigation by poor quality of water. 
The major issue of salinity persists in arid and semi-arid 
regions of the country. Soil is declared saline if its electrical 
conductivity is 4 dS m-1 or of higher value. Germination and 
emergence of seedlings to take the good stand up are taken 
as primary criteria for salinity tolerance (Rozema and Schat, 
2013). The plants with relatively high germination and 
seedlings growth in saline soils will be vigorous and highly 
tolerant to salt stress because, these growth stages are much 
crucial due to accumulation of salts at surface soil (Ashraf, 
2002). 

Cotton is moderately salt tolerant crop that can grow 
up to 7.7 dS m-1 (Kamaran et al., 2016), however, it shows 
decline in the germination and emergence percentage under 
the high salinity stress (Sevik and Cetin, 2015). At 
germination stage, cotton plant affected by salinity shows 
reduced germination of the seeds. At seedling stage, 
evaporation rate, photosynthesis and water efficiency are 

reduced while respiration rate increases (Parihar et al., 
2015). Phenotypically, the plant height reduces, leaf 
expansion size is halted, stem thickness, shoot and root 
weight are also severely affected (Parida and Das, 2005). 

The success of breeding program depends upon the 

presence of variability in the germplasm. Several 

physiological and morphological markers have been used to 

assess the variations under salinity stress. Morphological 

parameter includes longer tap root length, root to shoot 

ratio, reduced transpiration rate and chlorophyll contents can 

be exploited for the development of salt tolerant genotypes 

(Taïbi et al., 2016). Among physiological markers low Na+ 

uptake and enhanced K+/Na+ ratio are important (Liu et al., 

2017). Further, the knowledge of heritability and genetic 

variability can be employed to find a suitable breeding 

strategy and to estimate the amount of genetic advance to be 

expected from the selection (Soomro et al., 2010). 

For this purpose, it is deemed necessary to evaluate 

new cotton genotypes so that genetic resource for increasing 

salt tolerant genotypes can be sorted out. 

In the present study, 50 cotton genotypes were 

examined for the variations in cotton plants under 

salinity stress at seedling stage. The results from present 

study may help breeders for the selection of potential 

germplasm for the salinity tolerance breeding mechanisms 

for salt affected areas. 
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Materials and Methods 

 

The 50 phenotypically diverse genotypes of upland cotton 

were collected from different sources and subjected to salt 

stress at two levels under controlled conditions in the 

Department of Plant Breeding and Genetics in the 

University of Agriculture, Faisalabad (Table 1). The tested 

genotypes were sown in sand in the polystyrene cups 

(Height 5 inches, Diameter 3.5 inches), in three replications. 

Five cups for each genotype in one treatment per replication 

were maintained according to the Factorial Complete 

Randomized design. The Hoagland solution was provided to 

the plants for the first 10 days, then Hoagland solution of 10 

dS m-1 and 15 dS m-1 was applied (Hoagland and Arnon, 

1950). The salinity level was maintained by continuous 

testing of the EC of the sand material in the cups by pour 

through extraction method (Farhangi-Abriz and Torabian, 

2017). One seedling was kept per cup. Chlorophyll 

contents in the leaves were measured at 1st true leaf 

stage by the use of chlorophyll meter (SPAD 502 PLUS 

Japan). When seedlings were 40 days old, they were 

uprooted and rinsed with deionized water and swapped 

with the paper towel. Then, seedlings were dissected 

into two portions i.e., roots and shoots, and their length, 

fresh root and shoot weight were taken. Then, the roots 

and shoots were dried in an oven for 72 h at 70ºC to take 

dry weight. For Na+ and K+ analysis, the dried leaves 

were grinded down with mortar and pestle and then 

digested with concentrated nitric acid and sulfuric acid 

in 2:1 ratio (molar ratio) on the hot plate. After 

digestion, material was cooled at room temperature by 

adding distilled water and readings were taken by flame 

photometer (410 Flame Photometer). 

Analysis of variance was carried out (Steel et al., 

1997) to see whether the genotypic differences are 

significant. Heritability was estimated by the given formula 

(Frankham et al., 2002) to find out the broad sense 

heritability. Genetic Advance was estimated following 

(Johnson et al., 1955). Data of the traits showed significant 

genotype × environment interaction when subjected to PCA. 

