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Abstract  
 
Soil salinity is a major threat to cotton production worldwide. Excessive salt in the soil leads to a series of physiological and 
biochemical metabolic disorders in cotton plants mainly as a result of osmotic effects (dehydration), nutritional imbalance and 
toxicity of salt ions (Na+ and Cl-). The metabolic disorders may finally reduce plant growth and lint yield and quality, particularly in 
conditions of high salinity. Basically, combating the effects of salinity stress on cotton plants involves two main strategies: one is to 
improve salt tolerance through genetic breeding and chemical or biological treatment, the other is to avoid or alleviate salinity stress 
by improving at least part of the root-zone environment. This review highlights the technologies for combating salinity stress on 
cotton, with a focus on recent advances in agronomic techniques for managing salinity in the root zone. We recommend a 
comprehensive use of agronomic practices such as suitable cultivars, proper irrigation and fertilization, seed pretreatment, furrow 
seeding, plastic mulching and induction of unequal salt distribution in the root-zone to combat salinity stress. Further research should 
focus on exploration and understanding of the uptake and efficient use of water and nutrients in saline soils. Research should also 
focus on the development of new products for cotton growing in saline soils like new foliar and specific slow-release fertilizers and 
commercial plant growth regulators to improve salt tolerance. 
 
Keywords: Cotton, Salinity stress, Salt tolerance, Agronomic practice, Unequal Salt distribution. 
Abbreviations: ECe_electrical conductivity of a saturated-paste extract; PHCA _polyhydroxycarboxylic acid; COR_Coronatine; 
CAT_catalase; POD_peroxidase; GR_glutathione reductase; DPPH_1,1-diphenyl-2- picrylhydrazyl; IAA_indole acetic acid, 
ABA_abscisic acid; VAM_vesicular arbuscular mycorrhizal. 
 
 
Introduction 
 
Soil salinity has been a major concern to global agriculture 
throughout human history (Lobell et al., 2007). In recent times, 
it has become even more prevalent as the intensity of land use 
increases globally (Haque, 2006). Cotton is an important cash 
crop worldwide. Although it is classified as one of the most 
salt-tolerant crops and considered a pioneer crop in reclamation 
of saline soils (Maas, 1990), its growth and yield and fiber 
quality are negatively affected by excessive salts in the soil 
(Maas and Hoffman, 1977; Qadir and Shams, 1997; Higbie et 
al., 2010). Soil salinity are usually expressed by ECe (electrical 
conductivity of a saturated-paste extract), and ECes around 7.7, 
12 and 17 dS/m are referred to as low, moderate and high 
salinity levels, respectively (Chen et al., 2009; Maas and 
Grattan, 1999). In general, soil salinity delays and reduces 
germination and emergence, decreases cotton shoot growth, 
and may finally lead to reduced seed cotton yield and fiber 
quality at moderate to high salinity levels (Khorsandi and 
Anagholi, 2009). However, the cotton plant has a complete 
self-protection system against salinity (Ashraf, 2002), which 
can be activated through a series of morphological, 
physiological and biochemical changes in conditions of salt 
stress. Over the last thirty years, a number of studies have been 
conducted on the response of cotton plants to saline soils and/or 
irrigation with saline water. Progress has been made in all 

aspects of plant-soil salinity of cotton. Understanding how 
plants respond to salinity can play a major role in stabilizing 
crop performance under saline conditions and in the protection 
of natural vegetation. Adequate management techniques and 
plant genetic breeding are the tools for improving resource use 
efficiency (including water) in plants. Since plant response to 
salinity and genetic improvement of salinity tolerance have 
been reviewed (Ashraf, 2002; Ahmad et al., 2002; Lubbers et 
al., 2007; Gorham et al., 2009; Ma et al., 2012), the present 
review covers research work on combating salinity stress 
effects on cotton, with a focus on comprehensive utilization of 
agronomic practices.  
 
Effects of salinity stress on plant growth and physiology 
 
Understanding the effects of salinity stress on cotton growth 
and physiology is a prerequisite to successful salinity 
management and control. Salinity effects on cotton plant may 
vary with the growth stage and extent and time of salinity stress. 
Biological or economic yield reduction is the main effect of 
salinity at the whole-plant level, and is usually attributed to 
various physiological and biochemical processes at the cellular 
or molecular levels (Meloni et al., 2003; Nawaz et al., 2010; 
Munns and Tester, 2008). 
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Effects of salinity stress on germination and seedling growth 
 
