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Abstract 

Cotton important cash crop and is moderately tolerant to salinity but its yield is markedly affected due to 

poor germination and subsequent abnormal plant development under severe saline conditions. Therefore, 

cotton accessions need to be screened and evaluated for salt tolerance. The genus Gossypium herbaceum 

has benefits of biotic and abiotic stress resistance along with higher yield. The present study aimed to 

investigate the physiological response of desi cotton (Gossypium herbaceum L.) cultivars viz., GN.Cot-

25, G.Cot-21, V-797 and GShv-907/13 under four different salt concentrations viz., 0.8 dS/m, 3 dS/m, 7 

dS/m, 10 dS/m at seedling stage (30 DAS). The physiological traits viz., membrane stability (%), leaf 

relative water content (RWC) (%), chlorophyll content (μmol m-2), photosynthesis rate (μmol CO2 m-2 

sec-1), carotenoid content (mg g-1), transpiration rate (mmol m-2 sec-1) and stomatal conductance (μmol 

CO2 m-2 sec-1) were significantly reduced; while, surface wax content (μg/g of tissue) increased under 

different salt stress condition. However, GN.Cot-25 was able to maintain higher leaf relative water 

content (RWC), photosynthesis rate, chlorophyll content, carotenoid content, transpiration rate and 

stomatal conductance as compared to GShv-907/13 under of salt stress conditions whereas, the varieties, 

G.Cot-21 and V-797 showed moderate type of reduction for all parameters studied. Overall the study of 

physiological characterization proved to be effective in discriminating the desi cotton cultivars for salt 

tolerance. 
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1. Introduction 

Soil salinity has become a serious threat to agricultural productivity and a global challenge to 

sustainable agriculture and has been increasing over the time (Hossain et al., 2012) [11]. About 

20% of world’s cultivable land is adversely affected by soil salinity. Cotton is moderately 

tolerant to salinity with a salinity threshold of 7.7 dS/m (Chinnusamy and Zhu, 2005) [3] yet, 

soil salinity delays and decreases emergence of seedlings, cotton shoot growth and finally 

leads to reduction in seed cotton yield and fiber quality characteristics at moderate to high 

salinity levels (Khorsandi and Anagholi, 2009) [13]. The effects of salt stress on cotton can vary 

depending on growth stage, salt concentration and duration of salt treatment. Increased NaCl 

levels result in a significant decrease in root, shoot and leaf biomass as well as an increase in 

the root/shoot ratio in cotton (Meloni et al., 2001) [16]. Besides general stunting of plant 

growth, salinity causes several specific structural changes that disturb plant water balance. Salt 

stress affect photosynthesis activity and chlorophyll content in cotton due to restricted 

functioning of stomata (Saleh B., 2012) [23]. During seedling and vegetative stages, cotton 

plants can exhibit reduced stomatal conductance, transpiration rate, photosynthesis, water use 

efficiency and increased respiration rate (Higbie et al. 2010) [10].  

Carotenoids are reported to play an important role in reactive oxygen species (ROS) 

scavenging, thereby protecting membranes from salt stress indicating that this trait could also 

serve as a useful indicator of NaCl stress in cotton (Zhang et al. 2014) [28]. Cell membrane 

stability has long been taken as an indicator of stress tolerance, so the study of extent of 

membrane leakage helps in better understanding of their relationship with salt tolerance in 

cotton. Leaf relative water content (RWC) is considered as an alternative measure of plant 

water status, reflecting the metabolic activity in plant tissues under salt stress.  
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Increasing salt concentration is detrimental to cotton and leads 

to cellular ion toxicity and imbalance of osmoregulation by 

competing or severely limiting the uptake of ions. Increased 

salinization warrants the development of salinity tolerant 

cotton genotypes for the sustained production. Desi cotton, 

especially Gossypium herbaceum is grown commercially in 

Gujarat, which is also having maximum salt affected area in 

the country. A simple, reliable criterion for evaluating salt 

tolerance of cotton is needed. The objectives of the present 

study was to characterize and compare the physiological 

responses of four desi cotton genotypes to determine a 

reliable measure of salt tolerance/susceptibility among 

genotypes in future screens for salt tolerance. 

