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Introduction

Soil salinity is a globally well-known agricultural 
problem, affecting crop production in many parts 

of the world particularly arid, semi-arid and coastal 
regions. Almost 19.5% of the global irrigated arable 
land is salt affected (Abdelraheem et al., 2019), which 
is increasing with the passage of time. Most of the 

cultivated crops are sensitive to high salt concentration 
(Hasanuzzaman et al., 2013). However, as compared 
with other crops, cotton is moderately tolerant to salt 
stress (Soltanpour and Follett, 1995). Soil salinity 
adversely affects cotton growth, particularly during 
emergence and seedling establishment (Ashraf, 2002; 
Liu et al., 2014). In addition to delayed germination 
and poor seedlings establishment, salinity also hinders 
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vegetative, as well as the reproductive development 
of cotton plants (Qadir and Shams, 1997). Akhtar 
et al. (2010) have reported a significant decline in 
germination, leaf area, chlorophyll content, number 
of bolls per plant, boll weight and shoot dry weight 
under NaCl stress. Shoots are more sensitive to salts 
as compared to roots, resulting in lower shoot/root 
ratios in salt-stressed cotton plants (Brugnoli and 
Björkman, 1992). When subjected to prolonged 
salt stress, mature cotton plants show a reduction in 
fruit bearing branches (Ashraf, 2002), delayed fruit 
initiations, decrease in fruit node number, higher fruit 
shedding and late maturity (Longenecker, 1974). In 
response to high salt concentration, plants exhibit a 
decrease in shoot growth in two distinct phases i.e. 
osmotic stress (rapid response) and ionic stress (slow 
response) (Munns et al., 1995). The osmotic phase 
shows a rapid reaction to salt stress due to an increase 
in osmotic pressure. 

Increased salt accumulation in the rhizosphere is a 
major factor reducing the soil water potential and 
consequently decreasing the uptake of moisture 
by plants. In monocots, osmotic stress primarily 
decreases growth by affecting leaf expansion (Shahzad 
et al., 2015) and stomatal conductance while in 
dicot plants it restricts the number of branches or 
individual leaf size (Munns, 2002). Ionic phase shows 
a slow reaction to salinity as ions accumulate to toxic 
concentrations in shoots and older leaves. Ionic 
stress affects plant growth much later as compared 
to osmotic stress, especially under low to moderate 
salinity levels (Munns and Tester, 2008). Toxicity 
occurs when certain ions are taken up with the water 
and accumulate in the leaves to an extent that causes 
tissue damage. Ion toxicity mostly results from Na 
and Cl accumulation and oxidative stress as a result of 
prolonged exposure to salinity.

Conventional breeding, genetic engineering or 
inter-specific introgressions are the possible tools to 
develop salt tolerant cotton genotypes (Abdelraheem 
et al., 2019). Although genetically modified cotton 
plants perform better under salinity stress, but the 
tolerance level is still far behind the requirements of 
commercial production due to their limited salinity 
tolerance or poor agronomic performance. To combat 
osmotic stress, many plants produce and accumulate 
compatible organic solutes such as glycine betaine, 
proline, trehalose and ectoine (Hare et al., 1998). In 
addition to the development of tolerant genotypes, 

use of organic solutes could be an effective way to 
mitigate the detrimental effects of salt stress.

