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ABSTRACT 

Water shortage is serious threat for food security. Harmful effects of water deficit can be 

mitigated by different approaches. Exogenous application of different plant growth 

promoting substances were used individually in the past to alleviate devastating effects of 

water deficit. Prime objectives of this research are to investigate and quantify the role of 

glycine betaine, salicylic acid and ascorbic acid as sole and in different combinations to 

alleviate the adversaries of water deficit in cotton. Foliar application of these plant growth 

promoting substances in different combinations is novel approach in this context. To 

assess the effect of exogenous application of glycine betaine, salicylic acid and ascorbic 

acid individually and in different combinations of two and three on growth, yield, 

physiological and biochemical attributes of cotton grown under normal irrigation and 

drought conditions, a study consisting of two pot and one field experiments was carried 

out in Department of Agronomy, College of Agriculture, University of Sargodha, 

Sargodha during year 2015 and 2016. Pot experiments were conducted in earthen pots of 

equal size with 8.5 kg soil capacity. These experiments were laid out in Completely 

Randomized Design with factorial arrangement. Two cotton cultivars viz. Lalazar and 

FH-142 reported as drought tolerant and moderately drought tolerant were used for study. 

Drought was imposed by maintaining 60% field capacity level while 100% field capacity 

level was kept as control. Field experiment was carried out in sandy loam soil. This 

experiment was laid out in Randomized Complete Block Design with split-split plot 

arrangement. Both cotton cultivars viz. Lalazar and FH-142 as used in pot experiments 

were utilized in field study. Drought under field conditions was imposed by skipping 

irrigation alternate to normal. Different plant growth promoting substances including; 

control (un-treated), distilled water spray, distilled water spray + Tween-20 (0.1%), 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%),  ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%),  glycine betaine + ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) were applied 3, 6 and 9 weeks after sowing. Results of pot and field experiment 

showed that drought stress affected different agronomic and yield traits including number 

of monopodial branches per plant, number of sympodial branches per plant, plant height, 

number of main stem nodes per plant, number of open bolls per plant, average boll 
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weight, seed cotton yield, cotton seed yield and lint yield. Different fiber quality 

characteristics including fiber length, fiber strength, fiber fineness, fiber uniformity were 

decreased under drought conditions. Different plant growth promoting substances 

improved these traits under water limited conditions. However, it was found that same 

combination of different plant growth promoting substances was not equally effective for 

both cultivars in mitigating the harmful effects of water deficit stress as each cultivar 

responded differentially to application of plant growth promoting substances under 

normal irrigation and drought conditions. Combinations of different plant growth 

promoting substances were superior as compared to individual plant growth promoting 

substances by improving growth, yield, yield components, physiological, biochemical and 

gas exchange characteristics. In pot and field experiments, cultivar FH-142 performed 

best under drought conditions with foliar application of combination of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) while cultivar Lalazar showed 

improved performance under drought conditions with foliar application of salicylic acid 

and ascorbic acid @ 50 mg L-1 each + Tween 20 (0.1 %) by improving yield and related 

traits as compared to untreated control. Economic analysis showed that cultivar Lalazar 

can be grown economically with exogenous application of salicylic acid and ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) while cultivar FH-142 can be gown economically 

with exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) as well as glycine betaine and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) at 3, 6 and 9 weeks after seedling emergence. 
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CHAPTER 1 

INTRODUCTION 

Human population is expected to reach 9 billion by the year 2050. Food, feed and 

fiber security are the major challenges for an additional 2.3 billion people by 2050. 

Moreover, crop productivity is not enhancing at the same pace as that of increasing 

human population (Roychoudhury & Chakraborty, 2013). It is evident from research that 

different abiotic stress factors cause reduction in potential yield of various crops varying 

from 54 - 82% (Khan & Singh, 2008). These stresses not only lower the productivity of 

cultivated plants but also adversely affect the quality of the harvested products (Arafa et 

al., 2009).  

Water shortage is threatening crop productivity throughout the globe. Water 

scarcity is major threat towards food security as 30% of world’s agriculture lands are now 

affected by water stress (Duarte-Galvan et al., 2014; Geerts & Raes, 2009; Massacci et 

al., 2008) and more than half of the world population will be residing in countries facing 

severe water stress by 2025 (Alcamo et al., 2000). Pakistan is also declared as country 

facing chronic water deficit (Kahlown & Majeed, 2003). It is forecasted that expected 

increase in temperature up to 2-4 °C with 30% decrement in precipitation may adversely 

affect the water availability and crop productivity by the year 2050 (Ben-Asher et al., 

2009).      

Water scarcity in agriculture and management strategies  

Despite water scarcity, conventional irrigation methods for raising cotton are 

further aggravating the situation in terms of low water use efficiency (Liu et al., 2017). 

Moreover, artificial irrigation was the most reliable factor for minimizing the harmful 

effect of water scarcity to plants but at the same time ground water resources are 

depleting rapidly. Cost of energy associated with irrigation is increasing in this context 

(Luo et al., 2016). Major challenges are faced by agriculture system to enhance 

productivity on sustained basis. This necessitates the need to explore alternative sources 

and efficient utilization of existing water and energy resources. Different strategies 

leading to improve crop water productivity include decrease in evapotranspiration by 

means of deficit irrigation and by identification of water sensitive stage of crop growth 

(Jalota et al., 2006). Drought tolerant cultivars can be very effective in decreasing the 

vagaries of water stress but breeding of these cultivars for drought tolerance is time taking 
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process. However, different shot gun approaches in management of water deficit in crops 

are more justified (Noreen et al., 2013).  

Plant experience high frequency of biotic and abiotic stresses during entire life 

cycle (Munné-Bosch & Müller, 2013). Water stress is one of the most important abiotic 

stress limiting crop productivity (Baker et al., 2015; Yang et al., 2016). Considerable 

changes occur in plants under limited water conditions including production of active 

oxygen species i.e. hydroxyl radical, superoxide radical and hydrogen oxide (Rehman et 

al., 2014). Osmotic stress as a result of water scarcity lead to production of excess level of 

these active oxygen species. Loss of cell turgor, membrane permeability along with 

physiological dysfunction is associated with this stress (Krasensky & Jonak, 2012). Other 

pronounced responses of plants to water scarcity include limited growth and CO2 

diffusion to chloroplast due to closure of stomata thus decreased photosynthesis rate and 

increased leaf senescence (Manivannan et al., 2008).  

Transportation of nutrient into and outside of cell is managed by H+-ATPase. 

Abnormal changes occur in this plasma membrane master enzyme due to water scarcity 

(Liu et al., 2008; Wang et al., 2003). Inter and intra species resistance variations are 

existed in plants (Ashraf et al., 2011). Differential responses are observed by plants at 

different phonological stages regarding water stress. Plants response and adaptation to 

drought at molecular, cellular and whole plant level is linked with activation of multiple 

physiological and biochemical responses controlled by network of genetic factors 

(Shinozaki & Yamaguchi-Shinozaki, 2007). 

Cotton is most important fiber and second largest oilseed crop throughout the 

globe after soybean (Lv et al., 2007). It is also leading source of natural fiber with major 

usage in textile industry (Smith & Cothren, 1999). Fluctuation in cotton production is 

linked with non-availability of irrigation water at sowing time and at critical stages of 

growth (Noreen et al., 2013). There are reports that water scarcity has resulted into 

significant reduction in growth, yield and fiber quality of cotton (Guan et al., 2013; Ünlü 

et al., 2011). Moreover, transpiration rate reduces with the increase in leaf temperature 

along with decrease in leaf relative water contents (Wang et al., 2007). Cotton plants can 

recompense for higher water scarcity at the end of the season due to passing of period of 

shedding of reproductive parts which is major contributor to yield while little contribution 

of water stress was reported in terms of boll maturation (Ertek & Kanber, 2003).  



3 
 

Although cotton has ability to maintain water in leaves, cotton genotypes vary in 

ability to maintain relative water contents in leaves, chlorophyll contents and starch under 

conditions of water scarcity (Parida et al., 2007; Wang et al., 2007). 

Among multiple abiotic stresses hampering cotton productivity to great extent, 

water deficit and salinity are crucial during its development (Li et al., 2010). Retention of 

square is linked with water availability (Stewart & Sterling, 1989).  

Plant hormones such as auxin, glycine betaine, proline, salicylic acid has the 

potential to regulate number of physiological and biochemical processes during water 

scarcity thus act as line of defense against abiotic stresses (Abbas et al., 2013). These 

have potential to decrease the harmful effect of water deficit.  

Role of osmoprotectants in mitigating the harmful effect of drought 

Osmolytes are compatible solutes of lower molecular weight compounds which 

are highly soluble and even are not toxic at high cellular concentrations. These osmolytes 

have protective role in cell against adversaries of abiotic stresses. They enhance osmotic 

adjustment, scavenge reactive oxygen species, keep plant enzymes, proteins, and cell 

membrane in stabilize condition when exposed to stressful situation (Ashraf & Foolad, 

2007). Different osmolytes are produced in different plant species but their capacity is to 

be enhanced further for crop management applications. However, more tolerance to 

different stresses is evident with elevated level of specific osmolytes (Chen & Murata, 

2002). Positive responses of sorghum, maize, cotton and rice to the application of 

osmoprotectants have been reported by various researchers (Agboma et al., 1997; Ali et 

al., 2007; Farooq et al., 2009a). Accumulation of osmolytes is one of major defensive 

mechanism in plants against different environmental stresses (Lv et al., 2007). Under 

water scarcity, more quantity of osmolytes are accumulated in plants and are helpful in 

maintaining structural integrity of cell membrane, protein and enzymes (Kanwal et al., 

2013). There is positive relationship between accumulation of low molecular weight 

compounds in plants and drought stress tolerance. There are reports that adaptability of 

cotton to harsh environmental conditions is also linked with accumulation of these low 

molecular weight osmolytes. It has been found that exogenous application of different 

osmolytes are thus helpful in counteracting the adverse effect of water deficit in cotton 

(Gadallah, 1995; Noreen et al., 2013). Glycine betaine is very effective quaternary 

ammonium salt and compatible osmolyte that has defensive role in plant against drought 

stress by stabilizing different proteins, enzymes and lipids involved in photosynthesis 
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during water scarcity (Ahmad et al., 2014). In plants, it is synthesized from choline or 

glycine.  It has been found that glycine betaine contents are low in roots and flowers of 

members of Malvaceae family (Blunden et al., 2001). Glycine betaine is thus 

exogenously applied to improve the performance of crop in water scarcity due to its anti-

transpirant properties. It has been observed in maize and sorghum that less quantity of 

water is needed for irrigation due to more accumulation of glycine betaine (Agboma et 

al., 1997). Foliar application of glycine betaine is known for its active role for sustainable 

production of arable crops with improvement in water stress trait (Ali et al., 2007). 

Variation in accumulation of glycine betaine in different species and cultivars has been 

reported by different researchers with pronounced effect of different environmental as 

well as soil conditions (Cui et al., 2008; Moghaieb et al., 2004; Shahbaz et al., 2012). 

Glycine betaine is accumulated naturally in plants to defend them against water stress. 

Reports have revealed that appreciable quantity of glycine betaine is not produced in 

plants to ameliorate the harmful effects of water scarcity to full extent (Subbarao et al., 

2001). However, exogenous application of glycine betaine for induction of drought 

tolerance in various crops including cotton has been found contradictory (Meek et al., 

2003; Patil et al., 2011; Shallan et al., 2012).     

Salicylic acid is naturally produced in plants and is responsible for induction of 

tolerance of plants to multiple biotic and abiotic stresses (Idrees et al., 2010; Wang et al., 

2004a; Yalpani et al., 1994). Exogenous application of salicylic acid has been proved as 

tool to mitigate vagaries of abiotic stresses including salinity, water scarcity and osmotic 

stress by maintaining photosynthesis and redox potential in plants (Ashraf, 2010). 

Moreover, improvement of different traits such as water relations, membrane stability, 

nutrient uptake, stomatal regulation and inhibition of ethylene biosynthesis is associated 

with exogenous application of salicylic acid under moisture deficit (Arfan et al., 2007; 

Khan et al., 2003; Stevens et al., 2006). Exogenous application of salicylic acid in lower 

concentration has been found very beneficial for enhancement in dry matter accumulation 

in different crops in comparison with higher doses causing inhibitory effect (Fariduddin et 

al., 2003; Singh & Usha, 2003). Salicylic acid is associated with improvement in 

membrane stability index, leaf water potential, chlorophyll, relative water contents and 

activities of antioxidant enzymes under water deficit when applied under low 

concentration (Hayat et al., 2008).  

Ascorbic acid has most important antioxidant role in plants (Smirnoff, 2000a). 

Higher levels of ascorbic acid in plants is responsible for counteracting the oxidative 
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stress along with regulating plant metabolic processes (Khan & Ahraf, 2008). Exogenous 

application of ascorbic acid has been studied in many plants (Terzi et al., 2015). 

Usefulness of utilization of ascorbic acid against mitigation of ill effects of drought has 

been reported by Dolatabadian et al. (2009). Solubility of salicylic acid and ascorbic acid 

in water has increased its possibility of their use as exogenous application as an 

antioxidant for scavenging active oxygen species (Mozafar & Oertli, 1992). Enhancement 

in growth and yield was observed by foliar application of ascorbic acid (Malik & Ashraf, 

2012).  

Several studies have focused on individual use of osmoprotectant for alleviating 

harmful effect of water scarcity, but little research has been done on combined on 

combined effect of these osmoprotectants. Moreover, due to overlapping mode of action 

of different categories of osmoprotectants, there is confusion regarding role of different 

osmoprotectants in accumulation of different osmolytes under conditions of stress 

(Saxena et al., 2013). There is need to understand the comprehensive effects of different 

osmoprotectants in different combinations to reduce the harmful effects of water scarcity. 

Therefore, prime objectives of this research are to investigate and quantify the role of 

glycine betaine, salicylic acid and ascorbic acid applied alone or in various combinations 

to alleviate the adversaries of water stress in cotton.   
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CHAPTER 2 

REVIEW OF LITERATURE 

Different abiotic factors are affecting agricultural productivity to a great extent 

(Rodziewicz et al., 2014). Among these abiotic stresses, water scarcity and salinity have 

major role in this context (Yu et al., 2016). It has been argued that 10% arable land and 

50% crop yield is affected by both these stresses (Bartels & Sunkar, 2005). Water scarcity 

is biggest threat posing severe consequences both for plants and mankind. Data statistics 

forecasted by Organization for Economic Cooperation and Development (OECD) clearly 

portray picture of severe water deficit by linking demand and supply of water in future. 

Keeping in view the meeting needs of 9.6 billion people in 2050, supply of water will be 

half of the demand by 2050 (Clarke & King, 2004). Different factors responsible for this 

increase in gap of water supply and demand include many folds increase in population 

growth rate, farming development and climate change thus scope of water shortage is 

expected to cover many parts of the world soon (Mishra & Singh, 2010).  

2.1 Water scarcity and its impact on different crops 

  Drought is referred to as period lacking rainfall in a sufficient quantity for plant 

growth (Smakhtin & Hughes, 2007). Drought stress occurs when the existing water in the 

soil decrease due to climatic changes in the form of transpiration from plant or 

evaporation from soil surface (Jaleel et al., 2008). Drought is among significant factors 

affecting the growth and physiological feature of plants (Xiao et al., 2009). The responses 

of plants to drought stress depend on type, genotype, the length and severity of water 

shortage, the age and stage of maturity and development of plant (Shao et al., 2008a). 

Water scarcity is one of the most important environmental constraints responsible 

for reduction in agricultural productivity and spread of plant species across multiple types 

of environments (Ashraf, 2010). Approximately 67% crop losses were attributed to water 

deficit in past 50 years in United States (Comas et al., 2013). It was previously observed 

that 75% of the potential yield of important major crops was usually lost due to harsh 

growing environment (Chaves et al., 2009). Due to moisture deficit, plants are unable to 

complete their different developmental stages normally (Zhu, 2002). Severity of situation 

increases in rain-fed areas with uncertain rainfall and poor irrigation facilities. It has been 

observed by Wang et al. (2005) that the intensity of drought is random as it depends upon 

multiple factors such as occurrence and quantity of rainfall, soil moisture absorption 
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capacity and evaporative demands (Wery et al., 1993). Study carried out in the past 

provides significant evidence of presence of system of tolerance in plants to water deficit 

at molecular level (Hasegawa et al., 2000).  

Yield of most of crops exposed to water stress suffers badly due to water deficit 

(Nawaz et al., 2012). Responses to water deficit varies with in different plants (Bannayan 

et al., 2008). Tolerant plants try to overcome the stress by altering morpho-physiological 

and biochemical attributed, while susceptible one show symptoms of stress (Dhruve et al., 

2009). Under situation of drought stress the production of active oxygen species is 

increased invariably, often result in damage of the plant cellular and sub-cellular 

components (Shao et al., 2008b). Oxidative stress resulted in production of free radicals 

due to impairment in defensive mechanism of plants. Under water scarcity, the rate of 

plant photosynthetic process slows down considerably and the consistent accumulation of 

photo-reducing power causes plethora of electrochemical energy in membranes. Plants 

generally detoxify these highly reactive substances with the help of enzymatic and non-

enzymatic antioxidant defense system (Santos & Almeida, 2011). According to Earl & 

Davis (2003) reduction is radiation use efficiency is linked with reduced absorption of 

photosynthetically active solar radiations and harvest index thus resulted in yield losses 

under water deficit.  

Exposure of plant to water stress made severe biochemical and physiological 

dysfunctions including decline in, cell expansion, growth, turgor, photosynthetic rate, 

stomatal conductance, damages of cellular membranes and its components (Ohashi et al., 

2006). The mitochondria, chloroplasts and microbodies of plant cells are important 

intracellular generators of active oxygen species (Luis et al., 2009). Different abiotic 

stresses lead to the over production of active oxygen species (AOS) in plants (Shao et al., 

2008b). Active oxygen species including singlet oxygen, hydrogen per oxide, hydroxyl 

radicals are highly reactive and toxic. They damage different macromolecules including 

proteins, lipids, carbohydrates and thus inhibition of Calvin cycle in plants. In absence of 

defensive mechanism, ultimately reactive oxygen species (ROS) resulted in oxidative 

stress (Zhang et al., 2014).  

It has been found that both quantity and supply of irrigation water had significant 

effect on seed yield and its quality in sunflower (Iqbal et al., 2005). The minimum yield 

and quality traits were recorded in water stress conditions that showed 62% decrement in 

seed yield and 17.61% reduction in oil contents (Tabatabaei et al., 2012). The maximum 

seed weight, biological, seed and oil yield, harvest index, oil yield was achieved in non-
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stressed conditions with minimum values of these parameters in drought stress conditions. 

Interactive effect of irrigation levels and cultivar was recorded significant in terms of 

grain weight (Dehkhoda et al., 2013).  

Water stress significantly increased oleic acid contents (approximately 5%) as 

compared to the higher water regimes in the high oleic hybrids. There was also reduction 

in the dry matter and oil accumulation phases. They further evidenced that ∆-12 

desaturase, which is involved in the desaturation from oleic to linoleic acid and was more 

active in water stress conditions (Baldini et al., 2002).  

Among yield components, seeds weight and seeds number per head were recorded 

as most important components effecting seed yield in water stress and well-watered 

regimes. It was further identified that most suitable criteria for enhancing seed yield under 

water deficit include leaf relative water and proline contents. Whereas, diameter of stem, 

area of leaf, root length and total chlorophyll content were declared as the main 

parameters determining sunflower yield in both drought and well irrigated state (Ghaffari 

et al., 2011). Khoufi et al. (2012) studied the germination pattern of different genotypes of 

sunflower and found that these genotypes varied differentially in terms of time of 

seedling emergence, germination count percentage, and germination index under water 

stressed and unlimited moisture supply situation in soil and concluded that genotypes and 

water regime independently affected germination percentage, which ranged from 31–

72%, 39–96%, and 35–89% for rainfed, 50% water, and 100% water regimes, 

respectively. Decrease in percent germination along with biomass accumulation was also 

recorded by El-Midaoui et al. (2001) in sunflower when osmotic stress was increased in 

rooting media, whereas delay in time of germination was observed with the increase in 

severity of water deficit. Some characteristics related to seed including its length, width, 

diameter, weight and other characteristics including kernel weight, shell weight, 

hypocotyl dry weight and cotyledon leaves were influenced significantly by drought 

stress (Hadi et al., 2012). Similar results were achieved by Hubbard et al. (2012) in case 

of wheat that germination is reduced under water deficit conditions. 

Increase in nitrogen utilization and plant population were not found more effective 

strategy for improving oil and protein yield under severe drought stress conditions. 

Severe water stress reduced leaf expansion rate considerably, along with reduction in oil 

yield by 62% compared to the optimum irrigation condition (Gholinezhad et al., 2012). 

Among abiotic stresses, drought stress has the most severe implications on the growth and 

production of rapeseed (Shirani Rad et al., 2013). Sangtarash et al. (2009) observed that 
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mild water deficit negatively influenced growth of seedling by affecting stem height, leaf 

area, and seedling dry matter accumulation in case of rapeseed.  Drought stress at 

flowering and vegetative stages caused a significant decrease in dry weights, length and 

K+, Ca2+, N and P contents of both shoot and root of canola. Maximum reduction in these 

variables was observed at moisture contents of 50% field capacity level in all canola 

accessions (Ashraf, 2010; Ashraf et al., 2013; Yu et al., 2016) 

It was reported by Rad & Zandi (2012) that drought stress, caused reduction in 

plant height, branch per plant, siliqua per plant, seed per siliqua, 1000-seed weight, seed 

yield, biological yield, oil contents, and oil yield while harvest index was not affected 

significantly in Brassica napus L. (Rapeseed). Mirzaei et al. (2013) also reported same 

results as reported by Rad & Zandi (2012) in their experiment. In addition, they observed 

reduction in oil contents as stress intensity increased. Reduction in oil contents was also 

reported by Moghadam et al. (2011). They observed the reduction in linoleic acid 

contents and enhancement in glucosinolate and stearic acid contents under drought stress. 

Hosseini & Hassibi (2011) emphasized that water stress resulted in reduction in grain oil 

yield, harvest index, biological and economic yield. They performed sequential path 

analysis and declared plant height and the 1000-seed weight as important first order traits 

influencing seed yield in the drought stressed environment. Khalili et al. (2012) studied 

the effect of drought stress on promising drought stress tolerant varieties of rapeseed and 

observed that although different yield components including plant height, pod length, 

number of seeds per pod, 100-seed weight, harvest index and biomass yield were 

decreased greatly as drought stress intensity increased but relative water contents were 

not reduced much in those varieties. Drought stress also affected the uptake of different 

plant nutrients in Brassica. napus by increasing uptake of potassium and calcium and 

reduction in uptake of sodium, while reduction in fresh and dry weight of B. napus was 

also observed under water stress conditions. (Mousavi et al., 2009). Impact of water stress 

on different growth parameters in the form of reduction in height, diameter of stem, leaf 

area, plant dry matter, leaf weight ratio and shoot root weight ratio of B. napus under zero 

and ambient ultra violet B (5 kJm−2 d−1) radiations was documented by Sangtarash et al. 

(2009). Youssefi et al. (2011) investigated the effect of drought on terminal growth 

duration in spring canola and found that final plant height, seed yield, number of seeds 

per pod and number of lateral branches were significantly affected due to water stress 

while 1000 grain weight was not affected. They further elucidated that B. napus 

performed better under water stress conditions in terms of high yield as compared to its 
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counterparts such as B. rapa and B. juncea. Under drought stress different yield 

components reduced to different extent as it was reported that plant height, number of 

silique per plant, number of seeds per plant and biomass yield was reduced by 9.4, 37, 12 

and 22%, respectively (Rad, 2012). 

Water stress is main limiting factor for soybean production and different cultivars 

respond differentially to drought stress in terms of different parameters like plant height, 

fertile pods per Plant, seeds per plant, seed yield, biological yield, hundred kernels 

weight, seeds per pod, harvest index, oil and protein percentage (Maleki et al., 2013). 

Ghassemi-Golezani et al. (2011) found that grain yield under severe water deficit 

conditions was 29.32% less than that under normal irrigation. Kobraei et al. (2011) 

described that seed yield of soybean decreased by 43-44% in water stress conditions. 

They also observed decrease in yield components under drought stress conditions. 

Plant fresh and dry weight was significantly declined with 16% poly ethylene 

glycol, applied at pre-flowering growth stage (Hamayun et al., 2010). As the intensity of 

drought stress increased, reduction in germination, root and shoot length and their weight 

accordingly was reported by Kosturkova et al. (2008). They further stated that 

developmental processes of different cultivars were affected differentially by different 

water stress levels. Kirnak et al. (2010) reported that water stress resulted in reduction in 

vegetative growth, protein contents, leaf relative water contents and leaf chlorophyll 

contents, leaf area index while the change in fatty acids varied in different culture under 

water stress. In general, under water stress conditions, highest concentration of stearic and 

oleic acid while lowest concentrations of linelonic and linolenic fatty acids were 

achieved. Purcell et al. (2004) concluded while studying technique for estimating N2 

fixation under water deficit conditions that nitrogen fixation is more sensitive to water 

deficit as compared to soil nitrogen uptake and assimilation, and thus increasing the 

nitrogen fixation under drought conditions would result in yield increases. Drought stress 

treatment decreased seed size in the greenhouse experiment, but reduction in seed size 

was not noticed in the field experiment. 

Istanbulluoglu et al. (2009) reported that safflower yield declined due to water 

stress conditions. Kakaei et al. (2013) found that water stress resulted in significant 

reduction of callus growth parameters such as callus growth rate, relative growth rate, 

relative water content and percentage of living cells. Shahri et al. (2013) observed 

significant effect of drought stress on boll number per plant, number of seeds per boll, 

seed weight and seed yield of safflower. Tahmasebpour et al. (2011) noticed the genetic 
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diversity between different genotypes in terms of plant height, seed index, oil yield, oil 

contents, seed yield, number of seeds per capitulum, days to flowering, days to stem 

elongation and number of branches per plant which were linked with their performance in 

drought stress. Abd El-Lattief (2013) emphasized that as the drought stress intensity 

increased from 50% to 80% available soil moisture deficit, there was decrement in 

number of branches per plant, number of heads per plant, 1000 seed weight and seed 

weight per plant of safflower. Vegetative and reproductive growth stages of canola were 

affected by water deficit and reduction in seed oil contents was reported by Ullah et al. 

(2012).  

2.2. Alteration in morphological, physiological and biochemical changes in plants 

under drought 

Plant develop different defensive mechanisms to withstand adverse conditions of 

growth by alteration in physiological and biochemical features (Cui et al., 2015). Plant 

maintain water balance within the leaves despite lower osmotic potential in external 

environment along with accumulation of compatible solutes without much water loss 

(Pilon-Smits et al., 1995). Accumulation of solutes varies with the cultivars as observed 

by Cui et al. (2015) and they stated that compatible solutes were higher in Col-0 than Ein-

2-5 and Ein 3-1 cultivars. Specific stress protein and mRNA are also produced in plant 

exposed to drought stress (Ashraf & Foolad, 2007; Reviron et al., 1992). These osmolytes 

have their role in maintaining cell membrane integrity by reducing lipid peroxidation, 

enzyme stability and osmotic adjustment in plants (Chen & Murata, 2008). Water deficit 

stress is also responsible for alteration in photosynthetic pigment that varies with 

cultivars. Similar difference was observed by Parida et al. (2007).  

In cotton where decrease in chlorophyll, protein and carotenoid contents were 

more in water sensitive genotype. It has been found that stress imposed with the help of 

poly ethylene glycol increased activity of peroxidase and superoxide dismutase while 

lowering activity of catalase in arabidopsis (He et al., 2014). It was observed in case of 

different peanut cultivars subjected to water deficit stress for period of 25-30 days at 

pegging and pod development stage that reduced different physiological parameters 

including leaf relative water contents, membrane stability and total carotenoid contents. 

However, in case of chlorophyll contents response was different from other physiological 

parameters with elevated levels of chlorophyll contents at pegging while reduction in 

these contents at pod development stage. It was stated that chlorophyll b was more 



12 
 

damaged rather than chlorophyll a under water deficit conditions (Chakraborty et al., 

2015; Mafakheri et al., 2010). These findings are different from the findings of Parida et 

al. (2007) and they concluded that different species showed different response to water 

scarcity. Although Mensah et al. (2006) also reported that total chlorophyll contents were 

not reduced more at initial stage but at later stages the contents decreased in sesame. 