Although salinity effects occur at almost all growth stages, 
including germination, seedling, vegetative and mature stages 
of field-grown cotton, it is generally believed that germination 
and young seedling stages are more sensitive to salinity stress 
than other stages (Ahmad et al., 2002). Seed germination and 
emergence of cotton are generally delayed and reduced by 
salinity (Qadir and Shams, 1997). In sand culture, seed 
germination was 68-89% at 150 mM and 24-40% at 250 mM 
NaCl, but in soil, the germination was 72-89% at 15 dS/m and 
20-53% at 25 dS/m (Khan et al., 1995). A recent study 
conducted in potted saline soil (Dong et al., 2009b) showed 
more severe inhibition of emergence and stand establishment 
than reported above. There were significant linear correlations 
between soil salinity and emergence rate expressed as DAP 
(days after planting) (DAP = 0.8011ECe + 2.2145, R2 = 
0.9536), emergence rate (ER, %) (ER = -7.0701ECe + 115.9, 
R2 = 0.9711), and stand establishment rate (SER, %) (SER = 
-7.8424ECe + 106.7, R2 = 0.9482) (Dong et al., 2009b). 
Normal emergence and stand establishment were obtained 
when soil salinity was lower than 5 dS/m. Rates of emergence 
and stand establishment were reduced to 60-78% and 45-55%, 
respectively, when soil ECe was 5-7.5 dS/m. The emergence 
and stand establishment rates were only about 40 and <30%, 
respectively, in saline fields with salinity higher than 10 dS/m 
(Dong et al., 2009b). Salinity over 7.7 dS/m also affects cotton 
growth and development. The appearance of salinity stressed 
cotton plants are usually similar to the appearance of 
drought-stressed cotton plants, showing smaller and dark blue, 
or green, leaves. This is mainly due to increased osmotic 
pressure of the soil solution leading to physiological dryness 
and accumulation of one or more elements likely to hinder 
uptake of one or more nutrient elements (Praharaj and 
Rajendran, 2004). As soil salinity increases, leaves become 
brittle and necrotic, leading to stunted growth and poor yield. 
Reduced availability of N, P, Mn, Cu, Zn and Fe, high osmotic 
pressure, poor air and water movement and low microbial 
activity are also problems associated with saline soils 
(Pessarakli, 2001).  
 
Physiological response to salinity stress 
 
Soil salinity stress reduces plant growth mainly through three 
mechanisms－osmotically induced water stress, specific ion 
toxicity due to high concentration of sodium and chloride ions, 
and nutrient ion imbalance due to high level of Na+ and Cl- 
which reduces the uptake of K+, NO-, PO4

3-, etc (Greenway and 
Munns, 1980). Alteration of cell wall extensibility (Pritchard et 
al., 1991) and accumulation of salt in the apoplast (Flowers et 
al., 1991) were also reported as possible causes. In saline soils 
(≥4 dS/m at 25°C) (Richards, 1954), too much salt in the soil 
environment makes the soil solution maintain such a low 
osmotic potential that cotton can not take up enough water, 
which leads to osmotic or water-deficit effect of salinity stress 
(Khan et al., 2004). Cotton plants, however, can accumulate 
compatible solutes or osmoprotectants, which serve as nontoxic 
solutes for cytoplasmic osmoregulation to cope with the low 
osmotic potential in the soil (Zhang et al., 2009). Both cellular 
and metabolic processes involved in osmotic stress due to 
salinity are similar to those due to drought. The rate at which 
new leaves are produced depends largely on the water potential 
of the soil solution, in the same way as for a drought-stressed 
plant (Nawaz et al., 2010). Reductions in the rate of leaf and 
root growth are probably due to factors associated with water 
stress (Munns, 2002). The degree of growth inhibition due to  

 
osmotic stress depends on the time and scale of the response, 
the particular tissue and species in question, and whether the 
stress treatments are imposed abruptly or slowly (Ashraf, 1994; 
Munns et al., 2002). There were considerable similarities and 
moderate differences in mechanisms of photosynthetic 
inhibition between the two kinds of stress (Tang et al., 2007). 
Transcript-profiling of plants subjected to drought and salt 
suggest that plants perceive and respond to these stresses by 
quickly altering gene expression in parallel with physiological 
and biochemical alterations; this occurs even under mild to 
moderate stress. It is apparent that both stresses lead to 
down-regulation of some photosynthetic genes, with most of 
the changes being small, possibly reflecting the mild stress 
imposed. When compared with drought, salt stress affected 
more genes and more intensely, possibly reflecting the 
combined effects of dehydration and osmotic stress in 
salt-stressed plants (Chaves et al., 2009). There are 12 main 
soluble salts made up of cations (Na+, Ca2+ and Mg2+) and 
anions (CO3