Trehalose is a non-reducing disaccharide required in 
the acquisition of stress tolerance (Li et al., 2014). 
Trehalose plays an important physiological role as a 
protectant against various abiotic stresses in different 
organisms including bacteria, yeast and invertebrates 
(Leslie et al., 1995). Exogenous application of trehalose 
at low concentrations (1-30 mM) to different plant 
species has been shown to induce stress related genes 
and components of trehalose signaling (Delorge et al., 
2014). In plants, trehalose has been successfully used 
in greenhouse and laboratory experiments to enhance 
tolerance against abiotic stresses (Djilianov et al., 
2005). In a recent study, trehalose has been reported 
to improve the performance of wheat plants by 
mitigating the severity of salt-induced oxidative stress 
(Sadak, 2019). Like other compatible organic solute, it 
plays a significant role in ameliorating various abiotic 
stresses in plants (Farooq et al., 2010). In response 
to abiotic stresses, trehalose accumulates in several 
plant species and may act as a stabilizer, energy source 
and protector for biological membrane structures and 
proteins (Iordachescu and Imai, 2008). Substantial 
number of evidences recommends trehalose-6-
phosphate (T6P) as a potential player and a requisite 
sugar signal in plants that integrate metabolism with 
growth and development dynamics (Yuan et al., 2013; 
Caldana et al., 2013). Exogenously applied trehalose 
plays a significant role as osmo-protectant in plants 
(Luo et al., 2010). Trehalose played a beneficial 
role by decreasing the rate of ion leakage and lipid 
peroxidation in root cells of maize plants under salinity 
stress (Zeid, 2009). Trehalose application induced salt 
tolerance in rice plants by maintaining potassium 
concentration and reducing the sodium accumulation 
in roots (Garg et al., 2002). Trehalose accumulation in 
tobacco, through genetic engineering, also improved 
tolerance to salinity (Romero et al., 1997). It acts as 
osmo-protectant and maintains the cellular osmotic 
balance by efficiently stabilizing different biological 
systems such as dehydrated enzymes, proteins and 
lipid membranes. Trehalose also plays an important 
role in the scavenging of reactive oxygen species (ROS) 
directly or indirectly (Mostofa et al., 2015). Trehalose 
shows protective effect by preserving the ion pump 
that particularly expels out the excess amount of Na+ 
from the chloroplast. Trehalose protects lipid bi-layer 
integrity and functions of enzymes during salt stress 
(Garcia et al., 1997).
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It is hypothesized that trehalose may improve the 
physiological and biochemical attributes of cotton 
plants under saline conditions. The functions of 
endogenous trehalose and its intermediaries in plant 
stress response have been recently explored. However, 
its practical application to field crops is largely less 
known.

Materials and Methods

The present study was conducted in the greenhouse of 
the Department of Agronomy, Bahauddin Zakariya 
University, Multan, Pakistan. Delinted seeds of Bt 
cotton (Gossypium hirsutum L., var., NIAB 777) 
were kindly supplied by Punjab Seed Certification 
Department, Zonal office Multan. Clay pots were 
filled with 10 kg of equal mixture of silt and local 
soil. The experimental soil has 7.8 pH, 2.89 EC (dS 
m-1), 0.59% organic matter, 0.03% total nitrogen, 
8.47 mg kg-1 soil Olsen phosphorus, and 130 mg 
kg-1 soil ammonium-extractable available potassium. 
Nutrients were mixed in the prepared soil before 
sowing at the rate of 2.8 g urea, 2.6 g MOP, 4.6 g 
SSP, 2.8 g MgSO4, 3.0 g CaSO4 and 1.0 g FeSO4 
per pot. Micronutrients were supplied in the form 
of a nutrient solution. Ten delinted seeds were sown 
in each pot. Seedlings were later thinned out to 
maintain 2 plants per pot. The study was conducted 
under completely randomized design (3 × 3 factorial) 
with three salinity levels and three trehalose levels and 
was replicated four times. For salt treatment, the pots 
were allocated to three groups i.e. control (no salt), 11 
dSm-1 (medium salinity) and 17 dSm-1(high salinity), 
36 days after sowing (DAS). Prior to the experiment, 
maintenance of desired EC in the experimental soil 
was optimized. In order to avoid sudden osmotic 
shock to young plants and to keep plants in osmotic 
phase of salt stress (Munns et al., 2000), salt (NaCl) 
was applied in the form of solution and in equal 
increments at 2 days interval. For maintenance of 11 
dSm-1 salt treatment, NaCl solution (100 mM) was 
applied to the pots at 2 days interval in four equal 
increments i.e. 50, 52, 54 and 56 DAS. For 17 dSm-

1 treatment, the NaCl was provided in six equal 
increments at 2 days interval i.e. 50, 52, 54, 56, 58 and 
60 DAS. The final NaCl concentrations for 11 and 17 
dSm-1 were 1.75 and 2.62 g per kg soil, respectively. 
All pots were supplied with 2 liter of irrigation water 
at 4 days interval till harvest. For trehalose (0, 5 and 
50 mM) treatments, the plants were sprayed twice i.e. 
64 and 70 DAS. Trehalose was applied with a hand 

sprayer on both sides of the leaves until the leaves 
were completely wet. Trehalose concentration was 
chosen on the basis of previously published research 
(Delorge et al., 2014). 

