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Abstract 
 

Water stress reduces crop growth and productivity by affecting various physiological and biochemical processes. 
Although foliar application of osmoprotectants alleviates the detrimental effects of drought stress growth and productivity of 
crops, its economic benefits on large scale has not been explored yet. The studies were carried out to quantify the interactive 
effects of some osmoprotectantsand various watering regimes on cotton crop. The treatments consisted of water stress and 
osmoprotectant applications [(a) two watering regimes (well watered, 2689m3 water; drought stressed, 2078m3), and (b) 
three osmoprotectants (untreated check; water spray containing 0.1 % Tween-80; salicylic acid (100 mg L-1); proline (100 
mg L-1); glycine betaine (100 mg L-1)] in split plot design. The crop was subjected to drought stress at day 45 after sowing, 
i.e., at the flowering stage. The solutions of osmoprotectants were foliarly applied after two weeks of imposition of water 
stress (at the peak flowering stage). The results showed that imposition of water stress caused substantial reduction in plant 
growth, biological yield, fruit production, and fiber characteristics as compared to fully irrigated cotton crop. However, the 
application of osmoprotectants was found effective in off-setting the negative impacts of drought stress. The exogenous 
application of salicylic acid (100 mgL-1) caused improvement by 47.9%, 36.5%, 17.4%, 4.86% and 9.9% in main stem 
height, biological yield, fruit production, fiber length and seedcotton yield over an untreated check, respectively. The 
efficiency of various osmoprotectants was in order of salicylic acid > glycinebetaine > proline in alleviating the harmful 
effects of drought stress. The usage of osmoprotectants was also found most cost-effective and the value for money. The 
cost-benefit ratio was 1:9.1, 1:3.9 and 1:1.7 by spraying of salicylic acid, proline and glycinebetaine, respectively. The 
research study reveals that salicylic acid may be foliarly applied to sustain growth, productivity, fiber characteristics and 
ultimately accruing higher profits under water stress environment. 
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Introduction 
 

The drought stress affects severely the growth, 
physiological processes and productivity of crop plants, in 
contrast to the compound effects produced by other 
environmental vagaries (Sinclair, 2011). It is estimated 
that drought stress lowered the crop yield by 50-73% in 
most of agricultural production zones (Langridge & 
Reynolds, 2015). Drought stressed plants experience 
oxidative stress resulting in generation of reactive oxygen 
species (superoxide, hydroxyl, hydrogen peroxide and 
alkoxy radicals) in response to drought condition (Apel & 
Hirt, 2004; Mittova et al., 2015). These radical species 
could be scavenged simultaneously by stimulation of 
antioxidative battery system and accumulation of greater 
quantities of organic osmolytes in the plant system 
(Ashraf, 2010). The adversity of drought stress could be 
targeted by developing drought tolerant cultivars through 
conventional plant breeding techniques or through 
advanced genetic engineering tools (Ashraf et al., 2011). 
However, the overexpression of traits for drought 
tolerance in most of crop plants is quite erratic under 
different ecologies (Ashraf et al., 2008a; Todaka et al., 
2015). Alternatively, some of the compatible 
osmoprotectants have shown their potential usage for 
counteracting the stressful condition (Athar et al., 2008; 
2009a; 2015; Nazar et al., 2015). There are growing 
evidences that exogenous application of osmoprotectants 
cause stimulation of growth and yield related 
physiological and biochemical processes (Ashraf et al., 
2008a; Noreen et al., 2013; Khalid et al., 2015). Thereby, 

the overproduction of osmolytes arrest the generation of 
reactive oxygen species (ROS) and resulting in sustain 
ability and the productivity of crops (Hu et al., 2015; 
Uzilday et al., 2015).  

Among the various osmoprotectants, salicylic acid has 
been found to be potential endogenous growth regulator, 
which is vital for sustaining a number of physiological 
processes (Bandurska, 2013). The higher concentration of 
salicylic acid in the plant system, results in preventing 
reduction in of phytohormones and indole acetic acid with 
simultaneous greater accumulation of proline content 
(Janda & Ruelland, 2015). The foliar spray of salicylic acid 
has also been proved effective in enhancing the growth and 
productivity of many  crop plants, such as okra, barley, 
maize, cotton, soybean, oilseed crops (Khan et al., 2006; 
Waseem et al., 2006; Arfan et al., 2007; Athar et al., 
2009b; Nazar et al., 2015). The growth and development 
parameters of cotton crop with respect to seedcotton yield, 
number of bolls per plant and fruit production were 
substantially improved by foliar spray of salicylic acid at 
the rate of 100 mg L-1 (Noreen et al., 2013). 