2-, HCO3
-, Cl- and SO4

2-) in saline soils (Pessarakli, 
2001; Haque, 2006). Toxicity occurs as a result of uptake and 
accumulation of certain toxic ions from the saline soil or 
irrigation water. These toxic constituents include mainly 
sodium, chloride and sulphate. Although chloride and sulphate 
are essential elements, their content in the saline soil is far 
more than required for normal growth of plants. They can 
reduce crop productivity and eventually cause crop failures 
(Nawaz et al., 2010). The salt taken up by plants concentrates 
in the old leaves (Munns, 2002); continued transport of salt into 
transpiring leaves over a long period of time eventually results 
in very high Na+ and Cl– concentrations, and the leaves die 
(Munns, 2005). The cause of the injury is probably due to rapid 
accumulation of Na+ and Cl– in the cytoplasm and inhibition of 
enzyme activity. Alternatively, they might build up in the cell 
walls and dehydrate the cell (Munns, 2005). The Cl- is more 
toxic than Na+ in a number of plant species including cotton 
(Luo et al., 2002; Tavakkoli et al., 2010). Concentrations of Na+ 
and Cl- in cotton roots, xylem sap and leaf increased with 
increasing concentration of NaCl in the soil environment 
(Hirayama, 1987); a large quantity of Na+ and Cl- poured into 
the cells and destroyed the ion balance in the cytoplasm, 
particularly the Ca2+ balance. High concentrations of Na+ can 
replace bound Ca2+ in plasma membrane and cell membrane 
system, when the ratio of Na+/Ca2+ increased, finally damaging 
the membrane structural integrity and function. As a result, a 
dramatic increase in free cytoplasmic Ca2+ impaired cellular 
metabolism (Hirayama, 1987). However, plants can adapt to 
salinity through osmotic stress tolerance, Na+ or Cl− exclusion, 
and the tolerance of tissue to accumulated Na+ or Cl− (Munns 
and Tester, 2008). Cotton, particularly the salinity-tolerant 
cultivar has also evolved many mechanisms in response to 
uptake and accumulation of salt ions (Na+ and Cl-) under 
salinity stress. One of the most important mechanisms is to 
reduce excessive Na+ in the cytoplasm. Sodium ion extrusion 
from the cytosol and partitioning within the vacuole are two 
main ways to reduce excessive Na+ in the cytoplasm (Lin et al., 
1997; Lv et al., 2008). The plasma membrane H+-ATPase 
generates the potential required to drive in positive ions into the 
cell (Lin et al., 1997). In vacuolar membranes, another 
H+-ATPase creates the potential required for the uptake of K+ 
and/or Na+ into the vacuole by the activity of transporters like a 
Na+/H+ antiporter, which would regulate cytoplasmic Na+ 
sequestering it into the vacuole (Gorham et al., 2009). The 
compartmentation of Na+ into the vacuole, through vacuolar 
Na+/H+ antiporters provides an efficient mechanism to avert the 
deleterious effects of Na+ in the cytosol and maintain an 
osmotic potential by using Na+ (and chloride) accumulated in 
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the vacuole to drive water uptake into cells (Apse et al., 1999). 
More research efforts have been made to increase the vacuolar 
osmotic pressure with the concomitant decrease in water 
potential in favor of water movement from soil into plant root 
cells in recent years. Two approaches have been used to 
increase solute contents in plant vacuoles (Pasapula et al., 
2011). The first approach involves increasing the activity of a 
vacuolar sodium proton (Na+/H+) antiporter that mediates the 
exchange of cytosolic Na+ for vacuolar H+. The second 
approach involves increasing the activity of the H+ pump on the 
vacuolar membrane to move more H+ into the vacuoles, 
therefore generating a higher proton electrochemical gradient 
(DIH+) that can be used to energize secondary transporters, 
including vacuolar Na+/H+ antiporters. Both approaches 
enhance Na+ accumulation in the vacuoles and reduce the 
potential of Na+ toxicity in the cytoplasm, leading to higher salt 
tolerance in transgenic plants. A transgenic cotton plant was 
developed to over-express AtNHX1, an Arabidopsis vacuolar 
Na+/H+ antiporter by He et al. (2005, 2007). Over-expression of 
the tonoplast Na+/H+ antiporters increases sodium transfer into 
vacuoles, which leads to higher vacuolar salt concentration and 
therefore higher salt tolerance. Similarly, cotton plants 
over-expressing TsVP, an H+- PPase gene cloned from 
Thellungiella halophila, transports more Na+ into vacuoles and 
significantly enhanced the salt tolerance of cotton (Lv et al., 
2008). The Arabidopsis AVP1 gene encodes a vacuolar 
pyrophosphatase that functions as a proton pump on the 
vacuolar membrane. Pasapula et al. (2011) reported that 
increased expression of the vacuolar membrane-bound H+ 
pump can indeed lead to increased salt tolerance in transgenic 
cotton, and that AVP1-expressing cotton produces more fiber 
under field conditions (Pasapula et al., 2011). It is believed that 
the sequestering of Na+ in the vacuoles confers two advantages: 
reduced toxic levels of Na+ in cytosol, and increased osmotic 
potential of the vacuole and therefore a more negative water 
potential that aids water uptake by the cells and water retention 
under high salt conditions (Lubbers et al., 2007). Osmotic 
stress may result in the disturbance of the plant water relations 
in the uptake and utilization of essential nutrients, and also in 
toxic ion accumulation (Gouia et al., 1994). As a result of these 
changes, the activities of various enzymes and plant 
metabolism are affected (Munns, 2002). The competition and 
interactions of soluble salts with mineral nutrients may cause 
considerable nutrient imbalances and deficiencies (Rathert, 
1982). Ionic imbalance occurs in the cells due to over 
accumulation of Na+ and Cl- and reduced uptake of other 
mineral nutrients, such as K+, Ca2+, and Mn2+ (Karimi et al., 
2005). High sodium to potassium ratio due to accumulation of 
high amounts of sodium ions inactivates enzymes and affects 
metabolic processes in plants (Booth and Beardall, 1991). It is 
generally accepted that Ca2+ plays an important role in 
alleviating salinity damage by protecting the cell membrane 
structure of cotton. Cramer (1987) reported that NaCl stress 
severely inhibited root absorption, transportation and 
distribution of Ca2+ and K+ in cotton. As an essential nutrient, 
Mg2+ participates in the formation of chlorophyll composition. 
Thus, reduced uptake of Ca2+ and Mg2+ by soil salinity would 
have adverse effects on growth and development of cotton (Yeo, 
1998). Potassium plays an important role in cotton growth, 
nutrient distribution and resistance to pests and diseases. Since 
K+ and Na+ have similar physical and chemical structure, Na+ 
can partially replace K+ to promote plant growth in low-K soil 
(Zhang et al., 2006). But at higher salt (NaCl) concentration, 
the selectivity of potassium for cotton plant will fall greatly. 
When the Na+ concentration exceeds a certain limit, Na+ will be 
competing with K+ transport and binding sites, leading to 
potassium depletion (Yeo, 1998). Potassium deficiency in 

