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ABSTRACT 

 

A pot experiment was conducted in the greenhouse of the National Research Centre (NRC), Cairo, Egypt 

during two successive seasons to evaluate the response of growth, and Photosynthetic pigments of cotton plants 

sprayed by 100 and 200 ppm glutathione and grown under salt stress conditions (irrigating with 3000 ppm and 

6000 ppm more than the tape water 350 ppm as a control). Results indicated that all growth, except bolls 

No./plant, characters showed its higher values when 200 ppm glutathione application via leaves. The lowest 

values the growth parameters were obtained by spraying distilled water and irrigation by 6000 ppm salts. The 

lowest values of the growth parameters were obtained by spraying distilled water and irrigation by 6000 ppm 

salts. The use of glutathione anti-stress and has antagonistic effect to salt stress, however, the stressed plants 

responded to glutathione rate treatments, a phenomenon that appeared clearly for chl a and b by spraying 100 

ppm and 200 ppm glutathione rates, respectively, where the highest values were obtained. Total carotenoids 

reached the highest value by the interaction between the moderate level used 3000 salinity ppm combined with 

100 ppm glutathione rate. 
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Introduction 

 

Cotton (Gossypium barbadence L.) is the first and the main fiber crop in Egypt. In the last decades, the 

cultivated area decline from year to another, from 1.2 million fed to 200,000 fed, and the intern of the national 

production lowered and the imported quantities raised and increased the fund needed to the importation process. 

While imported cotton is priced at between 400 LE to 500 LE per qentar, the locally produced cotton is over 

1,000 LE per qentar. The result is that farmers are unable to sell their cotton harvest and complain about it to the 

government. In the meantime, the government is obliged to keep its market open to imports according to its 

commitments to the World Trade Organization (WTO).  

Salinity is a major factor that limits plant development and crop productivity. Cotton (Gossypium hirsutum 

L) is categorized as moderately salt tolerant with a salinity threshold level of 4900 ppm-, but its growth is 

severely reduced at high salinity levels, especially at the seedling stage (Ashraf and Ahmad, 2000). As one of 

main abiotic stresses in nature, salt stress with high concentration of saline ions in soil does remarkable harm to 

plants, and seriously affects the growth and development of plants. Soil salinity is a major threat to cotton 

production worldwide. Excessive salt in saline soils leads to a series of physiological and biochemical 

decompensation in cotton plants mainly from osmotic effects (dehydration), nutritional imbalance and toxicity 

of salt ions (Ye et al., 2003 and Zhenhuai, 2005). Cotton is considered to be moderately tolerant to salinity, 

ranked second behind barley (Soltanpour and Follett, 1995). Soil salinity is a major constraint limiting 

agricultural productivity on nearly 20 % of the cultivated area and half of the irrigated area worldwide (Zhu, 

2001). Salt stress has been reported to cause an inhibition of growth and development, reduction in 

photosynthesis, respiration and protein synthesis in sensitive species (Meloni et al., 2003 and Pal et al. 2004). 

Cotton and salt stress was studied by many authors: Cramer et al., (1987); Khorsandi and Anagholi (2009), 

Hussein et al., (2011) and Yao et al., (2011). 

Glutathione (GSH) is a tripeptide with a gamma peptide linkage between the amine group of cysteine 

(which is attached by normal peptide linkage to a glycine) and the carboxyl group of the glutamate side-chain. It 

is an antioxidant, preventing damage to important cellular components caused by reactive oxygen species such 

as free radicals and peroxides  (Merck Index, 11th Edition, 4369). In plants, glutathione is crucial for biotic and 

abiotic stress management. It is a pivotal component of the glutathione-ascorbate cycle, a system that reduces 

poisonous hydrogen peroxide (Noctor, et al. 1998). It is the precursor of phytochelatins, glutathione oligomers 

that chelate heavy metals such as cadmium (Ha, et al. 1999). Glutathione is required for efficient defence 

against plant pathogens such as Pseudomonas syringae and Phytophthora brassicae (Parisy, et al. 2006). APS 

reductase, an enzyme of the sulfur assimilation pathway uses glutathione as electron donor. Other enzymes 

using glutathione as substrate are glutaredoxin, these small oxidoreductases are involved in flower development, 

salicylic acid and plant defense signalling. Glutathione is a powerful antioxidant found within every cell where 

it plays a role in nutrient metabolism, regulation of cellular events (including gene expression, DNA and protein 

synthesis, cell growth, and immune response. 
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Oxidative stress occurs when plants are exposed to various forms of environmental stress (Asada, 1994). 