 

Materials and Methods  

The seed of four desi cotton varieties of GN. Cot-25, G.Cot-

21, V-797 and GShv-907/13 were collected from Main Cotton 

Research Station, Navsari Agricultural University, Surat, 

Gujarat. The varieties were grown in pre-constructed channels 

having four different EC concentration of Normal soil (0.8 

dS/m) (Control; S1 ), Normal soil + Saline Soil (1:1) (3 dS/m, 

S2), Normal soil + Saline Soil (1:2) (7 dS/m, S3), Saline soil 

(10 dS/m, S4). The experiment was analysed as completely 

randomized design with factorial concepts (FCRD) with 3 

replications and all parameters were analysed at 30 (DAS). 

All physiological parameters were analyzed at 30 Days after 

Sowing (DAS) from leaves of cotton plants. Fresh upper leaf 

samples were collected for analysis and washed twice with 

tap water followed by deionized water. Leaves were analyzed 

in three repetitions for all the physiological estimation. 

Cell membrane stability was measured according to the 

method of Premchandra et al. (1991) [20]. The relative water 

content (RWC) was estimated by the method of Barrs and 

Weatherly (1962) [2]. Surface wax content was estimated by 

standard method of Ebercon et al. (1977) [5]. Total chlorophyll 

content was measured with the help of optical chlorophyll 

meter (SPAD). Photosynthesis rate and gas exchange 

parameters like transpiration rate and stomatal conductance 

were measured with the help of InfraRed Gas Analyzer 

(Photosynthetic meter, Model CI-340, Handheld 

Photosynthetic system, CID-Bioscience). The carotenoids 

content was determined according to the method of Shabala et 

al. (1998) [24]. 

 

Results and Discussion 

In recent years, the focus in screening has shifted towards 

examining specific physiological traits involved in salt 

tolerance because physiological traits are the key factors and 

useful tools for screening many samples in a short time and 

provide useful information about stress tolerance 

mechanisms, which could be useful to plant breeders for 

selecting and developing salt-tolerant genotypes. The 

physiological traits viz., membrane stability (%), leaf relative 

water content (RWC) (%), surface wax content (μg/g of 

tissue), chlorophyll content (μmol m-2), photosynthesis rate 

(μmol CO2 m-2 sec-1), carotenoid content (mg g-1), 

transpiration rate (mmol m-2 sec-1) and stomatal conductance 

(μmol CO2 m-2 sec-1) were analyzed in desi cotton varities viz., 

GN.Cot-25, G.Cot-21, V-797 and GShv-907/13 at 30 DAS 

under salt stress. 

Cell membrane stability has long been taken as an indicator of 

stress tolerance. The membrane stability (%) was found to be 

decreased with increase in salinity in all four desi cotton 

varieties. The highest membrane stability was recorded in 

GN.Cot-25 (86.32%) followed by G.Cot-21 (74.71%) and V-

797 (71.94%) while, lowest membrane stability was observed 

in GShv-907/13 (60.85%) at highest salinity level (10 dS/m) 

as compared to control (Fig. 1). The reduction in membrane 

stability was also reported by Hassan et al. (2015) [8] in desi 

cotton (Gossypium arboreum L.) varieties, FDH 171 and FDH 

786 under NaCl stress (100, 150 and 200 mM) 

 

 
 

Fig 1: Membrane stability (%) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represents standard error of mean) 

 

One of the prominent reasons for decreased in membrane 

stability (%) as the salinity increases was due to the 

peroxidation of lipids and loss of membrane integrity due to 

formation of reactive oxygen species (ROS). Plants possess 

antioxidant enzymes as well as antioxidant compounds to 

scavenge these ROS and antioxidant capacity of plants is 

directly related to their salt tolerance, so enhanced antioxidant 

system might be the reason for least decrease in membrane 

stability in GN.Cot-25 and the higher decrease in membrane 

stability of variety GShv-907/13 might reflects peroxidation 

of membrane lipids at higher salt concentration. 