PCA was performed on mean data using RStudio, Inc. (R 

Core Team 2014) following the method of (Husson et al., 

2017). To visualize and better understand the PCA-biplot, 

only genotypic numbering has been used as given in the 

plant material section. 

 

Results 

 

Analysis of variance revealed highly significant differences 

among the genotypes for the studied traits. There was also 

significant difference among the control and two levels of 

salinity stress (P ≤ 0.01), and highly significant interaction 

(G×T), indicated differential response of genotypes to two 

salinity levels. 

Chlorophyll Contents 

 

The chlorophyll contents of 50 genotypes ranged from 

46.46-26.93 (chlorophyll concentration index) under control 

conditions. Moreover, all the genotypes showed 

significantly reduced chlorophyll contents that ranged from 

42.77–24.2 under 10 dS m-1 salt stress and 39.4–23.1 at 15 

dS m-1. NIAB-824 indicated highest chlorophyll index 

under control (46.46) followed by 10 dS m-1 (42.77) and 

15 dS m-1 (39.4) salt stress. SB-149 had lowest 

chlorophyll contents 26.93, 24.2, and 23.1 respectively 

under control, 10 dS m-1 and 15 dS m-1 salt stress. High 

genotypic and phenotypic variance than environmental 

variance was witnessed under control and salt stress 

condition (Table 3). However, high broad sense 

heritability and low genetic advance indicated that the 

characters were genetically controlled. 

 

Root and Shoot Length 

 

Analysis of variance showed that all the genotypes were 
significantly different for root and shoot length under 
control and both levels of salt stress. The root and shoot 
length decreased with the increase of the salt stress in all 
genotypes. The root length ranged from 18.7-6.13 cm under 
controlled conditions while it was 15.86-5.43 cm and 14.86-
3.83 under 10 dS m-1 and 15 dS m-1 salt stress whereas, 
shoot length ranged from 22.03-11.3 cm under controlled 
conditions, 20.33-11.3 cm under 10 dS m-1 and 18.66- 9.13 
under 15 dS m-1 salt stress. CIM-612 developed consistently 
longest root length while SB-149 showed shortest root 
length under control, 10 dS m-1 and 15 dS m-1. For shoot 
length AA-802 had the longest shoot length and BS-80 had 
the shortest shoot length under all treatments. The root and 
shoot length interaction with the salinity was significant 
showing a significant impact of salt stress on these traits. 
Genotypic variance and phenotypic variance for root length 
were almost equal while environmental variance was 
negligible to low under control and both salt levels (Table 
2). While for shoot length genotypic and phenotypic 
variance was found gradually decreasing from control to the 
increasing salt stress. Root and shoot lengths indicated high 
heritability whereas genetic advance was high for root 
length and moderate for the shoot length under all 
treatments (Table 3 and 4). 

 

Fresh and Dry Root Weight 

 
All selected genotypes differed significantly from each other 
under control and salt stress conditions. The results showed 
that there was a decrease in the fresh and dry root weights of 
the plant with the increase of salt stress. The fresh root 
weight ranged from 1.18-0.21 mg under control, 0.98-0.16 
mg under 10 dS m-1 and 0.81-0.096 mg under 15 dS m-1 salt 
stress conditions. Dry root weight ranged from 0.26-0.06 
mg under controlled conditions while it was 0.19-0.06 mg 
under 10 dS m-1 and 0.015-0.03 mg under 15 dS m-1 salt 
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stress. CIM-612 had highest fresh weight under control, 
while Kehkshan had the maximum at 10 dS m-1 and 15 dS 
m-1 salt stress. Maximum root dry weight was noted for 
Mubarak under controlled conditions while CIM-612 
performed better at 10 dS m-1 and 15 dS m-1 salt stress 
conditions. The genotype FH-114 had lowest fresh weight 
while C-26 had lowest dry weight at control, 10 dS m-1 and 
15 dS m-1 salt stress conditions. The interaction of root fresh 
and dry weights with application of salt stress was noted 
significant. The genotypic and phenotypic variance and the 
coefficient of their variances were found to be almost equal 
and higher than environmental variance for fresh and dry 
root weights. Heritability was high for the fresh root weight 
whereas decreasing trend was observed for the dry root 
weight with the increase of salt stress. Genetic advance 
remained high for fresh and dry root weights (Table 4 and 5). 
 