The plants were harvested at 76 DAS and the data 
were recorded for plant height, number of leaves per 
plant, leaf fresh and dry weight, shoot fresh weight, 
root fresh and dry weight and number of buds per 
plant. Leaf, shoot and root fresh weight were measured 
immediately after harvesting. The samples were then 
kept at 70 oC for 72 hours to measure dry weight.

Sodium (Na+) and potassium (K+) concentration in 
root and shoot of plants were analyzed by digestion 
process. Briefly, tissue samples were dried at 105oC 
for 72 h and 0.5 g finely ground samples were dry-
ashed in muffle furnace at 550oC and digested into 
nitric acid-perchloric acid (HNO3-HClO4) at 2:1 
ratio, following Rashid (1986). The concentration of 
elements was measured by means of flame photometry. 
Na+ uptake at the root surface and Na+ translocation 
from root to shoot were calculated as described below.

Na+ uptake at the root surface = total plant Na+ content / 
total root dry weight

Na+ translocation from root to shoot = shoot Na+ content / 
root Na+ content

Fresh samples (0.3 g) were collected, in liquid 
nitrogen, from uppermost fully expanded leaves for 
antioxidant enzyme activity assay. The specimens 
were homogenized in 50 mM phosphate buffer 
solution (PBS, Na2HPO.12H2O + NaH2PO4.2H2O) 
having pH 7.8, 50 mM concentration, followed 
by centrifugation for 15 minutes at 10,000×g. The 
supernatant was collected in new tubes to determine 
the activity of superoxide dismutase (SOD), 
Peroxidase (POD) and Catalase (CAT). SOD 
activity was measured by detecting the inhibition of 
NBT (nitroblue tetrazolium) reduction. The reaction 
mixture (3 mL) contained 130 mM methionine, 75 
µM NBT, 100 µM EDTA, enzyme extract and 20 
µM riboflavin. The mixture was incubated under 
fluorescent lamps for 20 min before measuring the 
absorbance at 560 nm (Dhindsa et al., 1982). For 
POD determination, the reaction mixture (3 mL) 
was composed of 50 mM potassium phosphate 
buffer (pH 7.8), 1.5% guaiacol, 300 mM H2O2 and 
enzymes extract. The absorbance was taken at 470 nm 
(Kumar and Khan, 1982). CAT activity was measured 



Exogenoud trehalose alleviates salt stress in cotton

June 2020 | Volume 33 | Issue 2 | Page 273 

as described by Aebi (1984). The absorbance of the 
reaction mixture (50 mM PBS at pH 7.8, enzyme 
extract and 300 mM H2O2) was detected at 240 nm 
as a result of H2O2 disappearance.

Data were subjected to Fischer’s analysis of variance 
(two-way ANOVA) using Statistix 8.1. Multiple 
comparisons to separate treatment means were 
performed using the least significant difference 
(LSD) test with P ≤ 5%.

Results and Discussion

Agronomic attributes
Both salinity levels (11 and 17 dSm-1) clearly reduced 
plant height as compared to control conditions, 
with no considerable difference between 2 stress 
treatments. Exogenous application of trehalose at all 
levels had no significant effect on the height of cotton 
plants under control and stressed conditions (Figure 
1A). The results revealed a substantial decline in 
shoot fresh weight of salt-stressed plants as compared 
to those grown under normal conditions. The toxic 
effect of salinity was more pronounced at higher 
stress level. Trehalose spray on control plants showed 
no significant effect while it improved the SFW of 
stressed plants. Both levels (5mM and 50mM) of 
trehalose significantly enhanced SFW under 11dSm-1 

salt level. However, at 17dSm-1 lower dose of trehalose 
was more effective in stress amelioration (Figure 1B). 
The results showed that both salt treatments (11 and 17 
dSm-1) significantly reduced the leaf fresh weights as 
compared with the control. But no statistical difference 
was noted between 2 salt treatments. Foliar application 
of trehalose did not affect leaf fresh weights of control 
plants. Nonetheless, trehalose significantly improved 
the leaf fresh weights of salt-stressed plants at both 
stress levels. The application of 50 mM trehalose 
significantly increased the LFW as compared to 0 
mM concentration medium salt treatment (11 dSm-