Extent of salt-induced effects on relative water content has 

been used as one of the vital water relation parameters for 

assessing degree of salt tolerance in plants (Siddiqi and 

Ashraf, 2008) [26]. RWC recorded reductions in all varieties 

subjected to different salinity stress. Highest RWC was 

recorded in GN.Cot-25 (78.01%) followed by G.Cot-21 

(74.59%) and V-797 (73.15%) at higher salinity level (10 
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dS/m) as compared to control (0.8 dS/m) while, lowest RWC 

was observed in GShv-907/13 (67.40%) (Fig. 2). Similar kind 

of correlation between decrease in leaf relative water content 

against increasing salt stress level was observed by Hassan et 

al. (2015) [8] in desi cotton (Gossypium arboreum L.) 

varieties, FDH 171 and FDH 786 under NaCl stress (100, 150 

and 200 mM) and Saleh (2012) [23] in four upland cotton 

(Gossypium hirsutum L.) varieties, Deir-Ezzor22, Niab78, 

Aleppo118 and Deltapine50 grown under non-saline 

conditions (control) and salt stress (200 mol m-3 NaCl) for 7 

weeks. Higher decrease in RWC in GShv-907/13, moderate 

reduction in G.Cot-21 and V-797 compared to GN.Cot-25 

suggested that GN.Cot-25 possess greater potential to 

maintain cellular osmosis than other varieties under salinity 

stress. Decline in leaf RWC under salt stress might be due to 

increased ion leakage (Munns, 2002) [18]. 

 

 
 

Fig 2: Relative water content (%) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represent standard error of mean) 

 

Plants accumulate waxes on the surface of leaf to reduce 

residual transpiration in stress condition such as drought and 

salinity (Hasanuzzaman et al. 2017) [7]. Surface wax content 

was progressively increased with increase in salinity level in 

all varieties studied. As shown in Fig.3. the highest surface 

wax content was observed in GN.Cot-25 (35.64 µg/g of 

tissue) followed by G.Cot-21 (32.60 µg/g of tissue) and V-

797 (31.84 µg/g of tissue) at the highest salinity level (10 

dS/m) as compared to control while, lowest surface wax 

content was recorded in GShv-907/13 (27.11 µg/g of tissue). 

The similar kind of observation was reported by Ramani et al. 

(2018) [21] who screened eleven cotton genotypes against four 

different salinity levels and found that surface wax increased 

as the salt concentration increases and also reported that rate 

of increase in surface wax content was higher in tolerant 

genotypes as compared to susceptible genotypes. As per 

studies from model systems as well as crops, increased 

cuticular wax biosynthesis improves drought stress resistance. 

In rice, wheat, barley and sorghum, grain yield under water 

limiting conditions have positive correlation with wax content 

(Monneveux et al. 2004; Gonzalez and Ayerbe, 2010; Zhu 

and Xiong, 2013) [17, 6, 29]. Higher cuticular wax content is a 

promising trait for stress resistance conditions which was 

observed in GN. Cot-25 at 30 DAS. 

 

 
 

Fig 3: Surface wax content (µg/g of tissue) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represent standard error of mean) 

 

The osmotic effect of salinity causes the reduction in 

intercellular CO2 concentration and disintegration of 

photosystem which directly affects photosynthesis rate. Thus, 

salinity tolerance is related to the maintenance of net 

photosynthetic rate. Reduction in photosynthesis rate was 

detected across varieties with increase in salinity.  