Shoot Fresh and Dry Weight 
 

All the genotypes differed significantly from each other 

under control and salt stress conditions for shoot fresh and 

dry weights. There was significant impact of salt stress on 

the fresh and dry shoot weights causing the reduction of root 

and shoot weight of plants. CIM-612 had highest fresh 

weight under control, 10 dS m-1 and 15 dS m-1 salt stress. 

MG-6 had lowest weight under control, while BS-80 had the 

reduced weight under 10 dS m-1 and 15 dS m-1 salt stress 

conditions. For shoot dry weights MNH-988 had highest 

weight under control conditions, NIAB-824 performed well 

under 10 dS m-1 and MNH-888 performed excellent under 

15 dS m-1 salt stress conditions. SB-149 under control and 10 

d Sm-1, while AGC-2 had lowest shoot dry weight under 15 

dS m-1 salt stress conditions. For fresh shoot and dry weights, 

the genotypic and phenotypic variance was higher than the 

environmental variance. Coefficient of genotypic and 

phenotypic variance was close to each other and higher than 

the environmental variance. It was also observed that 

environmental coefficient of variance increased with the 

increased of salt stress. Moreover, high broad sense 

Table 1: Institutes and names of 50 genotypes of Gossypium hirsutum L. examined for salinity tolerance 

 
Sr. No. Genotypes Institute Name Sr. No. Genotypes Institute Name 

1 FH-458 CRI, Faisalabad 26 KZ-189 Private Seed Company 

2 BS-80 Private Seed Company 27 C-26 China 

3 Mubarak CRI, Faisalabad 28 SB-149 Private Seed Company 

4 Debal CRI, Faisalabad 29 IUB-222 IUB, Bahawalpur 

5 Kehkshan CRI, Faisalabad 30 MG-6 Private Seed Company 

6 Lalazar CRI, Faisalabad 31 IR-901 NIBGE, Fsd. 

7 FH-312 CRI, Faisalabad 32 VH-333 CRS, Vehari 

8 FH-444 CRI, Faisalabad 33 NIAB-824 NIAB 

9 MNH-888 CRI, Multan 34 AS-01 Private Seed Company 

10 FH-173 CRI, Faisalabad 35 AGC-2 Private Seed Company 

11 FH-113 CRI, Faisalabad 36 RH-647 CRI. R.Y.Khan 

12 FH-177 CRI, Faisalabad 37 CRS-456 CRS, Multan 

13 FH-187 CRI, Faisalabad 38 AA-802 Private Seed Company 

14 FH-171 CRI, Faisalabad 39 NS-131 Neelum Seeds 

15 MNH-988 CRI, Multan 40 FH-154 CRI, Faisalabad 

16 FH-170 CRI, Faisalabad 41 VH 259 CRS, Vehari 

17 MNH-992 CRI, Multan 42 CIM 595 CCRI, Multan 

18 FH-142 CRI, Faisalabad 43 VH 295 CRS, Vehari 

19 FH-118 CRI, Faisalabad 44 VH 329 CRS, Vehari 

20 FH-941 CRI, Faisalabad 45 CIM 602 CCRI, Multan 

21 FH-4243 CRI, Faisalabad 46 AA 703 Ali Akbar Seeds 

22 VH-325 CRS, Vehari 47 CIM 622 CCRI, Multan 

23 FH-114 CRI, Faisalabad 48 FH 169 CRI, Faisalabad 

24 CIM-612 CCRI, Multan 49 S 3 Private Seed Company 

25 CRS-2007 CRS, Multan 50 IR 3701 NIBGE, Fsd 

 

Table 2: Mean squares from analysis of variance for various seedling traits of 50 upland cotton accessions grown in control 

level and two NaCl concentrations (combine analysis at all levels) 

 
Source of Variation d.f Chlorophyll 

contents 

Root length Shoot 

length 

Fresh root 

weight 

Fresh shoot 

weight 

Dry Root 

weight 

Dry shoot 

weight 

Sodium 

(Na) 