The glycinebetaine (quarternary ammonium 
compound) has been reported an effective chemical in 
stabilizing the structure of enzymes, lipids, photosynthetic 
apparatus and maintaining the osmotic adjustment under 
water stressful conditions (Chen & Murata, 2008;2011; 
Kurepin et al., 2015). In most of the cases, sufficient 
quantity of glycinebetaine (GB) is not produced in the 
plant system and needs external application for greater 
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accumulation to reduce the oxidative stress (Ashraf & 
Foolad, 2007). Various researchers have demonstrated 
that exogenous application of GB caused appreciable 
increase in vegetative and reproductive growth of 
different crops such as canola (Athar et al., 2009a; 2015; 
Khalid et al., 2015), maize, wheat (Ashraf et al., 2008b) 
and cotton (Noreen et al., 2013). Similarly, application of 
proline has shown its potential to induce abiotic stress 
tolerance in plants (Ali et al., 2007; Ashraf & Foolad, 
2007; Ashraf et al., 2007; 2008a). However, efficiency of 
these osmoprotectants is quite differential in different 
crop species. It has been suggested that efficiency of 
osmoprotectants in inducing stress tolerance depends on 
growth stage at which it is applied, degree of water stress 
or prevailing soil-plant-atmosphere water continuum. 
Therefore, the present investigation was aimed to quantify 
the interactive effects of varying watering regimes and 
exogenously applied SA, GB and proline on growth and 
yield of cotton, particularly fiber quality in terms of 
economic benefits of exogenous application.  
 
Materials and Methods 
 

The field experiment was conducted at the 
Experimental Farm of Bahauddin Zakariya University 
Multan, Pakistan (30o11N and 71o28E, and an altitude of 
123 meter above mean sea level). The temperature ranged 
from +30 ºC to +45ºC during the crop season. The 
treatments consisted of [(a) two watering regimes (well 
watered, 2689 m3 water; drought stressed, 2078 m3), and 
(b) three osmoprotectants (untreated check; water spray 
containg 0.1 % Tween-80; salicylic acid,  100 mg L-1; 
proline, 100 mg L-1; glycine betaine, 100 mg L-1) and 
were arranged in a split plot design  (main plot: watering 
regimes and sub-plot: osmoprotectants) with four 
replications. The solution of all osmoprotectants was 
prepared in 0.1% Tween-80 (poly ethylene sorbitol 
monolaurate, Sigma Aldrich, UK.) to enhance the 
penetration of osmoprotectants into the leaf tissues. 
Salicylic acid (2-hydroxybenzoic acid) was dissolved in 
100 μl diamethylsulfoxide to ensure its solubility in water. 
A commercially grown cotton variety MNH-886 was used 
as a test crop. The plants were spaced at 75 cm between 
rows and 30 cm from plant to plant by maintaining the 
plant density of 45,000 plants ha-1. The crop was fertilized 
with basal dose of fertilizers (nitrogen, phosphorous and 
potassium at the rate of 150 kg N, 50 kg P2O5and 50 kg 
K2O ha-1, respectively. The whole quantity of 
phosphorous, potassium and one-third nitrogen was broad 
cast and incorporated in the soil prior to sowing crop. The 
remaining quantity of nitrogen fertilizer was added in two 
equal splits, i-e., at flowering and peak flowering stages. 
The measured quantity of irrigation water was applied by 
using “Cut-Throat Flume” to irrigate various treatments. 
Crop was stressed to 60% field capacity at day 45 after 
sowing, i-e., at flowering stage. Thereafter, various 
osmoprotectants were foliarly applied after two weeks of 
imposition of water stress, i.e. at peak flowering stage. 
The solutions of osmoprotectants were sprayed with 
Knapsack sprayer using two- nozzles per row at the speed 
of 4.0 km h-1 and delivering 250 L ha-1 solution at 275 kPa 
pressure. The crop was protected against insect-pests by 

spraying the recommended dose of insecticides for 
controlling the insects at an economic threshold level 
(ETL) during the whole season. Data on plant structure, 
biological yield and fruit production were collected by 
harvesting of plants from one square meter area. The plant 
height was measured from cotyledonary node to the apex. 
The plants were dissected into leaves, stems and fruiting 
parts. The plant material was oven-dried at 70ºC to attain 
the constant weight. The biological yield was estimated 
according to formula (Wells & Meredith, 1984). At 
maturity, cotton crop was handpicked for two times and 
data on seedcotton yield calculated on an area bases. The 
various fiber characteristics were determined by 
employing High Volume Instrument (HVI) (Bednarz et 
al., 2005). The economic analysis was done to quantify 
the cost- effectiveness of various osmoprotectants on 
cotton crop. Data were subjected to statistical analysis by 
using MSTAT software (Anon., 1989). In case, ANOVA 
permitted, the LSD was applied at 0.05 and 0.01 level of 
significance. 
 