At the highest salinity level (10 dS/m) maximum leaf 

photosynthesis rate was noted in GN.Cot-25 (26.78 µmol CO2 

m-2 sec-1) followed by V-797 (24.22 µmol CO2 m-2 sec-1) and 
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G.Cot-21 (20.55 µmol CO2 m-2 sec-1) whereas, lowest 

photosynthesis rate was recorded in GShv-907/13 (17.79 

µmol CO2 m-2 sec-1) as compared to control (Fig. 4). Meloni 

et al. (2003) [15] found that net photosynthesis rate decreased 

in response to salt stress in two cotton cultivars, Guazuncho 

and Pora (hybrids between Gossypium hirsutum /G. 

arboretum /G. raimondii) and concluded that stomatal 

aperture limits leaf photosynthetic capacity in the NaCl-

treated plants of both cultivars. Study of Desingh and 

Kanagaraj (2007) [4] on the photosynthesis rate of the two 

cotton varieties measured at different salt concentrations (50, 

100 and 150 mM) varied significantly after 30 days of 

treatment. The photosynthetic rate decreased with increasing 

salinity in both cotton cultivars. Reduction in photosynthesis 

under salinity is unavoidable and it can be due to reduction in 

water potential. 

 

 
 

Fig 4: Photosynthesis rate (µmol CO2 m-2 sec-1) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represent standard error of 

mean) 

 

Chlorophyll content of leaf is one of the essential 

physiological parameters, which influences photosynthesis 

and thus, indirectly associated with growth and yield of crop 

plants (Al-saady et al., 2012) [1]. Chlorophyll degradation 

under saline condition is well-known phenomenon and had 

been reported in several plants. The chlorophyll content was 

decreased with increase in salinity in all four desi cotton 

varieties. 

As shown in Fig. 5, at the salinity level (10 dS/m) highest 

chlorophyll content was observed in GN.Cot-25 (48.43 µmol 

m-2) followed by G.Cot-21 (44.07 µmol m-2) and V-797 

(42.40 µmol m-2) as compared to control (0.8 dS/m) while, 

lowest chlorophyll content was recorded in GShv-907/13 

(30.80 µmol m-2). The similar trend was reported by Saleh 

(2012) [23] who conducted a pot experiment to evaluate 

performance of four varieties of upland cotton (G. hirsutum 

L.) viz., Deir-Ezzor22, Niab78, Aleppo118 and Deltapine50 

grown under non-saline conditions (control) and salt stress 

(200 mol m-3 NaCl) for 7 weeks. Destruction of chlorophyll 

pigments by salt induced generation of ROS could be one of 

the reasons for loss of photosynthetic pigments (Saha et al. 

2010) [22]. Less reduction of chlorophyll content in GN. Cot-

25 compared to other varieties with increasing saline 

conditions suggests that GN.Cot-25 maintained high pigment 

composition in response to salinity stress which might 

contribute for high photosynthetic activity and thus, it is salt 

tolerant. 

 

 
 

Fig 5: Chlorophyll content (µmol m-2) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represents standard error of mean) 

 

Carotenoids play an important role in ROS scavenging, 

thereby protecting membranes and photosynthetic apparatus 

from photo-inhibition from salt stress (Talukdar, 2012) [27]. 

Salt stress induces the modification of carotenoid 

concentration in salt sensitive plants and carotenoids 

decreases more slowly than chlorophylls under salt stress. The 

results showed that carotenoid content decreased with 

increase in salinity in all four desi cotton varieties. 
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At the salinity level (10 dS/m) highest carotenoid content was 

observed in GN.Cot-25 (0.87 mg g-1) followed by G.Cot-21 

(0.70 mg g-1) and V-797 (0.69 mg g-1) as compared to control 

while, lowest carotenoid content was recorded in GShv-

907/13 (0.51 mg g-1) (Fig. 6). Shah et al. (2011) [25] reported 

that cotton accessions FH-113, PB-899 and MNH-789 were 

found drought tolerant due to the high carotenoid content and 

CIM-506, FH-901 and CRIS-466 were found drought 

susceptible due to the low carotenoid content during water 

stress. Zhang et al. (2014) [28] also demonstrated that CCRI-79 

(salt tolerant) and other salt-sensitive cotton cultivar, Simian 3 

showed a decreasing trend of carotenoid content with 

increasing salt stress. Thus, carotenoid content could also 

serve as a useful indicator of salt stress in cotton. 