cotton leaves can reduce chlorophyll and photosynthesis. At the 
same time, excessive absorption of the Cl- can reduce uptake of 
NO3

- and H2PO4
‾ (Gong et al., 2009). Brugnoli and Bjorkman 

(1992) reported that the N content of cotton leaves decreased 
with increases in salt concentration. Using 15N-labeling 
technique, they also found that under high salinity stress, cotton 
plant would reduce the absorption of 15N, while at low salinity 
there was no significant impact on absorption (Pessarkli, 1985). 
Under NaCl stress, the absorption NO3-N uptake was seldom 
affected, but the NO3-N accumulation was significantly 
decreased, and the absorption of NH4

+-N was greatly inhibited 
(Pessarkli, 2001). Using 32P labeling technique, Martinez and 
Läuchli (1991) found that under low P conditions, salt stress 
inhibited the absorption of phosphorus in cotton seedlings. At 
moderate salinity, 32P transportation from cotton root to shoot 
was reduced, so that old leaves of cotton contained more P than 
new leaves.  
 
Control of salinity stress on cotton plants 
 
Although cotton is classified as a salt tolerant crop, its tolerance 
of salinity stress is far from that of halophytes. Thus, effective 
management practices in combating soil salinity stress should 
be taken to increase cotton yield and fiber quality in saline 
fields. Since salinity effects on cotton are mainly attributed to 
osmotic stress, ion toxicity and nutritional imbalance, these 
effects can be alleviated through two key strategies. One is to 
improve salinity tolerance of cotton plants, the other is to 
reduce or avoid high Cl- and/or Na+ concentration in the soil 
medium, at least part of the root zone. Improved salinity 
tolerance of cotton may be achieved through genetic 
improvement or enhancing the salt tolerance of seeds or plants 
by chemical, biological or physical treatments. A decrease in 
salinity stress can be achieved through the reduction of the salt 
content in the vadoze zone and creating a more suitable soil 
environment for cotton growth either with engineering or 
agronomic practices. 
 