Potassium 

(K) 

K/Na ratio 

Accessions 49 142.74** 65.427** 44.67** 0.330** 0.429** 0.012** 0.026** 210** 1598.1** 11.85** 

Salinity 2 1193.96** 444.457** 349.99** 1.868** 4.930** 0.221** 1.071** 148190** 91534.7** 3597.46** 

Accessions×Salinity 98 2.08** 0.940** 0.33** 0.0061** 0.017** 0.0005** 0.0014** 28** 50.1** 5.51** 

Error 298 0.49 0.217 0.08 0.00009 0.00087 0.0001 0.0002 2 3.6 0.11 

*= Significant at 5%, **= Significant at 1% 
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heritability was observed under control conditions and values 

decreased with the increase of salt stress for shoot fresh and 

dry weights. Genetic advance was high for all treatments for 

shoot fresh weight, however for shoot dry weight genetic 

advance was moderate for control and 10 dS m-1 while 

genetic advance was higher for 15 dS m-1 (Table 5 and 6). 

 

Sodium (Na
+
) and Potassium (K

+
) Concentration 

 

Analysis of variance showed that there were significant 

differences among genotypes for Na+ and K+ concentration 

under control and both levels of salt stress. The concentration 

of Na+ was found maximum in FH-114 in control and 15 dS 

m-1 while C-26 performed poorly at 10 dS m-1 salt stress. 

AA-802 accumulated lowest amount of Na+ under control, 

Mubarak accumulated the lowest under 10 dS m-1 while 

CIM-612 had highest accumulation under 15 dS m1 salt 

stress conditions. Maximum concentration of K+ was 

observed in NIAB-824 under control while FH-118 had 

maximum accumulation under 10 dS m-1, and 15 dS m-1 salt 

stress. While SB-149 accumulated minimum K+ under 
control, FH-458 did poorly at 10 dS m-1 and 15 dS m-1 salt 

stress. The results dictated that there was a significant 

interaction of Na+ and K+ with the salinity. The 

environmental variance was lower than genotypic and 

phenotypic variance for Na+ and K+ concentration under all 

the treatments. Coefficient of genotypic and phenotypic 

variance was similar to each other whereas their values were 

higher than the coefficient of environmental variance. 

Further, broad sense heritability was higher for the all 

treatments. Genetic advance was found higher under control 

than the salt stress for Na+ concentration whereas genetic 

advance was noted low for K+ concentration for all 

treatments (Table 6 and 7). 
 

Potassium-Sodium Ratio (K
+
/Na

+
) 

 

All genotypes were significantly different from each other 

Table 3: Components of variance, heritability and genetic advance estimates of 50 cotton genotypes for chlorophyll 

contents (CCI) and root length (cm) under control level and salt stress 

 
Sources of variations Chlorophyll contents (CCI) Root length (cm) 

 Control 10 dS m
-1

 15 dS m
-1

 Control 10 dS m
-1

 15 dS m
-1

 

Genotypic Mean Square 53.33 50.34 43.229 26.810 20.45 20.046 

Error Mean Square 0.55 0.302 0.466 0.311 0.180 0.162 

Grand Mean of trait 36.50 33.881 30.865 10.712 8.729 7.284 

Maximum 46.46 42.767 39.467 18.7 15.867 14.867 

Minimum 26.93 24.2 23.1 6.133 5.433 3.833 

Standard deviation 4.260 4.121 3.836 3.023 2.633 2.607 

Environmental variance 0.557 0.302 0.466 0.311 0.180 0.164 

Genotypic variance 17.591 16.681 14.254 8.832 6.756 6.629 

Phenotypic variance 18.148 16.984 14.721 9.144 6.937 6.795 

Environmental coefficient of variance 2.045 1.623 2.213 5.212 4.867 5.526 

Genotypic coefficient of variance 11.489 12.054 12.232 27.742 29.777 35.34 

Phenotypic coefficient of variance 11.670 12.163 12.430 28.228 30.172 35.778 

Heritability Broad sense 96.927 98.218 96.828 96.590 97.397 97.611 

Genetic advance i=1.76  7.226 7.083 6.501 5.111 4.489 4.451 

Genetic advance % 19.795 20.906 21.063 47.715 51.427 61.110 

 