 

 
 

Fig 6: Carotenoid content (mg g-1) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represents standard error of mean) 

 

Transpiration rate is one of the gas exchange parameters 

which severely affected by salt stress. The decreased in 

transpiration rate was observed with increasing salinity level. 

At the salinity level (10 dS/m) higher transpiration rate was 

recorded in GN.Cot-25 (8.44 mmol m-2 sec-1) followed by 

G.Cot-21 (5.54 mmol m-2 sec-1) and V-797 (4.10 mmol m-2 

sec-1) as compared to while, lowest transpiration rate was 

recorded in GShv-907/13 (3.02 mmol m-2 sec-1) (Fig. 7). 

The ability of plants to maintain normal rates of transpiration 

under saline condition is an important indicator of salt 

tolerance, because transpiration is related to normal rates of 

CO2 uptake for photosynthesis (Negrao et al. 2017) [19]. The 

least reduction in transpiration rate in GN.Cot-25 followed by 

G.Cot-21 and V-797 and maximum reduction in GShv-907/13 

was recorded at highest salinity level. Thus, it can be 

concluded that GN.Cot-25 have tolerant mechanism to cope 

with the salinity stress which is absent in GShv-907/13. 

Similar kind of decrease in transpiration rate against salt 

stress was earlier reported by Maddan et al. (2013) [14] who 

observed that rate of transpiration decreased with increasing 

level of salinity in seven cultivars but the rate was much 

slower in resistant cultivar of cotton. The decreased in 

transpiration rate was also reported by Janagoudar (2002) [12] 

who studied six cotton genotypes against the salinity stress up 

to 14.8 dS/m and reported that transpiration rate was 

decreased with increase in salinity levels in all varieties but 

the tolerant varieties maintained higher transpiration rate at 

highest salinity levels as compared to susceptible varieties. 

 

 

 
 

Fig 7: Transpiration rate (mmol m-2 sec-1) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represents standard error of mean) 

 

Stomatal conductance is also one of the gas exchange 

parameters like transpiration rate that severely affected by salt 

stress. Due to salt stress the decrease in stomatal conductance 

rate was observed as compared to normal conditions.  

At 30 DAS, at the salinity level (10 dS/m) higher stomatal 

conductance was recorded in GN.Cot-25 (0.231 µmol CO2 m-

2 sec-1) followed by G.Cot-21 (0.206 µmol CO2 m-2 sec-1) and 

V-797 (0.176 µmol CO2 m-2 sec-1) as compared to control (0.8 

dS/m) while, lowest stomatal conductance was recorded in 
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GShv-907/13 (0.134 µmol CO2 m-2 sec-1) (Fig. 8). The least 

reduction in stomatal conductance was recorded in GN. Cot-

25 followed by G.Cot-21 and V-797 and maximum reduction 

was observed in GShv-907/13. The slower decreased of 

stomatal conductance in GN. Cot-25 might be due to decline 

in leaf water content under salt stress as the water flow within 

plants is restricted at organ, tissue and cellular levels. This 

would lead to closing of stomata to conserve the water status 

in plants. Therefore, stomatal conductance is maintained 

under low water potential in resistant genotypes under high 

saline condition. Similar trend of decrease in stomatal 

conductance against salt stress was reported by Janagoudar, 

(2002) [12] who observed the effect of salt stress in six cotton 

genotypes and found that stomatal conductance was decreased 

with increase in salinity levels in all varieties but the tolerant 

varieties maintained higher stomatal conductance at highest 

salinity levels. Hassan et al. (2014) [9] also observed the 

gradual decrease in stomatal conductance under increase in 

salinity levels in two G. arboreum varieties FDH 171 and 

FDH 786. 