Genetic breeding 
 
Genetic breeding, particularly molecular breeding has been 
considered the most efficient way to improve salinity tolerance 
in cotton (Gorham et al., 2009). Recently, cotton plants 
over-expressing TsVP [an H+-PPase gene cloned from 
Thellungiella halophila) (Lv et al., 2008)], the Arabidopsis 
AVP1 [a gene encoding a vacuolar pyrophosphatase as a proton 
pump on the vacuolar membrane (Pasapula et al., 2011)], a 
CMO gene cloned from Atriplex hortensis (Zhang et al., 2009), 
or mustard annexin AnnBj1 (Divya et al., 2010) have achieved 
significantly increased tolerance of salinity stress. Although 
molecular breeding approaches, including transgenic 
modification and quantitative trait mapping with 
marker-assisted selection, have shown some success and will 
continue to increase our understanding of the complexity of 
plant’s physiological pathways (Lubbers et al., 2007), current 
transgenic cotton with improved salt-tolerance ability is still far 
behind the requirements for commercial production (Zhang et 
al., 2009). This is because on the one hand, the salt tolerance 
has not yet reached the expectation for cotton growing in saline 
fields, and on the other hand, strains of these salt-tolerant 
materials have relatively poor agronomic traits. Therefore, 
future studies should focus on deep exploitation of salt-tolerant 
genes, effective transformation and development of new 
salt-tolerant cotton varieties. Detailed advances in genetic 
breeding can be found in the previews by Lubbers et al. (2007), 
Gorham et al. (2009) and Ma et al. (2011). 
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   Table 1.  Summary of increased salt tolerance through seed soaking or foliar spray with chemical or biological agents 
Agents Mode of application Effects on stressed seeds or plants Reference 
Kinetin  Seed soaking before sowing Alleviation of salinity effect on 

seed germination 
Bozuck 1981 

MCBuTTB 
(Cytokinin analog) 

Seed soaking before sowing 
plus foliar spray at 45 days 
after planting  

Enhancement of seed 
germination, seedling growth, and  
boll setting under salinity 

Stark 1991 

Polystimuline K 
(cytokinin analogue) 

Solution culture of seedling Leading to recovery of damaged 
PS II centers  

Ganieva et al. 1998 

Coronatine (COR) Applied hydroponically to 
cotton seedlings at the two- 
leaf stage for 24 h. 

Improving the antioxidative 
defense system and radical- 
scavenging activity 

Xie et al. 2008 

5-aminolevulinic acid 
(ALA) 

Foliar spray Improvement of salt tolerance 
through  reduction of NaCl 
uptake 

Watanabe et al. 2000 

Gycinebetaine Seed soaking Allieviation of salt damage Li et al. 2008 
Calcium sulphate Seed soaking before sowing Enhancement of seed 

germination, seedling growth  
under salinity 

Javid et al. 2001 

Ca2+  Applied hydroponically to 
cotton seedlings 

Offset the reduction in root 
growth caused by NaCl. 

Kent and Lauchli 1985 

VAM (vesicular 
arbuscular 
mycorrhizal) 

Mixed with soil Increased salt tolerance of cotton 
seedlings 

Jalaluddin 1993 

Rs-5 strain 
(Klebsiella oxytoca) 

Inoculation through seed 
soaking 

Enhancement of germination and 
emergence under salinity stress 

Yue et al. 2007  

Rs-198 strain 
(Pseudomonas 
putida) 

Inoculation through seed 
soaking 

Protect against salt stress and 
promote cotton seedling growth 

Yao et al. 2010 

 
Chemical or biological treatment 
 
Apart from genetic breeding, the salt tolerance of cotton plants 
can be improved through chemical or biological treatment. A 
number of chemical or biological agents have been reported to 
improve the salt tolerance of cotton (Table 1). Ferreira and 
Reboucas (1992) used pre-sowing hydration/ dehydration 
cycles to improve the germination of three cultivars of cotton in 
the presence of NaCl. In another study, pre-soaking of cotton 
seeds with 0.5 % solutions of CaSO4 for 8 h prior to sowing 
increased the shoot and root growth (Rauf et al., 1990). Seed 
soaking with Ca2+ improved seed germination and seedling 
growth under salinity (Javid et al., 2001), and it offset the 
reduction in root growth caused by NaCl when applied 
hydroponically to cotton seedlings (Kent and Lauchli, 1985). 
Shannon and Francois (1977) found that pre-soaking of G. 
barbadense seeds in distilled water hastened germination. 
Soaking cotton seed in water for several hours before 
hand-sowing is used to improve germination in China, India 
and Pakistan, but the practice is significantly decreasing with 
the use of tractor-powered drills which damage the soft 
pre-soaked seeds (Gorham, 2009). Phytohormones or plant 
growth regulators have an important role in the regulation of 
plant metabolism by coordinating the functional activities of 
whole plants as well as their reaction to salinity. Bozcuk (1981) 
found that kinetin at 10 or 20 ppm improved the germination of 
cotton and alleviated the effect of salt concentrations up to 150 
mM (Gorham, 2009). Foliar spray of G. barbadense cultivars 
with GA3 alone or in combination with boron increased growth 
and monovalent cation contents under salinity, but decreased 
chloride content (Ibrahim, 1984). The GA3 also alleviated the 
detrimental effects of salt on photosynthetic pigments in 
seedlings (Renu et al., 1995). Heat shock (3 h at 47°C) 
increased the tolerance of cotton to subsequent Na2SO4 salinity 
(Kuznetsov et al., 1990, 1993), and the response was linked to 
changes in the production, at different times, of ethylene, 
proline and putrescine (Kuznetsov et al., 1993). 