There are reports that antioxidants level increased in plants in response to stress (Jaleel et 

al., 2009). Same has been reported by Baloğlu et al. (2012) as they recorded elevated 

levels of catalase activity in both root and shoot of sunflower under water stress 

conditions. Abscisic acid concentration in drought stressed sunflower plant was recorded 

10 times more than non-stressed plants (Hansen & Dörffling, 1999). Exogenous 

application of ABA in drought stress conditions exhibited inverse results for oil quality 

and yield (Hussain et al., 2013) 

Maju & Simpsom (1997) reported that leaf senescence can increase along with 

reduction in photosynthetic rate and thus yield under limited moisture availability in 

rapeseed and mustard. Hatzig et al. (2014) described that osmotic adjustment was 

important component of drought response in rape seed. However unexpected results were 

observed in case of drought‐resistant genotypes where hormonal adjustment and osmolyte 

accumulation was not observed. Rad (2012) noted reduction in plant height and 

photosynthesis due to water stress to reduction in rapeseed and mustard. Effect of water 

stress in rapeseed and mustard resulted in reduction in leaf relative water contents, 

chlorophyll contents, carotenoids and soluble proteins but noted increase in leaf proline, 

glucosinolates in seed and erucic acid contents in oil (Ullah et al., 2012). Mirzaee et al. 

(2013) concluded that water stress increased the activity of different antioxidant enzymes 

such as superoxide dismutase, peroxidase, catalase, ascorbate peroxidase, along with 

increase in malondialdehyde in shoots and roots in different cultivars of canola. Hamayun 

et al. (2010) studied the effect of drought stress on physio-hormonal attributes of soybean. 

They observed the reduction in levels of endogenous bioactive GA1 and GA4 contents 

with increase in jasmonic acid (JA), salicylic acid (SA) and abscisic acid (ABA) contents 

under water scarcity. They evidenced the involvement of SA, JA and ABA in drought 

stress resistance. They further concluded that the chlorophyll contents of leaves were not 

affected much by water deficit stress. 

It was observed that drought stress significantly reduced the leaf relative water 

contents, stomatal length and density along with greater loss of yield in water sensitive 

genotypes in safflower (Nikzad et al., 2013). It was reported that water deficit 
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significantly reduced different parameters of leaves including upper epidermis, lower 

epidermis, leaf thickness, xylem width, meta xylem diameter and grain yield except 

vascular bundle width in safflower (Bahrami et al., 2013). In same crop, Amini et al. 

(2013) observed that water stress at branching growth stage reduced the leaf area index, 

chlorophyll content and the membrane stability index for different cultivars. There was 

increase in activity of antioxidant compounds such as ascorbate peroxidase. Correlation 

between seed yield and antioxidant enzyme was positive under drought conditions. Water 

deficit significantly improved activities of certain antioxidant enzymes such as superoxide 

dismutase and peroxidase in safflower genotypes (Hojati et al., 2011). Genotypes which 

ranked superior in yield under water deficit conditions contain highest activity of 

antioxidant enzymes such as catalase, ascorbate peroxidase (Amini et al., 2013). Increase 

in levels of polyphenol contents and the quantity of the major polyphenols such as 

luteolin 7-O-glucoside in safflower cotyledons, and luteolin 7-O-glucoside and luteolin in 

safflower foliage leaves was recorded in response to drought stress (Yaginuma et al., 

2002). 

It was concluded that under water stress conditions photosynthesis was decreased, 

due to decrease in leaf relative water contents and water potential (Lawlor & Cornic, 

2002). It was attributed to decrease in carbon dioxide diffusion in plants (Chaves & 

Oliveira, 2004). Severe water stress affected leaf stomatal conductance by decreasing 

carbon dioxide diffusion (Wullschleger & Oosterhuis, 1990). 

2.3. Water Deficit stress and drought tolerance in cotton 

Cotton is grown in more than fifty countries of world for the extraction of fiber 

and oil (Chen et al., 2007). It has been estimated that among all crops major portion of 

irrigation water supplies are consumed in cotton production (Yu et al., 2016). This crop 

suffers badly in terms of reduction in yield and quality when exposed to different biotic 

and abiotic stresses (Mei et al., 2015). Availability of Irrigation water in low quantity is 

one of limiting factor of cotton productivity (Papastylianou & Argyrokastritis, 2014).  

Water scarcity affects all stages of cotton growth, but it is reported that 

reproductive stage is affected badly followed by seed germination and seedling 

establishment (Loka & Oosterhuis, 2012). However, Van Iersel & Oosterhuis (1996) 

found that cotton fruiting is less sensitive to water stress. Pettigrew (2004a) reported that 

water deficit is one of the most crucial factors responsible for reduction in crop 

productivity and adversely affecting square formation, boll shedding, boll production, lint 
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yield and fiber quality traits in cotton. Decrement in cotton lint yield may be attributed to 

decreased boll formation due to less number of flowers and increased boll abortions under 

severe water scarcity at reproductive development stage. 

There are reports about reduction in photosynthetic rate in cotton under water 

scarcity (Pettigrew, 2004b). Due to drought stress, plant metabolism is altered which 

affected their growth and yield. Climate change coupled with water scarcity have 

worsened the situation in terms of decrease crop production globally (Rosenzweig et al., 

2001). Cotton is well adapted to semi-arid regions (Malik & Malik, 2006). Being 

glycophyte, adaptability of cotton to abiotic stresses is more than some of the major crops 

but growth, productivity and fiber quality traits are greatly influenced by harsh 

environmental conditions such as water scarcity (Parida et al., 2007). It has been reported 

that cultivar having more leaf relative water contents survived under drought stress as 

observed by Cui et al. (2015) that cotton cultivar namely “Col 0” maintained maximum 

leaf relative water contents and thus survived under water deficit. Variability among and 

within different species in resistance to drought was reported by (Penna et al., 1998). 

Drought tolerance in cotton is rarely reported (Ullah et al., 2008). The demand for 

drought tolerant genotypes is increasing with limited resources of water and the capital. 

Thus, selection of cotton varieties for resistance to drought stress conditions or improving 

cotton tolerance to stress conditions will made possibility of growing of cotton under 

harsh environmental conditions. It has been found that conventional breeding could not 

successfully solve problem of biotic and abiotic stresses in cotton (Juturu et al., 2015).  

2.4. Growth, yield and fiber quality of cotton as affected by water scarcity 

Drought is a one of the most important threat that affects the production of crops 

(Passioura, 2006). Availability of irrigation water is linked with the severity of drought; 

however, ground water table is getting very low in most part of countries and energy costs 

connected with pumping of irrigation water is rising. Although cotton adapts well in arid 

area (Petersen et al., 1992) but irrigation water will improve yield of cotton to great 

extent. The leaf stomatal conductance in cotton is very less as compared to other crops in 

arid areas. Mechanism of adaptability of cotton under drought conditions varies with 

other crops of arid area such as soybean. Soybean is adapted to arid conditions by the 

mixture of paraheliotropic leaf movement and lowering transpiration rate (Isoda & Wang, 

2001) while cotton leaves movement is diaheliotropic. Better adaptability of cotton under 

water deficit can be measured in terms of rate of transpiration under water deficit 
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conditions. Under water limited conditions, the transpiration diminishes, and the leaf 

temperature rises (Sala & Tenhunen, 1996). Decrease in transpiration is linked with 

reduced stomatal conductivity along with hydraulic conductance from soil-to-leaf 

pathway (Hubbard et al., 2001).  

Many researchers reported that growth, yield and fiber quality parameters of 

cotton were affected by scarcity of water (Dağdelen et al., 2009; Ertek & Kanber, 2003; 

Guan et al., 2013; Onder et al., 2009; Pettigrew, 2004a; Snowden et al., 2014; Ünlü et al., 

2011). It was reported by Snowden et al. (2014) that reproductive stages of cotton are 

more affected by water scarcity. Further it was reported that drought at vegetative stage 

lead to early flowering and boll formation and result in early maturity (Doorenbos & 

Kassam, 1979). Reduction in leaf size was recorded by Pettigrew (2004a) in case of 

cotton grown under drought conditions. Reduction in number of leaves and main stem 

nodes was observed by Pace et al. (1999) in water stressed cotton in comparison with 

normal irrigation. It was observed by Papastylianou & Argyrokastritis (2014) that water 

scarcity affected different growth and yield traits of cotton by lowering leaf area index, 

seed cotton yield and number of bolls per plant. However, average boll weight was least 

affected by water regimes. Among fiber quality traits decrease in fiber length was 

recorded while fiber strength, fineness and uniformity index were not affected by water 

deficit conditions. However, as per findings of Onder et al. (2009) sympodial branches 

per plant, leaf area index, cotton seed yield and lint percentage were decreased due to 

deficit irrigation while number of open bolls per plant and boll weight was increased 

under limited water supply. These findings are different from the findings of 

Papastylianou & Argyrokastritis (2014) in terms of boll weight as they described that boll 

weight was least affected by drought. Here it is indication that boll weight is cultivar 

dependent but varies under drought conditions in different areas. Increase in leaf area 

index and dry matter was observed by Ünlü et al. (2011) due to more use of water. 

Moreover, they stated that some lint characteristics of cotton such as lint uniformity, 

length and fineness were decreased with increase in level of water deficit but at the same 

time statistically similar results were observed for cotton fiber quality components under 

different irrigation regimes. It was reported by Karam et al. (2006) that cotton lint yield 

was decreased with increase in irrigation water. Increase in vegetative growth due to more 

irrigation lead to reduction in yield (Onder et al., 2009). It has been found that lint quality 

of cotton is affected by water stress when it occurs during time of elongation of fiber, 

moreover length of fiber as well as its strength is decreased due to water stress on 



16 
 

different processes of cell expansion (Dağdelen et al., 2009). Mert (2005) reported that 

fiber quality of different cotton cultivars was not consistently affected by non-irrigated 

and irrigated conditions showing inherent variability in cotton fiber. It was concluded by 

Noreen et al. (2013) that growth and yield of cotton was reduced to great extent due to 

water deficit. Days to first boll split were 4 days earlier under water scarcity (Noreen et 

al., 2013).  

2.5. Cotton genotypes and drought stress tolerance 

Mert (2005) reported that cotton cultivars differ physiologically and 

morphologically thus drought effects different cultivars differentially. Genotypes which 

are tolerant to drought can maintain higher relative water contents in their leaves as 

compared to genotypes which are sensitive to water deficit. It was observed that relative 

water contents in cotton leaves were 75% and 68.4% in genotypes GM 090304 and Ca/H 

631, respectively under normal irrigation conditions while water deficit stress resulted in 

decrease in relative water content to 3 and 4.7%, respectively in these genotypes. It was 

further described that plant respond to water availability by regaining their relative water 

contents in leaves upon application of irrigation water (Parida et al., 2007). Bölek (2007) 

found that cotton genotypes were tolerant to mid-season water stress, moreover, reduction 

in boll retention was positively related with a 39% decrease in yield in the water stressed 

treatment. It was found by Papastylianou & Argyrokastritis (2014) that some cultivars 

showed better adaptability to water deficit due to difference in plant water status of 

cultivars. They found that among cultivar Julia and Zoi, Julia was tolerant to water deficit 

stress. An understanding of the response of cultivars to water deficits is also important to 

model cotton growth and estimation of irrigation requirements (Pace et al., 1999). 

Different cultivars of cotton (Gossypium hirsutum L.) respond differentially to water 

deficit in terms of variation in degree of maintenance of relative water contents in leaves 

and reduction in protein, total chlorophyll and carotenoid contents (Ullah et al., 2008). 

Variations were observed for stomatal conductance in cotton cultivars under water 

scarcity (Laffray & Louguet, 1990). Activities of different antioxidants, soluble sugar 

contents, proline contents, active oxygen species were significantly increased with 

decrease in leaf stomatal density under drought stress in cotton transgenic genotypes as 

compared to wild types (Yu et al., 2016). It has been found that root growth is a 

significant and consistent sign of the performance of drought tolerant varieties and 

therefore this trait could be used in breeding program at seedling stage for better 
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productivity under drought. However, at plant maturity root and its characteristics are 

difficult to measure (Khalid et al., 2010). It was reported by Ullah et al. (2017) that many 

genes are responsible for regulating pathway related to antioxidant enzyme in different 

cotton cultivars. Improvement in antioxidant trait of cotton can be achieved by different 

other factors such as crop nutrition with zinc (Wu et al., 2015). It was found by Cook & 

El-Zik (1993) that in some genotypes of cotton drought escape mechanism exits as they 

mature early.  

2.6. Drought stress and its mitigation strategies 

Water deficit resulted in reduced crop growth and yield which is posing a great 

threat to food security under arid or semi-arid regions (Hanjra & Qureshi, 2010). Under 

these conditions various approaches are being investigated including seed priming, foliar 

application of growth regulators or compatible solutes and other micronutrients to 

ameliorate the effect of drought on crops (Ashraf et al., 2011; Farooq et al., 2009b). There 

are different approaches to cope with water scarcity. Conventional breeding methods are 

utilized to induce drought stress tolerance in plants. Some of the cultivars are more 

drought tolerant than others as reported by Mouradi et al. (2016) in case of alfalfa. At the 

same time, these methods are time consuming and limited success has been achieved in 

this context due to complexity of traits associated with water scarcity (Hussain Wani et 

al., 2013). There are different shotgun approaches which are helpful for survival of plants 

under conditions of water scarcity. Compatible solutes are gaining importance in this 

context. Accumulation of these organic solutes protect the plant from dehydration and 

injury to cellular compartments. 

2.7. Use of osmoprotectants as drought mitigating agents 

As a part of shot gun approaches, foliar application of different plant growth 

substances including minerals are very effective in induction of tolerance in plant against 

water deficit conditions (Ullah et al., 2017). It was reported by Hussain et al. (2008b) that 

exogenously applied glycine betaine and salicylic acid has been found very effective in 

alleviating the harmful effects of drought stress in sunflower. Application of proline has 

shown its potential in induction of abiotic stress tolerance in plants (Ashraf et al., 2008; 

Ashraf & Foolad, 2007).   

Salicylic acid as naturally occurring plant growth regulator play important role in 

revival of many physiological and biochemical functions of plant (Shakirova et al., 2003). 

In seed germination, salicylic acid act as a signaling molecule that control a wide range of 
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physiological processes and activity of enzyme (Dolatabadian et al., 2008), 

photosynthetic rate, plant growth and yield (Hussain et al., 2008b) and response to 

environmental stresses (Raskin, 1992). Sakhabutdinova et al. (2003) explored that 

salicylic acid decreased negative effects of many abiotic stresses by enhanced internal 

level of other plant growth regulators. It was reported that salicylic acid regulates time of 

flowering in arabidopsis (Martínez et al., 2004). Growth regulators like salicylic acid and 

putrescine are highly effective in ameliorating the adverse effect of stress in canola by 

accumulation of osmolyte proline along with protection of photosynthetic pigments 

(Ullah et al., 2012). 

Ascorbic acid is a non-enzymatic compound commonly known as (vitamin C) that 

enables plants to over produce certain compatible osmolytes under conditions of stress as 

these have important role in detoxification of different reactive oxygen species and thus 

withstand stresses (Serraj & Sinclair, 2002). In organic compounds, ascorbic acid is one 

of the widely occurring water soluble antioxidant and is mostly distributed in cytosol of 

the plants. It functions as substrate for ascorbate peroxidase that is involved in removal of 

H2O2 and superoxide radicals (Shafiq et al., 2014). Ascorbic acid is also involved in 

biosynthesis of different phyto-hormones such as gibberellins and ethylene in addition to 

its role as an antioxidant (Smirnoff, 2000a).  

Hydrogen peroxide, a vital reasonably stable non-radical active oxygen species is 

produced by normal aerobic metabolism in plants (Giorgio et al., 2007). At low 

concentrations, hydrogen peroxide acts as a signaling molecule which performed role in 

the regulation of specific plant processes including photosynthesis, cell cycle, growth and 

development, responses to biotic and abiotic stresses. Oxidative stress and ultimate cell 

death in plants may be as a result of surplus hydrogen peroxide accumulation (Mittler, 

2002). Since under stress conditions, elevated production of hydrogen peroxide in plants, 

severely damages biomolecules (Orozco-Cardenas & Ryan, 1999). H2O2-metabolizing 

enzymes such as ascorbate peroxidases, catalases, some thioredoxin peroxidases, and 

glutathione sulfo-transferases are produced in the plant as a result of stress (Sofo et al., 

2015). 

Glycine betaine has been shown to have important roles in plant tolerance to 

drought stress (Ashraf & Foolad, 2007). Foliar application of glycine betaine and 

induction of glycine betaine biosynthetic pathway through genetic engineering in the 

plants that are not able to accumulate this osmolyte can lead to drought tolerance (Chen & 

Murata, 2008). It was found by Iqbal et al. (2008) that exogenously applied glycine 
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betaine at the rate of 100 mM improved turgor potential and leaf relative water contents. 

However, leaf osmotic potential was not affected by exogenous application of glycine 

betaine in sunflower under water deficit stress. They further concluded that reduction in 

achene yield under drought was much reduced due to exogeneous application of glycine 

betaine. Seed oil quality and antioxidant activity was improved in maize due to foliar 

application of glycine betaine under water deficit conditions (Ali & Ashraf, 2011). 

Hussain et al. (2008a) found that foliar application of glycine betaine was more effective 

in case of water stress when applied at the vegetative stage than at the reproductive stage. 

It was held responsible for reduction of hazardous effects of drought through increase in 

sunflower yield in water-limited environments. Glycine betaine levels in transgenic plants 

were positively associated with selected abiotic stress tolerance (Holmström et al., 2000). 

The results suggested that glycine betaine may not only protect the stability of the cell 

membrane from drought stress injury, but also involved in osmotic adjustment in 

transgenic cotton plants (Lv et al., 2007).  

2.8. Role of glycine betaine in inducing drought tolerance 

The most important osmoprotectant known for introduction of drought stress 

tolerance in plants is glycine betaine which accumulates rapidly under drought stress 

conditions (Zhang et al., 2009). It was observed that glycine betaine plays important role 

in plant exposed to stressful environment (Hussain Wani et al., 2013). Plants have 

developed different mechanisms for adjustment to stressful environments, including 

accumulation of compatible solutes (Chen & Jiang, 2010). The most extensively 

compatible solute is glycine betaine (N-trimethyl glycine, GB), which is accumulated in 

plants, animals, and bacteria (Prasad & Saradhi, 2004). It is a non-toxic solute that build 

up in many species of poaceae, amaranthaceae, asteraceae, malvaceae, and 

chenopodiaceae under stressful environment, but is absent in various plant species such as 

carrot, soybean, castor bean, tobacco and mustard (Rhodes & Hanson, 1993). 

Furthermore, it was concluded that it is responsible for mediating osmotic adjustment and 

safeguard for sub-cellular structure in stressed plant.  

Glycine betaine stabilizes the cellular components such as enzymes, protein, and 

lipids actively involved in photosynthetic processes under water scarcity (Hossain & 

Fujita, 2010). Application of glycine betaine improves the drought tolerance in plants and 

enhance growth and yield of different crops such as rice, wheat, sunflower, and maize 

(Hussain et al., 2008b). Accumulation of glycine betaine varied among different crop 
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cultivars and species, but it is also affected with multiple environmental factors such as 

salinity, drought, and temperature (Shahbaz et al., 2012). 

Although it has been described that glycine betaine is naturally synthesized in 

plants under drought stress conditions, but it is not accumulated in such amount that may 

be effective for mitigating the harmful effects of water scarcity (Shahbaz et al., 2012). 

Some researchers argued in favor of application of glycine betaine for drought tolerance 

in cotton crop (Shallan et al., 2012), while in another study it has been reported that crop 

performance was not significantly affected by exogenous application of glycine betaine 

(Meek et al., 2003).  

It has been described that endogenous level of glycine betaine is increased in 

different plants such as cotton, wheat, barley, sugar beet, spinach, sunflower and sorghum 

because of limited supply of water (Iqbal et al., 2005; Lv et al., 2007; Rhodes & Hanson, 

1993). Glycine betaine when exogenously applied is up taken by plants readily (Park et 

al., 2006). Iqbal et al. (2005) reported that foliar application of glycine betaine in different 

concentration including 0, 50 and 100 mM was not much effective in improving oil 

contents in sunflower but have positive effect on achene weight in alleviating the 

injurious effects of water scarcity and are produced in stoma of chloroplast by oxidation 

of choline. This oxidation occurs in two steps; choline monooxygenase and betaine 

aldehyde dehydrogenase enzymes are caught up in synthesis (Rathinasabapathi et al., 

1997). It was found by Mäkelä et al. (1996) that glycine betaine is effectively penetrated 

in plant when applied with surfactant, as it is observed in case of turnip that glycine 

betaine was translocated from leaves to roots within two hours after application and same 

was translocated to all parts of plants one day after application. Uptake and rate of 

translocation of externally applied glycine betaine was influenced by different 

environmental factors (Noreen et al., 2013).   

Arakawa et al. (1990) said that isogenic barley lines containing unusual levels of 

glycine betaine showed different capacity to regulate osmotic processes. BetA gene 

linked with glycine betaine synthesis were isolated from Escherichia coli and introduced 

into maize lines through genetic engineering, and glycine betaine biosynthesis was 

considerably enhanced in some lines as compared to wild counterparts (Quan et al., 

2004). Moreover, they reported that the increase in endogenous glycine betaine level 

under stressful conditions is linked with the degree of improved tolerance to stress. 

Although phenomenon was observed in case of chilling stress, same can be practiced in 

case of drought stress as Kumar et al. (2004) reported that the introduction of genes 
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synthesizing glycine betaine into non-accumulators of glycine betaine has proved to be 

useful in increasing tolerance to various abiotic stresses. 

Park et al. (2004) stated that exogenous appliance of glycine betaine enhances the 

growth and productivity of some plants under stress including tobacco, wheat, barley, 

sorghum and soybean (Ashraf & Foolad, 2007). The glycine betaine (quaternary 

ammonium compound) used effectively in stabilizing the structure of macromolecules, 

photosynthetic apparatus and sustain the osmotic adjustment under water stressed 

conditions (Kurepin et al., 2015). Ashraf & Foolad (2007) explored that sufficient 

quantity of glycine betaine is not produced in the plant system and thus exogenous 

application resulted in greater accumulation of this compatible solute inside the plant to 

reduce the oxidative stress. Glycine betaine is very soluble in water and molecular 

features of glycine betaine makes its interaction possible with both the hydrophobic and 

the hydrophilic ends of macromolecules. Various researchers have noticed that under 

stress conditions, exogenous application of glycine betaine resulted in appreciable raise in 

vegetative and reproductive growth of different crops such as canola (Khalid et al., 2015), 

maize, wheat (Ashraf et al., 2008) and cotton (Noreen et al., 2013). Although, 

effectiveness of these osmoprotectants is relatively different in different crop species 

(Rasheed et al., 2011). It has been recommended that effectiveness of osmoprotectants in 

inducing stress tolerance depends on growth stage at which it is useful, degree of water 

stress or prevailing soil-plant-atmosphere water continuum. It has been theorized that 

glycine betaine can be utilized effectively in almost any kind of gene stacking 

experiments to develop tolerance in crop plants which can be successfully grown in 

marginal and arable lands (Ahmad et al., 2013). 

2.9. Use of glycine betaine in cotton  

Cotton, a natural accumulator of glycine betaine as described by (Pawar et al., 

2010). There are few contrasting reports about positive role of glycine betaine in 

improving cotton yield under stress conditions (Meek et al., 2003). Increase in level of 

glycine betaine was observed in sap of cotton cultivar Acal SJ-2 when it was subjected to 

drought stress. Maximum concentration was over 100 mM as described by Gorham 

(1996). Increase in concentration of glycine betaine was not attributed to dehydration. It 

was stated by Lv et al. (2007) that accumulation of glycine betaine was different in 

different cultivars of cotton before and after water stress. Moreover, they found that 

glycine betaine accumulation is responsible for protection of cotton against cell 
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membrane permeability and osmotic adjustment under water scarcity. Naidu et al. (1998) 

recorded increase in seed cotton yield by 18-22% under rain-fed conditions when seed 

was treated with 5 and 7.5% glycine betaine concentration, respectively. Moreover, they 

explored the genotypic differences for glycine accumulation in cotton cultivars subjected 

to water stress and at field capacity of soil. The results indicated that endogenous level of 

glycine betaine differed significantly among different cultivars at field capacity. Increase 

in levels of glycine betaine was observed in all cultivars grown under water deficit stress 

as compared to control. More accumulation of glycine betaine contents was observed 

under water deficit conditions in all cultivars as compared to field capacity levels. 

Adaptation of cultivars in water stress conditions was linked with accumulation of more 

glycine betaine (Ashraf & Foolad, 2007). These results suggested that level of 

endogenous glycine betaine and the degree of drought tolerance in cotton are positively 

correlated. Thus, the introduction of genes synthesizing glycine betaine in cotton may be 

beneficial for improving the drought tolerance of cotton by increasing its accumulation. It 

was found that glycine betaine applied at the rate of 100 mgL-1 was more effective in 

enhancing earliness trait in cotton as compared to application of proline at the same rate 

under drought conditions at flowering stage (Noreen et al., 2013). It was stated by Ahmad 

et al. (2014) that 100 mg L-1 glycine betaine improved growth, yield and physiological 

process so tolerated water deficit.  

2.10. Role of salicylic acid in inducing drought tolerance 

Salicylic acid (SA) is a signaling molecule in plants which is component of 

shikimate-phenylpropanoid signaling pathway, responsible for induction of plant defense 

against some pests and abiotic stresses (Metwally et al., 2003; War et al., 2011). Foliar 

application of salicylic acid not only regulates various biochemical and physiological 

processes of plants but also alleviates the harmful effects of various abiotic stresses such 

as water scarcity (Habibi, 2012), hypoxia (Bai et al., 2009), salinity (He & Zhu, 2008), 

toxicity of heavy metals and herbicide (Radwan, 2012). It also enhanced antioxidant 

capacity in plants (Wang et al., 2004b; Yang et al., 2003). Plant growth is affected by SA 

in terms of regulating photosynthetic process, mineral nutrient uptake, stomatal 

conductance, water relations, maintaining activity of various antioxidants such as 

peroxidase, superoxide dismutase, polyphenole oxidase and phenylalanine ammonia lyase 

as proposed by War et al. (2011). Salicylic acid was used by various researchers for its 

role in mitigating the harmful effects of water stress in arabidopsis, wheat, maize, tomato, 
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beans and barley, lemon grass (Agarwal et al., 2005; Bandurska, 2005; He et al., 2014; 

Idrees et al., 2010; Senaratna et al., 2000). It has been found that SA might act as 

phytotoxin at concentration greater than 1 mM (Rao et al., 1997). Oxidative stress 

increased to such a level that plant is unable to survive due to higher concentration of 

salicylic acid leading to death (Horváth et al., 2007). Salicylic acid or ortho-

hydroxybenzoic acid belongs to plant phenolics group, which has diverse effects on 

photosynthesis, ion uptake, membrane stability, activities of different enzyme, under 

drought stress (Hayat et al., 2008). The effects of exogenously applied salicylic acid 

depend upon numerous factors such as the species and developmental stage of plant, 

application mode, and the concentration of applied salicylic acid and its level inside 

plants (Horváth et al., 2007). Application of salicylic acid in wheat seedlings exposed to 

water deficit stress showed more moisture contents, total dry matter accumulation, 

carboxylase activity of RuBisCo, superoxide dismutase and chlorophyll content as 

compared to control. Salicylic acid also improved net photosynthetic rate, leaf water 

potential, chlorophyll contents, cell membrane stability and enzymatic activities of nitrate 

reductase and different antioxidants including catalase, peroxidase and superoxide 

dismutase under conditions of water scarcity (Hayat et al., 2008). Enhancement in proline 

synthesis in tomato and amaranth under drought stress in linked with exogenous 

application of salicylic acid, which in turn increased ascorbic acid along with antioxidants 

(Umebese et al., 2009). 

Salicylic acid is also helpful in amelioration of the effects of water stress on this 

medicinal plant (Idrees et al., 2011). Different physiological processes are influenced by 

salicylic acid (Raskin et al., 1987). It is responsible for enhancement of alternate oxidase 

expression and increased the cyanide resistant respiration (Rhoads & McIntosh, 1993). 