 

 
 

Fig 8: Stomatal conductance (µmol CO2 m-2 sec-1) of desi cotton varieties at salinity levels at 30 DAS (Vertical bar represents standard error of 

mean) 

 

Conclusion 

The results of this investigation showed that ‘GN. Cot-25’ 

cultivar had the highest tolerance to salt stress as it performed 

better in terms of all the character studied. This can be 

attributed to better gas exchange parameters and more 

efficient membrane homeostasis. Our results also implicate 

that physiological characters (Leaf photosynthesis rate, 

chlorophyll content, transpiration rate and stomatal 

conductance) can be assumed as good indicators of salt stress 

tolerance or susceptibility in cotton and these parameters are 

of immense important in large scale screening of genotypes 

for salt stress. Identification of salt tolerant cotton genotypes 

for salt affected areas can benefit the farming community 

through increased seed cotton yield and quality. Further these 

determinants should be analysed at different growth stages 

which can be helpful for a better understanding of the 

response of cotton crop plants towards salt stress. 

 

References 

1. Al-Saady NA, Khan AJ, Rajesh L, Esechie HA. Effect of 

salt stress on germination, proline metabolism and 

chlorophyll content of fenugreek (Trigonella foenum 

graecum L.). Journal of Plant Sciences. 2012; 7(5):176-

185. 

2. Barrs HD, Weatherly PE. Physiological indices for high 

yield potential in wheat. Indian Journal of Plant 

Physiology. 1962; 25:352-357. 

3. Chinnusamy AJV, Zhu JK. Understanding and improving 

salt tolerance in plants. Crop Science. 2005; 45(2):437-

448. 

4. Desingh R, Kanagaraj G. Influence of salinity stress on 

photosynthesis and antioxidative systems in two cotton 

varieties. General and Applied Plant Physiology. 2007; 

33(3, 4):221-234. 

5. Ebercon A, Blum A, Jordan WR. A rapid colorimetric 

method for epicuticular wax contest of sorghum leaves. 

Crop Science. 1977; 17(1):179-180. 

6. Gonzalez A, Ayerbe L. Effect of terminal water stress on 

leaf epicuticular wax load, residual transpiration and 

grain yield in barley. Euphytica. 2010; 172(3):341-349. 

7. Hasanuzzaman M, Davies NW, Shabala L, Zhou M, 

Brodribb TJ, Shabala S. Residual transpiration as a 

component of salinity stress tolerance mechanism: a case 

study for barley. BMC Plant Biology. 2017; 17(1):107. 

8. Hassan S, Sadique S, Sarwar MB, Rashid B, Husnain T. 

Morpho-physiological, biochemical and developmental 

responses of diploid cotton (Gossypium arboreum L.) 

cultivars under varying NaCl stress. International Journal 

of Biosciences. 2015; 6(12):09-20. 

9. Hassan S, Sarwar MB, Sadique S, Rashid B, Aftab B, 

Mohamed BB et al. Growth, physiological and molecular 

responses of cotton (Gossypium arboreum L.) under 

NaCl stress. American Journal of Plant Sciences. 2014; 

5(05):605-614. 

10. Higbie SM, Wang F, Stewart JM, Sterling TM, 

Lindemann WC, Hughs E et al. Physiological response to 

salt (NaCl) stress in selected cultivated tetraploid 

cottons. International Journal of Agronomy. 2010; 1:1-

12. 

11. Hossain ML, Hossain MK, Salam MA, Rubaiyat A. 

Seasonal variation of soil salinity in coastal areas of 

http://www.chemijournal.com/


 

~ 2312 ~ 

International Journal of Chemical Studies http://www.chemijournal.com 

Bangladesh. International Journal of Environmental 

Science. 2012; 1(4):172-178. 

12. Janagoudar. Salinity induced changes on stomatal 

response, biophysical parameters, solute accumulation 

and growth in cotton (Gossypium spp.). Ad-hoc Project, 

Indian Council of Agricultural Research, New Delhi, 

India, 2002. 

13. Khorsandi F, Anagholi A. Reproductive compensation of 

cotton after salt stress relief at different growth stages. 

Journal of Agronomy and Crop Science. 2009; 

195(4):278-283. 