Plants can produce antioxidants for protection against the cytotoxic species of activated oxygen such as 

superoxide (O2), hydrogen peroxide (H2O2), and the hydroxyl radical (OH). Studies of the effects of 

environmental stresses i.e. NaCl levels (Gossett, et al. 1994a, 1994b and Hussein, et al., 2009), drought (Mc 

Cue and Hanson, 1990), temperature and light extremes (Spychalla and Desborough, 1990; Baker, 1994, 

Rainwater et al., 1996), mineral deficiencies (Cakmak and Marschner, 1992 and Polle, et al. 1992), and 

herbicide treatment (Dodge, 1994) have shown that oxidative stress often disrupts the homeostasis between 

production of reactive oxygen species and the quenching activity of antioxidant enzyme. 

Increases in antioxidant enzyme activities are regulated via transcription in cotton callus (Banks, et al. 

1998; Manchandia, et al. 1999). These results indicate that elevation in the activity of the ascorbate-glutathione 

cycle probably confers a degree of salt tolerance (Haigler, 1991 1992). An approach in vitro also provides the 

means whereby the influence of various stresses such as cold stress (Gossett, et al. 1996) can be isolated and 

studied. 

Several investigations were conducted for study the ameliorate effect of glutathione against abiotic stresses 

(Hoque, et al. 2007; Salama and Al-Mutawa, 2009 and Al-Kodous and Abbas, 2013). 

Therefore, this work aimed to investigate the effect of spraying cotton plants by different rates of 

glutathione application and irrigation by diluted seawater on growth, and photosynthetic pigments cotton plants.  

 

Materials and Methods 

 

Two pot experiments in the greenhouse of the National Research Centre were conducted to study and 

evaluate the influences of different rates of glutathione and irrigation rates by diluted seawater on growth of 

cotton plants. The treatments were as follows:        

1- Salinity: Irrigation by diluted seawater with 3000 and 6000 ppm more than that irrigated by fresh water 

as a control.        

2- Glutathione: in the rate 100 and 200 ppm were sprayed (21and 35 days).                              

The experiments included 9 treatments which were the combination of three treatments of irrigation by 

diluted seawater and three treatments of glutathione spray. The experimental design was split plot in 8 

replicates. Metallic ten pots 35 cm. in diameter and 50 cm in depth were used. Every pot contained 30 Kg of air 

dried clay loam soil. The inner surface of the pots was coated with three layers of bitumen to prevent direct 

contact between the soil and metal.  

 Seeds of cotton (Gossypium barbadence L.) cv Giza 86 were sown at May, 25 and seedlings were thinned 

twice 15 and 30 days to left two plants/pot. Calcium super phosphate (15.5 % P2O5) and potassium sulfate (48.5 

% K20) in the rate of 3.0 and 1.50 g/pot were added before sowing. Ammonium sulfate (20.5 % N) in the rate of 

6.86 g/pot was added in two equal portions, the first at 21 days from sowing and the second two weeks later. 

Irrigation with diluted seawater in different concentrations were started 30 days after. Cholorophylls and 

carotenoids were determined according to the method described by Von Wetistien (1957). All collected data 

were subjected to the proper statistical analysis as described by Snedecor and Cochran (1990).  

 

Results And Discussion 

 

Growth parameters: 

 

Salt stress effect: 

 

Data illustrated in Table (1) show the effect of using different rates of diluted seawater and different rates of 

glutathione and the interaction between them on the growth parameters of cotton plants. Significant response 

was obtained in all studied growth parameters, except, bolls No./plant and leaves No./plant as a result of 

irrigation plants with diluted water. Irrigating plants with 6000 ppm diluted seawater decreased all studied 

cotton growth parameters: plant height, dry weight of whole plant, bolls No./plant, bolls weight/plant, and 

leaves No./plant by 19%, 34%, 9.9%, 28%, and 17.7%, respectively comparing with the control treatment (tap 

water). Data indicated also that growth parameters of cotton plants which irrigated with 3000 ppm diluted 

seawater values were higher than that obtained from 6000 ppm diluted seawater. 

Cramer, et al. (1987) previously reported that high Na
+
 concentrations may interfere with growth of many 

plant species, cotton (Gossypium hirsutum L.) included. Basal (2010) stated that the most general effect of 

salinity on plant is a reduction in growth (total biomass production) and growth rate. Total (shoot + root) dry 

weight decreased progressively as the salinity level increased from 0 to 125 and 250 mM NaCl salinity levels. 

Mean shoot fresh and dry weight (stem + leaves) values of genotypes were significantly affected by salinity 

stress. A decrease in shoot fresh weight and dry weight of 15 cotton cultivars was observed with increase in salt 

concentration of the growth medium. The spotty pattern in crop stand at maturity under saline soil conditions is 
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actually initiated at the time of germination and vegetative growth phase. Moreover, build up of certain ions in 

the cytoplasm may affect certain metabolic processes (Ali, et al., 2005). 