Mitochondrial electron transport chain is disturbed and thus induced heat production 

(Norman et al., 2004). Reduction in electrolyte leakage, hydrogen per oxide and lipid 

peroxidase level with the increase in chlorophyll a fluorescence value was observed in 

cucumber plant due to exogenous application of 1 mM salicylic acid (Shi et al., 2006). 

Exogenous application of 1 mM salicylic acid resulted into increase in activity of 

enzymatic antioxidants, membrane stability index and relative water contents along with 

increase in chlorophyll contents with lowering lipid peroxidase level under moderate 

water deficit in wheat as reported by Agarwal et al. (2005). Increased level of chlorophyll 

contents, superoxide dismutase and higher moisture contents in wheat seedlings subjected 
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to drought was recorded by Singh & Usha (2003) as a result of treatment of wheat 

seedlings with salicylic acid as compared to untreated. 

2.11. Use of Salicylic acid in cotton   

Role of salicylic was enquired in cotton as signaling for induction of resistance to 

Helicoverpa zea. It was found that salicylic acid was not involved in enzymatic 

decomposition of H2O2 by catalase or ascorbate peroxidase as these enzymes were not 

affected by application of salicylic acid (BI et al., 1997).  

It was observed by Noreen et al. (2013) in trial that among application of glycine 

betaine, salicylic acid and proline individually at the rate of 100 mg L-1 each under 

moisture deficit at flowering stage, salicylic acid was more beneficial in sustaining cotton 

production under these conditions as compared to proline and glycine betaine. Salicylic 

acid was exogenously applied by Hameed & Ali (2016) to induce thermotolerance in 

different cotton cultivars including Bt-703, Bt-131, and Bt-3701. Different concentration 

of salicylic acid including 0, 0.5, 1 and 1.5 mM were applied. It was found that due to 

application of salicylic acid heat shock damage was reduced. There was increase in 

accumulation of free proline, total soluble protein and plant dry matter as compared to 

treatment where salicylic acid was not applied. It was found by Liu et al. (2014) that 0.1 

mM salicylic acid applied exogenously to cotton subjected to 100 mM NaCl stress 

resulted in enhancement in performance of cotton under salinity stress by improvement in 

photosynthesis, transpiration, activities of antioxidant enzymes with lower level of H2O2 

production. Limited investigations have been carried out in cotton regarding exogenous 

application of salicylic acid under water deficit.  

2.12. Role of ascorbic acid in inducing drought tolerance 

Ascorbic acid, also known as vitamin C is most important antioxidant abundantly 

occurring in plants (Conklin et al., 1996). It regulates plant defense transcripts (Pastori et 

al., 2003). It plays very important role in regulating various plant processes including root 

cells elongation, photosynthesis, cell expansion and trans-membrane electron transport 

(Noctor & Foyer, 1998; Smirnoff, 2000b).  

Smirnoff (2005) described that elevated levels of ascorbic acid were found in 

actively growing tissues than dormant parts of plants. Moreover, its concentration is 5 

to10 times more than glutathione, thus it enables ascorbate to lose or donate electrons to 

produce monodehydroascorbate which has antioxidant properties (Buettner & Schafer, 

2004).  Therefore, high endogenous ascorbic acid in plants is crucial to counter oxidative 
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stress along with regulation of differnt method of plant metabolism. It has been found that 

levels of ascorbic acid inside the cell increased as a result of exogeneous application of 

same through the rooting medium (Chen & Gallie, 2004), as a foliar spray or as seed 

priming. There are variety of different substances which are also helpful in reducing the 

degrading effects of abiotic stress on plant growth and yield include plant growth 

regulators, fertilizers and non-enzymatic antioxidants (Akram & Ashraf, 2013; Ashraf, 

2010). Among different non-enzymatic antioxidants, ascorbic acid is among one of most 

important and effective growth regulators being applied exogenously to plants grown 

under conditions exposed to abiotic stresses. The endogenous levels of ascorbic acid are 

linked with the activation of plant defense mechanisms (Ejaz et al., 2012). Ascorbic acid 

is water soluble vitamin that protects cell from oxidative damage (Dolatabadian et al., 

2010). It has role in regulation of plant growth and development by controlling cell 

division and differentiation (Blokhina et al., 2003). It is involved in many functions along 

with antioxidant defense system such as photo-protection, and regulation of 

photosynthesis (Smirnoff, 1996). It serves as a substrate for enzyme such as ascorbate 

peroxidase that play important role in detoxification of hydrogen peroxide and it also 

helpful in scavenging the superoxide radical (Kunchandy & Rao, 1990). Under stress, the 

quantity of ascorbic acid increased in plants that plays crucial role in regulation of 

photosynthetic mechanism and defense against oxidative stress (Yazdanpanah et al., 

2011). Exogenous application of ascorbic acid improved plant growth and development 

under abiotic stress conditions (Athar et al., 2009; Dolatabadian et al., 2010).  

2.13. Use of ascorbic acid in cotton 

Exogenous application of ascorbic acid at rate of 40 mg L-1 was very effective in 

decreasing cell injury with the enhancement in yield, yield components, water relation 

and antioxidants under heat stress. Moreover, heat stress at reproductive stage was more 

destructive in reducing yield (Kamal et al., 2017a; Kamal et al., 2017b). Goel et al. (2003) 

studied the activity of oxidative stress enzymes when cotton seeds were artificially aged 

at 40 ±1 °C and 100% relative humidity for 4 days. It was concluded that seed priming 

with water for 2 hours and ascorbic acid for 12 hours maintained germination and 

activities of different antioxidant enzymes of artificially aged seed. Decrease in 

accumulation of peroxide and malondialdehyde contents were observed due to seed 

priming in cotton. Mei et al. (2015) studied pre-treatment of seeds of three hybrid cotton 

cultivars with salicylic and ascorbic acid to alleviate oxidative stress induced by copper 
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toxicity. Treatment of seed with salicylic or ascorbic acid at the rate of 100 µM resulted 

in better growth under copper stress. However, it was revealed that ascorbic acid 

alleviated harmful effects of copper toxicity greater than salicylic acid. Moreover, 

performance of hybrid cotton genotype ZD14 was superior than J208 and Z905 cotton 

hybrid genotypes. Ghourab & Wahdan (2000) investigated the effect of exogenous 

application of 200, 300 and 400 ppm ascorbic acid once at start of flowering and twice at 

start and peak of flowering in cotton. It was stated that two sprays of ascorbic acid at the 

rate of 200 ppm resulted in more sympodial branches per plant with less boll shedding 

and increased number of open bolls per plant. Fiber characteristics were not affected 

significantly by different concentrations of ascorbic acid but oil contents were increased 

significantly.  It was reported by Akram et al. (2017) that efficacy of ascorbic acid was 

assessed in the range of 0.1-5.0 mM as well as 10-2000 mg L-1 for seed priming, foliar 

spray and through rooting medium at different growth stages in different crops including 

cotton, sugarcane, major cereals, vegetables, oil seed crops, medicinal plants and 

squashes. Single dose was not effective for all crops. It varied with mode of application of 

ascorbic acid, stage of crop growth and genetic makeup of plant species. Mekki et al. 

(2016) stated that combination of glutathione and ascorbic acid each at rate of 1 mM was 

more effective in mitigating the adverse effects of water deficit as compared to their 

individual application in cotton. Few studies have been reported highlighting the role of 

ascorbic acid in amelioration of adverse effects of water limitation in plants (Khalil et al., 

2010).   
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CHAPTER 3 

MATERIALS AND METHODS 

Exogenous application of glycine betaine, salicylic acid and ascorbic acid each 

alone and in different combination was done at 3,6 and 9 weeks after emergence of cotton 

seedlings to assess the effectiveness of these osmoprotectants in alleviating the 

adversaries of water scarcity in cotton. Glycine betaine (C5H11NO2, Mol. Weight 117.15), 

salicylic acid (C7H6O3, Mol. Weight 138.12), ascorbic acid (C6H8O6, Mol. Weight 

176.12) of Sigma Aldrich, Germany was used for exogenous application. Study consisted 

of two pot and one field experiments. One pot experiment was conducted in 2015 while 

other pot and field experiment was carried out in 2016 at the Research Farm of College of 

Agriculture, University of Sargodha, Sargodha, Pakistan (Latitude 31.32°N, 73.18°E 

Longitude and 190 m Altitude). Two cultivars of cotton viz. Lalazar and FH-142 differing 

in their ability to tolerate drought were used for this study. Certified seed of both cultivars 

was obtained from Central Cotton Research Institute, Multan for both pot and field 

experiments.  

Field experiment was carried out on site where wheat was previously grown. Soil 

used in pot experiments and soil of field experiment was analyzed before sowing of crop. 

Report is presented in table 3.1. Meteorological data during the study is presented in 

figure 3.1. 

Table 3.1. Physico-chemical analysis of soil  

Characteristics Unit 
2015 

(Pot experiment) 

2016 

(Pot experiment) 

2016 

(Field experiment) 

Textural class - Sandy Loam Sandy Loam Sandy Loam 

pH - 7.60 7.80 7.9 

EC (dS m
-1

) 0.98 1.03 1.02 

Organic matter % 1.07 1.06 1.06 

Total Nitrogen % 2.01 1.9 1.9 

Available Phosphorus (mg kg-1) 7.1 7.4 7.8 

Available potassium (mg kg-1) 112 124 140 
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Figure 3.1. Meteorological data for entire growth period of cotton during 2015 and 2016 
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3.1. Pot Experiments  

3.1.1. Effect of exogenously applied growth promoting substances on cotton 

(Gossypium hirsutum L.) grown under water limited conditions 

Based on information from previous studies about possible role of compatible 

solutes in mitigating the harmful effects of water scarcity, pot experiments were carried 

out during growing season of 2015 and 2016. Objective was to optimize the use of 

selected combination of plant growth substances in ameliorating the harmful effect of 

water limitation in cotton. Effect of various concentration of plant growth substances 

alone and in different combinations were studied on different biochemical, phonological, 

water relation and yield traits of promising cotton cultivars. Pot experiments were 

arranged in completely randomized design with 2 × 2 × 10 factorial arrangement. Each 

treatment was replicated four times in both experiments.   

3.1.2. Treatments 

Following treatments were included in experiments 

 Cultivars 

  V1    = Lalazar 

  V2    = FH-142 

Water regimes 

  W1   = Normal irrigation (100% field capacity level)                    

  W2  = Drought (60% of field capacity level) 

Plant growth promoting substances 

   T1    = Control (untreated) 

   T2    = Distilled water spray 

   T3    = Distilled water spray + Tween-20 (0.1%)  

   T4    = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) 

   T5    = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 

   T6    = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 

   T7    = Glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

   T8   = Glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

   T9    = Salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%)  
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T10 = Glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) 

3.1.3. Preparation of solution of compatible solutes and exogenous application  

Different concentrations (33 mg L-1, 50 mg L-1 and 100 mg L-1) of glycine betaine 

(C5H11NO2, Mol. Weight 117.15), salicylic acid (C7H6O3, Mol. Weight 138.12) and 

ascorbic acid (C6H8O6, Mol. Weight 176.12) of Sigma Aldrich, Germany were prepared 

by dissolving 33, 50 or 100 mg of respective compatible solute in distilled water in 

volumetric flask and making volume up to 1 liter mark. Volume of water required for 

foliar spray was calculated through calibration of sprayer each time. Exogenous 

application of compatible solutes was done at 3, 6 and 9 weeks after seedling emergence. 

Tween-20 was used as surfactant. 

3.1.4. Procedure for maintaining water limited conditions 

Water limited conditions were maintained though field capacity calculations. 

Calculations were made by filling 8.5 kg air dry soil in each uniform size pot. Hole below 

the pot was blocked by placing the paper towel at the base prior to being filled with soil. 

Sample of air dry soil was kept in an oven at 105 °C for oven drying till a constant 

weight. Soil in pot was fully saturated with water and kept overnight till drainage of 

excess water stopped from pot. Weighed sample of soil was kept in oven for getting dry 

weight of soil. Weight of water in pot was calculated by subtracting oven dry soil weight 

from total weight of wet soil after drainage of excess water. Field capacity of soil was 

calculated by the following formula: 

 field capacity of soil =
weight of water

weight of dry soil
× 100 

Weight of soil and water was noted after removal of gravitational water from soil 

i.e. 100% field capacity. Empty pot weight was included in it to get target weight at 100% 

field capacity level. Amount of water required to maintain 60% field capacity was 

calculated as follows 

Water required to maintain 60% field capacity =  

                                       
60

100
× water required to maintain 100% field capacity 
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Target weight for 60% field capacity was calculated by adding water required to 

maintain 60% field capacity, empty pot weight and oven dry soil weight.Target weight of 

each pot for each field capacity level was maintained throughout the conduct of 

experiment by addition of water at each time of weighing.  

Three sinker seeds of cotton were sown in each pot on 3rd May 2015 in first year 

and 15th May 2016 in next year. Later these were thinned to one healthy plant per pot. 

Recommended dose of nitrogen (160 kg ha-1), phosphorus (70 kg ha-1) and potash (50 kg 

ha-1) was applied to each pot based on acre furrow slice weight to produce healthy plants. 

The NPK fertilizers were added to each pot based on the calculation of NPK fertilizers 

required for acre furrow slice weight. All phosphorus, potassium and one third nitrogen 

was applied at the time of sowing and remaining nitrogen was applied in two equal splits 

i.e. at squaring and peak flowering stage. Different pesticides including imidachloprid, 

mospilon, leufenuron were used to control sucking and chewing insects.  

3.1.5. Observations 

Different parameters which were studied are as under: 

3.1.5.1. Phenological traits  

3.1.5.1.1. Days to emergence  

3.1.5.1.2. Days to squaring 

3.1.5.1.3. Days to first flower  

3.1.5.1.4. Days to first boll split 

3.1.5.1.5. First fruiting branch height (cm) 

3.1.5.2. Agronomic and yield traits 

3.1.5.2.1. Number of monopodial branches per plant  

3.1.5.2.2. Number of sympodial branches per plant  

3.1.5.2.3. Plant height (cm)  

3.1.5.2.4. Number of main stem nodes per plant  

3.1.5.2.5. Height to node ratio  

3.1.5.2.6. Number of opened bolls per plant  

3.1.5.2.7. Number of un-opened bolls per plant 

3.1.5.2.8. Average boll weight (g) 

3.1.5.2.9. Seed cotton yield per plant (g)  

3.1.5.2.10. Cotton seed yield per plant (g)  
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3.1.5.2.11. Lint yield per plant (g) 

3.1.5.2.12. Ginning out turn (%) 

3.1.5.3. Fiber quality characteristics   

3.1.5.3.1. Fiber length (mm) 

3.1.5.3.2. Fiber strength (g tex-1) 

3.1.5.3.3. Fiber elongation (%) 

3.1.5.3.4. Fiber fineness (micronaire) 

3.1.5.3.5. Uniformity index (%) 

3.1.5.4. Biochemical and physiological parameters 

3.1.5.4.1. Leaf chlorophyll contents (chl a. chl b, total chlorophyll) (mg g-1) 

3.1.5.4.2. Leaf relative water contents (%) 

3.1.5.4.3. Cell membrane stability index 

3.1.5.5. Gas exchange characteristics 

3.1.5.5.1. Net photosynthesis rate (µ mol m-2 sec-1) 

3.1.5.5.2. Leaf stomatal conductance (m mol m-2 sec-1) 

3.1.5.5.3. Transpiration rate (m mol m-2 sec-1) 

3.1.5.6. Activity of Antioxidants 

3.1.5.6.1. Superoxide dismutase activity (Units g-1 F.wt) 

3.1.5.6.2. Catalase activity (Units g-1 F.wt) 

3.1.5.6.3. Peroxidase activity (Units g-1 F.wt) 

3.2. Field Experiment 

Effect of exogenous application of glycine betaine, salicylic acid and ascorbic acid 

each alone and in different combination was investigated in field during growing season 

2016. Experiment was laid out in randomized complete block design with split-split plot 

arrangement. Water regimes were kept in main plot while cultivars were kept in sub-plot. 

Plant growth promoting substances were kept in sub-sub plot. Drought stress was 

imposed in field by skipping irrigation alternate to normal. Net plot size was 3.6 m × 4.5 

m. Two meter separator was maintained between each subplot to prevent effect of 

irrigated subplot on water stressed subplot. Size of main plot was 144 m × 3.6 m. There 

were four replications for each treatment.  
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3.2.1. Seed bed preparation and sowing  

Irrigation was given before seed bed preparation. When proper moisture contents 

achieved then soil was ploughed five times with the cultivator to depth of 10-15 cm 

followed by planking. Later one land was leveled, and ridges and furrows were made. 

Ridges were kept 75 cm apart. Delinted two cotton seeds were sown at 30 cm apart 

distance on ridges manually with dibbler on the same day of preparation of ridges and 

field was irrigated after sowing of seeds. After 48 hours field was re-irrigated to facilitate 

seed emergence. Seeds were sown on 15th May 2016.  

3.2.2. Thinning   

Thinning was done at four leaf stage. Weak seedlings were removed manually 

while healthy seedlings were kept for study.  

3.2.3. Weed management  

Pre-emergence herbicide dual gold was sprayed 24 hours after sowing on furrows 

with the help of knapsack sprayer with flood jet nozzle. At later stages three hand hoeing 

were performed to control weeds effectively.    

3.2.4. Fertilization  

Recommended dose of fertilizers i.e. nitrogen (160 kg ha-1), phosphorus (70 kg ha-

1), potash (50 kg ha-1) were applied in the form of urea, di-ammonium phosphate and 

potassium sulphate. All phosphorus, potash and one third nitrogen was applied at the time 

of sowing. Remaining nitrogen was applied in two equal splits i.e. at squaring and peak 

flowering stage.  

3.2.5. Treatments 

Treatments which were studied under field trial are as follows: 

Cultivars 

 V1 = Lalazar 

 V2 = FH-142 

Water regimes 

 W1 = Normal irrigation                  

 W2= Drought (Skipped irrigation alternate to normal) 

Plant growth promoting substances 

 T1 = Control (untreated) 

 T2 = Distilled water spray 
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 T3 = Distilled water spray + Tween-20 (0.1%)  

 T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) 

 T5   = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 

 T6   = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 

 T7   = Glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

 T8  = Glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

 T9   = Salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

 T10 = Glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) 

3.2.6. Preparation of solution of compatible solutes and exogenous application  

Different concentration (33mg L-1, 50 mg L-1 and 100 mg L-1) of glycine betaine 

(C5H11NO2, Mol. Weight 117.15), salicylic acid (C7H6O3, Mol. Weight 138.12) and 

ascorbic acid (C6H8O6, Mol. Weight 176.12) of Sigma Aldrich, Germany were prepared 

in distilled water by dissolving 33, 50 or 100 mg of respective compatible solute in 

distilled water in volumetric flask and making volume up to 1 liter mark. Volume of 

water required for foliar spray was calculated through calibration of sprayer each time. 

Exogenous application of compatible solutes was done at 3, 6 and 9 weeks after seedling 

emergence.  

3.2.7. Plant protection measures  

Insect pest population was kept below threshold level through chemical control.  

Insecticides including imadachloprid, mospilon, leufenuron were applied to control aphid, 

jassids, white fly and army worm.   

3.2.8. Irrigation  

After first irrigation at the time of sowing, second irrigation was done 48 hours 

after first irrigation. Subsequent irrigation in case of normal irrigation regimes was 

applied as per recommendations at interval of 7-21 days up to maturity of crop depending 

upon temperature and rainfall. While for drought one irrigation was skipped alternate to 

normal.   

3.2.9. Cotton picking  

Cotton picking was started after drying of moisture form the boll. Picking was 

done at end of November. 
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3.2.10. Observations    

All the parameters studied in pot trials were also recorded in field experiment by 

using standard procedures. In addition to those parameters, number of plants at maturity 

(m-2) and the following growth and development parameters were also observed.   

3.2.10.1. Growth and Development 

3.2.10.1.1. Crop growth rate (g m-2 day-1) 

3.2.10.1.2. Net assimilation rate (g m-2 day-1) 

3.2.10.1.3. Leaf area index 

3.2.10.1.4. Leaf area duration (days)  

3.3. Procedures and formulae for recording observations 

Procedures for recording different parameters were as follows:  

3.3.1. Growth and Development 

3.3.1.1. Sampling 

Random sampling of three plants were done at an interval of one month after 

establishment of cotton crop in each plot. Plants at the border were not considered for 

sampling. Fresh weight of different fractions of leaf, stem, flowers, squares and boll 

(opened and un-opened) was taken with an electronic balance. Samples were sun dried 

first and then kept in an oven at 70 °C to a constant weight. A sub sample of 10 g of leaf 

lamina was taken and leaf area was measured with an area meter (CID Biosciences). 

From the measurements of leaf area and oven dry weights following parameters were 

measured. 

3.3.1.2. Crop growth rate (g m-2 day -1) 

Crop growth rate (CGR) was calculated as proposed by Hunt (1978) at an interval 

of one month. 

CGR =
W2 − W1
T2 − T1

 

Where W1 and W2 are the total dry weights at times T1 and T2, respectively.  

3.3.1.3. Net assimilation rate (g m-2 day -1) 

The average net assimilation rate (NAR) was estimated by using the formula of 

Hunt (1978). 

NAR =
TDM

LAD
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Where TDM and LAD are the total dry matter and leaf area duration, respectively at final 

sampling. 

3.3.1.4. Leaf area index 

Leaf area index (LAI) was calculated as the ratio of leaf area to land area as 

devised by Watson (1952). 

LAI =
Leaf Area

Land Area
 

3.3.1.5. Leaf area duration (days) 

Leaf area duration (L A D) for each sampling date was estimated as devised by 

Hunt (1978). 

LAD =
LAI1 + LAI2 

2
 × (T2 − T1) 

 

Where LAI1 and LAI2 are leaf area indices at times T1 and T2, respectively. Cumulative 

LAD at final harvest was calculated by adding all LADs values. 

3.3.2. Phenological traits 

3.3.2.1. Days to emergence 

Days were counted from sowing to seedling emergence. In field experiment, days 

to emergence were recorded from each plot by visiting experiment daily and recording 

first five emerged plants. Later average was obtained. In case of pot experiment, data was 

taken from single plant from each pot.  

3.3.2.2. Days to squaring 

In field experiment, data for number of days to appearance of first visible square 

was recorded from ten randomly selected tagged plants by recording appearance of first 

visible square on 50% of plants. Days were counted from sowing to first visible square on 

randomly selected tagged plants. Data from these selected plants was averaged. In case of 

pot experiment, days from sowing to appearance of first visible square was taken from 

one plant from each pot.  

3.3.2.3. Days to first flower 

In case of field experiment, ten plants were randomly selected and tagged from 

each plot and used for observation regarding days to initiation of flowering. These days 
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were counted from date of sowing to appearance of first flower on 50% of randomly 

selected plants. Data from these selected plants was averaged. In case of pot experiments, 

number of days were counted from sowing to appearance of first flower in each pot. 

3.3.2.4. Days to first boll split 

Ten randomly selected plants were tagged and days to first boll split were 

counted. Later, average number of days were recorded in case of field experiment. 

However, in pot experiments, single plant per pot was observed for recording this data.    

3.3.2.5. First fruiting branch height (cm) 

Height of first sympodial branch was noted in centimeter from cotyledonary node 

of ten randomly selected tagged plants from each plot and data was averaged in case of 

field experiment. In pot experiments, data was recorded from single plant in each pot.  

3.3.3. Agronomic and yield traits 

3.3.3.1. Number of plants at harvest (m-2) 

To record number of plants at harvest, area of one square meter was selected 

randomly at three random places in a plot. Number of plants per square meter was 

counted and then average was calculated in field experiment.  

3.3.3.2. Number of monopodial branches per plant 

Indirect fruit bearing branches were counted for five randomly selected plants 

from each plot in field experiment and data was averaged to get average number of 

monopodial branches per plant. In pot trial, single plant per pot was used for recording 

data of number of monopodial branches per plant. 

3.3.3.3. Number of sympodial branches per plant 

Number of direct fruit bearing branches was counted for five randomly selected 

plants from each plot in field experiment and average number of sympodial branches per 

plant was calculated. In pot experiment, data of number of sympodial branches per plant 

was recorded from single plant per pot.   

3.3.3.4. Plant height (cm) 

In field experiment, plant height of five randomly selected plants was measured 

from ground level to top of main stem. Data was averaged to get average plant height. In 

pot experiment data for plant height was recorded from single plant in each pot. 
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3.3.3.5. Number of main stem nodes per plant 

Total number of nodes on main stem was recorded from five randomly selected 

plants and later averaged in field experiment. In pot experiments, number of main stem 

nodes was noted for single plant in each pot.  

3.3.3.6. Height to node ratio 

Height of five randomly selected plants was divided by number of main stem 

nodes to get height to node ratio. This ratio was later averaged in field experiment. In pot 

experiment, height to node ratio was observed from single plant.  

3.3.3.7. Number of opened bolls per plant 

Number of opened bolls per plant was counted for five randomly selected plants 

per plot in field experiment at cotton picking and averaged to obtain number of opened 

bolls per plant. In pot experiment, number of open bolls per plant was recorded from 

single plant in each pot.  

3.3.3.8. Number of un-opened bolls per plant 

Number of un-opened bolls per plant was counted from five randomly selected 

plants at the time of cotton picking in each plot in field experiment and averaged to get 

average number of un-opened bolls per plant. In pot experiment, data was recorded from 

single plant in each pot. 

3.3.3.9. Average boll weight (g) 

Seed cotton from five randomly selected plants was harvested from each plot in 

field experiment, weighed and then it was divided by number of open bolls picked from 

these plants. In pot experiment, seed cotton picked from single plant was weighed and 

then divided by number of open bolls to get average boll weight.  

3.3.3.10. Seed cotton yield per plant (g) 

Seed cotton from five randomly selected plants from each plot of field experiment 

was recorded and averaged to get seed cotton yield per plant. In pot experiment, data was 

recorded from single plant in each pot. 

3.3.3.11. Cotton seed yield per plant (g) 

Seed cotton yield of five randomly selected plants per plot from field experiment 

were ginned separately to obtain cotton seed yield from these plants and later average was 
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done to get cotton seed yield per plant. In pot experiments, data was recorded from single 

plant in each pot.  

3.3.3.12. Lint yield per plant (g) 

In field experiment, lint yield was determined after ginning 100 g sample of seed 

cotton with saw gin and later converted to per plant basis. In case of pot experiment, seed 

cotton picked from single plant was ginned to get lint yield per plant.  

3.3.3.13. Ginning out turn (%) 

Ginning out turn was determined after ginning of seed cotton by dividing lint 

yield with seed cotton yield and it was multiplied by100.  

3.3.4. Fiber quality characteristics 

Fiber quality traits were determined by high volume instrument (HVI) 

Spectrum-1. Different fiber quality parameters studied were as follows  

1. Fiber length (mm) 

2. Fiber strength (g tex-1) 

3. Fiber fineness (micronaire) 

4. Fiber elongation (%) 

5. Uniformity index (%) 

3.3.5. Biochemical and physiological parameters 

3.3.5.1. Leaf chlorophyll contents (mg g-1) 

Chlorophyll contents were determined by following the method advised by 

(Hiscox & Israelstam, 1979). 

Leaf samples frozen at -20 °C were used for determination of chlorophyll 

contents. Scalpel was used to cut the frozen leaf sample into 0.6 cm2 section. A 20 mg of 

frozen leaf material was weighed into the eppendorf tube. Eppendorf was labeled with 

treatment label. A 5 mm ball bearing was added in eppendrof containing leaf sample and 

it was sealed. Same was clasped with long handle tweezer and lowered in IL dewar of 

liquid nitrogen. Frozen eppendorf and its contents were removed from liquid nitrogen 

after holding it for 20 seconds. Ball mill was set after preparing eight eppendrof and 

samples were ground. In next step supernatant was extracted by adding 1.0 mL DMSO to 

each eppendorf containing macerated leaf sample. Eppendorf tube was placed in matrix 

mill and extract was mixed at 30 hz for 2 minutes. After centrifugation, supernatant was 
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removed. Again 1.0 mL DMSO was used to pellet and re-extraction. Spectrophotometer 

(Hitachi-U2001, Tokyo, Japan) was calibrated at zero absorbance using blank for pure 

DMSO. Absorbance of blank and samples was measured at 645 and 663 nm within 20 

minutes after extraction procedure. Blank of pure DMSO was included in each run and 

absorbance of this blank was subtracted from absorbance reading of each sample. 