Table 4: Components of variance, heritability and genetic advance estimates of 50 cotton genotypes for shoot length (cm) 

and fresh root weight (g) under control level and salt stress 

 
Sources of variation  Shoot Length (cm)  Fresh Root Weight (g) 

 Control 10 dS m
-1

 15 dS m
-1

 Control 10 dS m
-1

 15 dS m
-1

 

Genotypic Mean Square 15.99 14.537 14.820 0.144 0.102 0.095 

Error Mean Square 0.122 0.057 0.059 0.00019 6.44E
05

 8.51E
05

 

Grand Mean of trait 16.803 15.207 13.749 0.593 0.465 0.363 

Maximum 22.033 20.033 18.667 1.183 0.98 0.813 

Minimum 11.3 10.267 9.133 0.21 0.163 0.097 

standard deviation 2.323 2.209 2.231 0.219 0.185 0.176 

Environmental variance 0.122 0.057 0.059 0.00019 6.44E-05 8.51E-05 

Genotypic variance 5.299 4.826 4.920 0.048 0.034 0.039 

Phenotypic variance 5.412 4.885 4.979 0.048 0.038 0.036 

Environmental coefficient of variance 2.323 1.564 1.776 2.338 1.724 2.502 

Genotypic coefficient of variance 2.323 14.447 16.132 36.969 39.77 48.43 

Phenotypic coefficient of variance 2.323 14.528 16.230 37.043 39.813 48.50 

Heritability Broad sense 97.740 98.856 98.802 99.601 99.812 99.733 

Genetic advance i=1.76  3.948 3.826 3.858 0.382 0.323 0.312 

Genetic advance % 23.689 25.135 28.062 64.567 69.542 84.653 
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Table 5: Components of variance, heritability and genetic advance estimates of 50 cotton genotypes for root dry weight (g) 

and shoot fresh weight (g) under control level and salt stress 
 

Sources of variation Root Dry Weight (g)   Shoot Fresh Weight (g) 

 Control 10 dS m
-1

 15 dS m
-1

 Control 10 dS m
-1

 15 dS m
-1

 

Genotypic Mean Square 0.0076 0.0039 0.0025 0.207 0.133 0.123 

Error Mean Square 3.38E05 0.000114 0.000125 0.00095 0.000604 0.00099 

Grand Mean of trait 0.161 0.118 0.084 1.315 1.119 0.953 

Maximum 0.267 0.19 0.15 1.867 1.627 1.42 

Minimum 0.067 0.06 0.03 0.823 0.653 0.557 

Standard deviation 0.050 0.037 0.03034 0.264 0.211 0.203 

Environmental variance 3.38E-05 0.00011 0.000125 0.00095 0.000604 0.00099 

Genotypic variance 0.0025 0.00128 0.000796 0.068 0.044 0.040 

Phenotypic variance 0.0025 0.0014 0.000921 0.069 0.044 0.041 

Environmental co-efficient of variance 3.608 8.999 13.26817 2.342 2.194 3.302 

Genotypic co-efficient of variance 31.158 30.168 33.47145 19.928 18.779 21.19 

Phenotypic coefficient of variance 31.366 31.479 36.00531 20.065 18.907 21.44 

Heritability Broad sense 98.682 91.84 86.42034 98.637 98.652 97.629 

Genetic advance i=1.76  0.083 0.061 0.045886 0.455 0.365 0.349 

Genetic advance % 54.167 50.594 54.45284 34.63 32.642 36.647 

 

Table 6: Components of variance, heritability and genetic advance estimates of 50 cotton genotypes for sodium 

concentration (ppm) and shoot dry weight (g) under control level and salt stress 
 

Sources of variations Sodium (ppm) Shoot Dry Weight (g) 

Control 10 dS m
-1

 15 dS m
-1

 Control 10 dS m
-1

 15 dS m
-1

 