Results  
 
Plant structure: Main stem height, number of nodes per 
plant and internodal length were significantly (p<0.01) 
reduced due to water stress and these attributes were 
increased by application of various osmoprotectants. 
However, the interactive effects of watering regimes and 
osmoprotectants remained statistically non-significant 
(Table 1). Data further revealed that the water stress 
caused reduction in plant height by11.06% compared to 
well watered crop. Of osmoprotectants, salicylic acid 
(SA) caused a maximum increase in plant height. The 
number of nodes per plant were decreased significantly 
(p<0.01) due to imposition of water stress. However, 
spray of osmoprotectants sustained the crop to maintain 
higher number of nodes compared to unsprayed crop. The 
foliar spray of salicylic acid (100 mg L-1) caused increase 
in number of nodes by 4.68% higher than untreated 
check. Similarly, the intermodal length was increased in 
plants receiving osmoprotectants particularly by salicylic 
acid (100 mg L-1) (Table 1) 
 
Biological yield:  Analysis of variance (ANOVA) of 
data depicted that biological yield at maturity 
significantly (p<0.01) varied by imposition of various 
watering regimes and spray of osmoprotectants at 
maturity. The interaction between watering regimes and 
osmoprotectants was found statistically non-significant 
(Table 2). The imposition of water stress at flowering 
stage resulted in reduction in total biological yield by 
11.09% compared to well-watered crop at flowering 
stage. However, the foliar spray of various 
osmoprotectants, particularly salicylic acid (100 mg L-1) 
caused improvement in biological yield by 36.49% over 
untreated check. All the treatments varied significantly 
(p<0.01) amongst each other with regard to spraying of 
osmoprotectants. Data further indicated that dry matter 
was less accumulated vegetative organ due to spraying 
of osmoprotectants, while greater quantity was 
accumulated in fruiting parts (Table 2). 
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Table 1. Interactive effects of watering regimes and exogenously applied osmoprotectants on  
plant structure of cotton crop  at maturity. 

Osmoprotectant 
Watering regime Untreated 

check 
Water spray 

(0.1% Tween-80) 
Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Main stem height (cm) 
Well watered 58.98 60.10 85.78 63.80 68.75 67.48 
Drought stressed 51.08 52.86 76.93 60.83 62.15 60.76 
Mean 54.99 56.49 81.35 62.31 65.45  
LSD (p<0.05): Watering regimes (W)= 6.42**; Osmoprotectants (O) = 6.76**; Interaction (WxO) = 8.15 NS 
 Number of nodes per plant 
Well watered 33 33 35 34 34 34 
Drought stressed 31 32 33 33 33 33 
Mean 32 32.5 33.5 33.5 33.5  
LSD (p<0.05): Watering regimes (W) =0.94**; Osmoprotectants (O) = 0.52**, Interaction (WxO) = 2.15 NS 
 Internodal length (cm) 
Well watered 1.79 1.81 2.44 1.998 1.98 2.00 
Drought stressed 1.59 1.64 2.27 1.83 1.87 1.84 
Mean 1.69 1.72 2.35 1.91 1.92  
LSD (p<0.05): Watering regimes (W)= 0.27**, Osmoprotectants(O) = 0.23**, Interaction (WxO) = 0.32 NS 

 
Table 2. Interactive effects of watering regimes and exogenously applied osmoprotectants on  

biological yield (gm-2) of cotton crop at maturity. 
Osmoprotectant 

Watering regime Untreated 
check 

Water spray 
(0.1% Tween-80) 

Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Plant organ:  Leaves 
Well watered 68.20 74.25 84.85 76.83 78.53 76.44 
Drought stressed 64.10 69.53 71.25 60.83 70.15 67.17 
Mean 66.15 71.80 78.05 68.60 74.34  
LSD (p<0.05): Watering regimes (W) =0.97**; Osmoprotectants(O) = 3.38**; Interaction (WxO) = 4.79  