Following equations were used to make calculations.  

Chl a (g L-1) = 0.0127 A663 – 0.00269 A645 

Chl b (g L-1) = 0.0029 A663 – 0.00468 A645 

Total Chl (g L-1) = 0.0202 A663 + 0.00802 A645 

3.3.5.2. Leaf relative water contents (%) 

Leaf relative water contents were determined by selection of three fully developed 

leaves from each plant after one week of completion of exogenous application of plant 

growth substances. Samples were kept in re-sealable bags after detaching from plant. 

Fresh weight was taken with electronic balance. Leaf samples were dipped in distilled 

water overnight to get turgid leaf weight. After getting turgid weight leaf samples were 

air dried at room temperature for one hour and then kept in oven for drying at 70 °C till 

constant weight was achieved. RWC was calculated by using the following formula by 

(Schonfeld et al., 1988). 

Relative Water Contents =
Fresh weight − Dry weight

Turgid weight − Dry weight
× 100 

3.3.5.3. Cell membrane Stability Index 

Cell membrane stability index (MSI) was determined according to the method 

described by (Tuna et al., 2007). For MSI determination, two sets of leaf samples each 

200 mg was weighed. 10 mL double distilled water was put in these two test tubes. From 

the two samples of each treatment, one test tube was kept at 40 ºC in a water bath for 30 

minutes and then measured the electrical conductivity (C1). The other test tube was 

incubated at 100 ºC for 15 minutes and measured the electrical conductivity (C2). MSI 

was calculated by using the following formula. 

Cell Membrane Stability Index (MSI) =
[1 − C1]

C2
 X 100 
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3.3.6. Gas exchange characteristics 

Gas exchange parameters including net photosynthetic rate, leaf stomatal 

conductance and leaf transpiration rate were recorded by using IRGA, CI-340 CID 

Biosciences, USA. All parameters were recorded on third youngest fully expanded leaf 

from top of each plant during 10:00- 14:00 hours. Different adjustments made in 

instrument before recording data were, mass flow rate 0.33 mol m-2 s-1, atmospheric 

pressure 99.5 kPa, photosynthetically active radiation at leaf surface maximum up to 1393 

µmol m-2 s-1, water vapor pressure at the outlet of leaf chamber ranged from 1.7 to 2.4 

kPa, temperature of the ambient air in the leaf chamber ranged from 23 to 34 °C. 

3.3.7. Activities of antioxidants enzymes 

Different antioxidant enzymes including catalase (CAT), peroxidase (POD) and 

superoxide dismutase (SOD) were determined after seven days of completion of 

exogenous application of osmoprotectants. The activities of catalase, peroxidase, and 

superoxide dismutase were appraised following known protocols for each enzyme. For 

the purpose, leaf samples were prepared as described by (Dixit et al., 2001) in a medium 

comprising 50 mM phosphate buffer (pH 7.0) and 1 mM dithiothreitol. The catalase 

activity was assessed based on the conversion rate of H2O2 to H2O and O2 molecule 

(Chance & Maehly, 1955). A 3 mL reaction solution containing 50 mM phosphate buffer 

(pH 7), 5.9 mM of H2O2 and 0.1 mL enzyme extract, was used. The CAT activity was 

determined as the change in SOD at 240 nm of the reaction solution after every 20 sec. 

One unit of CAT activity was defined as an absorbance of 0.01 unit per min. The POD 

was assessed following the protocol of (Chance & Maehly, 1955). The reaction solution 

contained 50 mM phosphate buffer (pH 5), 20 mM of guaiacol, 40 mM of H2O2 and 0.1 

mL enzyme extract. The increase in optical density at 470 nm was recorded after every 20 

sec. One unit of POD was considered equivalent to the increase in the enzyme value of 

0.01 in 1 min. The SOD activity was appraised by calculating its hindrance potential 

against photo reduction of nitroblue tetrazolium (NBT) according to the method described 

by (Giannopolitis & Ries, 1977). The absorbance of the reaction mixture was recorded at 

560 nm. 

3.3.8. Statistical analysis 

Data collected was analyzed by using analysis of variance technique with statistix-

10. HSD at 5% level of probability was used to test the differences among different 

treatment means (Steel et al., 1997).  
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3.3.9. Economic analysis 

 Relative profitability of different treatments was worked out as detailed in 

CIMMYT (1988).  
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1. Pot Experiments 

Effect of exogenously applied growth promoting substances on cotton (Gossypium 

hirsutum L.) grown under water limited conditions 

4.1.1. Phenological traits 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on different phenological traits of cotton grown under different water regimes 

in 2015 and 2016 is presented in appendices 1and 2, respectively.   

4.1.1.1. Days to emergence 

Data regarding effect of plant growth promoting substances on days to emergence 

of two cotton cultivars under normal and drought conditions is presented in table 4.1 and 

4.1a as recorded in 2015 and 2016, respectively. 

Days to emergence were statistically similar due to application of different plant 

growth promoting substances in 2015 and 2016. It may be attributed to fact that plant 

growth promoting substances were applied at later stages. First exogenous application of 

plant growth promoting substances was done three weeks after sowing.  

Non-significant differences were observed between both cultivars i.e. Lalazar and 

FH-142 regarding this parameter in both years. Days to emergence in Lalazar and FH-142 

were 5.55 and 5.5, respectively in 2015. While in 2016, days to emergence for Lalazar 

and FH-142 were 4.38 and 4.33, respectively. Early emergence of seedling in 2016 can be 

linked with more temperature in the month of May as compared to same month in 2015. 

Our findings are in harmony with the findings reported by Reddy et al. (2017) as they 

also observed that temperature has its influence on seedling emergence rate in case of 

cotton. It was also reported by Barpete et al. (2015) that germination increased with the 

increase in temperature.  

Interaction between cultivars × water regimes, cultivars × plant growth promoting 

substances, water regimes × plant growth promoting substances and cultivars × water 

regimes × plant growth promoting substances was non-significant in term of days to 

emergence.  
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Table 4.1. Effect of plant growth promoting substances on days to emergence in two 

cotton cultivars under normal irrigation and drought conditions in 2015 

Year 2015 
Days to emergence 

Lalazar FH-142 

Mean 
Treatment Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 5.75ns  5.25  5.50  6.00  5.63ns  

Distilled water spray 5.25  5.25  5.50  5.25  5.31  

Distilled water spray + Tween-

20 (0.1%) 
5.00  6.25  5.50  5.50  5.56  

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
5.00  5.00  5.25  6.00  5.31  

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
6.25  5.75 5.25  6.25  5.88  

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
6.50  5.50  5.00  5.75  5.69  

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

6.00  5.25  5.25  4.50  5.25  

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

6.00  5.75  6.00  5.50  5.81  

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

5.00  5.00  5.50  5.00  5.13  

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

5.75  5.50  6.25  5.25  5.69  

Mean of cultivars 5.55ns  5.50   

Mean of irrigation conditions 
Normal irrigation 

= 5.58ns  
Drought = 5.48   

HSD p ≤ 0.05 

Irrigation conditions= ns  

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 
     ns= Non-significant 
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Table 4.1a. Effect of plant growth promoting substances on days to emergence in 

two cotton cultivars under normal irrigation and drought conditions in 2016 

Year 2016 Days to emergence 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 4.25ns   4.50   4.00   4.25   4.25ns   

Distilled water spray 4.00   4.50   4.00   4.50   4.25   

Distilled water spray + 

Tween-20 (0.1%) 
3.75   4.50   4.50   4.25   4.25   

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 
4.25   4.50   4.00   4.50   4.31   

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.25   4.50   4.25   4.50   4.38   

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
5.00   4.75   4.50   4.50   4.69   

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.50   4.25   4.00   4.50   4.31   

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.75   4.00   5.00   4.25   4.50   

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.25   4.00   3.75   4.50   4.13   

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

5.00   4.00   4.50   4.25   4.44   

Mean of cultivars 4.38ns   4.33   

 

Mean of irrigation 

conditions 

Normal irrigation = 

4.33ns   

Drought = 

4.38   

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 
   ns=Non-significant 
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4.1.1.2. Days to squaring  

Days taken to appearance of first visible square are considered as one of the 

important contributor towards earliness in cotton.  Data regarding days to appearance of 

first visible square in cotton cultivars as affected by different plant growth promoting 

substances and water regimes is presented in table 4.2 and 4.2a for pot experiment carried 

out in 2015 and 2016, respectively.  

Days to squaring were significantly influenced by application of different 

watering regimes. Under drought conditions, squaring started early (36.2) as compared to 

normal irrigation where first visible square was recorded after 39 days. Our results 

exhibited that squaring was delayed in case of normal irrigation as compared to drought 

conditions in 2015 (Table 4.2). Similar trend was observed in 2016; here under normal 

conditions squaring was delayed up to 44.73 days while in case of drought first visible 

square was recorded after 42.94 days. delay in initiation of squaring under normal 

irrigation my be due to delayed diversion of cotton towards reproductive development. 

Our findings are in agreement with the findings of Snowden et al. (2014) as they reported 

that reproductive stages of cotton are sensitive to water scarcity.  

However, statistically similar days to squaring were observed in case of both 

cultivars i.e. Lalazar and FH-142 in 2015 and first visible square was observed after 37.7 

and 37.5 days, respectively. While days to first visible square were statistically different 

in both cultivars in 2016. Result revealed that in Lalazar first visible square was observed 

after 44.09 days and in case of FH-142, same was observed after 42.94 days. Differences 

in days to squaring in 2015 and 2016 may be due to climatic conditions. According to 

findings of Reddy et al. (1992), temperature is main factor controlling cotton growth and 

development by affecting sympodial branches, square and boll formation and retention. 

They elucidated the fact that 30/22 °C was optimum temperature for these factors. 

According to our findings, temperature during appearance of first visible square was 

optimum in 2015 than the temperature during appearance of first visible square in 2016, 

imbalance between vegetative and reproductive growth was recorded 

In 2015, different plant growth promoting substances produced statistically 

different days to squaring. Maximum value for days to squaring (41.1) was observed in 

case of control (un-treated) while squaring was early due to exogenous application of 

different plant growth promoting substances. Minimum value for days to squaring (35.3) 

was observed where ascorbic acid was applied at the rate of 100 mg L-1 along with 

Tween-20 (0.1%) (Table 4.2). Different trend was observed in 2016, where days to 
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appearance of first visible square was non-significantly affected due to exogenous 

application of different plant growth promoting substances (Table 4.2a).    

Interaction between cultivars and plant growth promoting substances was found 

significant regarding days to squaring in 2015. Maximum days to squaring were recorded 

in Lalazar in case of un-treated control where days to squaring were 41.38 days. 

Statistically same days to squaring were observed between different treatments in FH-142 

i.e. control, salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid + ascorbic acid 

applied each at 50 mg L-1 along with Tween-20 and combination of all three plant growth 

promoting substances i.e. glycine betaine, salicylic acid and ascorbic acid each at the rate 

of 33 mg L-1. In these treatments squaring was started after 40.88, 39.88, 39.50 and 40.00 

days after sowing, respectively. While days to squaring were delayed in case of control in 

FH-142, having maximum value (40.88 days). It can be inferred from the data that 

ascorbic acid was involved in regulation of time of squaring. Squaring started early 

(35.88 days) where ascorbic acid was applied at the rate of 100 mg L-1 along with Tween-

20 in case of Lalazar. While similar trend was observed in case of FH-142 where ascorbic 

acid was applied at rate of 100 mg L-1, here squaring was started 34.75 days after sowing. 

Interaction between water regimes × plant growth promoting substances, cultivar × water 

regimes, water regimes × plant growth promoting substances × cultivars was found non-

significant regarding days to squaring in 2015 and 2016.  

4.1.1.3. Days to first flower 

Data regarding effect of plant growth promoting substances on days to first flower 

in two cotton cultivars under normal and drought conditions in 2015 and 2016 is 

presented in table 4.3 and 4.3a, respectively.   

Significant differences were observed between both cultivars regarding days to 

first flower in both years. In 2015, first flower was appeared at 48.33 days after sowing in 

FH-142 while first flower was appeared early in cultivar Lalazar where it was observed 

47.01 days after sowing. Different trend was observed in 2016 regarding days to first 

flower. Flowering was initiated 3.95 days delayed in Lalazar where flowering was 

initiated 61.06 days after sowing as compared to FH-142 where days to first flower was 

recorded 57.11 days after sowing. Different results regarding days to first flower in both 

years may be related to temperature differences in both years. These results are not in 

accordance with results reported by Sarwar et al. (2012) as they described that days to 

first flower were statistically similar in different cultivars. It may be due to differences in 
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Table 4.2. Interaction between plant growth promoting substances and cultivars 

regarding days to squaring in 2015.  

Year 2015 
Days to squaring 

Lalazar FH-142 Mean 
Treatments 

Control (Un-treated) 41.38 a 40.88 ab 41.1 a 

Distilled water spray 38.13 c-f 35.75 gh 36.9 de 

Distilled water spray + Tween-20 

(0.1%) 
37.50 d-g 37.13 efg 37.3 de 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
36.25 fgh 35.50 gh 35.9 ef 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
36.00 fgh 39.88 abc 37.9 cd 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
35.88 fgh 34.75 h 35.3 f 

Glycine betaine and Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
37.00 e-h 36.50 efgh 36.8 def 

Glycine betaine and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
36.63 e-h 35.88 fgh 36.3 ef 

Salicylic acid and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
39.75 a-d 39.50 a-d 39.6 b 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

38.75 b-e 40.00 abc 39.4 bc 

Mean of cultivars 37.7ns  37.5  

 

Mean of irrigation conditions 

Normal 

irrigation=  

39 a 

Drought = 

36.2 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.3963  

Cultivars= ns 

Plant growth promoting substances= 1.4425 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= 2.2939 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,          

ns=Non-significant 
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Table 4.2a. Effect of plant growth promoting substances on days to squaring in two 

cotton cultivars under normal irrigation and drought conditions in 2016 

Year 2016 Days to squaring 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 45.00ns   42.00   44.00   42.50   43.38ns   

Distilled water spray 44.25   42.75   44.00   40.50   42.88   

Distilled water spray + Tween-20 

(0.1%) 
48.00   42.75   44.75   42.00   44.38   

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
45.50   42.50   42.25   41.25   42.88   

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
44.00   42.75   45.25   44.75   44.19   

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
43.00   41.75   43.50   40.50   42.19   

Glycine betaine and Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

46.00   43.25   46.75   43.75   44.94   

Glycine betaine and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

47.50   42.25   41.00   41.00   42.94   

Salicylic acid and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
46.75   43.25   44.50   40.75   43.81   

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

44.75   43.75   43.75   42.00   43.56   

Mean of cultivars 44.09 b 42.94 a 

 

Mean of irrigation conditions 
Normal irrigation = 

44.73 a 
Drought = 42.30 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.0087 

Cultivars= 1.0087 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

 ns=Non-significant 
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photoperiodic responses of cultivars which resulted in different days to initiation of 

flowering.  

Under both irrigation conditions, days to appearance of first flower were 

statistically different in 2015 and 2016. Under drought conditions flowering was initiated 

early i.e. 46.45 and 57.74 days as compared to normal irrigation conditions where 

flowering was initiated 48.78 and 60.44 days after sowing in 2015 and 2016, respectively. 

Snowden et al. (2014) also reported the sensitivity of reproductive stage of cotton to 

water deficit conditions. 

Non-significant differences were observed in days to first flower due to 

exogenous application of different plant growth promoting substances in both years i.e. 

2015 and 2016.  

Both the cultivars responded differentially to application of plant growth 

promoting substances under normal and drought conditions. Interaction between cultivars 

and water regimes, cultivars and plant growth promoting substances, water regimes and 

plant growth promoting substances was not found significant in both years regarding days 

to first flower. However, Interaction between cultivars, water regimes and plant growth 

promoting was found significant regarding days to first flower in 2015. Flowering was 

delayed in case of Lalazar where exogenous application of salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) was done. Here first flower was appeared 52.25 days after sowing. This 

was statistically different when same treatment was applied under drought conditions, the 

initiation of flowering in 43 days after sowing. Those pots where glycine betaine and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied under normal irrigation 

conditions the first flower appeared at 43.25 days after sowing. Under control (un-

treated), in same cultivar, flowering was started in minimum number of days after sowing 

i.e. 42.75 under drought conditions. Days to first flower were statistically similar under 

normal irrigation conditions in both cultivars i.e. Lalazar and FH-142 by recording first 

flower after 50.5 and 52.5 days after sowing under control (un-treated) conditions. 

Statistically similar number of days to first flower was observed in case of control (un-

treated) and treatment where distilled water was sprayed along with Tween-20 as 

surfactant in cultivar FH-142 grown under normal irrigated conditions as days to first 

flower were 52.5 and 51.75 after sowing for control (un-treated) and distilled water, 

respectively. Minimum days to first flowering (42.75) was observed in case of drought 

conditions in Lalazar under control (untreated) and it was followed by initiation of 

flowering at 43 days after sowing due to foliar application of salicylic acid @ 100 mg L-1 
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+ Tween-20 (0.1%) in same cultivar in 2015. Flowering was delayed due to application of 

different plant growth promoting substances under drought conditions in both cultivars as 

compared to un-treated control except days to initiation of flowering due to foliar spray of 

all three plant growth promoting substances in FH-142 exposed to drought. Minimum 

days to first flower (45.25) in FH-142 were observed under drought conditions where 

combination of all three plant growth promoting substances were applied. It can be 

inferred that different plant growth promoting substances have role in initiation of 

flowering to varying degree in both cultivars but flowering in cotton seemed to be 

controlled by salicylic acid. These findings are in accordance with the findings reported 

by Martínez et al. (2004) as they reported salicylic acid regulates the time of flowering in 

arabidopsis. It was attributed to involvement of photoperiod and autonomous pathway 

without involvement of genes for flowering time.  

Interaction between water regimes, cultivars and plant growth promoting 

substances was non-significant in 2016 (Table 4.3a) in contrast to results of previous year 

pot experiment. It may be because of changes in climatic conditions. At the time of 

flower initiation, high relative humidity coupled with increase in temperature resulted in 

variable responses in second year pot experiment., Sawan et al. (2002) also identified that 

different climatic factors such as humidity, sunshine duration, evaporation and maximum 

air temperature affected the flower production in cotton. 

4.1.1.4. Days to first boll split 

Days to first boll split as influenced by exogenous application of different plant 

growth promoting substances in two cotton cultivars under normal irrigation and drought 

conditions in case of pot experiment in 2015 and 2016 is presented in table 4.4, 4.4a.  

In 2015, both the cultivars produced statistically similar days to first boll split. 

Contrasting results were observed in 2016 where days to first boll split were statistically 

different. However, it was observed that days to first boll split in 2015 were 7.45 days 

delayed in Lalazar and 10.83 days delayed in FH-142 as compared to time of first boll 

split in 2016. It may be due to change in environmental conditions particularly 

temperature and humidity. 

Days to first boll split were not affected significantly due to drought or normal 

irrigation conditions in 2015. Statistically similar days to first boll split were achieved in 

both water regimes by spliting bolls at 111.7 and 112.9 days after sowing under normal 

irrigation and drought conditions, respectively in 2015. These results suggest that cotton  
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Year 2015 
Days to first flower 

Lalazar FH-142 

Mean 
Treatment 

Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 50.5 abc 42.75 c 52.5 a 46.25 abc 48.0ns  

Distilled water spray 49.5 abc 49.25 abc 51.25 ab 49 abc 49.8  

Distilled water spray + 

Tween-20 (0.1%) 
45.25 abc 47.0 abc 51.75 a 46.75 abc 47.7  

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
49.25 abc 45.5 abc 49.5 abc 46.25 abc 47.6  

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
52.25 a 43.0 bc 49.25 abc 46.0 abc 47.6  

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
49.5 abc 45.0 abc 45.50 abc 47.25 abc 46.8  

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

44.25 abc 47.5 abc 50.0 abc 46.5 abc 47.1  

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

43.25 bc 45.0 abc 50.75 abc 46.5 abc 46.4  

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

47.5 abc 48.0 abc 47.0 abc 48.5 abc 47.8  

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

46.0 abc 50.0 abc 51.0 abc 45.25 abc 48.1  

Mean of cultivars 47.01 b 48.33 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

48.78 a 
Drought = 46.45 b  

 

HSD p ≤ 0.05 

Irrigation conditions= 0.9301  

Cultivars= 0.9301 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= 8.3811 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 

 

 

Table 4.3. Interactive effect of water regimes, cultivars and plant growth promoting 

substances on days to first flower in cotton in 2015 



53 
 

 

 

Year 2016 Days to first flower 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 63.75ns 56.25 60.50 56.00 59.13ns 

Distilled water spray 64.25 62.00 57.75 55.25 59.81 

Distilled water spray + Tween-

20 (0.1%) 
62.25 58.50 60.75 55.00 59.13 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
60.25 60.25 56.00 53.75 57.56 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
60.25 63.00 57.75 57.50 59.63 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
62.00 61.00 58.00 56.25 59.31 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

65.25 58.75 61.75 55.50 60.31 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

62.25 57.75 56.50 54.75 57.81 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

61.50 60.50 58.75 55.75 59.13 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

61.50 60.00 57.75 57.00 59.06 

Mean of cultivars 61.06 a 57.11 b 

 

Mean of irrigation conditions 
Normal irrigation = 

60.44 a 

Drought = 

57.74 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.6744 

Cultivars= 1.6744 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 

Table 4.3a. Effect of plant growth promoting substances on days to first flower in 

two cotton cultivars under normal irrigation and drought conditions in 2016 
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fruit is less sensitive to water stress as reported by Van Iersel & Oosterhuis (1996). 

However, in 2016, both water regimes significantly affected days to first boll split by 

splitting bolls 104.57 and 102.05 days after sowing under normal and drought conditions, 

respectively. Although fruiting is not much sensitive to water scarcity but changes in 

environmental conditions may result in significant effects as we observed increase in 

mean temperature and precipitation, decrease in humidity at the time of boll split in 2016 

as compared to conditions prevailed in same duration in 2015. Result in 2016 are in 

accordance with results reported by Howell et al. (2004) as they reported that drought 

stress enhanced boll maturity. 

Different plant growth promoting substances affected days to first boll split 

significantly in both years. Maximum days to first boll split (118.5) were observed in un-

treated control in 2015. It was statistically different from treatments where combinations 

of glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), salicylic acid 

and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine, salicylic and 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied and first boll split in 

109.1, 111.3 and 107.8 days, respectively. Minimum days to first boll split (107.8) were 

recorded in pots where combination of all three plant growth promoting substances were 

applied i.e. glycine betaine, salicylic acid and ascorbic acid each @ 33 mg L-1 in same 

year. In year 2016, maximum number of days taken to first boll split were observed in 

case of distilled water as observed in year 2015, however first boll was split 8.19 days 

earlier in 2016. Days to first boll split in un-treated control in 2016 were statistically 

different from all other treatments except where distilled water was sprayed. Minimum 

number of days to first boll split was achieved in case of pots where glycine betaine was 

applied @ 100 mg L-1 along with Tween-20 (0.1%) and first boll bursted after 100.19 

days after sowing. Results suggested that efficacy of these plant growth promoting 

substances is dependent upon environmental conditions. These results are in harmony 

with results reported by Noreen et al. (2013) as they reported significant effect of 

exogenous application of plant growth promoting substances on days to first boll split 

under different water regimes.     

Interaction between plant growth promoting substances × cultivars, water regimes 

× cultivars, plant growth promoting substances × water regimes, cultivars × plant growth 

promoting substances × water regimes was not significant regarding days to first boll split 

in 2015. In 2016 only interaction between cultivars × plant growth promoting substances 

was significant. Maximum delay in days to first boll split was observed in case of control 
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Table 4.4. Effect of plant growth promoting substances on days to first boll split in 

two cotton cultivars under normal irrigation and drought conditions in 2015 

Year 2015 
Days to first boll split 

Lalazar FH-142  

Treatments 
Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 118.8ns  119.5  117.3  118.5  118.5 a 

Distilled water spray 111.5  113.3  118.5  119.5  115.1 ab 

Distilled water spray + 

Tween-20 (0.1%) 
116  116.3  111.5  113.0  114.2 abc 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
109.0  110.3  112.3  113.3  111.2 bcd 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
109.0  112.8  115.3  115.8  113.2 a-d 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
107.5  108.8  111.3  113.3  110.2 bcd 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

111.75  112.5  113.0  114.5  112.9 a-d 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

108.5  108.5  108.8  110.5  109.1 cd 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

110.2  111.5  111.3  112.3  111.3 bcd 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

107.0  108.5  107.3  107.5  107.8 d 

Mean of cultivars 111.6ns  113.3    

Mean of irrigation 

conditions 

Normal irrigation = 

111.7ns  
Drought = 112.9  

  

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= 6.2372 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

                Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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Table 4.4a. Interaction between plant growth promoting substances and cultivars 

regarding days to first boll split in 2016 

Year 2016 Days to first boll split 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 111.13 a 109.50 abc 110.31 a 

Distilled water spray 109.88 ab 104.13 a-f 107.00 ab 

Distilled water spray + Tween-

20 (0.1%) 
108.38 a-d 99.62 ef 104.00 bc 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
103.38 a-f 97.00 f 100.19 c 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
99.13 ef 105.63a-e 102.38 bc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
100.88 def 100.88 def 100.88 c 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

100.88 def 100.25 def 100.56 c 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

101.25 c-f 100.38 def 100.81 c 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

102.75 a-f 102.25 b-f 102.50 bc 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

103.87 a-f 105.13 a-f 104.50   bc 

Mean of cultivars 104.15 a 102.47 b 

 

Means of irrigation conditions 

Normal 

irrigation= 

104.57 a 

Drought= 

102.05 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.4523 

Cultivars= 1.4523 

Plant growth promoting substances= 5.2871 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= 8.4075 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

 Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 

 



57 
 

(un-treated) in case of Lalazar and FH-142 where value was 111.13 and 109.50 days, 

respectively. Statistically similar results were recorded for days to first bolls split in case 

of exogenous application of other treatments with control including, distilled water spray, 

distilled water spray + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) and bolls 

splitting was done at 109.98, 108.38, 103.38,102.75 and 103.87 days after sowing in 

cultivar Lalazar. Minimum days to first boll split (99.13) was achieved in Lalazar where 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied while in case of FH-142 

minimum value for days to first boll split (97) was achieved where glycine betaine was 

applied @ 100 mg L-1 along with tween-20 (0.1%). 

4.1.1.5. First fruiting branch height (cm) 

Height of first fruiting branch is one of the criteria for monitoring earliness in 

cotton. Data regarding effect of different plant growth promoting substances on height of 

first fruiting branch in two cotton cultivars under normal and drought conditions is 

presented in 4.5, 4.5a, 4.5b and 4.5c as recorded in 2015 and 2016. 

Statistically similar height of first fruiting branch was recorded for both cultivars i.e. 

Lalazar and FH-142 by attaining height of 12.06 cm and 12.04 cm, respectively in 2015 

(Table 4.5a). Similar trend was recorded in 2016, where height of first fruiting branch 

was 12.73 and 12.63 cm in Lalazar and FH-142, respectively (Table 4.5c). 

Different water regimes i.e. normal irrigation and drought affected height of first 

fruiting branch non-significantly in 2015. Height of first fruiting branch under normal 

irrigation was 12.10 cm while under drought it was 12.00 cm. Under drought conditions 

height of first fruiting branch was less than normal irrigation conditions (Table 4.5). 

Height of first fruiting branch in 2016 was affected significantly due to normal irrigation 

and drought stress (4.5b). First fruiting height was more (13.96 cm) under normal 

irrigation as compared to drought conditions (11.39 cm). 

Height of first fruiting branch was not affected significantly due to different plant 

growth promoting substances in 2015 but significant differences were observed in 2016 

(Table 4.5a, 4.5b). Maximum height of first sympodial branch (13.88 cm) was observed 

in case of un-treated control. This was statistically different from the pots where ascorbic 

acid @ 100 mg L-1 was applied along with Tween-20 (0.1%) and combination of glycine 

betaine and salicylic acid @ 50 mg L-1 each along with Tween-20 (0.1%) (Table 4.5b). 
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Interaction in water regimes × plant growth promoting substances and cultivars × 

plant growth promoting substances was found significant regarding height of first fruiting 

branch in both years i.e. 2015 (Table 4.5, 4.5a) and 2016 (Table 4.5b, 4.5c). As far as 

interaction of water regimes × plant growth promoting substances is concerned in 2015, 

maximum height of first fruiting branch (14 cm) was observed under drought conditions 

where distilled water was sprayed along with Tween-20 (0.1%) and it was statistically 

different from the treatment where ascorbic acid was applied @ 100 mg L-1 + Tween-20 

(0.1%) by attaining minimum (9.63 cm) height of first fruiting branch under drought 

conditions (Table 4.5). 