Genotypic Mean Square 21.875 98.21 145.6393 0.013693 0.00910 0.0065 

Error Mean Square 0.552 1.832 2.298 0.000298 0.00025 0.000218 

Grand Mean of trait 16.888 60.667 77.993 0.334 0.253 0.165 

Maximum 21 69.667 90.333 0.457 0.353 0.28 

Minimum 10.833 48.667 66 0.19 0.13 0.063 

Standard deviation 2.768 5.827 7.075 0.069 0.0566 0.048 

Environmental variance 0.556 1.832 2.298 0.00029 0.00025 0.000218 

Genotypic variance 7.106 32.125 47.784 0.0044 0.00295 0.00212 

Phenotypic variance 7.662 33.957 50.079 0.0043 0.0032 0.00234 

Environmental co-efficient of variance 4.416 2.247 1.944 5.166 6.333 8.924 

Genotypic co-efficient of variance 15.784 9.411 8.863 19.989 21.411 27.882 

Phenotypic co-efficient of variance 16.39 9.675 9.073 20.62 22.321 29.276 

Heritability Broad sense 92.738 94.603 95.409 93.742 91.958 90.706 

Genetic advance i=1.76  4.492 9.647 11.815 0.112 0.0918 0.0768 

Genetic advance % 26.609 16.018 15.149 33.861 35.936 46.472 

 

Table 7: Components of variance, heritability and genetic advance estimates of 50 cotton genotypes for potassium 

concentration (ppm) and K/Na ratio under control level and salt stress 
 

Sources of variation  Potassium (ppm)  K/Na ratio  

 Control 10 dS m
-1

 15 dS m
-1

 Control 10 dS m
-1

 15 dS m
-1

 

Genotypic Mean Square 471.12 649.877 577.252 21.856 0.666 0.321 

Error Mean Square 3.517 3.335 2.559 0.277 0.00361 0.0012 

Grand Mean of trait 166.893 137.133 117.86 10.384 2.325 1.534 

Maximum 188.333 168 147.333 17.327 3.419 2.221 

Minimum 142.33 114.667 100 7.132 1.679 1.122 

Standard deviation 12.624 14.793 13.932 2.733 0.479 0.328 

Environmental variance 3.517 3.335 2.559 0.277 0.0036 0.0012 

Genotypic variance 155.868 215.514 191.564 7.193 0.22 0.106 

Phenotypic variance 159.385 218.849 194.123 7.470 0.224 0.108 

Environmental co-efficient of variance 1.123 1.3317 1.357 5.071 2.585 2.336 

Genotypic co-efficient of variance 7.480 10.705 11.743 25.827 20.202 21.298 

Phenotypic co-efficient of variance 7.564 10.787 11.821 26.320 20.367 21.426 

Heritability Broad sense 97.793 98.476 98.681 96.287 98.388 98.810 

Genetic advance i=1.76 21.605 25.494 24.069 4.605 0.815 0.568 

Genetic advance % 12.945 18.590 20.414 44.351 35.068 37.05 
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under control and both salt stress levels. The maximum 

K+/Na+ ratio was found for AA-802 and FH-118 under 

control and salt stress levels. AA-802 had showed highest 

value under control while FH-118 had maximum value at 

10 dS m-1 and 15 dS m-1 salt stress. However, C-26 

performed poorly under control, 10 dS m-1 and 15 dS m-1 

salt stress levels. The genotypic and phenotypic 

variances were higher than environmental variance.  

The coefficient of genotypic and phenotypic variances 

were negligibly different from each other while were 

higher than the environmental variance. There was high 

heritability estimated for the said character and high 

genetic advance was also reported for control and at 

both salt stress levels (Table 7). 

 

Principal Component Analysis 
 

In order to better understand the genotypic behavior at each 

salinity level for the studied morpho-physiological traits, 

PC-biplot was generated. Genotypes at control level showed 

peak values for morpho-physiological traits because 

scattered opposite to Na+ (Fig. 1). FH-312 (7), MNH-988 

(15), MNH-992 (17), NIAB-824 (33) and CIM-612 (24) 

were found with trait vectors when a perpendicular is drawn 

for each morpho-physiological trait vector except Na+. 

When PCA was drawn for the higher levels of salt stress, 

there was a little depression of morpho-physiological factors 

noticed which further increased at the 15 dS m-1. 