 Plant organs: Stems 

Well watered 198.60 186.63 138.85 160.80 163.95 169.77 
Drought stressed 170.83 180.93 128.13 139.80 155.05 154.95 
Mean 184.71 183.78 193.49 150.30 159.50  
LSD (p<0.05): Watering regimes (W)= 8.59 **; Osmoprotectants(O) = 7.48**; Interaction (WxO) = 10.57 N 
 Plant organ: Fruits 
Well watered 390.08 400.40 615.0 451.03 440.83 459.47 
Drought stressed 300.15 310.18 589.93 401.23 435.65 407.43 
Mean 345.1 365.29 602.46 426.13 438.24  
LSD (p<0.05): Watering regimes (W)= 1.88**; Osmoprotectants (O) = 14.98**; Interaction (WxO) = 21.18 NS 
 Total 
Well watered 656.88 661.23 838.00 688.20 683.30 705.64 
Drought stressed 535.15 560.83 789.30 601.85 689.15 635.20 
Mean 596.01 611.03 813.50 645.03 686.23  
LSD (p<0.05)  Watering regimes (W)= 20.22**; Osmoprotectants (O) = 26.11**; Interaction (WxO) = 36.93 NS 

 
Fruit production: The statistical analysis of data 
revealed that number of total fruiting positions, number of 
total intact fruit and fruit shedding percentage parameters 
were significantly (p<0.01) affected due to imposition of 
water stress and spraying of various  osmoprotectants on 
cotton crop. However, the interactive effects of these two 
factors were statistically non-significant (Table 3). The 
imposition of water stress caused reduction in number of 
total fruiting positions by 11.31% compared of well-
watered crop. On the other hand, number of total fruiting 
positions was improved significantly by spray of various 
osmoprotectants. The maximum (640) number of fruiting 
positions m-2) were produced by crop sprayed with 
salicylic acid (100 mg L-1) , while the minimum (545 
number of fruiting positions m-2) under untreated check. 
Similarly, the number of total intact fruit m-3 was also 

reduced in crop subjected to water stress condition. The 
crop retained 10.86% lower number of fruit with respect 
to well watered crop. Furthermore, the crop sprayed with 
various osmoprotectants retained higher number of fruit 
per unit area compared to untreated check. The maximum 
(193 number of total intact fruit m-2) was retained by crop 
sprayed with salicylic acid (100 mg L-1), while the 
maximum (118 number of total intact fruit m-2) under 
untreated check with regard to fruit shedding percentage. 
The crop subjected to water stress shed high proportion of 
fruit compared to well-watered crop. However, fruit 
shedding percentage decreased by foliar spray of 
osmoprotectants. The minimum (69.1 fruit shedding 
percentage) was recorded in crop sprayed with salicylic 
acid (100 mg L-1) while, maximum (78.4 fruit shedding 
percentage) under unsprayed crop (Table 3). 
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Table 3. Interactive effects of watering regimes and exogenously applied osmoprotectants 
on fruit production of cotton crop at maturity. 

Osmoprotectant 
Watering regime Untreated 

check 
Water spray 

(0.1% Tween-80) 
Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Number of total fruiting positions (m-2) 
Well watered 560 589 680 600 619 610 
Drought stressed 530 520 600 540 550 548 
Mean 545 555 640 570 585  
LSD (p<0.05): Watering regimes (W)= 36.71**; Osmoprotectants (O) = 25.92**; Interaction (WxO) = 36.86 NS 
 Number of total intact fruit (m-2) 
Well watered 125 140 200 150 150 153 
Drought stressed 110 115 185 140 140 138 
Mean 118 128 193 145 145  
LSD (p<0.05): Watering regimes (W)= 12.46**; Osmoprotectants (O) = 15.54**;  Interaction (WxO) = 21.97 Ns 
 Fruit shedding percentage 
Well watered 77.6 76.3 69.2 74.9 75.8 74.8 
Drought stressed 79.2 77.8 69.1 74.7 74.5 75.1 
Mean 78.4 77.0 69.1 74.8 75.2  
LSD (p<0.05): Watering regimes (W) =3.21**; Osmoprotectants (O) = 3.05**;Interaction (WxO) = 4.31 NS 