 
 
Treatment (of imbibing seeds and/or as a foliar spray) with the 
cytokinin analog, MCBuTTB improved the germination, 
growth, and yield of cotton plants subjected to salinity (Stark, 
1991). Another cytokinin analogue, polystimuline K, alleviated 
the effects of salt on photosynthetic activity in two week old 
cotton plants (Ganieva et al., 1998). Various treatments with 
PHCA (polyhydroxycarboxylic acid) have also been reported to 
improve yields on saline soils (Munoz, 1994). Coronatine 
(COR) is a chlorosis-inducing phytotoxin that mimics some 
biological activities of methyl jasmonate. Pretreatment with 
COR increased the activities of the antioxidant enzymes 
catalase (CAT), peroxidase (POD), and glutathione reductase 
(GR), and of the stable free radical, 1,1-diphenyl-2- 
picrylhydrazyl (DPPH) in leaf tissues of salinity-stressed cotton 
seedlings (Xie et al., 2008). Some biological agents are able to 
improve the salt tolerance of cotton. Jalaluddin (1993) and 
Feng et al. (1999) studied the effects of salt stress on VAM 
(vesicular arbuscular mycorrhizal) formation and of inoculation 
with VAM fungi on salinity tolerance of cotton plants. They 
found that cotton plants inoculated with VAM had a higher 
biomass than non-inoculated plants. They thus suggested that 
the VAM fungi–plant symbiosis might play an important role in 
survival of plants grown on saline soils. Also, inoculation with 
VAM fungi could enhance crop production on saline soils and 
reduce yield loss due to salt stress. Yue et al. (2007) isolated the 
Rs-5 bacteria strain which was identified as Klebsiella oxytoca. 
The Rs-5 could obviously relieve salt stress and promote cotton 
seedling growth. Further analysis showed that it had the ability 
to increase cotton’s absorption of N, P, K, and Ca and decrease 
the absorbability of Na under salt stress. In addition, Rs-5 itself 
could produce the phytohormone– auxin, and was capable of 
dissolving phosphorus. In another study, the strain, Rs-198 was 
isolated from an alkaline soil and identified as Pseudomonas 
putida on the basis of its physiological and biochemical  
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Fig 1. Improved cotton plant growth by unequal salt 
distribution (100/500 mM NaCl)  relative to equal salt 
distribution（300/300 mM NaCl）in the root zone in a split-root 
experiment under greenhouse conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Cotton seedlings raised by flat seeding with plastic 
mulching in a moderately saline field (A) and by furrow 
seeding with plastic mulching in a highly saline field (B). 
 
 
 

properties as well as its 16S rDNA sequence analysis (Yao et al., 
2010). The Rs-198 could protect against salt stress and promote 
cotton seedling growth. The protection was attributed to 
increased absorption of Mg2+, K+ and Ca2+, decreased uptake of 
Na+ from the soil and improved production of endogenous 
indole acetic acid (IAA) and reduced abscisic acid (ABA) 
content in salt-stressed cotton seedlings. 
 
Mulching, furrow seeding and unequal salt distribution 
 
Proper management of cotton with rational cultivation 
techniques like mulching, furrow seeding, fertilization and 
irrigation can alleviate salt damage to cotton plants in saline 
fields. Cotton plants at emergence and young seedling stages 
are more sensitive to salt stress than at other stages of growth in 
saline conditions. This explains why poor stand establishment 
and seedling growth are often encountered in saline soils. 
Because good stand establishment is a prerequisite for a 
bumper harvest of cotton, more attention should be paid to 
emergence and stand establishment during field management 
(Dong et al., 2008). Salinity and the related stress originate 
from the root-zone soil environment. Therefore, any practice 
that improves at least part of the root-zone environment can 
alleviate salt damage. The ways to improve root-zone 
environment include reduction of soil salinity and increases in 
soil moisture and temperature. In a split-root experiment, Dong 
et al. (2010a) confirmed that unequal salt distribution in the 
root-zone can alleviate salt damage to cotton plants. Potted 
cotton plants were grown in a split-root system in the 
greenhouse and each root half was irrigated with either the 
same or two concentrations of NaCl. When the entire root 
system was exposed to the same concentration of NaCl, shoot 
dry weight, leaf area, plant biomass, leaf chlorophyll, 
photosynthesis and transpiration were significantly reduced 
relative to the NaCl-free control (Fig. 1). Significant reductions 
in biological and economic yields were noticed at harvest. 
However, when only half of the root system was exposed to 
low-salinity, the inhibition effect of salinity on growth and 
yield was significantly reduced. Plant biomass and seed cotton 
yield were significantly increased compared to equal salt 
distribution. In another experiment, we compared cotton raised 
on furrow-beds in saline fields with those raised on flat beds as 
controls and found that furrow-bed seeding induced unequal 
salt distribution in saline fields (Dong et al., 2008); plant 
growth, yield and earliness were significantly improved. Such 
an improvement in yield and earliness was mainly due to 
unequal distribution of salts in the root zone (Fig. 2). A further 
study by Dong and his colleagues attributed the improvement 
by unequal salt distribution to increased water use, decreased 
Na+ accumulation and increased K+ and K+/Na+ ratio in leaves 
(Kong et al., 2011). Recirculation of Na+ from shoot to the 
low-salinity side of roots through the phloem is an important 
mechanism for reducing leaf Na+ accumulation in leaves. 
Enhanced Na+ efflux from the low-salinity root side induced by 
the high-salinity root side might also play an important role in 
decreasing foliar Na+ accumulation. The Na+ extrusion in 
salt-stressed cotton roots is mainly attributed to an active 
Na+/H+ antiport across the plasma membrane. Row covering 
with polyethylene film (plastic mulching) is a common practice 
in many countries because it permits early sowing with lower 
risk of failure. In China, this practice has become one of the 
most popular techniques for cotton production since the 1980s. 
Plastic mulching enhanced plant growth by increasing soil 
temperature, thus increasing cotton lint yield (Dong et al., 
2007). Some other benefits of plastic mulching are increased 
soil temperature, water conservation, salinity control in the root 
zone and weed control. Plastic mulching also resulted in 