MUBARAK (3), FH-312 (7), NIAB-824 (33), MNH-992 

(17), FH-118 (19), CIM-612 (24) and KEHKSHAN (5) 

looked more active while MG-6 (30), AGC-2 (35), SB-149 

(28) and C-26 (27) were closely found with Na+ under 10 

dS m-1 and 15 dS m-1 (Fig. 2 and 3). 
 

Discussion 
 

The presence of genetic variability in the genotypes 

provides breeder with necessary material for effective 

selection against biotic and abiotic stresses (Tyagi et al., 

2014). The studied traits showed significant differences 

under salinity. The interaction of genotypes × treatments 

was also significant indicating that genotypes behaved 

 
 

Fig. 1: Principal component biplot of genotype × Control × 

morpho-physiological traits interaction for all cotton 

genotypes. Where Chl (Chlorophyll Contents) RL (root 

length), SL (shoot length), FRW (fresh root weight), FSW 

(fresh shoot weight), RDW (root dry weight), SDW (shoot 

dry weight), K+ (potassium), Na+ (Sodium), 

K+/Na+(Potassium to sodium ratio) 
 

 
 

Fig. 2: Principal component biplot of genotype × Salinity 

@ 10 dS m-1 × morpho-physiological traits interaction for 

all cotton genotypes. Where Chl (Chlorophyll Contents) 

RL (root length), SL (shoot length), FRW (fresh root 

weight), FSW (fresh shoot weight), RDW (root dry 

weight), SDW (shoot dry weight), K+ (potassium), Na+ 

(sodium), K+/Na+ (potassium to sodium ratio) 

 

 

 
 

 

 
 

 
 

Fig. 3: Principal component biplot of genotype × salinity 

@ 15 dS m-1 × morpho-physiological traits interaction for 

all cotton genotypes. Where Chl (Chlorophyll Contents) 

RL (root length), SL (shoot length), FRW (fresh root 

weight), FSW (fresh shoot weight), RDW (root dry 

weight), SDW (shoot dry weight), K+ (potassium), Na+ 

(Sodium), K+/Na+ (Potassium to sodium ratio) 
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differently under control and salt stress (Table 1). In the salt 

sensitive genotypes, chlorophyll contents are poorly 

degraded and reduced in quantity (Ismail and Horie, 2017). 

NIAB-824 and Kehkshan showed significantly high 

chlorophyll contents under successive high salt stress than 

other genotypes. High photosynthetic rate and high dry 

matter can be regarded as possible reason for the increase in 

chlorophyll contents and results in high crop yield even 

under salt stress (Ashraf, 2002). The decrease of chlorophyll 

contents was reported with the increase of salt stress (Khan 

et al., 2009). However, the decrease in chlorophyll was 

significant in the salt sensitive genotypes of present study. 

From breeding point of view, root and shoot related 

parameters carry much importance in the selection of 

genotypes against abiotic stresses. Performance of salt 

tolerant genotypes was remarkably less affected for root and 

shoot length under high salt stress (Bibi et al., 2016). CIM-

612, NIAB-824 and AA-802 had large root length under salt 

stress. Overall salt stress resulted in significant reduction of 

root and shoot length in all genotypes and root length was 

higher in salt tolerant genotypes in comparison to the salt 

sensitive genotypes and hence regarded as key parameter for 

the identification of salt tolerant genotypes (Hartmann et al., 

2015). Moreover, the fresh root and shoot weight was 

significantly different from each other under control and salt 

stress levels. Salt tolerant genotypes i.e., CIM-612 and 

Kehkshan had high fresh root and shoot weights under salt 

stress. Salt sensitive genotypes displayed considerable 

reduction in fresh root and shoot weight of seedlings (Jiang 

et al., 2016). It was due to the limited photosynthetic activity 

and the diversion of available photosynthates towards 

reducing the toxic effects of salts. Overall, genotypes 

indicated reduction of dry root and shoot weight under the 

salt stress (Deinlein et al., 2014). Salt tolerant genotypes i.e., 

Mubarak, CIM-612 and NIAB-824 exhibited high dry root 

and shoot weight which shows their capability to produce 

dry matter under salt stress. Among the 50 genotypes under 

studied, NIAB-824, Kehkshan, CIM-612, Mubarak, FH-312 

had salt tolerant behavior for root and shoot related 

parameters. The trend in our results has been observed in 

various studies of strawberry, cotton and tomato (Garriga et 

al., 2016). Root related parameters are also used in the 

screening and development of salt tolerant germplasm in 

grasses (Stavridou et al., 2017). Even roots are more 

sensitive to salt and water stresses and reliable indicators for 

the selection and development of salt and drought tolerant 

germplasm. 