1). While at higher salt stress (17 dSm-1), both 5 and 
50 mM trehalose significantly enhanced the LFW as 
compared to 0 mM trehalose (Figure 1C). An obvious 
decline in LDW of cotton plants was observed under 
both salinity levels. However, the effect was more 
prominent at higher salinity treatment, as compared 
with the control plants. No significant effect of 
trehalose, at either concentration, was observed 
towards stress amelioration for this parameter 
(Figure 1D). Both salt treatments (11 and 17 dSm-1) 
markedly reduced the RFW as compared to control 

plants, with a more pronounced effect at higher stress 
levels. A clear decline in RFW of unstressed plants 
was observed when treated with 50 mM trehalose. 
Under saline condition both doses of trehalose 
application exhibited a significant enhancement in 
RFW at higher stress levels. However, the difference 
between 2 trehalose levels was statistically non-
significant (Figure 1E). Under saline conditions root 
dry weight of plants was significantly reduced by 
both salt treatments (11 and 17 dSm-1) as compared 
to control plants. But the difference between 2 stress 
levels was not noticeable. A clear decline in RDW 
of control plants was observed by 50 mM trehalose 
applications. Both levels of trehalose (5 and 50 mM) 
equally mitigated the deleterious effects of salinity 
and improved the RDW of plants at both stress levels 
(Figure 1F). The application of both salt treatments 
significantly reduced the number of leaves per plant. 
However, the difference between 11 and 17 dSm-1 salt 
level was statistically at par. Exogenous application of 
trehalose at all stress levels had no significant effect 
on number of leaves of cotton in both the control and 
salt-treated plants (Figure 1G). Both salt treatments 
(11 and 17 dSm-1) reduced the number of buds per 
plant, but the effect was clearer at higher stress level 
in comparison with the plants grown under normal 
conditions. The application of trehalose did not induce 
a significant change in number of buds per plant under 
control or stressed environment (Figure 1H).

Sodium and potassium concentration
The results regarding the Na+ and K+ dynamics in cotton 
plants are presented in Table 1. The lower dose (11dSm-

1) of NaCl in the root medium considerably increased 
the Na+ concentration, both in leaf and root tissues of 
cotton, as compared with the control treatments. Root 
Na+ concentration was further increased when the 
plants were treated with 17 dSm-1 salt concentrations. 
However, at higher salinity level (17 dSm-1) no further 
increase in leaf Na+ concentration was noted. Results 
revealed that the root K+ concentration was markedly 
reduced at both stress levels. But in leaves, the obvious 
decrease in K+ concentration was observed only at 
higher salinity treatment, in comparison with the 
control. The application of trehalose had no effect on 
K+ and Na+ dynamics in roots as well as leaves of cotton 
plants under control and stressed conditions. Both salt 
treatments substantially reduced K:Na ratios in both 
the roots and leaves, however trehalose application had 
no significant effect on K:Na ratios under either salt 
treatment (Figure 2A, B). Similarly, salt treatments 
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significantly increased Na uptake at the root surface 
and Na translocation from root to shoot, while 
trehalose application did not influence both variables 
under either salt treatment (Figure 2C, D).
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Figure 1: Effect of trehalose foliar application on plant height (A), 
shoot fresh weight (B), leaf fresh weight (C), leaf dry weight (D), 
root fresh weight (E), root dry weight (F) number of leaves per 
plant (G), and number of buds per plant (H) under different salt 
stress conditions. Means are representatives of 4 replicates with bars 
indicating the standard error. Different letters indicate significant 
difference among the treatments (P≤0.05).
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Antioxidant enzyme activities
Conspicuous alterations were observed in the activity 
of SOD, POD and CAT under the influence of 
salinity stress and trehalose treatment (Figure 3). A 
considerable rise was noted in SOD activity with 
increasing salt concentration, as compared with 
control plants. However, a lower dose of trehalose (5 
mM) clearly ameliorated the salt-induced increase in 
SOD activity at both salinity levels, in comparison 
with the NaCl treatment alone. But, a higher dose 
of trehalose (50 mM) was found to be effective only 
at elevated salinity level. But the difference between 
ameliorative effects of 2 trehalose levels was not 
noticeable. POD activity was also increased under salt 
stress, but the magnitude of impact was almost similar 
at both NaCl treatments. The lower dose of trehalose 
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Table 1: Effect of trehalose foliar application on Na+ and K+ concentrations of cotton roots and leaves under different 
salt stress conditions.
Salt treatment Trehalose