Unequal 
salt 

Equal salt 
distributi
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unequal salt distribution in the saline soil, in which part of the 
root system developed in relatively low-saline soil, and salt 
damage was thus reduced (Dong et al., 2010a; Bezborodov et 
al., 2010). Our further study showed that the integration of 
plastic mulching with furrow seeding could more effectively 
enhance stand establishment, earliness, yield, and yield 
components of cotton than mulching or furrow seeding alone 
(Fig 2). These improvements were due to the unequal salt 
distribution and elevation of soil temperature and moisture in 
the root-zone soon after seeding. As a result, the Na+ uptake by 
roots and leaves was reduced, peroxidation of lipids in cotton 
tissues was decreased, and Pn improved. The integration of 
plastic mulching with furrow bed seeding is a promising cotton 
production technique in saline areas (Dong et al., 2008; 2010a). 
Normal planting of full-season cotton in saline fields in 
temperate areas is faced with poor stand establishment, late 
maturity, and increasing cost of inputs. After trying late 
planting of short-season cotton in a saline field of the Yellow 
River Delta, Dong et al. (2010b) showed that late planting of 
short-season cotton significantly improved seed emergence and 
seedling growth due to increased temperature and reduced Na+ 
concentration in cotton tissues relative to normal planting. The 
yield from late-planted short-season cotton and normal-planted 
full-season cotton was comparable, but the former performed 
better in earliness and required less input than normal planting. 
Therefore, the net revenue from late-planting of short-season 
cotton was greater than that from normal-planting of 
full-season cotton. Late planting of short-season cotton is a 
promising system for growing cotton in saline areas of the 
Yellow River delta and probably in other cotton growing areas 
with similar ecologies (Dong et al., 2010b). Row covering is 
conventionally applied after sowing, but pre-sowing 
evaporation in spring would cause accumulation of salts and 
moisture loss in the surface layer of saline soils, especially in 
areas without pre-sowing irrigation. Row mulching with plastic 
film can be done 30 d before sowing (early mulching) in saline 
fields. Although both conventional and early mulching could 
effectively improve stand establishment, plant growth, earliness 
and lint yield of cotton, early mulching was more beneficial to 
stand establishment, plant growth and yield. The increased 
benefits of early mulching were due mainly to the better control 
of root-zone soil salinity, elevation of soil temperature and 
reduction of moisture loss. As a result, the Na+ accumulation in 
leaves and peroxidation of lipids in cotton tissues decreased, 
and photosynthesis improved. Mulching was more costly, but 
the increased yield by mulching was enough compensate for 
the cost increase. Early mulching is also a promising cotton 
production technique in the saline areas (Dong et al., 2009a). 
 