 
Table 4. Interactive effects of watering regimes and exogenously applied osmoprotectants on  

seedcotton yield and yield  components of cotton crop. 
Osmoprotectant 

Watering regime Untreated 
check 

Water spray 
(0.1% Tween-80) 

Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Seedcotton yield (kg ha-1) 
Well watered 3368 3450 3690 3610 3600 3544 
Drought stressed 3210 3250 3540 3375 3396 3354 
Mean 3289 3350 3615 3492 3498  
LSD (p<0.05): Watering regimes (W) =70.13**; Osmoprotectant (O) = 83.78**; Interaction (WxO) = 118.40 NS  

 Number of bolls per plant 
Well watered 33 34 38 37 37 36 
Drought stressed 32 32 39 34 34 34 
Mean 33 33 39 36 36  
LSD (p<0.05): Watering regimes (W) =1.81**;Osmoprotectants (O) = 1.97**; Interaction (WxO) = 2.97 NS 
 Boll weight (g) 
Well watered 3.10 3.18 3.50 3.23 3.30 3.26 
Drought stressed 2.70 2.75 3.45 3.90 2..96 2.95 
Mean 2.90 2.97 3.48 3.07 3.13  
LSD (p<0.05): Watering regimes (W)= 0.17**;Osmoprotectants (O) = 1.07**; Interaction (WxO) = 2.97 NS 
 Lint percentage 
Well watered 35.10 35.80 39.30 36.20 36.80 36.64 
Drought stressed 34.00 33.98 38.28 35.35 35.88 35.50 
Mean 34.56 34.89 38.79 35.78 36.34  
LSD (p<0.05): Watering regimes (W) =0.56**;Osmoprotectants (O) = 0.86**; Interaction (WxO) = 1.20 NS 

 
Yield and yield component: Analysis of variance of data 
indicated that yield and yield components differed 
significantly (p<0.01) due to watering regimes and spray of 
various osmoprotectants. However, interactive effects of 
these two factors were found statistically non-significant 
(Table 4). Data further revealed that imposition of water 
stress caused reduction in seedcotton yield by 5.66 % against 
the well watered crop. However, the productivity was 
improved appreciably by application of osmoprotectants. 
The maximum (3615 kg ha-1) seedcotton yield was harvested 
from crop treated with salicylic acid (100 mg L-1), while 
minimum (3289 kg ha-1) under untreated check. The crops 
sprayed with salicylic acid, glycinebetaine and proline 
produced seedcotton of 3615, 3498 and 3492 kg ha-1, 
respectively. The values of seedcotton ranged from 3210 to 
3690 kg ha-1 in various treatments. The increase in 
seedcotton yield resulted due to significant enhancement in 
number of bolls per plant and boll weight by application of 
various osmoprotectants (Table 4). 

The number of bolls per plant was also reduced by 
5.88% by imposition of water stress in comparison with 
well-watered crop. However, crop sprayed with various 
osmoprotectants retained higher number of bolls per plant as 
compared to untreated check. The maximum (39 number of 
bolls) were produced by crop treated with salicylic acid (100 
mg L-1), and the minimum (33 number of bolls per plant) 
under untreated check. Analogous to these parameters, the 
boll weight was also reduced by 10.50% in crop subjected to 
water stress compared to well-watered crop. On the other 
hand, there was substantial enhancement in boll weight by 
spraying of various osmoprotectants. The maximum (3.48 g) 
was obtained in crop treated with salicylic acid (100 mg L-1), 
while minimum (2.90 g) under unsprayed crop. The yield 
parameters regarding lint percentage was also affected 
significantly due to imposition of water stress and spraying 
of osmoprotectants. The water stress caused reduction in lint 
percentage by 3.21% with respect to well-watered crop. The 
maximum (38.79 lint percentage) was found in crop treated 
with salicylic acid (100 mg L-1), while minimum (34.56 lint 
percentage) under untreated check (Table 4).  
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Table 5. Relationships between main stem height and biological yield and fruit production  
under varying watering regimes at maturity. 