Interaction between cultivar × plant growth promoting substances was significant 

regarding height of first fruiting branch in 2015 (Table 4.5a). Height of first fruiting 

branch was maximum (13.50 cm) in cultivar FH-142 with distilled water + Tween-20 

(0.1%). It was statistically similar to all other treatments of plant growth promoting 

substances in FH-142 except glycine betaine and salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). Minimum height of first fruiting branch (10.13 cm) was observed with 

glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar FH-

142. Maximum height of first fruiting branch (13.25 cm) in Lalazar was observed in same 

treatment in which minimum height of first fruiting branch was achieved in FH-142. It 

can be due to different response of both cultivars to exogenous application of plant 

growth promoting substances in 2015 (Table 4.5a). Minimum height of first fruiting 

branch (10.5 cm) was observed under drought in pots where glycine betaine and salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied in 2016 (Table 4.5b). This 

treatment was statistically similar to all other treatments in drought stress conditions. 

Maximum height of first fruiting branch (16 cm) was observed where distilled water was 

sprayed under normal irrigation conditions (Table 4.5b). It was statistically different from 

the treatments where exogenous application of different plant growth promoting 

substances including glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 

100 mg L-1 + Tween-20 (0.1%) and ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 

under normal irrigation conditions by attaining height of first sympodial branch 13, 12.88 

and 12.75 cm, respectively. Interaction between cultivars and plant growth promoting 

substances in 2016 (Table 4.5c) showed that maximum height of first fruiting branch 

(14.25 cm) was observed in Lalazar where distilled water was sprayed. It was statistically 

similar to all other treatments of plant growth promoting substances except salicylic acid 

and ascorbic acid each @ 50 mg L-1 each+ Tween-20 (0.1%) and height of first fruiting  
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Table 4.5. Interaction between water regimes and plant growth promoting 

substances regarding first fruiting branch height in cotton in 2015  

Year 2015 First fruiting branch height (cm) 

Treatments 
Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 12.13 abc 12.88 abc 12.50ns   

Distilled water spray 12.25 abc 11.00 abc 11.63   

Distilled water spray + Tween-20 

(0.1%) 
12.63 abc 14.00 a 13.31   

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
12.25 abc 11.75 abc 12.00   

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
11.13 abc 12.13 abc 11.63   

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
12.88 abc 9.63 c 11.25   

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

10.63 bc 12.75 abc 11.69   

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

13.00 ab 11.50 abc 12.25   

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

12.00 abc 12.25 abc 12.13   

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

12.13 abc 12.13 abc 12.13   

Mean of irrigation conditions 12.10ns   12.00    

HSD p ≤ 0.05 

Irrigation conditions= ns 

Plant growth promoting substances= ns 

Irrigation conditions × plant growth promoting substances= 3.3122 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.5a. Interaction between cultivars and plant growth promoting substances 

regarding first fruiting branch height in cotton in 2015 

Year 2015 First fruiting branch height (cm) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 12.50 ab 12.50 ab 12.50ns   

Distilled water spray 11.38 ab 11.88 ab 11.63   

Distilled water spray + Tween-

20 (0.1%) 
13.13 ab 13.50 a 13.31   

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
11.63 ab 12.38 ab 12.00   

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
10.88 ab 12.38 ab 11.63   

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
11.38 ab 11.13 ab 11.25   

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

13.25 ab 10.13 b 11.69   

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

13.00 ab 11.50 ab 12.25   

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

11.38 ab 12.88 ab 12.13   

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

12.13 ab 12.13 ab 12.13   

Mean of cultivars 12.06ns   12.04   

 

HSD p ≤ 0.05 

Cultivars= ns 

Plant growth promoting substances= ns 

Cultivars × plant growth promoting substances= 3.3122 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.5b. Interaction between water regimes and plant growth promoting 

substances regarding first fruiting branch height in cotton in 2016  

Year 2016 First fruiting branch height (cm) 

Treatments 
Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 15.00 ab 12.75 b-e 13.88 a 

Distilled water spray 16.00 a 11.00 de 13.50 ab 

Distilled water spray + Tween-20 

(0.1%) 
15.50 ab 11.88 cde 13.69 ab 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
13.00 b-e 11.75 cde 12.38 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
12.88 b-e 11.88 cde 12.38 abc 

Ascorbic acid @100 mg L-1 + 

Tween-20 (0.1 %) 
12.75 b-e 10.50 e 11.63 c 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

13.38 a-d 10.50 e 11.94 bc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

14.13 abc 10.75 de 12.44 abc 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

13.50 a-d 11.88 cde 12.69 abc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each 

+ Tween-20 (0.1%) 

13.50 a-d 11.00 de 12.25 abc 

Mean of irrigation conditions 13.96 a 11.39 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.4934 

Plant growth promoting substances= 1.7962 

Irrigation conditions × plant growth promoting substances = 2.8563 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability 

ns=Non-significant 
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Table 4.5c. Interaction between cultivars and plant growth promoting substances 

regarding first fruiting branch height in cotton in 2016  

Year 2016 First fruiting branch height (cm) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 13.50 abc 14.25 a 13.88 a 

Distilled water spray 14.25 a 12.75 abc 13.50 ab 

Distilled water spray + Tween-

20 (0.1%) 
13.63 ab 13.75 ab 13.69 ab 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
12.00 abc 12.75 abc 12.38 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
11.75 abc 13.00 abc 12.38 abc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
12.00 abc 11.25 bc 11.63 c 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

13.13 abc 10.75 c 11.94 bc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

13.00 abc 11.88 abc 12.44 abc 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

11.25 bc 14.13 a 12.69 abc 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

12.75 abc 11.75 abc 12.25 abc 

Mean of cultivars 
 

12.73ns    
12.63   

 

HSD p ≤ 0.05 

Cultivars= ns 

Plant growth promoting substances= 1.7962 

Cultivars × plant growth promoting substances= 2.8563 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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branch was 11.25 cm. Minimum height of first fruiting branch (10.75 cm) was observed 

in FH-142 where glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

was applied. Our findings are in harmony with the findings reported by Alishah & 

Ahmadikhah (2012) as they found that drought stress resulted in earliness in cotton as we 

observed that under drought stress height of first sympodial branch was less as compared 

to normal irrigated conditions.  

4.1.2. Agronomic and yield traits 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on different agronomic and yield traits of cotton grown under different water 

regimes in 2015 and 2016 is presented in appendices 3a and b and 4a and b respectively.   

4.1.2.1. Number of monopodial branches per plant 

Number of monopodial branches is product of genetics and environment. Data 

regarding number of monopodial branches per plant as influenced by exogenous 

application of plant growth promoting substances in two cotton cultivars under normal 

and drought conditions in year 2015 and 2016 is presented in table 4.6 and 4.6a, 

respectively. 

Non-significant differences were observed between both cotton cultivars viz. 

Lalazar and FH-142 in both years i.e. 2015, 2016 regarding number of monopodial 

branches per plant. Both the cultivars produced similar number of monopodial branches 

per plant (3.83) in 2015. In 2016, number of monopodial branches per plant was more in 

FH-142 and produced 4.05 monopodial branches per plant. While in Lalazar, these were 

3.80. Cabangbang et al. (1989) also reported non-significant differences among different 

cotton cultivars regarding number of monopodial branches per plant. Our findings are 

opposite to the findings of Malik & Malik (2006) as they reported monopodial branches 

per plant were significantly affected among different cotton cultivars. Different plant 

growth promoting substances influenced number of sympodial branches significantly in 

year 2015 and 2016. In 2015, maximum number of monopodial branches (4.43) was 

achieved where ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied 

exogenously. Number of sympodial branches observed in this treatment were statistically 

similar to all other treatments except un-treated control where 3.00 sympodial branches 

were recorded (Table 4.6). In 2016, maximum number of monopodial branches (4.69) 

was observed in case of control (un-treated) while minimum (3.25) was observed in case 

of exogenous application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) (Table 4.6a). 
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Treatment where maximum monopodial branches per plant were achieved was 

statistically different from  distilled water spray + Tween-20 (0.1%), glycine betaine @ 

100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) and 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) and produced 3.5, 3.44, 3.38 and 3.25 

monopodial branches per plant, respectively. More monopodial branches per plant (4.43) 

in 2015 and less value of monopodial branches per plant (3.25) in 2016 due to exogenous 

application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) can be attributed to 

differences in sowing dates of cotton in both years coupled with climatic changes. In our 

case in 2015 sowing was done on 3rd March while in 2016 same was done on 15th March. 

Sarwar et al. (2016) also found that number of monopodial branches per plants was 

influenced due to changes in sowing dates in cotton. However, it was proved by Smirnoff 

& Wheeler (2000) that ascorbic acid has role in regulation of cell expansion in this 

context in plants. 

Both watering regimes significantly affected the number of monopodial branches 

per plant in year 2015 and 2016. Maximum monopodial branches per plant were 4.21 and 

4.25 under normal irrigation conditions in 2015 and 2016, respectively. Minimum value 

of number of monopodial branches was 3.46 and 3.60 under drought conditions in year 

2015 and 2016, respectively (Table 4.6, 4.6a). It may be due to less height of plant under 

drought conditions which resulted in less vegetative branches. Reduction in number of 

monopodial branches per unit area under water deficit conditions was also reported by 

(Pettigrew, 2004a).    

Interaction between plant growth promoting substances, cultivars and water 

regimes was found significant regarding number of monopodial branches per plant in 

both years (2015 and 2016). In 2015, maximum monopodial branches per plant (5.75) 

were observed in FH-142 under normal irrigation conditions where glycine betaine @ 

100 mg L-1 + Tween-20 (0.1%) was applied. It was statistically similar to all other 

treatments except where combination of all three plant growth promoting substances i.e. 

glycine betaine, salicylic acid and ascorbic acid each @ 33 mg L-1 + Tween-20 (0.1%) 

was done in Lalazar cultivar. While, minimum number of monopodial branches per plant 

(2.25) was observed in cultivar Lalazar under drought conditions with combination of all 

three plant growth promoting substances i.e. glycine betaine, salicylic acid and ascorbic 

acid each @ 33 mg L-1 + Tween-20 (0.1%) was applied. In 2016, maximum monopodial 

branches (5.50) were achieved under normal irrigation conditions in case of cultivar 

Lalazar where combination of salicylic acid and ascorbic acid each @ 50 mg L-1 was 
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Table 4.6. Interaction between water regimes, cultivars and plant growth promoting 

substances regarding number of monopodial branches per plant in cotton in 2015 

Year 2015 
Number of monopodial branches per plant 

Lalazar FH-142 

Mean 
Treatments Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 3.5 ab 2.75 ab 3.00 ab 2.75 ab 3.00 b 

Distilled water spray 3.75 ab 3.00 ab 4.00 ab 4.25 ab 3.75 ab 

Distilled water spray + 

Tween-20 (0.1%) 
4.75 ab 3.75 ab 4.00 ab 3.00 ab 3.87 ab 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
3.00 ab 2.5 ab 5.75 a 4.00 ab 3.81 ab 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.75 ab 3.00 ab 4.75 ab 3.00 ab 3.87 ab 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.50 ab 4.50 ab 5.00 ab 3.75 ab 4.43 a 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

5.00 ab 3.50 ab 3.50 ab 3.75 ab 3.93 ab 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.75 ab 4.25 ab 4.00 ab 2.75 ab 3.93 ab 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

5.00 ab 4.00 ab 4.25 ab 2.75 ab 4.00 ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

2.25 b 4.25 ab 4.75 ab 3.75 ab 3.75 ab 

Mean of cultivars 3.83ns 3.83  

Mean of irrigation 

conditions 

Normal irrigation = 

4.21 a 
Drought = 3.46 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.3561  

Cultivars= ns 

Plant growth promoting substances= 1.2965 

Irrigation conditions × cultivars × plant growth promoting substances= 3.2091 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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Table 4.6a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding number of monopodial branches per plant in 

cotton in 2016 

Year 2016 Number of monopodial branches per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
3.75 

a-d 

4.25  

 abcd 

5.50 

A 

5.25 

ab 

4.69 

a 

Distilled water spray 
3.50 

a-d 

4.25   

a-d 

3.00    

bcd 

4.50 

a-d 

3.81  

abcd 

Distilled water spray + 

Tween-20 (0.1%) 

3.75 

abcd 

2.75 

cd 

4.75   

a-d 

2.75 

cd 

3.50   

bcd 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

4.50 

abcd 

2.50 

d 

4.00   

a-d 

2.75 

cd 

3.44   

bcd 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

2.75 

cd 

3.00 

bcd 

4.50   

a-d 

3.25 

a-d 

3.38     

cd 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

3.25 

abcd 

3.00 

bcd 

4.25   

a-d 

2.50 

d 

3.25      

d 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.00 

abcd 

4.50   

a-d 

5.50 

A 

2.50 

d 

4.13  

abcd 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

5.25 

ab 

3.75   

a-d 

5.25 

ab 

3.25 

abcd 

4.38   

abc 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

5.50 

a 

4.25   

a-d 

4.25   

a-d 

3.75 

abcd 

4.44 

ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

2.50 

d 

5.00 

abc 

5.25 

ab 

4.25 

abcd 

4.25  

abcd 

Mean of cultivars 3.80ns   4.05    

Mean of irrigation 

conditions 

Normal irrigation= 

4.25 a 

Drought = 

3.60 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 0.2757 

Cultivars= ns 

Plant growth promoting substances= 0.5133 

Irrigation conditions × cultivars × plant growth promoting substances= 2.4847 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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applied. Similar value was achieved under normal irrigation conditions in FH-142 with 

un-treated control. Lowest number of monopodial branches per plant (2.5) was achieved 

in Lalazar cultivar where exogenous application of combination of all three plant growth 

promoting substances i.e. glycine betaine, salicylic acid, ascorbic acid each @ 33mg L-1 + 

Tween-20 (0.1%) was applied. Exactly similar number of monopodial branches per plant 

was achieved under drought conditions where glycine betaine was applied in Lalazar. In 

FH-142, ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + salicylic acid 

each @ 50 mg L-1 + Tween-20 (0.1%) recorded the same number of monopodial branches 

per plant. It can be attributed to fact that different cultivars respond differentially to water 

deficit stress and exogenous application of plant growth promoting substances. These 

findings are similar to findings reported by Ullah et al. (2008) as they stated that different 

cotton genotypes vary in response to drought stress. 

4.1.2.2. Number of sympodial branches per plant 

Number of sympodial branches per plant is indicator of yield in cotton. Data 

regarding number of sympodial branches as influenced by different plant growth 

promoting substances in two cotton cultivars under normal and drought conditions is 

presented in table 4.7, 4.7a, 4.7b, 4.7c and 4.7d in 2015 and 2016.   

Significant differences were observed among both cultivars viz. Lalazar and FH-

142 regarding number of sympodial branches per plant in both years i.e. 2015 and 2016 

(Table 4.7a, 4.7c). Number of sympodial branches per plant was more in cultivar FH-142 

(15.83) and lowest value was achieved in Lalazar (14.89) in 2015 (Table 4.7a). Similar 

trend was observed in 2016 by producing 16.85 sympodial branches per plant in FH-142 

while in Lalazar, 15.74 sympodial branches per plant were recorded (Table 4.7d). Similar 

results were observed by Sahito et al. (2015) as they described variations in different 

cultivars of cotton regarding number of sympodial branches per plant. 

Different water regimes significantly influenced the number of sympodial 

branches per plant. Under normal irrigation conditions, 16.89 sympodial branches were 

recorded which were significantly more than that received under drought conditions 

(13.83) in 2015 (Table 4.7). Similar trend was observed in 2016, where under normal 

irrigation conditions 17.48 sympodial branches per plant were observed while under 

drought conditions these were 15.11. It may be attributed to more growth of cotton plant 

under normal irrigations conditions than drought conditions which resulted in more 

sympodial branches per plant (Table 4.7c). These results are in agreement with results 
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reported by Sahito et al. (2015) as they observed increase in number of sympodial 

branches per plant with the increase in irrigation frequency as compared to less frequency 

of irrigation in cotton. 

Number of sympodial branches per plant was significantly affected by application 

of different plant growth promoting substances in 2015 and 2016 as presented in Table 

4.7 and 4.7c, respectively. Number of sympodial branches per plant was maximum 

(18.38) with exogenous application of combination of all three plant growth promoting 

substances i.e. glycine betaine, salicylic acid and ascorbic acid each @ 33 mg L-1 and 

combination of glycine betaine + ascorbic acid each @ 50 mg L-1 + Tween-20 (0.1%) in 

year 2015. It was statistically similar to all other treatments except exogenous application 

of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), distilled water spray + Tween-20 

(0.1%) and un-treated control by producing 14.13, 14.13 and 15.13, respectively. In 2016, 

number of sympodial branches per plant (18.19) was maximum with exogenous 

application of all three plant growth promoting substances as was observed in year 2015. 

This treatment was statistically similar to all other treatments except plant growth 

promoting substances i.e. ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), distilled water 

spray and un-treated control by producing 16.13, 15.38 and 13.56 sympodial branches per 

plant, respectively. Minimum number of sympodial branches per plant was achieved in 

case of un-treated control by producing 13.56 sympodial branches per plant. Number of 

sympodial branches per plant observed in un-treated control was statistically different 

from all other treatments of plant growth promoting substances except distilled water 

spray where number of sympodial branches was 15.38 in year 2016. Results are 

indicating role of different plant growth promoting substances in regulating reproductive 

growth of cotton. 

Interaction between water regimes × plant growth promoting substances was 

found significant regarding number of sympodial branches per plant in both years. In 

2015, number of sympodial branches per plant (20.50) was maximum under normal 

irrigation conditions, where combination of all three plant growth promoting substances 

was applied. This treatment was statistically similar to the treatment where glycine 

betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) was applied under normal irrigation conditions by producing 

17.75 and 17.63 sympodial branches per plant, respectively. Under drought conditions, 

maximum number of sympodial branches per plant (15.63) was produced in treatment 

where combination of glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 
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(0.1%) was exogenously applied. It was statistically different from the treatment where 

distilled water spray + Tween-20 (0.1%), distilled water spay was done by producing 

12.38 and 11.25 sympodial branches per plant, respectively. Minimum number of 

sympodial branches per plant (11.25) was achieved under drought conditions (Table 4.7). 

In 2016, same trend was observed in normal irrigation conditions where 21.25 sympodial 

branches per plant were recorded with combination of all three plant growth promoting 

substances. This treatment was statistically similar to salicylic acid and ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) and 18.75 sympodial branches per plant were 

produced. Under drought conditions, maximum number of sympodial branches per plant 

(16.13) was observed with exogenous application of glycine betaine and ascorbic acid @ 

50 mg L-1 + Tween-20 (0.1%). Similar number of sympodial branches per plant was 

achieved with glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%). 

Minimum sympodial branches per plant (12) were observed in un-treated control under 

drought conditions (Table 4.7c). Veesar et al. (2018) also reported that under drought 

stress number of sympodial branches was decreased considerably. Noreen et al. (2015) 

found that foliar application of plant growth regulators improved the growth parameters 

of cotton under drought conditions.  

Interaction between cultivars and plant growth promoting substances was 

significant regarding number of sympodial branches per plant in year 2015 and 2016 

(Table 4.7a, 4.7d). In year 2015, maximum number of sympodial branches per plant 

(16.88) was recorded in cultivar Lalazar where combination of salicylic acid and ascorbic 

acid each @ 50 mg L-1 + Tween-20 (0.1%) was applied. It was statistically similar to 

treatment where combination of all plant growth promoting substances i.e. glycine 

betaine, salicylic acid and ascorbic acid each @ 33 mg L-1 + Tween-20 (0.1%) was 

applied. Minimum number of sympodial branches per plant was observed in Lalazar with 

distilled water. In FH-142, maximum number of sympodial branches per plant (18.38) 

was recorded in treatment where exogenous application of all three plant growth 

promoting substances i.e. glycine betaine, salicylic acid and ascorbic acid each @ 33 mg 

L-1 + Tween-20 (0.1%) were applied. Same value was observed with exogenous 

application of glycine betaine and ascorbic acid each @ 50 mg L-1 + Tween-20 (0.1%). 

Minimum number of sympodial branches per plant (13.75) in FH-142 was observed with 

distilled. It is same treatment in which minimum value was recorded in cultivar Lalazar 

(Table 4.7a). In year 2016, maximum number of sympodial branches per plant (18.63) 

was observed in cultivar Lalazar where exogenous application of all three plant growth  
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Table 4.7. Interaction between water regimes and plant growth promoting 

substances affecting number of sympodial branches per plants in cotton in 2015 

Year 2015 

Number of sympodial branches per plant 

Treatments 
Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 16.38 b-e    12.88 fgh 15.13 b-e 

Distilled water spray 15.25 b-g 11.25 h 13.75 cde 

Distilled water spray + Tween-

20 (0.1%) 
15.38 b-g 12.38 gh 14.13 b-e 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
16.88 b-e 14.00 e-h 15.88 a-d 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
14.63 c-g 15.13 b-g 14.13 b-e 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
17.63 abc 13.00 fgh 16.25 a-d 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

17.75 ab 14.25 d-h 16.75 abc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

17.25 bcd 15.63 b-f 18.38 a 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

17.25 bcd 15.13 b-g 15.50 a-e 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

20.50 a 14.63 c-g 18.38 a 

Mean of irrigation conditions 16.89 a 13.83 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5425 

Plant growth promoting substances= 1.9749 

Irrigation conditions × plant growth promoting substances =3.1404 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.7a. Interaction between cultivars and plant growth promoting substances 

affecting number of sympodial branches per plants in cotton in 2015  

Year 2015 

Number of sympodial branches per plant 

Treatments 

Lalazar FH-142 Mean 

Control (Un-treated) 14.13 b-e 15.13 b-e 15.13 b-e 

Distilled water spray 12.75 e 13.75 cde 13.75 cde 

Distilled water spray + Tween-

20 (0.1%) 
13.63 de 14.13 b-e 14.13 b-e 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
15.00 b-e 15.88 a-d 15.88 a-d 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
15.63 a-e 14.13 b-e 14.13 b-e 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
14.38 b-e 16.25 a-d 16.25 a-d 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

15.25 b-e 16.75 abc 16.75 abc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

14.50 b-e 18.38 a 18.38 a 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

16.88 ab 15.50 a-e 15.50 a-e 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

16.75 abc 18.38 a 18.38 a 

Mean of cultivars 14.89 b  
15.83 a 

 

HSD p ≤ 0.05 

Cultivars= 0.5425 

Plant growth promoting substances= 1.9749 

Cultivars × plant growth promoting substances= 3.1404 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,           

ns= Non-significant 
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Table 4.7b. Interaction between water regimes and cultivars affecting number of 

sympodial branches per plants in cotton in 2015 

Year 2015 Number of sympodial branches per plant 

Treatments Lalazar FH-142 Mean 

Normal Irrigation 16.10 b 17.68 a 16.89 a 

Drought 13.68 c 13.98 c 13.83 b 

Mean of cultivars 14.89 b 15.83 a  

HSD p ≤ 0.05 

Irrigation conditions= 0.5425 

Cultivars= 0.5425 

Irrigation conditions × cultivars= 1.0098 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,    
ns=Non-significant 

Table 4.7c. Interaction between water regimes and plant growth promoting 

substances affecting number of sympodial branches per plants in cotton in 2016 

Year 2016 
Number of sympodial branches 

per plant 

Treatments 
Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 15.13 cde 12.00 f 13.56 c 

Distilled water spray 16.50 b-e 14.25 ef 15.38 bc 

Distilled water spray + Tween-20 (0.1%) 16.50 b-e 14.75 def 15.63 b 

Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) 17.75 bcd 15.88 b-e 16.81 ab 

Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 17.88 bc 15.75 b-e 16.81 ab 

Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 16.75 b-e 15.50 cde 16.13 b 

Glycine betaine and Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
17.50 bcd 16.13 b-e 16.81 ab 

Glycine betaine and Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
16.75 b-e 16.13 b-e 16.44 ab 

Salicylic acid and Ascorbic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) 
18.75 ab 15.63 cde 17.19 ab 

Glycine betaine + Salicylic acid + Ascorbic acid @ 

33 mg L-1 each + Tween-20 (0.1%) 
21.25 a 15.13 cde 18.19 a 

Mean of irrigation conditions 17.48 a 15.11 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5239 

Plant growth promoting substances= 1.9074 

Irrigation conditions × plant growth promoting substances =3.0331 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 
ns=Non-significant 
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Table 4.7d. Interaction between cultivars and plant growth promoting substances 

affecting number of sympodial branches per plants in cotton in 2016 

Year 2016 Number of sympodial branches per plant 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 12.25 d 14.88 bcd 13.56 c 

Distilled water spray 15.00 bcd 15.75 abc 15.38 bc 

Distilled water spray + Tween-

20 (0.1%) 
15.63 abc 15.63 abc 15.63 b 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
15.75 abc 17.88 ab 16.81 ab 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
15.00 bcd 18.63 a 16.81 ab 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
16.88 abc 15.38 bc 16.13 b 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

16.88 abc 16.75 abc 16.81 ab 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

14.25 cd 18.63 a 16.44 ab 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

17.13 abc 17.25 abc 17.19 ab 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

18.63 a 17.75 ab 18.19 a 

Mean of cultivars 15.74 b 16.85 a 

 

HSD p ≤ 0.05 

Cultivars= 0.5239 

Plant growth promoting substances= 1.9074 

Cultivars × plant growth promoting substances= 3.0331 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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promoting substance (glycine betaine, salicylic acid and ascorbic acid each @ 33 mg L-1 

+ Tween-20 (0.1%) was applied. Statistically similar number of sympodial branches per 

plant was produced with salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic 

acid @ 100 mg L-1 + Tween-20 (0.1%), ascorbic acid at 100 mg L-1 + Tween-20 (0.1%), 

distilled water spray + Tween-20 (0.1%) and produced 17.13, 16.88, 16.88, 15.75 and 

15.63, sympodial branches per plant, respectively. Minimum number of sympodial 

branches per plant (12.25) was produced in un-treated control in cultivar Lalazar. 

Maximum number of sympodial branches per plant was found in FH-142 in two 

treatments i.e. salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Both treatments produced 18.63 

sympodial branches per plant. Number of sympodial branches per plant achieved in both 

treatments was statistically different those from ascorbic acid at 100 mg L-1 + Tween-20 

(0.1%), un-treated control which were 15.38 and 14.88 sympodial branches per plant in 

cultivar FH-142. Minimum number of sympodial branches per plant (14.88) in both 

cultivars was recorded in un-treated control (Table 4.7d). Results indicated that different 

cultivars responded differently to exogenous application of plant growth promoting 

substances. Patil et al. (2011) depicted that different plant growth promoting substances 

affected different traits in different cotton cultivars.  

In 2015, interaction between cultivars × water regimes was found significant 

regarding number of sympodial branches per plant. Maximum number of sympodial 

branches (17.68) was achieved under normal irrigation in cultivar FH-142. While under 

drought conditions, 13.98 sympodial branches per plant were produced in same cultivar. 

Minimum number of sympodial branches per plant (13.68) was produced under drought 

conditions in cultivar Lalazar. Maximum number of sympodial branches per plant (16.10) 

in cultivar Lalazar was observed under normal irrigation conditions. Statistically similar 

number of sympodial branches were achieved in case of both cultivars under drought 

conditions. While, number of sympodial branches per plant was statistically different 

under normal irrigation conditions in both cotton cultivars i.e. Lalazar and FH-142 (Table 

4.7b). It may be attributed to more growth of cotton cultivar under normal irrigation 

conditions, but drought stress resulted in restricted growth. Similar results were reported 

by Sahito et al. (2015) as they stated that number of sympodial branches per plant was 

significantly influenced by interaction of cultivars and water regimes.  
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4.1.2.3. Plant height (cm) 

Plant height has important role in development of canopy and defining 

morphological frame work in cotton. Data pertaining to plant height as influenced by 

exogenous application of different plant growth promoting substances in two cotton 

cultivars under normal irrigation and drought conditions grown in pots in 2015 and 2016 

is presented in table 4.8, 4.8a, respectively.  