(mM)
Root K
(mg g-1 DM)

Root Na
(mg g-1 DM)

Leaf K
(mg g-1 DM)

Leaf Na
(mg g-1 DM)

Control 0 8.75±0.2 a 1.65±0.2 c 20.25±1.3 a 0.88±0.1 b
5 9.50±0.2 a 2.10±0.3 c 21.38±1.8 a 0.76±0.1 b
50 8.50±0.8 a 1.78±0.2 c 20.38±0.4 a 0.67±0.1 b

11 dSm-1 0 6.63±0.3 b 8.18±0.4 b 18.38±1.3 a 6.78±0.8a
5 6.40±0.3bc 6.25±0.6 b 18.38±0.5 a 7.06±0.8a
50 6.65±0.6 b 7.50±0.7 b 18.25±0.4a 7.12±0.6a

17 dSm-1 0 4.83±0.4 c 11.08±0.8 a 11.63±0.9 b 8.92±0.5 a
5 5.70±0.4bc 11.50±0.7 a 11.98±0.7 b 8.56±0.9a
50 5.43±0.6bc 12.53±1.3 a 12.75±1.4 b 8.80±0.8 a

Data points are means ± SE of four replicates. Different letters indicate significant difference among the treatments (P≤0.05).

significantly reduced the POD activity at elevated 
salinity levels as compared to the higher one. POD 
activity was highly increased by 50 mM trehalose 
treatment at low salinity level, as compared with 0 and 
5 mM concentration. Like SOD and POD, a similar 
increasing trend was observed in CAT activity with 
increasing salt stress. Both trehalose treatments had 
no clear effect on CAT activity at lower stress levels. 
But at higher salinity treatment, CAT activity was 
noticeably declined by both trehalose concentrations. 
Nonetheless, the difference between two trehalose 
treatments was statistically negligible. 

The present study investigated the impact of foliar 
applied trehalose on growth, Na+ accumulation in 
tissues and antioxidant activities of cotton plants 
subjected to 11 and 17 dSm-1 salinity levels. Results 
showed that both salt treatments significantly reduced 
cotton growth attributes. Despite substantial reduction 
in growth, no symptoms of necrosis were observed 
on leaves of plants subjected to salt treatments. This 
indicates that the growth was primarily inhibited 
by osmotic phase of salinity stress. It is considered 
that growth reduction by ion-toxicity occurs when 
plants show symptoms of necrosis on leaf blade and 
margins (Silva et al., 2009). Salt accumulation in 
apoplast (Quintal et al., 2014) and changes in cell 
wall extensibility (Byrt et al., 2018) might be the 
possible explanations for growth retardation in the 
current investigation. Cells are osmotically adjusted 
for elongating cells to develop and maintain turgidity. 
The distinction between the osmotic and ion-specific 
effects depends upon the formation of new leaves and 
the severity of injury on older leaves. Shoot growth 
mainly depends upon the production and expansion 

of leaf cells. Osmotic stress rapidly decreases the rate 
of expansion of young leaves (Munns and Tester, 
2008). Reduction in biomass production as a result 
of salinity-induced osmotic stress is a consequence of 
decreased photosynthetic efficiency due to reduced 
leaf growth and smaller size of photosynthetic organs 
(Dinakar et al., 2016; Chen et al., 2011; Chaves et 
al., 2009). Under salt-induced osmotic stress, the 
inhibition of growth is primarily due to a reduction in 
cell wall expansibility (Cramer and Bowman, 1991).