Independent variable Dependent variable Watering regimes Regression  
equation 

Correlation of 
coefficient (r) 

Coefficient of 
determination 

(R2) 
Well watered Y= 5.80x+314.21 0.90*** 0.80 Main stem height (cm) Total dry weight (g m-2) Drought stressed Y=6.99x+209.17 0.75** 0.57 
Well watered Y=7.04x+15.78 0.91** 0.84 Main stem height (cm) Fruit dry weight (g m-2) Drought stressed Y=8.51x+113.9 0.85** 0.72 
Well watered Y=3.55x+370.19 0.81** 0.66 Main stem height (cm) Number of total fruit (m-2) Drought stressed Y=2.37x+402.96 0.70** 0.49 
Well water Y=2.18x+5.63 0.79** 0.62 Main stem height (cm) Number of intact fruit (m-2) Drought stressed Y=2.34x-5.70 0.85** 0.72 

 
Table 6. Relationships between biological yield and fruit production and seedcotton  

seed yield under varying watering regimes at maturity. 

Independent variable Dependent variable Watering 
regimes 

Regression  
equation 

Correlation 
of coefficient 

(r) 

Coefficient of 
determination 

(R2) 
Well watered Y=0.54x+229.06 0.80** 0.63 Total biological yield  (gm-2) Number of total fruit (m2) Drought stressed Y=0.26x+381.56 0.71** 0.51 
Well watered Y= -2.32x+3970.2 0.40ns 0.16 Vegetative dry weight (gm-2) Seedcotton yield (kg ha-1) Drought stressed Y= -3.34x+4091.6 0.54* 0.30 
Well watered Y=0.80x+3031.5 0.65** 0.42 Reproductive dry weight (g m-2) Seedcotton yield (kg/ha-1) Drought stressed Y=1.00x+2936.6 0.81** 0.65 
Well water Y=0.98x+2706.6 0.67** 0.45 Total biological yield (g m-2) Seedcotton yield (kg ha-1) Drought stressed Y=1.03x+2691.4 0.76** 0.58 

 
The correlation co-efficient between main stem 

height and total dry weight, fruit dry weight, number of 
total fruit and number of intact fruit showed positive 
relationships under well waterd and drought stressed 
conditions. However, the relationship between main stem 
height and number of intact fruit was negatively 
correlated under drought stress environment. A high 
degree of correlation (r= 0.91**) was measured between 
main stem height and dry fruit weight under well watered 
crops. Similarly, regression analysis indicated a highly 
significant relationship (r=0.90**) due to increased main 
stem height and total dry weight under well-watered 
conditions followed by correlation of co-efficient (r= 
0.85**) between main stem height and fruit dry weight 
under drought stress conditions (Table 5). 

Analogous to existence of these positive relationships, 
correlation coefficient between total biological yield, 
vegetative dry weight, reproductive dry weight and number 
of total fruit, seedcotton yield were found highly positive 
under both well watered and drought stress conditions 
(Table 6). However, the relationship between vegetative 
dry weight and seedcotton yield remained statistically non-
significant under well-watered conditions. A high degree of 
correlation (r= 0.81**) was measured between reproductive 
dry weight and seedcotton under drought stress, followed 
by (r=0.80**) between total biological yield and number of 
total fruit under well-watered conditions. The positive 
correlations signify that close relationships exist between 
total biological yield, particularly, due to  greater 
proportion of reproductive organs towards production of 
higher seedcotton yield under both well watered and 
drought stress conditions (Table 6). 

The increased production of total fruiting production 
and greater retention capacity under water stress 
conditions resulted in positive correlations (Table 7). A 
high degree of correlations (r = 0.80**, 0.74**, 0.72** 
and 0.64**) were  found between seedcotton yield and 

total intact fruit under drought stress, total intact fruit 
under well watered, fruit shedding percentage under 
drought stress and total fruiting positions under drought 
stress, respectively. The crop subjected to water-stress 
maintained greater quantity of fruit and withstood against 
excessive fruit shedding which resulted in higher 
production of seedcotton yield (Table 7). 
 
Fiber characteristics: The quality parameters of cotton 
lint were greatly influenced by application of various 
osmoprotectants compared to watering regimes (Table 8). 
There was a little improvement in quality parameters due to 
interactive effects of watering regimes and 
osmoprotectants. The spray of osmoprotectants caused 
substantial improvement in fiber length. Maximum (30.2 
mm) fiber length was produced by crop sprayed with 
salicylic acid (100 mg L-1), while minimum (28.8mm) 
under untreated check. Furthermore, the fiber fineness was 
improved by spraying osmoprotectants. The spray of 
salicylic acid (100 mg L-1) increased fiber fineness by 
10.52% with respect to unsprayed crop. Similarly, the fiber 
strength was also enhanced by spray of osmoprotectants. 
The maximum (99.0 thousand pounds per square inch) was 
recorded in lint produced by crop sprayed with salicylic 
acid (100 mg L-1), while the minimum (94.0 thousand 
pounds per square inches) under untreated check. Similarly, 
the fiber uniformity ratio was improved by spraying of 
osmoprotectants. The spray of salicylic acid (100 mg L-1) 
caused enhancement in fiber uniformity ratio by 7.5% 
compared to untreated check (Table 8). 
 