Plant height was statistically different in both cultivars in 2015. Maximum plant 

height (74.93 cm) was achieved in cultivar FH-142 while minimum (69.5 cm) in cultivar 

Lalazar in year 2015. Both cultivars produced statistically similar plant height during the 

year 2016. It has been reported by Bange (2007) that climate change effected the cotton 

growth and development. Moreover, our result of difference in plant height of cotton 

cultivars are in agreement with results reported by Veesar et al. (2018).  

Different irrigation conditions affected plant height significantly in both years. 

Plant height was increased under normal irrigations conditions while decreased under 

drought conditions. It may be due to proper growth of plant due to optimum water 

availability. In 2015, maximum plant height (78.57 cm) was observed in case of normal 

irrigation conditions while minimum (65.87 cm) in case of drought conditions. Plant 

height of both cultivars was statistically different (Table 4.8). In 2016, maximum cotton 

plant height (87.96 cm) was observed under normal irrigated conditions while minimum 

(74.10 cm) was observed in case of drought conditions. Both the cultivars differed 

significantly regarding plant height (Table 4.8 a). These results are in accordance with 

results reported by Noreen et al. (2015) as they reported decrease in plant height under 

drought conditions. Baher et al. (2002) also reported that height of Satureja hortensis L. 

decreased under sever water deficit.   

Different plant growth promoting substances influenced plant height significantly 

in both years. In 2015, maximum plant height (93.75 cm) was recorded with combination 

of all three plant growth promoting substances i.e. glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). Similar trend was also followed in 

2016. Minimum plant height (58.71 cm) was recorded when distilled water was sprayed. 

It was statistically similar to the plant height attained due to exogenous application of 

distilled water spray + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%), ascorbic acid at 100 mg L-1 + Tween-20 (0.1%) and un-treated control and 63.03, 

65.90, 68.96 and 59.5 cm height was recorded, respectively. In 2016, maximum plant 

height (95.38 cm) was achieved where combination of all three plant growth promoting 
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substances was applied. Plant height in this treatment was statistically different to all 

other treatments except exogenous application of salicylic acid + ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%). Minimum plant height (73.44 cm) was achieved in case of 

un-treated control. It was statistically similar to plant height achieved with distilled water 

spray, distilled water spray + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-

20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine and salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) where plant height was 74.06, 76.63, 77.31, 

76.94 and 73.63 cm, respectively. Our results are matching with findings reported by 

Noreen et al. (2015) as they described that due to exogenous application of different 

osmoprotectants plant height was increased in case of cotton.  

Interaction between cultivars × water regimes × plant growth promoting 

substances was found significant in both years regarding plant height. Maximum plant 

height (106.75 cm) was achieved under normal irrigation conditions in cultivar Lalazar 

with glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) in 2015. It was followed by plant height achieved in FH-142 (103 cm) due to 

application of same treatment as in Lalazar. Maximum plant height was achieved in 

Lalazar due to exogenous application of all three plant growth promoting substances and 

was statistically different form all other treatments under normal irrigation except where 

exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was done by attainting plant height 87.75 in same cultivar. Under drought 

conditions, maximum plant height (86.3) in cultivar Lalazar was observed due to 

exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%). Minimum plant height (47.25 cm) in case of drought conditions in cultivar 

Lalazar was recorded in case of treatment where distilled water + Tween-20 (0.1%) was 

sprayed. However, maximum plant height (103 cm) of FH-142 was observed under 

normal irrigation conditions with application of all three plant growth promoting 

substances. Plant height attained in this treatment was statistically similar to treatments 

including salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1 %), glycine 

betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine and, 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid at 100 mg L-1 + 

Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) under normal 

irrigation conditions in same cultivar. Minimum plant height (52.37 cm) under drought 

conditions in FH-142 was observed when distilled water sprayed. In 2016, maximum 

plant height (113.5 cm) was observed in cultivar FH-142 with exogenous application of  
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Table 4.8. Interaction between water regimes, cultivars and plant growth promoting 

substances regarding plant height in cotton in 2015  

Year 2015 
Plant height (cm) 

Lalazar FH-142 

Mean 
Treatments 

Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 55.75 h-l 53 jkl 74.75 c-l 54.50 ijkl 59.50 f 

Distilled water spray 62 f-l 47.75 kl 72.75 c-l 52.37jkl 58.71 f 

Distilled water spray + 

Tween-20 (0.1%) 
78.5 b-j 47.25 l 65.75 d-l 60.65 g-l 63.03 ef 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
75.5 b-k 67.25 c-l 76.75 b-j 64.55 e-l 71.01 cde 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
77.5 b-j 67.87 c-l 62.75 f-l 55.5 h-l 65.90 def 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
81.25 a-i 55 h-l 76.00 b-j 63.62 f-l 68.96 c-f 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

72.75 c-l 63.5 f-l 91.75 a-e 71.32 c-l 74.83 cd 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

67.25 c-l 65.25 e-l 94.25 abc 94 abc 80.18 bc 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

87.75 a-g 86.3 a-g 88.75 a-f 82.5 a-h 86.32 ab 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

106.75 a 72 c-l 103 ab 93.25 a-d 93.75 a 

Mean of cultivars 69.50 b 74.93 a 

 

Mean of irrigation 

conditions 

Normal irrigation 

=78.57 a 
Drought = 65.87 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 3.0137 

Cultivars= 3.1037 

Plant growth promoting substances= 11.299 

Irrigation conditions × cultivars × plant growth promoting substances= 27.967 

Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.8a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding plant height in cotton in 2016 

Year 2016 Plant height (cm) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
85.75       

f-j 

70.00           

n-s 

72.25            

k-s 

65.75                   

rs 

73.44     

d 

Distilled water spray 
85.00       

f-k 

69.00          

o-s 

74.50           

j-r 

67.75        

qrs 

74.06     

d 

Distilled water spray + 

Tween-20 (0.1%) 

82.75       

f-n 

75.75           

j-r 

76.00          

i-r 

72.00             

l-s 

76.63    

cd 

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 

88.75      

e-i 

72.50            

k-s 

79.25        

g-q 

68.75          

p-s 

77.31    

cd 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

77.50         

h-r 

70.50          

m-s 

95.50          

c-f 

78.50        

g-r 

80.50    

c 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

79.00        

g-q 

71.75             

l-s 

81.75        

g-o 

75.25           

j-r 

76.94    

cd 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

90.00      

e-h 

70.75          

m-s 

73.75           

j-r 

60.00         

s 

73.63     

d 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

89.75      

e-h 

73.00           

j-r 

103.5          

abc 

90.50     

d-g 

89.19    

b 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

99.00       

b-e 

83.75        

f-l 

108.75          

ab 

81.50        

g-p 

93.25  

ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

103.00    

a-d 

81.75        

g-o 

113.50       

a 

83.25       

f-m 

95.38    

a 

Mean of cultivars 80.96ns   81.10    

Mean of irrigation 

conditions 

Normal irrigation =   

87.96 a 

Drought = 

74.10 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.4244 

Cultivars= ns 

Plant growth promoting substances= 5.1855 

Irrigation conditions × cultivars × plant growth promoting substances= 12.835 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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combination of three plant growth promoting substances. This was statistically similar to 

plant height achieved with application of salicylic acid and ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) in same cultivar under normal irrigation conditions and plant height recorded 

was 18.75 and 103.5 cm, respectively.  

Maximum plant height (103 cm) in case of cultivar Lalazar was observed under 

normal irrigation conditions and it was statistically similar to plant height recorded due to 

exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) where plant height was 99 cm. Minimum plant height (60 cm) in cultivar FH-142  

was observed under drought conditions. It is evident from the results that different plant 

growth promoting substances mitigated the harmful effects of water scarcity differentially 

in both cotton cultivars. Significant effect of different osmoprotectants in improving plant 

height in cotton under water deficit stress has been reported by Noreen et al. (2015). 

Mekki et al. (2016) also reported that plan height was improved by application of 

combination of ascorbic acid and α-tocopherol in cotton subjected to drought as 

compared to control.  

4.1.2.4. Number of main stem nodes per plant 

Main stem node is crucial for monitoring growth and development in cotton. Data 

regarding the effect of different plant growth promoting substances on number of main 

stem nodes in two cotton cultivars under normal irrigation and drought conditions in 2015 

and 2016 is presented in table 4.9, 4.9a, 4.9b, respectively. 

Both the cultivars produced statistically different number of main stem nodes per 

plant in 2015 and 2016 (Table 4.9, 4.9b). Cultivar FH-142 produced more number of 

main stem nodes per plant (26.43) while in Lalazar, number of main stem nodes per plant 

were recorded (25.24) in year 2015. In 2016, same trend was observed by recording more 

number of main stem nodes per plant (38.64) in cultivar FH-142, while main stem nodes 

in Lalazar were 32.24 in year 2016. It may be attributed to variation in plant height 

between the cultivars. Cultivar attaining more plant height produced more number of 

main stem nodes per plant.  

Number of main stem nodes per plant were influenced significantly by water 

regimes in both years. In 2015, number of main stem nodes per plant was more (27.53) 

under normal irrigation conditions as compared to drought conditions where 24.14 stem 

nodes were recorded. Number of main stem nodes under both irrigation conditions was 
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statistically different from each other (Table 4.9a). In 2016, main stem nodes per plant 

were 37.28 and 33.60 under normal and drought conditions, respectively (Table 4.9b). 

These results may be due to more growth of plants under normal conditions resulting in 

more height as compared to drought conditions. Our results are in agreement with results 

reported by Pace et al. (1999) as they reported decrease in number of nodes per plant 

under drought conditions as compared to normal irrigation regime.  

Different plant growth promoting substances significantly influenced number of 

main stem nodes per plant in 2015 and 2016 (Table 4.9, 4.9b). Maximum number of main 

stem nodes per plant (27.94) was observed where exogenous application of all three plant 

growth promoting substances was done in year 2015 (Table 4.9a). It was statistically 

different from the main stem nodes per plant recorded through exogenous application of 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), distilled water spray + Tween-20 

(0.1%), distilled water spray and control (un-treated) by producing 24.88, 24.31, 23.81 

and 24.25 main stem nodes per plant, respectively. Minimum number of main stem nodes 

per plant (23.81) was observed in case of distilled water spray. In 2016, maximum main 

stem nodes per plant were 42.44 in case of exogenous application of glycine betaine + 

salicylic acid + ascorbic acid each @ 33 mg L-1 + Tween-20 (0.1%). Main stem nodes per 

plant produced in this treatment was statistically similar to exogenous application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) by producing 39.81 and 38.69 main 

stem nodes per plant, respectively. Minimum number of main stem nodes per plant 

(28.81) was achieved in control (un-treated). These results are different from results 

reported by Shallan et al. (2012) as they reported that number of nodes per plant in cotton 

were not influenced by application of plant growth regulators under drought conditions. 

Our results match with the findings reported by Noreen et al. (2015) as they stated that 

number of nodes per plant in cotton were significantly influenced by application of plant 

growth promoting substances.  

Interaction between both the cultivars and plant growth promoting substances 

regarding number of main stem nodes per plant was found significant (Table 4.9). In 

2105, maximum main stem nodes per plant (29.25) were recorded in FH-142 in case of 

foliar application of combination of all three plant growth promoting substances i.e. 

glycine betaine + salicylic acid + ascorbic acid each @ 33 mg L-1 + Tween-20 (0.1%). 

Number of main stem nodes per plant in this treatment were statistically similar to main  
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Table 4.9. Interaction between cultivars and plant growth promoting substances 

affecting number of main stem nodes per plant in cotton in 2015 

Year 2015 Number of main stem nodes per plant 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 23.38 de 25.13 b-e 24.25 cd 

Distilled water spray 22.75 e 24.88 b-e 23.81 d 

Distilled water spray + Tween-20 

(0.1%) 
23.75 de 24.88 b-e 24.31 cd 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
24.88 b-e 27.63 abc 26.25 abc 

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
25.75 a-e 24.00 cde 24.88 bcd 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
26.13 a-e 27.00 a-d 26.56 abc 

Glycine betaine and Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
26.25 a-e 27.50 abc 26.88 ab 

Glycine betaine and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
24.75 b-e 29.38 a 27.06 ab 

Salicylic acid and Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
28.13 ab 24.63 b-e 26.38 abc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

26.63 a-d 29.25 a 27.94 a 

Mean of cultivars 25.24 b  26.43 a  
 

HSD p ≤ 0.05 

Cultivars= 0.6364 

Plant growth promoting substances= 2.3167 

Cultivars × plant growth promoting substances= 3.6840 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.9a. Interaction between water regimes and plant growth promoting 

substances affecting number of main stem nodes per plant in cotton in 2015 

Year 2015 Number of main stem nodes per plant 

Treatments 
Normal 

Irrigation 
Drought Mean 

Control (Un-treated) 25.75 b-g 22.75 gh 24.25 cd 

Distilled water spray 26.88 a-f 20.75 h 23.81 d 

Distilled water spray + Tween-

20 (0.1%) 
26.00 b-g 22.63 gh 24.31 cd 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
28.00 a-d 24.50 d-g 26.25 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
25.50 c-g 24.25 e-h 24.88 bcd 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
29.38 ab 23.75 fgh 26.56 abc 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

28.63 abc 25.13 c-g 26.88 ab 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

27.50 a-e 26.63 a-f 27.06 ab 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

27.50 a-e 25.25 c-g 26.38 abc 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

30.13 a 25.75 b-g 27.94 a 

Mean of irrigation conditions 27.53 a 24.14 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.6364 

Plant growth promoting substances= 2.3167 

Irrigation conditions × plant growth promoting substances =3.6840 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

 Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.9b. Interaction between cultivars and plant growth promoting substances 

affecting number of main stem nodes per plant in cotton in 2016 

Year 2016 Number of main stem nodes per plant 

Treatment Lalazar FH-142 Mean 

Control (Un-treated) 27.00 i 30.63 ghi 28.81 e 

Distilled water spray 28.50 hi 33.75 h 31.13 de 

Distilled water spray + Tween-20 

(0.1%) 
27.88 hi 34.00 d-h 30.94 de 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
30.88 ghi  41.00 abc 35.94 bc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
31.50 f-i 37.63 c-f 34.56 cd 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
32.13 f-i 37.38 c-f 34.75 cd 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

35.63 c-g 41.75 abc 38.69 ab 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

30.38 ghi 44.25 ab 37.31 bc 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

38.38 b-e 41.25 abc 39.81 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each 

+ Tween-20 (0.1%) 

40.13 a-d 44.75 a 42.44 a 

Mean of cultivars 32.24 b 38.64 a 

 

Means of irrigation conditions 37.28 a 33.60 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 1.0679 

Cultivars= 1.0679 

Plant growth promoting substances= 3.8875 

Cultivars × plant growth promoting substances= 6.1819 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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stem nodes per plant achieved due to exogenous application of glycine betaine and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine and salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%), ascorbic acid at 100 mg L-1 + Tween-20 (0.1%), 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in same cultivar and produced 29.38, 

27.50, 27 and 27.63 main stem nodes per plant, respectively. Maximum main stem nodes 

in cultivar Lalazar were recorded in treatment where exogenous application of salicylic 

acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. Minimum 

main stem nodes per plant (22.75) were observed in cultivar Lalazar when sprayed with 

distilled water. It was statistically different to the main stem nodes produced in cultivar 

Lalazar due to application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%), salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) in year 2015 (Table 4.9).  

Interaction between water regimes × plant growth promoting substances was also 

found significant in term of number of main stem nodes per plant in year 2015 (Table 

4.9a). Maximum number of main stem nodes per plant (30.13) was found under normal 

irrigation conditions where combination of all three plant growth promoting substances 

was applied. Under normal irrigation conditions, it was statistically different from the 

main stem nodes produced due to exogenous application of different plant growth 

promoting substances including salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), distilled 

water spray + Tween-20 (0.1%) and un-treated control and produced 25.50, 26 and 25.75 

main stem nodes per plant, respectively. Minimum number of main stem nodes per plant 

(20.75) was observed under drought conditions where distilled water was sprayed. Under 

drought conditions, this treatment was statistically similar to main stem nodes produced 

due to different plant growth promoting substances including un-treated control, distilled 

water spray + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) where 22.75, 22.63, 24.25 and 23.75 

main stem nodes per plant was produced, respectively. It may be linked with variation in 

plant height as observed due to exogenous application of these plant growth promoting 

substances under both water regimes. In 2016, interaction between plant growth 

promoting substances and water regimes was non-significant regarding number of main 

stem nodes per plant. It may be attributed to changes in environmental conditions that 

prevailed during 2016 and affected growth of plant as well efficacy of these plant growth 

promoting substances as reported by Cothren & Oosterhuis (2010) who stated that 

variation in response of plant to growth regulator may occur due to interaction of 
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inherited characteristics, cultural inputs and environment. In 2016, our result match with 

the findings of Noreen et al. (2015) as they reported non-significant effect of interaction 

between water regimes and plant growth promoting substances on number of nodes per 

plant. 

4.1.2.5. Height to node ratio 

Height to node ratio gives information about average inter-nodal length which is 

considered as an index for early season growth of cotton. Data regarding the effect of 

different plant growth promoting substances on height to node ratio of two cotton 

cultivars grown under normal and drought stress conditions in year 2015 and 2016 is 

presented in Table 4.10 and 4.10a, respectively. 

Both the cultivars produced statistically similar height to node ratio in 2015 while 

contrast was observed in year 2016. In 2015, height to node ratio in cultivar Lalazar was 

2.74 while in cultivar FH-142 it was 2.84. In 2016, cultivar Lalazar recorded more height 

to node ratio (2.55 cm) than cultivar FH-142 (2.12 cm) (Table 4.10a).  

Different plant growth promoting substances influenced height to node ratio 

significantly in both years. Height to node ratio was statistically similar under both 

irrigation conditions in year 2015 while it was statistically different in year 

2016.However, more height to node ratio was observed under normal irrigation 

conditions while lowest value was recorded under drought conditions (Table 4.10, 4.10 

a).  

Interaction between plant growth promoting substances × cultivars × water 

regimes was found significant in year 2015. Maximum height to node ratio (3.85) was 

observed in cultivar Lalazar where exogenous application of glycine betaine + salicylic 

acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied under normal 

irrigation conditions in 2015. Height to node ratio recorded due to exogenous application 

of all three plant growth promoting substances in cultivar Lalazar was statistically similar 

to that achieved with rest of plant growth promoting substances except in case of distilled 

water spray and un-treated control where height to node ratio was 2.45 and 2.23, 

respectively under normal irrigation in 2015. Under drought conditions, lowest height to 

node ratio (2.23) in cultivar Lalazar was observed when distilled water + Tween-20 

(0.1%) was sprayed. It was statistically similar to the height to node ratio achieved in 

drought due to all plant growth promoting substances. Height to node ratio achieved 

under drought conditions in cultivar Lalazar due to exogenous application of distilled 
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water spray + Tween-20 (0.1%) was statistically similar to height to node ratio of FH-142 

under normal and drought conditions due to exogenous application of all growth 

promoting substances except height to node ratio (3.59) achieved due to application of 

combination of all plant growth promoting substance i.e. glycine betaine + salicylic acid 

+ ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) under drought conditions. Height 

to node ratio (3.54) in cultivar FH-142 was more with salicylic acid and ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%). Lowest height to node ratio (2.3) in cultivar FH-142 

was observed under drought conditions where salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) was applied. In 2016, interaction between cultivars × water regimes × plant 

growth promoting substances was non-significant regarding height to node ratio. 

 However, interaction between cultivars × plant growth promoting substances was 

significant for height to node ratio. Treatments including un-treated control, distilled 

water spray, glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) produced statistically similar height 

to node ratio as that of distilled water spray + Tween-20 (0.1%) in cultivar Lalazar and 

noted 2.89, 2.71, 2.62 and 2.75, respectively. Minimum height to node ratio (1.61) was 

observed in FH-142 with glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-

20 (0.1%). It was statistically same where glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%) was sprayed by attaining height to node ratio as 1.81 in cultivar FH-142. Results 

showed that different plant growth promoting substances affected height to node ratio to 

varying degree in both cotton cultivars. Moreover, due to changes in climatic 

components, response of cultivars to plant growth promoting substances and their 

efficiency is affected greatly. Roussopoulos et al. (1998) also found that inter-nodal 

length and number of nodes in cotton are temperature dependent. Our results are in 

accordance with results concluded by Noreen et al. (2015) as they also observed that 

inter-nodal length in cotton was influenced due to application of different plant growth 

promoting substances and water regimes. These results are different from results reported 

by Shallan et al. (2012) as they described that inter-nodal length was similar under normal 

irrigation and drought. Moreover, they found that different plant growth promoting 

substances including glycine betaine, putrescine and nitroprusside produced similar 

height to node ratio in cotton under both water regimes.  
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Table 4.10. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding height to node ratio in cotton in 2015  

Year 2015 Height to node ratio 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 2.23 c 2.48 bc 2.84 abc 2.30 bc 2.46 c 

Distilled water spray 2.45 bc 2.40 bc 2.60 abc 2.52 bc 2.49 c 

Distilled water spray + 

Tween-20 (0.1%) 
3.02 abc 2.23 c 2.57 abc 2.54 abc 2.59 c 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.98 abc 2.82 abc 2.56 abc 2.58 abc 2.73 c 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.84 abc 2.82 abc 2.66 abc 2.30 bc 2.65 c 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.80 abc 2.36 bc 2.56 abc 2.61 abc 2.58 c 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

2.60 abc 2.61 abc 3.19 abc 2.76 abc 2.79 bc 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

2.71 abc 2.66 abc 3.17 abc 3.28 abc 2.95 abc 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

2.95 abc 3.27 abc 3.54 abc 3.45 abc 3.30 ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

3.85 a 2.83 abc 3.18 abc 3.59 ab 3.36 a 

Mean of cultivars 2.74ns  2.84  

 

Mean of irrigation 

conditions 

Normal irrigation = 

2.86ns  
Drought = 2.72  

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= 0.5381 

Irrigation conditions × cultivars × plant growth promoting substances= 1.3319 

Means sharing the same letters did not differ significantly at 5% level of probability,        

ns=Non-significant 
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Table 4.10a. Interactive effect of cultivars and plant growth promoting substances 

on height to node ratio in cotton in 2016 

Year 2016 Height to node ratio 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 2.89 a 2.27 d-g 2.58 a 

Distilled water spray 2.71 a-d 2.12 fg 2.41 abc 

Distilled water spray + Tween-

20 (0.1%) 
2.86 ab 2.20 efg 2.53 ab 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
2.62 a-e 1.81 gh 2.22 cd 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
2.36 c-f 2.33 c-f 2.34 abc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
2.35 c-f 2.10 fg 2.23 cd 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

2.27 c-g 1.61 h 1.94 d 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

2.75 abc 2.21 efg 2.48 abc 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

2.39 b-f 2.31 c-f 2.35 abc 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

2.30 c-f 2.21 efg 2.25 bc 

Mean of cultivars 2.55 a 2.12 b  

Means of irrigation 

conditions 

Normal 

irrigation= 

2.42 a 

Drought= 

2.25 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.0822 

Cultivars= 0.0822 

Plant growth promoting substances= 0.2991 

Cultivars × plant growth promoting substances= 0.4757 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

  Means sharing the same letters did not differ significantly at 5% level of probability, 

    ns= Non-significant 



89 
 

4.1.2.6. Number of opened bolls per plant 

Number of opened bolls per plant is a major contributor of seed cotton yield. Data 

regarding the effect of different plant growth promoting substances on number of opened 

bolls per plant in two cotton cultivars under normal irrigation and drought conditions 

observed in 2015 and 2016 is presented in table 4.11, 4.11a, respectively. 

Both the cultivars produced statistically different number of opened bolls per plant 

in 2015 and 2016 as presented in table 4.11, 4.11a. More number of opened bolls per 

plant were recorded in FH-142 than Lalazar in both years.  

Data depicted that, number of opened bolls per plant were significantly more 

under normal irrigation conditions as compared to control. In year 2015, number of 

opened bolls per plant was17.82 while the corresponding value in 2016 was 21.81 under 

normal irrigation conditions. It may be due to more number of bolls produced under 

normal irrigation conditions. Under drought conditions, opened bolls per plant were 11.10 

and 17.48 in 2015 and 2016, respectively.  

Different plant growth promoting substances significantly influenced the number 

of opened bolls per plant. Minimum number of opened bolls per plant (10.68) was 

observed in 2015 in case of distilled water spray while the lowest value (14.94) in 2016 

was observed in case of un-treated control. It is clear from data that exogenous 

application of plant growth promoting substances has some impact on opening of bolls.  

Interaction between cultivars × water regimes × plant growth promoting 

substances was found significant in 2015. Maximum opened bolls per plant (31.75) were 

observed in cultivar FH-142 where glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%) was applied in 2015 (Table 4.11). Number of opened 

bolls per plant (29.75) achieved in same cultivar due to combination of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was statistically similar to treatment 

where combination of all three plant growth promoting substances was applied. Both the 

treatments produced statistically higher number of opened bolls per plant from rest of 

treatments. Minimum number of opened bolls per plant (6.25) was also observed in FH-

142 under drought conditions where distilled water was sprayed. Minimum number of 

opened bolls per plant produced due to distilled water spray was statistically similar to 

number of opened bolls per plant produced due to different plant growth promoting 

treatments including un-treated control, distilled water spray + Tween-20 (0.1%), 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) under drought conditions in FH-142 by producing 7, 10, 9.25 and 10.5 opened 
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bolls per plant, respectively. Moreover, minimum number of opened bolls per plant 

produced in FH-142 due to distilled water spray in drought conditions was statistically 

same due to exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 

under normal irrigation conditions. Number of opened bolls per plant produced under 

drought conditions due to exogenous application of distilled water in FH-142 was found 

statistically non-significant to that produced under drought in cultivar Lalazar with 

exogenous applications of all different treatments except where combination of salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied in year 2015 

(Table 4.11). Results showed that in 2016 interaction between cultivars × water regimes × 

plant growth promoting substances was non-significant but interaction between cultivars 

× plant growth promoting substances was significant for number of opened bolls per plant 

(Table 4.11a). Maximum number of opened bolls per plant (28.88) was recorded in 

cultivar FH-142 where glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) were applied. It was statistically similar to number of opened bolls produced with 

exogenous application of salicylic acid + ascorbic acid @50 mg L-1 each + Tween-20 

(0.1%), glycine betaine + salicylic acid @ 50 mg L-1 each + Tween- 20 (0.1%) and 

combination of all three plant growth promoting substances in FH-142. Minimum number 

of opened bolls per plant (11.63) was observed in case on un-treated control in cultivar 

Lalazar. It was statistically lower to number of bolls per plant produced in FH-142 and 

Lalazar due to all different treatments except distilled water spray, distilled water spray + 

Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween- 20 (0.1%) and glycine betaine + ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) by producing 14.50, 15.63, 15.50, 16.50 and 16.63 

opened bolls per plant in cultivar Lalazar. Results showed that combination of plant 

growth promoting substances have some role in opening of bolls under normal and 

drought conditions in both cultivars as compared to exogenous application of individual 

plant growth promoting substances. More number of opened bolls per plant in FH-142 

showed that better adaptability of this cultivar under different water regimes. Performance 

of both cultivars may be linked with climatic changes in both years as stated by Bange 

(2007). Results of these experiments are different from findings of Onder et al. (2009) as 

they reported that number of opened bolls per plant was increased under drought 

conditions. Noreen et al. (2015) reported that different osmoprotectants influenced 

number of bolls per plant in cotton under different water regimes.  