Cotton is recognized as a moderately salt tolerant 
crop with a threshold level of 7.7 dSm-1 (Maas, 1986). 
In many crops that salt tolerance during ionic phase 
of salinity is associated with partial exclusion of Na+ 
from the shoots ( Jones, 1981), Na+ uptake dynamics, 
Na+ compartmentation within the cell or/and in the 
plant (Quintal et al., 2014), Na+ tolerance in tissues 
and K+ retention in plant leaves (Wu et al., 2015). 
However, plant species generally don’t vary in tolerance 
to osmotic phase of salinity (Tester and Davenport, 
2003). In the present study, the trehalose application 
significantly improved cotton growth under salt 
treatments. However, trehalose did not influence 
the salt-induced increase in uptake, translocation as 
well as leaf and root concentrations of Na. Tolerance 
to osmotic stress and Na-specific damages can 
be differentiated with the absence or presence of 
necrotic spots on leaves, respectively (Tester and 
Davenport, 2003). Sodium-specific damage overrides 
the osmotic damage only when Na concentration 
in the tissues exceeds the critical limit. These results 
indicated that trehalose application primarily 
ameliorated the osmotic stress-induced inhibition 
of growth. In the present study, foliar application of 
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trehalose increased the biomass production in cotton 
under saline condition because of its role as osmo-
protector in detrimental environmental conditions 
(Gouffi et al., 1999). Similarly, growth attributes of 
wheat were improved by foliar application of wheat 
under salinity stress (Sadak, 2019). Foliar application 
of trehalose also significantly alleviated the injurious 
effects of salt stress on maize plants by increasing 
the biomass production (Zeid, 2009). The growth 
of Sinorhizobium saheli was improved with foliar 
application of trehalose under PEG-induced osmotic 
stress (Gouffi et al., 1999).

The outcome of the current study also indicated a 
noticeable increase in the activities of SOD, POD 
and CAT, in the leaves of salt stressed cotton plants, 
as compared with non-stressed treatments. A similar 
result was reported by Abdallah et al. (2016). The 
rise in the activity of antioxidant enzymes could be 
attributed to the elevated synthesis of reactive oxygen 
species (ROS), in response to salt stress, as a measure 
to protect the plants from oxidative damage. SOD 
serves as the first line of defense against oxidative 
damage. Under NaCl treatment, the activity of SOD 
was enhanced to transform O-2 to H2O2, which was 
ultimately detoxified by increased activity of CAT 
and POD to produce water and oxygen (Abdallah et 
al. (2016)). The decrease in the activity of SOD, POD 
and CAT by trehalose application on stressed plants, 
as compared with NaCl treatment alone, explains its 
direct involvement in scavenging ROS (Luo et al., 
2010). The activation of antioxidant defense system by 
trehalose could be due to stabilization of dehydrated 
proteins, lipid membranes and enzymes (Fernandez 
et al., 2010). The enzyme activation could also be the 
results of trehalose role in gene detoxification (Bae 
et al., 2005). These facts indicate that trehalose was 
involved in the feedback of abiotic stress variations. 
Exogenous application of osmo-regulators is a 
possible mean of developing tolerance in plants 
against stressful environmental conditions (Farooq et 
al., 2010).

Conclusions and Recommendations

Foliar application of trehalose significantly alleviated 
the osmotic damage and improved the various growth 
parameters like the number of leaves, leaf fresh 
weight, shoot fresh weight, root fresh weight, plant 
height, leaf dry weight and root dry weight. Trehalose 
also mitigated the salinity stress by modulating the 

activities of antioxidant enzyme (SOD, POD and 
CAT). However, the underlying mechanisms involved 
in trehalose-mediated biochemical changes need to 
be investigated in future studies. 
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