Economic analysis: The economic analysis of data 
revealed that spray of osmoprotectants is cost-effective 
and value for money for pocketing higher income from 
cotton crop under water stress condition. The maximum 
value cost ratio (1:9.1) was recorded by spraying of crop 
with salicylic acid (100 mg L-1) followed by proline 
(1:3.9) and glycine betaine (1:1.7) (Table 9). 
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Table 7. Relationships between fruit production and seedcotton yield under varying watering regimes at maturity. 

Independent variable Dependent variable Watering 
regimes 

Regression  
equation 

Correlation 
of coefficient 

(r) 

Coefficient of 
determination 

(R2) 
Well watered Y=1.33x=2587.8 0.62** 0.38 

Total fruiting positions (m-2) Seedcotton Yield (kg ha-1) 
Drought stressed Y=2.38x+2045.4 0.64** 0.42 
Well watered Y=.50x+3015.0 0.74** 0.54 

Total Intact fruit (m-2) Seedcotton yield (kg ha-1) 
Drought stressed Y=3.62x+2848.9 0.80** 0.63 
Well watered Y= -14.47x+4478.9 0.59** 0.34 

Fruit shedding (% age) Seedcotton yield (kg ha-1) 
Drought stressed Y= -22.25x+5020.1 0.72** 0.52 

 
Table 8. Interactive effects of watering regimes and exogenously applied osmoprotectants on fibre characteristics of cotton crop. 

Osmoprotectant 
Watering regime Untreated 

check 
Water spray 

(0.1% Tween-80) 
Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Fibre length (mm) 
Well watered 29.0 29.4 30.4 29.6 29.8 29.6 
Drought stressed 28.5 28.7 30.0 29.1 29.2 29.1 
Mean 28.8 29.1 30.2 29.4 29.5  
 Fibre fineness (μg inch-1) 
Well watered 4.0 4.0 3.7 4.1 3.8 3.9 
Drought stressed 4.3 4.4 3.9 4.3 4.0 4.2 
Mean 4.2 4.2 3.8 4.4 3.7  
 Fibre strength (thousand pounds per square inch) 
Well watered 93.4 94.0 98.2 97.6 97.6 96.2 
Drought stressed 94.5 95.0 99.8 98.0 98.0 97.1 
Mean 94.0 94.5 99.0 97.8 97.8  
 Fibre uniformity ratio 
Well watered 44.3 45.8 48.6 47.3 47.9 46.8 
Drought stressed 43.6 43.9 46.0 44.0 44.0 44.3 
Mean 44.0 44.9 47.3 45.7 46.0  
 Reflectance degree of fibre (Rd%) 
Well watered 71.6 72.8 76.3 74.5 74.9 74.0 
Drought stressed 72.1 72.3 78.9 75.2 75.8 74.9 
Mean 71.9 72.6 77.6 74.9 75.4  

 
Table 9. Economic analysis of exogenously applied osmoprotectants in improving cotton yield under water stress. 

Osmoprotectant 
Watering regime Untreated 

check 
Water spray 

(0.1% Tween-80) 
Salicylic acid  
(100 mg L-1) 

Proline 
(100 mg L-1) 

Glycine betaine 
(100 mg L-1) Mean 

 Increase in seedcotton over control (kg  ha-1) 
Well watered -- 82 322 242 232 220 
Drought stressed -- 40 330 165 186 180 
Mean -- 61 326 203 209  
 Cost of osmoprotectants (Rs ha-1) 
Well watered -- 500 2,500 3,700 8,500 3350 
Drought stressed -- 500 2,500 3,700 8,500 3350 
Mean -- 500 2,500 3,700 8,500  
 Value of increased seedcotton yield (Rs ha-1) 
Well watered -- 5,740 22,540 16,940 16,240 15,365 
Drought stressed -- 2,800 23,100 11,550 13,020 12,617 
Mean -- 2,470 22,840 14,245 14,630  
 Net profit (Rs ha-1) 
Well watered -- 5,240 20,040 13,240 7,740 12,015 
Drought stressed -- 2,300 20,600 7,850 4,520 9,203 
Mean -- 3,770 20,320 10,545 6,130  
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Discussion 
 