 

Glutathione rates effect: 

 

There were no significant differences between plants sprayed with 100 ppm and 200 ppm glutathione rate, 

except for plant height and leaves No./plant (Table, 1). It is clearly shown from Data in Table (1) that the 

spraying 200 ppm glutathione more effective than the other level of this antioxidant. The highest effect of 200 

ppm rate of glutathione on plant growth criteria was in bolls weight (g)/plant (86.5%) followed by in leaves 

No./plant (55.3%) and the lowest was in plant height (17.0%) followed by dry weight of whole plant (32.6%) 

compare to the control treatment. Glutathione is a non-protein thiol present in plant. The physiological 

significances of this compound may be it regulate sulfur uptake at the root level. In addition to its effect on 

expression of defense gen (Jue-Hung, et al 2012). Cao, et al. (2013) reported that glutathione (with 100 uM) 

increased root dry weight, Root length, shoots dry weight and root dry weight by 26,1, 15.5 and 9.8%, 

respectively compared with the untreated plants. Al-Kodous, et al. (2013) found that plant height, root length 

number of leaves/plant and leaves area of tomato plants. They added glutathione affected growth of plants 

through its effect on anatomical structure such as root diameter, epederms, cell size, and zylem veseles number 

copare to the control plants more than its effect on oxidative defense. Nevertheless, Son, et al. (2013) revealed 

that used GSH in the rates between0.1mM and 1 mM and concluded that the effect of GSH on the growth of the 

tobacco plant was minimal. 

 

Salt stress and Glutathione rates effect: 

 

Presented data in Table (1) show that all growth characters showed its higher values when 200 ppm 

glutathione application via leaves, except bolls No./plant. The lowest values of the growth parameters were 

obtained by spraying distilled water and irrigation by 6000 ppm salts. Glutathione (GSH) is a major antioxidant 

molecule in plants. It is involved in regulating plant development and responses to the abiotic and biotic 

environment (Fronto, et al 2013). Gao, et al. (2008) noticed that increasing NaCl concentrations decreased 

progressively, and the fresh weight of hypocotyls reached the lowest level at NaCl concentration of 150 mmol 

and then increased. Kumar, et al. (2008) revealed that exposure of callus to NaCl decreased growth in a 

concentration dependent manner. Increase in antioxidant enzymes activity could be a response to cellular 

damage induced by NaCl. This increase could not stop the deleterious effects of NaCl, but it reduced stress 

severity and thus allowed cell growth to occur. On olive, Melgar, et al. (2009) demonstrated that after 8 years of 

treatment, salinity (up to 10 dS/m) did not affect any growth measurement of plants. On castor bean, Pinheiro, et 

al. (2008) found that the dry matter accumulation of leaves, roots and stems, as well as the total dry matter, and 

the root to above ground ratio increased with plant growth in both treatments, however, these parameters were 

lowered in salt-stressed seedlings. Glutathione has a protective function for the plant in forming conjugates with 

xenobiotics (Coleman et al. 1997), and acts as a precursor for the synthesis of phytochelatins, which are 

involved in the detoxification of heavy metals (Cobbett and Goldsbrough, 2002). Moreover, Jui-Hung, et al. 

(2012) demonstrated that glutathione alleviation effect may be related to its role in scavenging the free radical. 

 

Chlorophyll and carotenoids: 

 

Salt stress effect: 

 

Data in  Fig.(1) indicated that chla increased slightly when subjected to moderate salinity but tended to 

decrease with the high salinity level and without glutathione but still more than of control treatment, while, 

Chl.b was slightly affected with salt stress but carotenoids concentration with salinity more under moderate 

salinity compare to that in plants irrigated by fresh water. Nikookar, et al. (2004) indicated that increased salt 

concentration from 0.5 to 4 M increased chla concentration while carotenoids decreased in cells of Dunalella 

salina plants. Blindow, et al (2003) found that Chla/chlb ratio increased but chla/carotenoids was decreased with 

salinity. However, Ben Dakhel and Denden (2012) noticed that salt stress showed no changes in chlorophyll 

fluorescence on okra plants. Nevertheless, Stoeva and Kaymakanova, 2008) reported that excess salinity 

reduced photosynthetic pigments in plants.  
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Table 1: The effect of the interaction between saline water and glutathione rates on the growth parameters of cotton plants 