Under salinity stress, accumulation of Na+ in various 

parts of the plant is a primary response against salt stress. 

High Na+ concentration inside the plant disrupts the different 

plant metabolic activities (Wang et al., 2017). Salt tolerant 

genotypes differ from the salt sensitive in their capacity to 

retain Na+ in roots under salt stress (Tsialtas et al., 2017). In 

our experiment, genotypes were statistically significant from 

each other under control and both salt stress levels (Table 1). 

It was observed that NIAB-824, CIM-612 and Mubarak 

accumulated least amount of Na+ under control and 

increasing level of salt stress in their leaves and conceived as 

salt tolerant genotypes. The genotypes FH-114, C-26 and 

SB-149 had highest amount of Na+ concentration in its 

leaves and were regarded as salt sensitive genotypes. The salt 

tolerant genotypes had less accumulation of Na+ in their 

leaves in comparison to the salt sensitive genotypes (Zhang 

et al., 2017). Salt tolerance is associated with Na+ uptake, salt 

exclusion and its compartmentalization within cell or/and 

within plant. High Na+ concentration inside the plant can be 

referred to high amount of salts in the growing material, 

lower efficiency of exclusion mechanisms or diffusion 

through damaged membranes (Wang et al., 2017). 

The results for heritability for the given traits under 

control and both levels salinity displayed that the most of 

the traits had high broad sense heritability means under 

genetically controlled (Azhar and Ahmad, 2000). Further, 

high genotypic and phenotypic variances and their 

coefficients than the environmental variance further confirm 

that these traits are less influenced by the environment. 

Among the given traits, fresh root weight had highest broad 

sense heritability. Besides cotton, these kind of studies have 

also been carried out in tomato (Saeed et al., 2011), cotton 

(Dabbert et al., 2017), and rice (Prasad et al., 2017). Genetic 

advance was variable for each trait and maximum genetic 

advance was reported for the fresh root weight which shows 

that this trait had additive variation and selection for this 

character will be effective. Whereas, lowest genetic advance 

was estimated for K+ concentration which shows that 

character was controlled by dominant genes and selection 

on the basis of this characters for breeding against salinity 

will be not useful (Sumanth et al., 2017). Overall, salinity 

stress reduced the growth of all traits in the experiment and 

this reduction increased with the increase of salt stress 

(Negrão et al., 2017). The reduction of growth can be 

referred to the ionic toxicity of Na+ ions in the cell 

cytoplasm, water shortage in the plant due to the difference 

of osmotic pressure and ion imbalance or combination of all 

the above stated factors (Wang et al., 2017). Principal 

component analysis illustrated generalized performances of 

all genotypes under studied across a single and multi-

environments. PC-biplot categorized the best genotypes 

across the treatments and in particular revealed the best 

interaction of genotypes × environment × response. Among 

50 genotypes of cotton the tolerant genotypes were found 

which had a longer vector with tolerant traits when a 

perpendicular was drawn from the genotype position (Yan, 

2001). The genotypes in the positive quadrants were close to 

the desirable characters and selected as salt tolerant 

genotypes whereas the Na+ was undesirable character which 

fell in the negative quadrant, so the genotypes close to the 

Na+ vector and in opposite direction to the desirable 

character were considered salt sensitive. The results are in 

agreement with the (Raza et al., 2017) where the genotypes 

present near the desirable traits were selected as salt tolerant 

at stress level of 10 and 15 dS m-1. 
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Conclusion 
 

The present study explored the genetic diversity in the 

cotton genotypes for salinity tolerance. Increase in salt stress 

had negative impact on the yield of the cotton crop and 

disturbs its metabolic pathways. Among fifty genotypes, 

NIAB-824, FH-118, Mubarak, Kehkshan and CIM-612 

were identified as salt tolerant genotypes on the morpho-

physiological basis. These identified genotypes can be used 

further in cotton breeding program under salt stress. 
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