14. Maddan S, Kumari P, Sharma SK, Siwach SS, Sangwan 

O, Jain A et al. Performance of seven cotton cultivars 

under salinity condition. Journal of Cotton Research and 

Development. 2013; 27(2):222-228. 

15. Meloni DA, Oliva MA, Martinez CA, Cambraia J. 

Photosynthesis and activity of superoxide dismutase, 

peroxidase and glutathione reductase in cotton under salt 

stress. Environmental and Experimental Botany. 2003; 

49(1):69-76. 

16. Meloni DA, Oliva MA, Ruiz HA, Martinez CA. 

Contribution of proline and inorganic solutes to osmotic 

adjustment in cotton under salt stress. Journal of Plant 

Nutrition. 2001; 24(3):599-612. 

17. Monneveux P, Reynolds MP, Gonzalez-Santoyo H, Pena 

RJ, Mayr L, Zapata F. Relationships between grain yield, 

flag leaf morphology, carbon isotope discrimination and 

ash content in irrigated wheat. Journal of Agronomy and 

Crop Science. 2004; 190(6):395-401. 

18. Munns R. Comparative physiology of salt and water 

stress. Plant, Cell and Environment. 2002; 25(2):239-250. 

19. Negrao S, Schmockel SM, Tester M. Evaluating 

physiological responses of plants to salinity 

stress. Annals of Botany. 2017; 119(1):1-11. 

20. Premachandra GS, Soneoka H, Kanaya M, Ogata S. Cell 

membrane stability and leaf surface wax content as 

affected by increasing water deficits in maize. Journal of 

Experimental Botany. 1991; 42(2):167-171. 

21. Ramani HR, Vekariya VK, Patel DH, Solanki BG. 

Screening of cotton genotypes against salinity stress 

based on its physiological and biochemical responses. 

Agriculture Update. 2018; 13(2):128-134. 

22. Saha P, Chatterjee P, Biswas AK. NaCl pretreatment 

alleviates salt stress by enhancement of antioxidant 

defense system and osmolyte accumulation in mung bean 

(Vigna radiata L. Wilczek). Indian Journal of 

Experimental Biology. 2010; 48:593-600. 

23. Saleh B. Salt stress alters physiological indicators in 

cotton (Gossypium hirsutum L.). Soil and Environment. 

2012; 31(2):113-118. 

24. Shabala SN, Shabala SI, Martynenko AI, Babourina O, 

Newman IA. Salinity effect on bioelectric activity, 

growth, Na+ accumulation and chlorophyll fluorescence 

of maize leaves: a comparative survey and prospects for 

screening. Australian Journal of Plant Physiology. 1998; 

25(5):609-616. 

25. Shah AR, Khan TM, Sadaqat HA, Chatha AA. 

Alterations in leaf pigments in cotton (Gossypium 

hirsutum) genotypes subjected to drought stress 

conditions. International Journal of Agriculture and 

Biology. 2011; 13(6):902-908. 

26. Siddiqi EH, Ashraf M. Can leaf water relation parameters 

be used as selection criteria for salt tolerance in safflower 

(Carthamus tinctorius L.). Pakistan Journal of Botany. 

2008; 40(1):221-228. 

27. Talukdar D. Modulation of plant growth and leaf 

biochemical parameters in grass pea (Lathyrus sativus L.) 

and fenugreek (Trigonella foenum-graecum L.) exposed 

to NaCl treatments. Indian Journal of Fundamental and 

Applied Life Sciences. 2012; 2(3):20-28. 

28. Zhang L, Ma H, Chen T, Pen J, Yu S, Zhao X. 

Morphological and physiological responses of cotton 

(Gossypium hirsutum L.) plants to salinity. PLoS One. 

2014; 9(11):e112807. 

29. Zhu X, Xiong L. Putative mega enzyme DWA1 plays 

essential roles in drought resistance by regulating stress-

induced wax deposition in rice. Proceedings of the 

National Academy of Sciences. 2013; 110(44):17790-

17795. 

http://www.chemijournal.com/