91 
 

Table 4.11. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding number of opened bolls per plant in cotton in 2015  

Year 2015 No. of opened bolls per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
13.0       

g-n 

9.25        

l-p 

16.75      

c-h 

7.00      

op 

11.50      

f 

Distilled water spray 
11.75     

h-o 

9.50        

l-p 

15.25          

e-k 

6.25       

p 

10.68         

f 

Distilled water spray + 

Tween-20 (0.1%) 

18.50      

b-f 

7.00        

op 

13.75           

f-l 

10.00      

l-p 

12.31     

ef 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

16.00       

e-i 

10.75      

j-p 

21.75      

bc 

12.25    

h-n 

15.18    

cd 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 

16.00       

e-i 

10.00      

l-p 

9.50        

l-p 

9.25       

l-p 

11.18      

f 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 

19.50     

b-e 

8.00       

nop 

17.75      

c-g 

10.50     

j-p 

13.93    

de 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

16.00      

e-i 

11.25      

i-p 

18.75         

b-f 

11.75    

h-o 

14.43     

d 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

13.25      

g-m 

8.25       

m-p 

29.75       

a 

23.50      

b 

18.68    

ab 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

19.50     

b-e 

17.50     

c-g 

16.50     

d-h 

14.25     

f-l 

16.93    

bc 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

21.50     

bcd 

10.25     

k-p 

31.75       

a 

15.50     

e-j 

19.75     

a 

Mean of cultivars 13.33 b 15.58 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

17.82 a 
Drought = 11.10 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5604 

Cultivars= 0.5604 

Plant growth promoting substances= 2.04 

Irrigation conditions × cultivars × plant growth promoting substances= 5.0494 

    Means sharing the same letters did not differ significantly at 5% level of probability 

 

 



92 
 

Table 4.11a. Number of opened bolls per plant in cotton as influenced by interaction 

between cotton cultivars and plant growth promoting substances in 2016 

Year 2016 No. of opened bolls per plant 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 11.63     i 18.25 d-h 14.94 d 

Distilled water spray 14.50   hi 17.50 e-h 16.00 d 

Distilled water spray + Tween-20 

(0.1%) 
15.63 ghi 19.75 c-h 17.69 cd 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
15.50 ghi 24.00 abc 19.75 bc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
21.25 b-f 19.13 c-h 20.19 abc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
17.25 e-h 19.50 c-h 18.38 cd 

Glycine betaine and Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

16.50 f-i 23.38 a-d 19.94 bc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

16.63 f-i 28.88 a 22.75 ab 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

22.75 b-e 24.63 abc 23.69 a 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each 

Tween-20 (0.1%) 

20.63 b-g 25.63 ab 23.13 ab 

Mean of cultivars 17.23 b 22.06 a  

Mean of Irrigation conditions 

Normal 

Irrigation= 

21.81 a 

Drought= 

17.48 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 0.9680 

Cultivars= 0.9680 

Plant growth promoting substances= 3.5239 

Cultivars × plant growth promoting substances= 5.6036 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

  Means sharing the same letters did not differ significantly at 5% level of probability, 

  ns= Non-significant 
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They also found that interaction between water regimes and plant growth promoting 

substances was non- significant regarding number of bolls per plant. In results of our 

experiment, during 2016 interaction between plant growth promoting and water regimes 

was non-significant for number of opened bolls per plant. 

4.1.2.7. Number of un-opened bolls per plant 

 Number of un-opened bolls is accumulator of photosynthetic assimilates. Data 

regarding the effect of different plant growth promoting substances on number of un-

opened bolls per plant in two cotton cultivars under normal and drought conditions is 

presented in table 4.12, 4.12a for year 2015 and 2016, respectively.  

Both the cultivars produced statistically similar number of un-opened bolls per 

plant in 2015 however, more number of un-opened bolls (2.07) were observed in FH-142 

as compared to Lalazar where these were 1.92. In 2016, statistically different number of 

un-opened bolls per plant was achieved in both cultivars, however, number of un-opened 

bolls per plant (2.41) were more in FH-142 than Lalazar. It may be due to change in 

cotton growth and development due to different genetic makeup of cultivars.   

Number of un-opened bolls per plant was significantly influenced by both 

irrigations regimes in year 2015. More un-opened bolls (2.15) were observed in case of 

normal irrigation conditions than under drought (1.92). Result in year 2016 showed that 

both irrigation regimes produced statistically similar number of un-opened bolls per plant. 

It may be due to temperature variations that altered cotton source sink relationship. Result 

in 2015 agree with the findings of Guan et al. (2013) as they found that number of un-

opened bolls per unit area of land increased with increase in irrigation levels. 

Interaction between cultivars × water regimes, cultivars × plant growth promoting 

substances, water regimes × plant growth promoting substances, and cultivars × water 

regimes × plant growth promoting substances was found non-significant in both years for 

number of un-opened bolls per plant.  

4.1.2.8. Average boll weight (g) 

Average boll weight is one of the most important yield contributory factors. Data 

regarding the effect of different plant growth promoting substances on average boll 

weight of two cotton cultivars viz. Lalazar and FH-142 under normal and drought 

conditions is presented in table 4.13, 4.13a and 4.13b for year 2015 and 2016. 
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Table 4.12. Effect of plant growth promoting substances on un-opened boll per plant 

in two cotton cultivars under normal irrigation and drought conditions in 2015 

Year 2015 Number of un-opened bolls per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 2.00ns 2.00 2.25 2.00 2.06ns 

Distilled water spray 2.00 1.75 2.50 1.75 2.00 

Distilled water spray + 

Tween-20 (0.1%) 
2.00 2.00 2.25 1.75 2.00 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.00 1.75 2.50 2.00 2.06 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
2.50 1.75 2.25 2.00 2.12 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 
2.00 1.50 2.00 1.75 1.81 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

2.50 1.50 2.50 2.00 2.12 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

1.50 2.00 2.50 1.75 1.93 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

1.50 1.75 2.00 1.75 1.75 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

2.25 2.25 2.00 2.00 2.12 

Mean of cultivars 1.92 ns 2.07 a  

Mean of irrigation 

conditions 

Normal irrigation = 

2.15 a 
Drought = 1.85 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.2482 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

 Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.12a. Effect of plant growth promoting substances on un-opened boll per 

plant in two cotton cultivars under normal irrigation and drought conditions in 2016 

Year 2016 Number of un-opened bolls per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 2.25ns 2.00 2.75 2.50 2.38ns 

Distilled water spray 2.00 2.50 3.25 2.25 2.50 

Distilled water spray + 

Tween-20 (0.1%) 
3.00 2.50 2.25 3.00 2.69 

Glycine betaine @ 100 

mg L-1 + Tween-20 

(0.1%) 

1.75 2.00 2.50 2.25 2.13 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.00 2.00 2.25 2.25 2.13 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
2.25 3.00 2.50 2.25 2.50 

Glycine betaine and 

Salicylic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

2.00 1.25 2.75 2.75 2.19 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

2.25 2.25 2.75 2.50 2.44 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

2.25 2.00 2.00 1.50 1.94 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

1.75 2.50 2.00 2.00 2.06 

Mean of cultivars 2.18 b 2.41 a 
 

Mean of irrigation 

conditions 

Normal irrigation = 

2.33ns 
Drought = 2.26 

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= 0.2231 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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Both the cultivars produced statistically similar average boll weight per plant in 

2015. However, average boll weight was significantly different between two cultivars in  

2016. It may be due to climatic changes in both years. Variation in growth of boll and 

size was also reported by Reddy et al. (1999) due to change in growing conditions.  

Different plant growth promoting substances significantly influenced average boll 

weight in both years. In 2015, maximum average boll weight (3.39 g) was observed in 

pots where exogenous application of combination of all three plant growth promoting 

substances i.e. glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) was applied. It was statistically similar to all other treatments except 

where ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%), distilled water spray + Tween-20 (0.1%), distilled water spray and un-

treated control by attaining 2.93, 2.94, 2.85, 2.83 and 2.91 g average boll weight, 

respectively (Table 4.13). In 2016, maximum average boll weight (3.39 g) was recorded 

in pots where exogenous application of combination of salicylic acid and ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) was applied. Minimum average boll weight (2.06 g) 

was observed in un-treated control (Table 4.13b).   

Both irrigation conditions significantly influenced average boll weight in both 

years (Table 4.13a, 4.13b). Maximum average boll weight (3.27 g, 3.01 g) was achieved 

under normal irrigation conditions in both years. Lowest average boll weight (2.83 g, 2.64 

g) was recorded under drought conditions. It may be attributed to the fact that due to 

limited availability of water cotton growth was not optimum, which resulted in lowest 

boll weight. 

Interaction between cultivars and plant growth promoting substances was found 

significant for average boll weight in 2015 and 2016 (Table 4.13, 4.13b). In 2015, 

maximum value of average boll weight (3.55 g) was noted in cultivar Lalazar where 

combination of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

was applied. It was statistically similar to average boll weight achieved due to application 

of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%), 

glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid @ 

100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) and 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in cultivar Lalazar by attaining average 

boll weight 3.34, 3.32, 3.04, 3.34 and 2.96 g, respectively, while non-significant 

differences were also observed in average boll weight due to exogenous application of 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%), 
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salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%), glycine betaine + salicylic acid @50 mg 

L-1 each + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20(0.1%), distilled 

water spray + Tween-20 (0.1%), distilled water spray and control treatment in FH-142. In 

2016, maximum average boll weight (3.46 g) was achieved with foliar application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar. In 

2015, exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 each +.Tween-

20 (0.1%) also resulted in maximum average boll weight (3.55 g) in cultivar Lalazar. 

Average boll weight was similar with salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 

and ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) in cultivar FH-142 in 2015. 

Minimum value of average boll weight (1.77 g) was recorded in cultivar Lalazar when 

distilled water was sprayed. It was statistically different from all other treatment in 

cultivar Lalazar except glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), distilled water 

spray + Tween-20 (0.1%), control (un-treated).  

Interaction between cultivars and water regimes was found significant in year 

2015 regarding average boll weight per plant. Maximum average boll weight (3.40 g) was 

observed in cultivar Lalazar under normal irrigation conditions. It was followed by 

average boll weight (3.14 g) achieved in FH-142 under normal irrigation conditions. 

Minimum average boll weight (2.70 g) was observed in cultivar Lalazar under drought 

conditions. Interaction between cultivars and water regimes was found non-significant in 

2016. These results showed that different plant growth promoting substances affected the 

average boll weight per plant and this phenomenon is more linked with cultivars. It may 

be due to reason that under different water regimes each cultivar accumulated compatible 

solutes differentially to combat the water scarcity. Results in this experiment are 

coinciding with findings reported by Mekki et al. (2016) as they reported that interaction 

of different plant growth promoting substances improved drought tolerance of cotton by 

improvement in growth and yield traits. Sezener et al. (2015) reported the reduction in 

average boll weight of cotton grown under drought stress conditions. 

4.1.2.9. Seed cotton yield per plant (g) 

Seed cotton yield per plant depends upon genetics and environment in which 

cotton is grown. Data pertaining to seed cotton yield per plant of two cotton cultivars viz. 

Lalazar and FH-142 as influenced by drought and normal irrigation conditions in year 

2015 and 2016 is presented in table 4.14 and 4.14a, respectively.  
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Table 4.13. Interaction between cultivars and plant growth promoting substances 

affecting average boll weight in cotton in 2015 

Year 2015 Average boll weight (g) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 2.84 bcd 2.98 a-d 2.91 bc 

Distilled water spray 2.61 d 3.06 a-d 2.83 c 

Distilled water spray + Tween-20 (0.1%) 2.72 cd 2.97 a-d 2.85 c 

Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%) 
2.96 a-d 2.93 a-d 2.94 bc 

Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
3.34 abc 2.82 bcd  3.08 abc 

Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
3.04 a-d 2.82 bcd 2.93 bc 

Glycine betaine and Salicylic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) 
2.82 bcd 3.17 a-d 2.99 abc 

Glycine betaine and Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) 
3.32 abc 3.18 a-d 3.25 abc 

Salicylic acid and Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 
3.55 a 3.13 a-d 3.34 ab 

Glycine betaine + Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) 
3.34 abc 3.45 ab 3.39 a 

Mean of cultivars 3.05ns  3.05  
 

HSD p ≤ 0.05 

Cultivars= ns 

Plant growth promoting substances= 0.4333 

Cultivars × plant growth promoting substances= 0.6891 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,      
ns=Non-significant 

Table 4.13a. Average boll weight in cotton as influenced by interaction between 

cultivars and water regimes in 2015    

Year 2015 Average boll weight (g) 

Treatments Lalazar FH-142 Mean 

Normal Irrigation 3.40 a 3.14 b 3.27 a 

Drought 2.70 c 2.96 b 2.83 b 

Mean of cultivars 3.05ns   3.05    

HSD p ≤ 0.05 

Irrigation conditions= 0.1190 

Cultivars= ns 

Irrigation conditions × cultivars= 0.2216 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,     
ns=Non-significant 
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Table 4.13b. Interaction between cultivars and plant growth promoting substances 

affecting average boll weight in cotton in 2016  

Year 2016 Average boll weight (g) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 2.00 de  2.11 cde 2.06 d 

Distilled water spray 1.77 e  2.67 a-e 2.22 cd 

Distilled water spray + Tween-20 

(0.1%) 
2.11 cde   2.64 a-e 2.37 cd 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
2.25 b-e 3.35 a 2.80 bc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.10 ab 3.03 abc 3.06 ab 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
2.92 a-d 3.38 a 3.15 ab 

Glycine betaine and Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

2.56 a-e 2.99 abc 2.78 bc 

Glycine betaine and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

3.09 ab 3.39 a 3.24 ab 

Salicylic acid and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
3.46 a 3.33 a 3.39 a 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

3.03 abc 3.38 a 3.21 ab 

Mean of cultivars 2.63 b 3.03 a  

Means of irrigation conditions 

Normal 

irrigation= 

3.01 a 

Drought= 

2.64 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1612 

Cultivars= 0.1612 

Plant growth promoting substances= 0.5870 

Cultivars × plant growth promoting substances= 0.9334 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

 Means sharing the same letters did not differ significantly at 5% level of probability,    

ns= Non-significant  
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Result exhibited that both cotton cultivars produced statistically different seed 

cotton yield per plant in both years. Seed cotton yield per plant was more in cultivar FH-

142 during both years when compared with Lalazar. In 2015 and 2016, seed cotton yield 

per plant in cultivar FH-142 was 48.13 g and 66.91 g, respectively. Papastylianou & 

Argyrokastritis (2014) also found that under limited irrigation conditions seed cotton 

yield on unit area basis decreased. Both irrigation conditions significantly influenced the 

seed cotton yield per plant. Under normal irrigation conditions, maximum seed cotton 

yield was 58.15 and 66.28 g in year 2015 and 2016, respectively. Minimum values for 

seed cotton yield per plant was 31.80 and 47.11 g under drought conditions in year 2015 

and 2016, respectively.  

Different plant growth promoting substances significantly affected seed cotton 

yield per plant. Maximum seed cotton yield per plant (67.18 g) was achieved in pots 

where combination of all three plant growth promoting substances i.e. glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied in year 

2015. Minimum seed cotton yield per plant (30.5 g) was recorded where distilled water 

was sprayed. In year 2016, maximum seed cotton yield was achieved in pots where 

combination of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

was applied. It was followed by seed cotton yield per plant observed in pots where 

combination of all three plant growth promoting substances was applied. Minimum seed 

cotton yield per plant (30.56 g) was observed under un-treated control. Results showed 

that different plant growth promoting substances ameliorated harmful effect of water 

scarcity by improvement in seed cotton yield per plant as compared to control in both 

years.  

Interaction between water regimes × plant growth promoting substances × 

cultivars significantly influenced seed cotton yield per plant in both years. In 2015, 

maximum seed cotton yield per plant (108.25 g) was noted in cultivar FH-142 under 

normal irrigation conditions with exogenous application of all three plant growth 

promoting substances i.e. glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%). It was statistically different from all other treatments (Table 

4.14). It may be due to more number of open bolls per plant in this year. It was followed 

by seed cotton yield per plant (96.5 g) produced in same cultivar i.e. FH-142 where 

exogenous application of glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) was done. Seed cotton yield per plant produced in this treatment was 

statistically different from all other treatment. In case of cultivar Lalazar, maximum seed 
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cotton yield per plant (73 g) was observed with exogenous application of combination of 

all three plant growth promoting substance under normal irrigation conditions. Seed 

cotton yield per plant produced in this treatment was statistically same as seed cotton 

yield per plant produced in pots where ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 

was applied. Minimum seed cotton yield per plant (16 g) was achieved in pots under 

drought conditions in cultivar Lalazar where distilled water + Tween-20 (0.1%) was 

sprayed. Seed cotton yield per plant produced in this treatment was statistically similar to 

seed cotton yield produced with control and distilled water spray. Statistically similar 

seed cotton yield per plant was achieved in case of exogenous application of different 

plant growth promoting substances including glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine +salicylic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) under drought conditions in cultivar Lalazar. Similar results 

were also observed in FH-142 due to application of salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) both under normal irrigation and drought conditions. In 2016, seed cotton yield 

per plant was maximum (106 g) in FH-142 under normal irrigation conditions where 

exogenous application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was done in contrast to year 2015 where maximum value was recorded with 

exogenous application of combination of all three plant growth promoting substances. 

Results suggested changes in genotypic response and efficacy of plant growth promoting 

substances with respect to change in climatic conditions. However, seed cotton yield 

produced due to exogenous application of glycine betaine + ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) under normal irrigation in FH-142 was statistically similar to 

seed cotton yield achieved in same cultivar where combination of all three plant growth 

promoting substances and glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was applied. 

It was followed by seed cotton yield per plant (88.5 g) produced in cultivar Lalazar where 

foliar application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

was done under normal irrigation. It was statistically similar to the seed cotton yield per 

plant produced in cultivar FH-142 under normal irrigation conditions with foliar 

application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) by 

producing 87.50 g seed cotton yield per plant, while corresponding value in drought with 

same treatment was 74.25 g. 
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Table 4.14. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding seed cotton yield per plant in cotton in 2015 

Year 2015 Seed cotton yield per plant (g) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 42 l-o 22 rstu 51 g-l 20 stu 33.75 de 

Distilled water spray 36.5 m-p 20 stu 47 h-m 18.5 tu 30.5 e 

Distilled water spray + 

Tween-20 (0.1%) 
58 e-h 16 u 44.5 j-n 26 p-u 36.12 d 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
55 e-k 26 p-u 66 cde 34 n-q 45.25 c 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 
57 e-I 31 o-s 27.5 p-u 25 p-u 35.12 de 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 
64.75 c-f 22 r-u 51 g-l 29 p-t 41.68 c 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

55.5 e-j 23.5 q-u 61 d-g 35.5 m-p 43.87 c 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

46 i-m 25.5 p-u 96.5 b 73 c 60.25 b 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

71 cd 58 e-h 51.5 g-l 43.5 k-n 56 b 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

73 c 33.5 n-r 108.25 a 54 f-k 67.18 a 

Mean of cultivars 41.81 b 
 

48.13 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

58.15 a 
Drought = 31.80 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.3096 

Cultivars= 1.3096 

Plant growth promoting substances= 4.7673 

Irrigation conditions × cultivars × plant growth promoting substances= 11.80 

    Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.14a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding seed cotton yield per plant in cotton in 2016 

Year 2016 Seed cotton yield per plant (g) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
26.50      

qr 

19.50         

r 

40.25        

l-p 

36.00     

m-q 

30.56        

g 

Distilled water spray 
30.50     

o-r 

20.50          

r 

49.00          

i-l 

43.00       

k-n 

35.75          

f 

Distilled water spray + 

Tween-20 (0.1%) 

36.50     

m-q 

28.50        

pqr 

59.50         

hi 

44.50       

j-m 

42.25         

e 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

41.00      

l-o 

28.50        

pqr 

96.00        

ab 

65.00        

gh 

57.63       

cd 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 

76.00     

d-g 

55.00         

h-k 

65.00        

gh 

47.50          

i-m 

60.88         

c 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 

72.50      

efg 

31.00         

n-r 

74.25      

efg 

57.00         

hi 

58.69        

cd 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

57.50         

hi 

29.00         

o-r 

79.50     

c-f 

56.50         

hij 

55.63         

d 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

55.00         

h-k 

39.50       

l-p 

106.00       

a 

84.50      

b-e 

71.25         

b 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

88.50     

bc 

67.00        

gh 

87.50      

bcd 

74.25      

efg 

79.31         

a 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each+ 

Tween-20 (0.1%) 

83.50     

c- f 

43.50        

klm 

101.00       

a 

72.00       

fg 

75.00        

ab 

Mean of cultivars 46.48 b 66.91 a 
 

Mean of irrigation 

conditions 

Normal irrigation = 

66.28 a  
Drought = 47.11 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.3798 

Cultivars= 1.3798 

Plant growth promoting substances= 5.0230 

Irrigation conditions × cultivars × plant growth promoting substances= 12.433 

   Means sharing the same letters did not differ significantly at 5% level of probability 
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It may be due to less availability of water which cause overall reduction in growth and 

yield. Minimum value for seed cotton yield per plant (19.5 g) was observed under drought 

conditions in cultivar Lalazar. It was statistically similar to seed cotton yield produced in 

cultivar Lalazar due to exogenous application of distilled water spray, distilled water 

spray + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), glycine 

betaine + salicylic acid @50 mg L-1 each + Tween-20 (0.1%) under drought conditions by 

achieving 20.50, 28.50, 28.50 and 29 g seed cotton yield per plant, respectively. It was 

statistically similar to seed cotton yield produced in un-treated control and distilled water 

spray under normal irrigation conditions in cultivar Lalazar, where seed cotton yield per 

plant was 26.50 and 30.50 g, respectively. Results showed that different cultivars 

responded differently to different plant growth promoting substances under normal and 

drought conditions. However, availability of more irrigation water lead to much 

improvement in seed cotton yield per plant as compared to drought conditions. Different 

plant growth promoting substances also improved seed cotton yield per plant under 

drought conditions as compared to distilled water spray alone and un-treated control. 

Noreen et al. (2015) also reported improvement in seed cotton yield per unit area under 

drought conditions with the application of different osmoprotectants, however they stated 

non-significant effect of interactive effect of water regimes and plant growth promoting 

substances on seed cotton yield per plant.      

4.1.2.10. Cotton seed yield per plant (g) 

Cotton seed yield per plant depends upon availability of inputs as well as 

environmental factors. Data regarding the impact of different plant growth promoting 

substances on cotton seed yield per plant in two cotton cultivars viz. Lalazar and FH-142 

under normal irrigation and drought conditions in year 2015 and 2016 is presented in 

table 4.15, 4.15a, respectively. 

Cotton seed yield was significantly affected due to both water regimes i.e. normal 

irrigation and drought conditions in both years. More cotton seed yield was recorded 

under normal irrigation in both years. In 2015, under normal irrigation , cotton seed yield 

per plant was more (34.20 g) as compared to drought conditions where it was 19.12 g. 

Cotton seed yield per plant in both irrigation conditions was statistically different from 

each other (Table 4.15) In the year 2016, cotton seed yield per plant was 40.30 g under 

normal irrigation and 29.04g under drought.  
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Both the cultivars differed significantly regarding cotton seed yield per plant. 

Maximum cotton seed yield per plant (28.30 g) was observed in cultivar FH-142 as 

compared to Lalazar where it was 25.02 g in 2015. However, in contrast to 2015, cotton 

seed yield was more in cultivarFH-142 in 2016. Better performance of FH-142 in 2016 

may be due to presence of favourable conditions to express better performance as 

compared to previous year. In 2015, cotton seed yield was decreased 44.09% under 

drought condition as compared to normal irrigation while in 2016 decrease in cotton seed 

yield under drought was recorded 27.94% as compared to normal irrigation condition.   

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding cotton seed yield per plant in both years 

(Table 4.14, 4.14a). In 2015, maximum cotton seed yield per plant (60.73 g) was 

observed in cultivar FH-142 under normal irrigation conditions where combination of all 

three plant growth promoting substances i.e. glycine betaine + salicylic acid + ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied. It was statistically similar to 

cotton seed yield produced due to exogenous application of glycine betaine + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) where seed cotton yield per plant was 56.25 g 

in cultivar FH-142 under normal irrigation conditions. Cotton seed yield per plant 

produced under normal irrigation conditions due to exogenous application of all three 

plant growth promoting substances in cultivar FH-142 was followed by yield (44.45 g) 

achieved under drought conditions with glycine betaine + ascorbic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) in FH-142. It was statistically similar to cotton seed yield per plant 

produced (43.65 and 42.67 g) under normal irrigation conditions in cultivar Lalazar due 

to application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) and salicylic and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). 

Minimum cotton seed yield per plant (9.43 g) was noted in cultivar Lalazar where 

distilled water + Tween-20 (0.1%) was sprayed. It was statistically similar to seed cotton 

yield produced per plant under drought conditions due to exogenous application of 

distilled water, glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), ascorbic acid @ 100 

mg L-1 + Tween-20 (0.1%), glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-

20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and un-

treated control by producing 11.67, 15.52, 13.88, 13.95, 16.27 and 13.42 g cotton seed 

yield per plant in cultivar Lalazar under drought conditions. In 2016, although cultivar 

FH-142 performed better than Lalazar under normal irrigation as well as drought 

conditions due to exogenous application of different plant growth promoting substances 
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but maximum cotton seed yield per plant (63.21 g) was recorded under normal irrigation 

conditions where combination of glycine betaine and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied. Cotton seed yield per plant achieved in cultivar FH-142 

under normal irrigation conditions due to exogenous application of combination of 

glycine betaine and ascorbic acid was at par to that of cotton seed yield achieved due to 

foliar application of glycine betaine @ 100 mg L-1 + Tween-20 and due to combination of 

all three plant growth promoting substances in 2016. Cotton seed yield per plant (58.17 g) 

achieved in cultivar FH-142 under normal irrigation conditions due to exogenous 

application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was followed by cotton 

seed yield per plant (53.78 g) produced in cultivar Lalazar under normal irrigation 

conditions due to foliar application of salicylic acid and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). While corresponding value under drought conditions in cultivar 

Lalazar was 40.26 g. Cotton seed yield per plant in cultivar Lalazar exposed to drought 

due to exogenous application of combination of salicylic acid and ascorbic acid was at par 

with cotton seed yield per plant achieved in cultivar Lalazar due to foliar application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigated 

conditions  and salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) under drought 

conditions. In cultivar FH-142, cotton seed yield per plant due to different treatments like 

distilled water spray + Tween-20, salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigated conditions while 

glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid @ 

100 mg L-1 + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), 

salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

salicylic acid and ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) under drought 

conditions shared statistically similar cotton seed yield per plant as that of achieved in 

cultivar Lalazar under drought conditions due to exogenous application of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Minimum cotton seed yield per 

plant (12.36 g) was observed in case of control in cultivar Lalazar when grown under 

drought conditions. These may be linked with seed cotton yield per plant. It is depicted 

from the results that different cultivars respond differentially to different plant growth 

promoting substances applied under different irrigation conditions. 
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Table 4.15. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding cotton seed yield per plant in cotton in 2015 

Year 2015 Cotton seed yield (g) per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
24.60      

j-n 

13.42     

rst 

29.69      

f-j 

11.03      

st 

19.68     

ef 

Distilled water spray 
21.75     

k-o 

11.67    

st 

27.51     

h-l 

10.91      

st 

17.96      

f 

Distilled water spray + 

Tween-20 (0.1%) 

34.66     

d-g 

9.43        

t 

26.69      

i-m 

14.87     

o-t 

21.41     

e 

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 

32.32     

d-i 

15.52     

o-t 

38.38    

bcd 

20.87     

k-q 

26.77      

d 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

33.72     

d-i 

19.68   

m-r 

15.75     

o-t 

14.44     

p-t 

20.89     

e 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

37.10     

cde 

13.88    

q-t 

30.61      

e-j 

17.64     

n-s 

24.80     

d 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

32.97     

d-i 

13.95    

q-t 

36.62      

c-f 

21.39     

k-p 

26.23     

d 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

27.86     

g-k 

16.27    

o-t 

56.25       

a 

44.45       

b 

36.20     

b 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

42.67     

bc 

34.53    

d-h 

30.52      

e-j 

25.04      

j-m 

33.19     

c 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

43.65      

bc 

20.80    

l-q 

60.73       

a 

32.83     

d-i 

39.50        

a 

Mean of cultivars 25.02 b 28.30 a  

Mean of irrigation 

conditions 

Normal irrigation = 

34.20 a 
Drought = 19.12 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.7857 

Cultivars= 0.7857 

Plant growth promoting substances= 2.8605 

Irrigation conditions × cultivars × plant growth promoting substances= 7.0803 

    Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.15a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding cotton seed yield per plant in cotton in 2016 

Year 2016 Cotton seed yield (g) per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
16.49                   

rs 

12.36                    

s 

25.07              

m-q 

23.07              

m-r 

19.25    

f 

Distilled water spray 
18.94                

p-s 

12.90                   

s 

30.37 

j-m 

26.86               

l-o 

22.27    

f 

Distilled water spray + 

Tween-20 (0.1%) 

22.63               

n-r 

17.81                  

qrs 

36.65 

hij 

27.55              

k-n 

26.16    

e 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 

25.19                

m-q 

17.61                  

qrs 

58.17 

abc 

39.84 

ghi 

35.20  

cd 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

46.44 

d-g 

33.70 

Ijkl 

39.64 

ghi 

29.20              

j-n 

37.25    

c 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

44.42 

fg 

19.43                

o-s 

45.12 

fg 

35.25 

ijk 

36.05  

cd 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

35.26 

ijk 

18.04                  

qrs 

48.20 

def 

34.71 

ijk 

34.05    

d 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

33.77 

ijkl 

24.32              

m-q 

63.21 

a 

51.54 

c-f 

43.21    

b 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

53.78 

bcd 

40.26 

ghi 

53.05        

cde 

45.82      

efg 

48.23    

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

48.53 

def 

26.57 

l-p 

61.05     

ab 

43.99 

fgh 

45.03    

b 

Mean of cultivars 28.42 b 40.92 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

40.30  a 
Drought = 29.04   b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.8560 

Cultivars= 0.8560 

Plant growth promoting substances= 3.1161 

Irrigation conditions × cultivars × plant growth promoting substances= 7.7130 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Climatic changes also influenced the efficacy of these plant growth promoting substances. 