The prolonged or intermittent water supply during the 
growth of most of crop plants exerts potential risk for 
profitable production of cotton crop across different 
ecologies. The results of the present study indicated that 
plant structure was greatly affected by water stress. 
However, the foliar spray of osmoprotectants stimulated 
crop plants to withstand against water stress. The growth 
is a progressive function of cell division, differentiation 
and progression with the ontogeny of plant species. The 
foliar spray of osmoprotectants resulted in increase in 
accumulation of these compounds in the plant system and 
promoted growth related physiological and developmental 
activities. For example, the impairment occurred by 
oxidative stress due to water stressful condition was 
scavenged by overproduction and greater accumulation of 
osmolytes thereby resulting in increased growth. The 
similar results have been reported in wheat (Athar et al., 
2008; 2009b), canola (Athar et al., 2015) and mazie (Ali 
et al., 2007). The protective and growth promotive effect 
of salicylic acid, glycine betaine and proline was also 
reported by other researchers (Bandurska, 2013; Kurepin 
et al., 2015; Wutipraditkul et al., 2015). The spray of 
osmoprotectants caused significant increase in 
enhancement in total number of fruiting positions and 
their retention per unit land area, however, these 
parameters witnessed reduction due to water stress 
environment. On the other hand, productivity of fruiting 
positions and retention capacity was significantly elevated 
by spraying of osmoprotectants. The reason being that 
accumulation of greater quantities of osmolytes simulated 
the cotton crop to withstand the stressful conditions 
through rapid translocation of assimilates from vegetative 
to reproductive organs (Arfan et al., 2007). The greater 
retention of fruits by crop treated with osmoprotectants 
maintained lower fruit shedding percentage compared to 
untreated check. Thus, productivity of crop could be 
enhanced by foliar spray of salicylic acid, glycinebetaine 
and proline compounds. 

The seedcotton yield and components of yield were 
significantly (p<0.01) affected by watering regimes and 
various osmoprotectants. The reduction in seedcotton 
yield due to water stress occurred by 5.6% compared to 
well-watered crop. However, the application of salicylic 
acid at the rate of 100 mg L-1caused improvement in yield 
by 9.9% over untreated check. Similarly, the number of 
bolls per plant, boll weight and lint percentage parameters 
were also severely affected by water stress. However, 
values of these parameters were increased by spraying of 
osmoprotectants. The efficiency of osmoprotectants in 
sustaining the parameters of yield was in order of salicylic 
acid>glycinebetaine>proline. Efficacy of different 
osmoprotectants depends on type of plant species and 
growth conditions as has described earlier (Kurepin et al., 
2015; Nazar et al., 2015; Wutipraditkul et al., 2015).  

The existence of positive correlations between total 
production and retention of fruit and seedcotton yield 
signify that sustainability of cotton crops could be 
achieved by enhancing the components of yield. The lint 
quality of cotton was affected to a little extent by 

imposition of water stress. The lint quality parameters 
such as fiber length, fiber fineness and fiber strength were 
improved by application of various osmoprotectants. The 
spray of salicylic acid at the rate of 100 mg L-1caused 
improvement in fiber length, fiber fineness and fiber 
strength by 3.78%, 9.52%, 4.76%, respectively  over 
untreated check. The improvement in fiber quality 
resulted due to higher translocation of photosynthates 
from source (vegetative organs) to sink (reproductive 
organs) due to greater accumulation of osmolytes and 
soluble sugars by spraying various osmoprotectants (Raza 
et al., 2006; Raza et al., 2007). The overproduction and 
greater accumulation of osmolytes stimulated the cotton 
crop to withstand drought conditions.  

The economic analysis indicated that foliar application 
of osmoprotectants is the potential, cost effective and value 
for money option to grow cotton crop successfully under 
limited water supply as suggested by other researchers 
(Ashraf et al., 2011; Chen & Murata, 2011; Bandurska, 
2013). The results of this study have shown that exogenous 
application of salicylic acid at the rate of 100 mg L-1 could 
sustain production of cotton crop under water stress 
conditions. The foliar spray of salicylic acid is more cost-
effective and value for money, because, cotton farmers are 
already fairly accustomed to spray cotton crop to control 
insect-pests during the season. Farmers could pocket 
substantial income by foliar spray of salicylic acid, 
glycinebetaine and proline on cotton crop.  
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