Fertilization 
 
Under salt stress, plant growth, nutrient absorption and 
metabolism, protein synthesis and water absorption are greatly 
altered, making it difficult for plants to fully utilize nutrients 
(Pessarakli, 2001; Ella and Shalaby, 1993). Therefore, proper 
fertilization will improve salt tolerance of cotton plants. Chen 
et al. (2009) studied the influence of different N fertilization 
rates and soil salinity levels on the growth and nitrogen uptake 
of cotton. They found that cotton growth was significantly 
affected by the interaction of soil salinity and N but not by N 
alone. At low to moderate soil salinity, the growth inhibition 
was alleviated by fertilizer application. At low to medium soil 
salinity, N uptake increased with N fertilization. At higher 
salinities, N uptake was independent of N rates and was mainly 
influenced by soil salinity. The uptake of K decreased with soil 
salinity. The concentration of Na, Cl and Ca in plant tissues 
increased with soil salinity with the highest concentrations in 

leaves. Applying nitrogen at the beginning of an irrigation 
cycle enhanced yield and fertilizer use efficiency (Hou et al., 
2009). Jabeen and Ahmad (2009) investigated the response of 
cotton grown at high salinity supplemented with foliar 
application of KCl (500 mg/L) and NH4NO3 (500 mg/L) alone 
and in mixture. Soil salinity was maintained through irrigation 
with saline water. Plant growth parameters were reduced 
significantly at high salinity but the detrimental effects were 
alleviated by foliar spray of NH4NO3 or KCl. Foliar spray with 
a combination of NH4NO3 and KCl showed better result than 
spraying with either fertilizer material alone. The performance 
trends at the vegetative and reproductive growth stages under 
non-saline and saline conditions were same and varied in the 
order: Non-spray < water spray < KCl < NH4NO3< NH4NO3 + 
KCl. Foliar nutrient spray was beneficial to both vegetative and 
reproductive parameters in cotton under saline environment 
(Jabeen and Ahmad, 2009). 
 
Oxygation 
 
Using aerated water for subsurface drip irrigation of crop 
(oxygation) might minimize the impact of salinity on plants 
under oxygen-limiting soil environments. Bhattarai and 
Midmore (2009) evaluated the effects of oxygation (12% air 
volume/volume of water) on cotton in a salinized vertisol at 2, 
8, 14, 20 dS/m ECe. Oxygation increased lint yield and water 
use efficiency (WUE) by 18 and 16%, respectively and was 
accompanied by greater canopy light interception, plant height 
and stem diameter. It also enhanced photosynthesis and relative 
water content in the leaf, and reduced crop water stress index 
and leaf water potential. Oxygation improved yield and WUE 
of salt tolerant and moderately tolerant crops under saline soil 
environments, and this may have a significant impact for 
irrigated agriculture where saline soils are constraints to crop 
production (Bhattarai and Midmore, 2009). 
 
Conclusion 
 
Salt damage to cotton plants in saline soils is mainly due to ion 
toxicity, osmotic stress and nutrient imbalance. The external 
manifestations of salt damage are usually the inhibition of seed 
germination, emergence and seedling growth, reduced biomass 
and economic yield, etc., while the internal effects are mainly 
the physiological and biochemical changes. Both internal and 
external symptoms of salt damage depend on level and 
longevity of salt stress, and vary with growth stages. Cotton 
plants at emergence and young seedling stages are more 
sensitive to salt stress than at other stages, thus more attention 
should be paid to stand establishment, especially at the seedling 
stage when growing cotton on a saline soil. Increasing salt 
tolerance of cotton and high Cl- and/or Na+ concentration in the 
soil medium are two effective strategies for controlling salt 
damage to cotton. Currently, several ways or practices for 
improving the salt tolerance of cotton have been determined. 
Although some progress in salt-tolerant improvement of cotton 
has been made, particularly through molecular breeding, the 
development of salt-tolerant cotton is not an easy job due to the 
complexity of the tolerance mechanisms, narrow germplasm 
resource, lack of selection criteria and variation in salt 
responses at different developmental stages (Ashraf et al., 
2008). Seed or plant treatment with chemical or biological 
agents is also an effective alternative in improving salt 
tolerance in cotton. There are also a number of agronomic 
practices which can effectively control salt damage through 
improvement in root-zone soil environment. Plastic mulching, 
furrow seeding, late-planting of short season-cotton, irrigation 
and fertilization either reduced salinity, increased temperature 
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and moisture, or increased supply of nutrients in the soil 
root-zone, thus reducing the salt damage in saline fields. 
However, all the practices have their own limitations (Qadir et 
al. 2000). From the present point of view, a more realistic 
approach is to adopt comprehensive practices, including saline 
soil improvement through agronomic and engineering practices, 
application of salt-tolerant cultivar, seed and plant treatment, 
specific planting like mulching and furrow seeding, proper 
fertilization and other agronomic practices. Further research 
should focus on the following three aspects: The first is to 
develop specific cotton cultivars with high salt tolerance 
through a combination of traditional breeding methods and 
molecular technologies. The second is to further explore and 
understand the supply and uptake characteristics of water and 
fertilizer, and to explore new alternatives to improve uptake 
and use efficiency of nutrients and water in saline soils. The 
third is to develop new products for cotton growing in saline 
soils, including new foliage fertilizer, specific slow-released 
fertilizer and commercial plant growth regulators. 
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