Saline water (S), ppm 
Glutathione rate 

(G), ppm 

Plant 

height, cm 

Dry weight of 

whole plant, g 

Bolls No. per 

plant 

Bolls weight, 

g/plant 

leaves No. per 

plant 

Tap 

0 75.04 44.33 2.67 8.48 9.33 

100 87.27 51.14 3.33 11.08 11.67 

200 91.06 55.09 4.00 12.62 14.67 

3000 

0 67.80 28.65 2.33 5.01 8.00 

100 72.83 35.50 3.00 9.69 11.33 

200 78.00 38.38 4.00 10.83 13.00 

6000 

0 63.71 26.18 2.33 4.07 8.00 

100 68.05 35.06 3.33 9.66 9.67 

200 72.73 37.95 3.33 9.29 11.67 

Saline water treatments, 

ppm 

Tap 84.46a 50.18a 3.33 10.73a 11.89 

3000 72.88b 34.17b 3.11 8.51b 10.78 

6000 68.16c 33.06b 3.00 7.68b 9.78 

Glutathione rate (G), 
ppm 

0 68.85c 33.05b 2.44b 5.85b 8.44c 

100 76.05b 40.57a 3.22a 10.14a 10.89b 

200 80.59a 43.81a 3.78a 10.91a 13.11a 

L.S.D. at 5% level 

S 4.22 5.66 N.S. 1.47 N.S. 

G 4.27 4.27 0.57 2.29 1.56 

SxG 7.40 7.40 N.S. 3.97 2.72 

 

Glutathione rates effect:  

 

Glutathione spraying have enhancing effect on chla, chl.b and carotenoids concentration Fig. (1). This 

phenomenon is more clear with chl.b. However, the lesser effect of this antioxidant was shown on carotenoid 

especially with the rate of 100 ppm.. Cai, et al. (2010) demonstrated that GSH is related to significant 

improvement in chlorophyll content, photosynthetic performance, and root GSH levels in rice genotypes. Wang, 

et al. (2011) mentioned that the examination of photosynthetic performance revealed GSH dramatically 

increased net photosynthetic rate (P(n)), stomatal conductance (G(s)), and transpiration rate (T(r)) in the both 

barley genotypes. Also, Wu, et al. (2013) reported the increase in chlorophyll content induced by glutathione 

treatment in rice seedlings. Son, et al. (2013) noticed that the content of chlorophyll in the plant increased 

through GSH and Zn. Cao, et al (2013) reported that glutathione (with 100 uM) increased root dry weight, Root 

length, shoots dry weight and root dry weight by 26,1, 15.5 and 9.8%, respectively compared with the untreated 

plants. 

 

Salt stress and Glutathione rates effect: 

 

The interaction effect of salt stress and glutathione applied via leaves on photosynthetic pigments were 

presented in Fig.(1). Glutathione increased chl.a but these increases were lesser by 200 ppm and under 5000 

ppm salt concentration in water of irrigation. The pronounced increased was observed in chl.b in plants received 

200 ppm glutathione and under irrigation of 2500 ppm diluted sea water. Generally, the lower contents of 

carotenoids were shown under 5000 ppm concentration salinity.  Antioxidant application and its influences on 

photosynthetic acid were reported by many authors: on cotton with salicylic acid (Hussein, et al. 2012), on rice 

glycine betaiene (Sha-Um and Kirdmani, 2010) and on wheat with glutathione, alpha tocopherol and ascorbic 

acid (Sakr and El-Metwally, 2009). Wu et al., (2013) reported the increase in chlorophyll content induced by 

glutathione treatment in stressed rice seedlings. Son, et al. (2013) emphasized that the content of chlorophyll in 

the plant increased through GSH and Zn, and decreased through Cd and Cu. The chlorophyll content which 

decreased due to Cd and Cu was recovered by GSH, and the content which increased due to Zn was decreased 

by 1 mM GSH. 

Yet most of the recorded values in the interaction were still higher than those of either control or 

corresponding salt concentration in the absent of glutathione. This indicated that, the use of glutathione 

antistress and has antagonistic effect to salt stress, however, the stressed plants responded to glutathione rate 

treatments, a phenomenon that appeared clearly for chl a and b by spraying 100 ppm and 200 ppm glutathione 

rates, respectively, where the highest values were obtained. Total carotenoids reached the highest value by the 

interaction between the moderate level used 3000 salinity ppm combined with 100 ppm glutathione rate. Akbari, 

et al. (2011) stated that NaCl stress increased the endogenous, nonenzymatic antioxidants and the activity of 

antioxidant enzymes, such as peroxidase (POX), superoxide dismutase (SOD) and catalase (CAT). When these 

plants were treated with a combination of NaCl and 50 mg L−1 HEX, the inhibitory effects of NaCl stress were 

decreased by increasing the root growth, shoot growth, dry weight (DW), chlorophyll content, protein content 

and antioxidant enzyme activity by ameliorating the salinity injury.  

 

 

 

 



51 
Middle East j. Appl. Sci., 4(1): 47-53, 2014 

 

 

 
 

Fig. 1: The effect of the interaction between saline water and glutathione rates on photosynthesis pigments of  

            cotton plants. 
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