Less cotton seed yield per plant under drought conditions are providing strong evidence 

that cotton growth was poor but plant growth promoting substances have positive impact 

on amelioration of harmful effect of water scarcity as compared to control treatment. 

However, cultivar FH-142 outperformed Lalazar. Our results are in accordance with 

results reported by Alishah & Ahmadikhah (2012) as they found increasing number of 

irrigations lead to more yield of cotton cultivars. Reduction in yield attributes of cotton 

under drought conditions was also recorded by Shallan et al. (2012). It has been reported 

by Noreen et al. (2015) that different osmoprotectants when applied in cotton subjected to 

drought are helpful in alleviation of harmful effects of water deficit stress. 

4.1.2.11. Lint yield per plant (g) 

Lint yield in cotton is dependent upon applied input and genetics. Data pertaining 

to role of different plant growth promoting substances affecting lint yield per plant of two 

cotton cultivars (Lalazar and FH-142) under normal irrigation and drought conditions in 

year 2015 and 2016 is presented in table 4.16 and 4.16a, respectively. 

Lint yield per plant was significantly influenced by water regimes in year 2015 

and 2016. In 2015, lint yield per plant (12.44 g) was less under drought conditions as 

compared to normal irrigated pots and lint yield per plant was 23.11 g. Lint yield per 

plant was 85.77% more in normal irrigated pots as compared to drought. In 2016, 

difference of lint yield between drought and normal irrigated pots were less. Here it was 

43.77% more under normal irrigated conditions. 

Lint yield was statistically different in both cultivars. Cultivar FH-142 out 

performed in both years. In 2015, lint yield per plant in cultivar FH-142 was 19.60 g 

while in cultivar Lalazar it was 15.95 g. Same trend was observed in 2016 and 26 g lint 

yield per plant was recorded in cultivar FH-142 and 18.05 g in cultivar Lalazar. More 

yield in cultivar FH-142 may be due to its ability to tolerate drought more than cultivar 

Lalazar.  

Different plant growth promoting substances significantly influenced lint yield per 

plant in both years. Maximum lint yield (26.83 g) was observed where combination of all 

three plant growth promoting substances was applied and it was statistically different 

from all other treatments except where combination of glycine betaine + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) was applied. Minimum lint yield per plant (12.54 g) 

was recorded in case of distilled water spray in 2015 (Table 4.16). In 2016, combination 
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of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) produced 

maximum lint yield per plant (31.08 g) and it was statistically similar to combination 

where glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) was applied. Minimum lint yield per plant (11.32 g) was recorded in control 

treatment. Mekki et al. (2016) also reported that application of different antioxidants and 

their interactive effect with each other resulted in improvement in yield characteristics of 

cotton subjected to drought as compared to control.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was significant for lint yield per plant in both years (Table 4.16, 4.16a). In 

2015, Combination of all three plant growth promoting substances under normal 

irrigation conditions in cultivar FH-142 produced maximum lint yield per plant (47.52 g). 

It was statistically similar to lint yield per plant produced in FH-142 under normal 

irrigation conditions where glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was applied by producing 40.25 g lint yield per plant. However, it was statistically 

different from all other treatments. Lint yield of 29.36 g per plant was produced in 

cultivar Lalazar by combination of all three plant growth promoting substance i.e. glycine 

betaine +salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) under 

normal irrigated conditions. It was statistically similar to different treatments including 

application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), salicylic acid @ 

100 mg L-1 + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), 

distilled water spray + Tween-20 (0.1%) under normal irrigated conditions and 

combination of salicylic acid ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under 

drought conditions in cultivar Lalazar. Lint yield 28.33, 22.53, 23.29, 22.68, 23.34 g per 

plant was recorded under normal irrigated conditions while 23.47 g under drought 

conditions, respectively. Non-significant differences were also observed in lint yield 

produced in FH-142 under normal irrigated conditions where exogenous application of 

glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine @ 

100 mg L-1 + Tween-20 (0.1%) under normal irrigation conditions by producing 24.38 

and 27.62 g, respectively and under drought conditions glycine betaine + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) resulted in statistically similar lint yield per plant 

(28.55 g) as presented in table 4.16. In year 2016, maximum lint yield per plant was 

achieved maximum (42.79 g) in cultivar FH-142 under normal irrigated conditions. It was 

statistically similar to lint yield per plant (39.96 g) observed with spray of combination of  
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Table 4.16. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding lint yield per plant in cotton in 2015 

Year 2015 Lint yield per plant (g) 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 17.41 e-m 8.58 no 21.32 c-g 9.31 no 14.15 e 

Distilled water spray 14.75 f-n 8.34 no 19.49 e-j 7.60 no 12.54 e 

Distilled water spray + 

Tween-20 (0.1%) 
23.34 b-e 6.57 o 17.81 e-l 11.14 k-o 14.71 de 

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 
22.68 b-f 10.48 l-o 27.62 bcd 13.14 h-o 18.48 c 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
23.29 b-e 11.32 k-o 11.75 j-o 9.09 no 13.86 e 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
10.86 k-o 8.12 no 20.39 d-i 11.36 k-o 12.68 e 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

22.53 b-f 9.55 mno 24.38 b-e 14.12 g-o 17.64 cd 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

18.14 e-l 9.24 no 40.25 a 28.55 bc 24.04 ab 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

28.33 bcd 23.47 b-e 20.99 c-h 18.47 e-k 22.81 b 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

29.36 b 12.71 i-o 47.52 a 17.74 e-l 26.83 a 

Mean of cultivars 15.95 b 
 

19.60 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

23.11 a 
Drought = 12.44 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.8873 

Cultivars= 0.8873 

Plant growth promoting substances= 3.2302 

Irrigation conditions × cultivars × plant growth promoting substances= 7.9955 

  Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.16a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding lint yield per plant in cotton in 2016 

Year 2016 Lint yield (g) per plant 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
10.01                  

qr 

7.15 

r 

15.18                   

l-p 

12.93              

m-q 

11.32        

g 

Distilled water spray 
11.57                

n-r 

7.61                   

r 

18.63 

jkl 

16.14             

lmn 

13.49      

f 

Distilled water spray + 

Tween-20 (0.1%) 

13.87                

l-q 

10.69                

pqr 

22.86 

hij 

16.95            

klm 

16.09      

e 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

15.82                 

l-o 

10.89                 

pqr 

37.83 

bc 

25.17 

ghi 

22.42    

cd 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

29.56 

efg 

21.30 

ijk 

25.36 

ghi 

18.30 

jkl 

23.63     

c 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

28.09 

fg 

11.57               

n-r 

29.14 

efg 

21.75 

ijk 

22.64    

cd 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

22.24 

hij 

10.96                

o-r 

31.30 

def 

21.79 

ijk 

21.57     

d 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

21.23 

ijk 

15.19             

l-p 

42.79 

a 

32.96 

cde 

28.04     

b 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

34.72 

cd 

26.74 

fgh 

34.46 

cd 

28.43 

efg 

31.08     

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

34.97 

cd 

16.94 

klm 

39.96 

ab 

28.01 

fg 

29.97    

ab 

Mean of cultivars 18.05 b 26.00 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

25.98 a 
Drought = 18.07 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5410 

Cultivars= 0.5410 

Plant growth promoting substances= 1.9696 

Irrigation conditions × cultivars × plant growth promoting substances= 4.8753 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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all three plant growth promoting substances, while it was significantly different from all 

other treatments under normal and drought conditions. It was followed by lint yield per 

plant (34.97 g) produced in Lalazar due to exogenous application of all three plant growth 

promoting substances i.e. glycine betaine + salicylic acid + ascorbic acid each @ 33 mg 

L-1 each + Tween-20 (0.1%) under normal irrigation. Lint yield was 249.35% more in this 

treatment as compared to un-treated control. Non-significant differences were observed in 

lint yield per plant in cultivar Lalazar and FH-142 due to exogenous application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal 

irrigation conditions and produced 34.72 and 34.46 g lint yield, respectively in both 

cultivars. Statistically similar lint yield per plant (32.96 g) with this treatment was 

recorded under drought conditions in FH-142 due to exogenous application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Lowest lint yield per plant 

(7.15 g) was recorded under drought conditions in cultivar Lalazar under un-treated 

control. Corresponding value in FH-142 under drought conditions was 12.93 g. These 

results suggested that different plant growth promoting substances ameliorate the harmful 

effects of water scarcity by improvement in lint yield per plant. Potential of both the 

cultivars to combat water scarcity is different. It may be because each cultivar 

accumulated solutes to varying degree in order to cope with the water deficit conditions 

as it was observed by Sarwar et al. (2006). Moreover, our results are in harmony with 

results reported by Noreen et al. (2015) that exogenous application of different 

osmoprotectants under drought conditions improved the yield attributes of cotton. 

4.1.2.12. Ginning out turn (%) 

Ginning out turn (GOT) or lint percentage is dependent on cultivar genetic make 

up and input applied. Data regarding ginning out turn of two cotton cultivars as 

influenced by different plant growth promoting substances exposed to drought and 

normal irrigation conditions in year 2015 and 2016 is presented in table 4.17 and 4.17a, 

respectively.   

Both the water regimes significantly affected ginning out turn in both years i.e. 

2015 and 2016. In 2015, ginning out turn was 40.71 and 38.85% under normal irrigation 

and drought conditions, respectively. In 2016, statistically different GOT was recorded in 

both water regimes by achieving 38.93 and 38.12% GOT under normal irrigation and 

drought conditions, respectively. Increase in lint percentage under normal irrigated 

condition may be due to differences in cultivar used in study as concluded by Pettigrew 
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(2004a) that different genotypes responded differntly to irrigation conditions regarding 

lint percentage. These results are different from result reported by Liu et al. (2017) who 

recorded increase in lint percentage under deficit irrigation conditions. 

Lint percentage was varied between the cultivars in both years. Both the cultivars 

produced statistically different lint percentage in 2015. Lint percentage (41.17%) was 

more in FH-142 as compared to cultivar Lalazar (39.38%). It is evident from the data in 

year 2015, significant differences were observed between different plant growth 

promoting substances regarding ginning out turn of cotton (Table 4.17). Ginning out turn 

was maximum (41.78%) in case of exogenous application of combination of all three 

plant growth promoting substances and was statistically different from all other 

treatments of plant growth promoting substances. Minimum GOT (38.06%) was recorded 

where salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied (Table 4.17). In 2016, 

different plant growth promoting substances significantly influenced ginning out turn. 

Maximum ginning out turn (39.81%) was observed where combination of all three plant 

growth promoting substances was exogenously applied. Minimum ginning out turn 

(37.08%) was recorded in case of un-treated control (Table 4.17a).  

Data revealed that in 2015, interaction between water regimes × cultivars × plant 

growth promoting substances was significant regarding ginning out turn. Maximum GOT 

(44.87%) was recorded with foliar spray of combination of all three plant growth 

promoting substances under normal irrigated conditions in cv. FH-142. However, 

minimum GOT (30.75%) was also noticed under normal irrigated conditions in cv. 

Lalazar when salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was exogenously applied 

to it. These results suggested that salicylic acid in sufficient quantity may interact with 

some plant hormones variably produced by both cultivars for varied lint percentage. 

Similar results were reported by Ahmed et al. (2017) about salicylic acid interaction with 

brassionosteroids to regulate physiological and developmental processes in plants. 

However, in 2016, only interaction between cultivars × plant growth promoting 

substances was found significant. Maximum ginning out turn (40.39%) was recorded in 

cultivar Lalazar with glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 + 

Tween-20 (0.1%) was done. It was followed by ginning out turn (39.57%) in pots where 

exogenous application of combination of salicylic acid and ascorbic acid @ 50 mg L-1 + 

Tween-20 (0.1) was applied. Minimum GOT (36.95%) was observed in case of un-treated 

control in FH-142.  Shallan et al. (2012) reported that lint percentage in cotton was not 

increased due to application of different plant growth promoting substances. 
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Table 4.17. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding ginning out turn (GOT) in cotton in 2015 

Year 2015 Ginning out turn (%) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 40.21 h-o 37.93 qr 43.90 ab 39.21m-q  40.31 de 

Distilled water spray 40.42 f-o 41.58 c-h 41.46 c-i  41.04 d-k 41.12 b 

Distilled water spray + 

Tween-20 (0.1%) 
40.24 h-o  41.06 d-k 40.03 i-p  42.84 bc  41.04 bc 

Glycine betaine @ 100 

mg L-1 + Tween-20 

(0.1%) 

41.25 d-j 40.30 g-o  41.86 cde  38.64 pq  40.51 cde 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
30.75 t 36.51 rs 42.73 bc  42.26 cd  38.06 h 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
42.70 bc 36.91 rs 39.98 j-p  39.16 n-q 39.68 fg 

Glycine betaine and 

Salicylic acid @ 50 mg L-

1 each + Tween-20 

(0.1%) 

40.60 e-m 40.71 e-l 39.97 j-p  39.76 k-p 40.26 ef 

Glycine betaine and 

Ascorbic acid @ 50 mg 

L-1 each + Tween-20 

(0.1%) 

39.44 l-p  36.21 s  41.71 c-g  39.10 n-q 39.11 g 

Salicylic acid and 

Ascorbic acid @ 50 mg 

L-1 each + Tween-20 

(0.1%) 

39.90 j-p 40.47 e-n 40.75 e-l  42.45 cd  40.89 bcd 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

41.45 c-i  38.99 opq  44.87 a  41.84 c-f 41.78 a 

Mean of cultivars 39.38 b 41.17 a 
 

Mean of irrigation 

conditions 

Normal irrigation = 

40.71 a  
Drought = 39.85 b  

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1594 

Cultivars= 0.1594 

Plant growth promoting substances= 0.5803 

Irrigation conditions × cultivars × plant growth promoting substances= 1.4364 

   Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.17a. Interactive effect of cultivars and plant growth promoting substances 

regarding ginning out turn in cotton in 2016 

Year 2016 Ginning out turn (%) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 37.21 fg 36.95 g 37.08 e 

Distilled water spray 37.51 efg  37.78 d-g 37.64 de 

Distilled water spray + Tween-20 

(0.1%) 
37.75 d-g 38.25 b-g 38.00 cd 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
38.38 b-g 39.07 a-d 38.72 bc 

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
38.81 b-e 38.76 b-e 38.78 bc 

Ascorbic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
38.03 c-g 38.70 b-e 38.36 bcd 

Glycine betaine and Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
38.25 b-g 38.97 a-d 38.61 bc 

Glycine betaine and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
38.53 b-f 39.69 ab 39.11 ab 

Salicylic acid and Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
39.57 ab 38.83 b-e 39.20 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

40.39 a 39.23 abc 39.81 a 

Mean of cultivars 38.44ns 38.62  

Means of irrigation conditions 

Normal 

irrigation = 

38.93 a 

Drought = 

38.12 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 0.2509 

Cultivars= ns 

Plant growth promoting substances= 0.9133 

Cultivars × plant growth promoting substances= 1.4523 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,         

ns=Non-significant 
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4.1.3. Fiber quality characteristics 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on different fiber quality traits of cotton grown under different water regimes 

in 2015 and 2016 is presented in appendices 5 and 6, respectively.   

4.1.3.1. Fiber length (mm) 

Fiber length is very important quality trait of cotton and is determined by complex 

interaction of genetic potential and environmental interaction. 

 Data regarding the role of plant growth promoting substances affecting the fiber length of 

two cotton cultivars under normal and drought conditions in year 2015 and 2016 is 

presented in table 4.18 and 4.18a, respectively. 

Data showed that, in year 2015, fiber length was statistically different between the 

cultivars. Cultivar Lalazar produced more fiber length (28.06 mm) compared to cultivar 

FH-142 (27.89 mm). In 2016, both the cultivars produced statistically similar fiber length. 

Ahmad & Raza (2014) also reported variation in different cotton cultivars regarding fiber 

length. 

Significant differences were observed in fiber length achieved in both irrigation 

regimes. Fiber length was more under normal irrigation (28.38 mm) compared to drought 

conditions (27.89 mm) in year 2015. In 2016, same trend was observed as previous year 

but under normal irrigation conditions fiber length was 28.63 mm while it was 27.64 mm 

under drought conditions. These results are in line with results reported by Basal et al. 

(2009) as they found significant effect of soil water depletion below 75% on fiber length 

of cotton.  

Different plant growth promoting substances influenced fiber length significantly. 

Fiber length was maximum (28.54 mm) where glycine betaine + salicylic acid + ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied. Improvement in fiber length was 

3.86% as compared to control. Lowest fiber length (27.43 mm) was achieved in distilled 

water spray treatment. It seemed that cotton fiber development is regulated by plant 

growth promoting substances.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant in both years for fiber length. Maximum fiber length 

(29.73 mm) was achieved in cultivar Lalazar when glycine betaine + salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) was applied under normal irrigation conditions.  It was 

followed by fiber length (29.38 mm) in case of FH-142 under irrigated conditions where 
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glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. It was 

statistically similar to the fiber length recorded with exogenous application of glycine 

betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) under normal 

irrigation in cultivar Lalazar and produced 29.73, 29.10 and 29.23 mm fiber length, 

respectively. While corresponding values in drought were 28.08, 27.93 and 27.28 mm, 

respectively. Fiber length (29.38 mm) achieved with glycine betaine + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) under normal irrigation conditions in cultivar FH-142 

was much improved as compared to control where fiber length was 28.20 mm. 

Corresponding value in case of drought were 28.13 mm and 27.10 mm with exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and 

control, respectively. In 2016, maximum fiber length (30.10 mm) was observed under 

normal irrigation conditions in cultivar Lalazar with exogenous application of salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). It was 4.96%% more than 

control under normal irrigation conditions. Non-significant differences were observed in 

fiber length (29.40 mm) achieved in FH-142 with same treatment under normal irrigation 

conditions. Foliar application of salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1% also improved fiber length under drought conditions in cultivar FH-142 

by attaining 29 mm staple length as compared to control under drought conditions where 

fiber length was 27 mm in cultivar FH-142. Minimum fiber length (26.9 mm) was 

observed with distilled water spray under drought conditions in cultivar FH-142. The 

differences among the plant growth promoting substances applied individually or in 

combination under drought conditions in cultivar FH-142 were statistically similar 

regarding fiber length. Noreen et al. (2015) reported that fiber length improved by 4.86% 

as compared to control by exogenous application of salicylic acid as osmoprotectant. 

Ahmed et al. (2017) also reported improved fiber length of cotton with foliar application 

of putrescine and 24-epibrassionolide under drought conditions. 

4.1.3.2. Fiber strength (g tex-1) 

Genetic makeup of cultivar is key determinant factor for fiber strength, however 

environmental variables also affect fiber strength to some extent. Data regarding the 

effect of different plant growth promoting substances on fiber strength of two cotton 

cultivars under normal and drought conditions in year 2015 and 2016 is presented in table 

4.19, 4.19a, respectively.  
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Table 4.18. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber length in cotton in 2015 

Year 2015 Fiber length (mm) 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 28.25 

b-j 

26.38              

m 

28.20       

b-j 

27.10           

j-m 

27.48     

d 

Distilled water spray 28.10        

b-k 

26.98           

j-m 

27.45        

g-m 

27.18           

j-m 

27.43     

d 

Distilled water spray + 

Tween-20 (0.1%) 

26.98           

j-m 

26.48             

lm 

29.35      

abc 

27.98        

c-k 

27.69    

cd 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

29.10         

a-e 

27.93         

d-k 

26.75           

klm 

27.15           

j-m 

27.73    

cd 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

28.70        

a-i 

28.08        

b-k 

27.90       

d-k 

27.83         

e-l 

28.13  

abc 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

29.23      

a-d 

27.28           

j-m 

27.43        

h-m 

27.28          

j-m 

27.80   

bcd 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

29.73       

a 

28.08        

b-k 

27.98       

c-k 

27.58        

g-m 

28.34  

ab 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

28.98        

a-f 

27.38         

i-m 

29.38       

ab 

28.13         

b-k 

28.46   

a 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

28.08        

b-k 

27.63          

f-m 

28.78        

a-h 

28.08         

b-k 

28.14  

abc 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

29.00        

a-f 

28.83        

a-g 

28.23        

b-j 

28.10        

b-k 

28.54   

a 

Mean of cultivars 28.06 a 27.89 b  

Mean of irrigation 

conditions 

Normal irrigation = 

28.38 a 
Drought = 27.57 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1532 

Cultivars= 0.1532 

Plant growth promoting substances= 0.5576 

Irrigation conditions × cultivars × plant growth promoting substances= 1.3802 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.18a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber length in cotton in 2016 

Year 2016 Fiber length (mm) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
28.20      

a-d 

27.70     

a-d 

28.90      

a-d 

27.00   

bcd 

27.95       

c 

Distilled water spray 
28.00       

a-d 

27.10   

bcd 

28.20       

a-d 

26.90    

cd 

27.55       

c 

Distilled water spray + 

Tween-20 (0.1%) 

28.40      

a-d 

27.90     

a-d 

28.80      

a-d 

27.20   

bcd 

28.08     

bc 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 

28.00      

a-d 

27.10   

bcd 

28.00      

a-d 

27.10   

bcd 

27.55       

c 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

29.40    

abc 

26.80     

cd 

28.50      

a-d 

28.20    

a-d 

28.23    

abc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

28.90      

a-d 

28.80     

a-d 

27.50      

a-d 

26.60     

d 

27.95       

c 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

27.70      

a-d 

28.20     

a-d 

28.90      

a-d 

27.10   

bcd 

27.98       

c 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

28.00      

a-d 

27.30   

bcd 

28.00      

a-d 

27.50    

a-d 

27.70       

c 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

30.10       

a 

27.90     

a-d 

30.00       

a 

29.00    

a-d 

29.25       

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

29.60     

ab 

29.30    

abc 

29.40   

abc 

28.10    

a-d 

29.10     

ab 

Mean of cultivars 28.22ns   28.05    

Mean of irrigation 

conditions 

Normal irrigation = 

28.63 a 
Drought = 27.64 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.2995 

Cultivars= ns 

Plant growth promoting substances= 1.0902 

Irrigation conditions × cultivars × plant growth promoting substances= 2.6985 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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Fiber strength was significantly affected by both the cultivars. Cultivar Lalazar 

produced more fiber strength (27.72 g tex-1) as compared to cultivar FH-142 where fiber  

strength was 26.81 g tex-1 in year 2015. Similar trend was recorded in year 2016 where 

fiber strength was 26.75 g tex-1 in cultivar Lalazar and 25.54 g tex-1 in cultivar FH-142. 

Statistically different fiber strength was achieved under both irrigation conditions. 

Fiber was strong under normal irrigation (28.03 g tex-1) as compared to drought 

conditions (26.51 g tex-1) in year 2015. Similar trend was recorded in year 2016, when 

fiber strength was 26.82 g tex-1 under normal irrigation and 25.84 g tex-1 under drought 

conditions. Differences in fiber strength under both water regimes may be due to changes 

in percentage of position first bolls as Pettigrew (2004a) noticed more first position bolls 

and thus fiber strength under irrigated conditions as compared to dryland area.  

Different plant growth promoting substances significantly influenced fiber 

strength. In 2015, maximum fiber strength (28.07 g tex-1) was recorded with glycine 

betaine +salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) and where combination of 

all three plant growth promoting substances was applied. In year 2016, maximum fiber 

strength (27.38 g tex-1) was recorded with salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%). It was statistically similar to fiber strength achieved in pots where glycine betaine 

@ 100 mg L-1 + Tween-20 (0.1%) was applied.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding fiber strength in both years. In 2015, 

exogenous application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) on cultivar 

Lalazar under normal irrigation conditions produced maximum fiber strength (29.85 g 

tex-1). It was statistically similar to fiber strength achieved due to exogenous application 

of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

with normal irrigation and glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) under drought conditions in 

cultivar Lalazar. Minimum fiber strength (24.75) was noticed in cultivar FH-142 under 

drought conditions where salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied. In 

2016, maximum fiber strength (29.80 g tex-1) was recorded with glycine betaine @ 100  
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Table 4.19. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber strength in cotton in 2015 

Year 2015 Fiber strength (g tex-1) 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
27.03       

f-n 

25.00                

opq 

27.00        

g-n 

25.95             

l-q 

26.24   

b 

Distilled water spray 
27.50       

d-m 

26.00             

l-q 

27.00        

g-n 

26.13           

j-q 

26.66   

b 

Distilled water spray + Tween-

20 (0.1%) 

26.80         

h-p 

26.20          

i-q 

26.90         

h-o 

26.08            

k-q 

26.49   

b 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 

29.85        

a 

26.23          

i-q 

27.13      

e-n 

26.83         

h-o 

27.51  

a 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

29.65      

ab 

29.00     

a-f 

28.53      

a-h 

24.75                  

q 

27.98  

a 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

27.50      

d-m 

26.00             

l-q 

27.80      

b-l 

25.00                

opq 

26.58   

b 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

28.50      

a-h 

27.60    

c-m 

28.08      

a-j 

28.10     

a-j 

28.07  

a 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + Tween-

20 (0.1%) 

29.03      

a-e 

29.70     

ab 

26.65         

h-q 

24.83                 

pq 

27.55  

a 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

28.00      

a-k 

27.50     

d-m 

28.95      

a-g 

25.73              

m-q 

27.54  

a 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

29.22     

a-d 

28.18     

a-i 

29.50     

abc 

25.38               

n-q 

28.07  

a 

Mean of cultivars 27.72 a 26.81 b 

 

Mean of irrigation conditions 
Normal irrigation 

= 28.03 a 

Drought = 

26.51 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.2208 

Cultivars= 0.2208 

Plant growth promoting substances= 0.8037 

Irrigation conditions × cultivars × plant growth promoting substances= 1.9893 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.19a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber strength in cotton in 2016 

Year 2016 Fiber strength (g tex-1) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
27.30       

b-e 

27.00       

b-g 

25.00      

e-k 

24.40         

h-k 

25.93     

c 

Distilled water spray 
28.20     

ab 

26.20     

b-j 

24.90       

f-k 

24.10           

ijk 

25.85    

cd 

Distilled water spray + 

Tween-20 (0.1%) 

26.00     

b-k 

25.40     

d-k 

27.10     

b-f 

24.60         

h-k 

25.78    

cd 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

29.80       

a 

26.70     

b-h 

26.30     

b-i 

25.80         

c-k 

27.15    

ab 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

27.90    

abc 

25.30     

d-k 

28.20     

ab 

28.10       

abc 

27.38     

a 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

28.10   

abc 

27.30     

b-e 

26.10     

b-k 

23.90           

jk 

26.35   

bc 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

26.00     

b-k 

27.40   

bcd 

27.00     

b-g 

24.80         

f-k 

26.30   

bc 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

27.00     

b-g 

26.20     

b-j 

26.10     

b-k 

23.80            

k 

25.78    

cd 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

26.20     

b-j 

23.80       

k 

25.10     

d-k 

24.80         

f-k 

24.98     

d 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

28.00    

abc 

25.20     

d-k 

26.00     

b-k 

24.70        

g-k 

25.98     

c 

Mean of cultivars 26.75 a 25.54 b 

 

Mean of irrigation 

conditions 

Normal irrigation = 

26.82 a  
Drought = 25.48 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.2596 

Cultivars= 0.2596 

Plant growth promoting substances= 0.9452 

Irrigation conditions × cultivars × plant growth promoting substances= 2.3397 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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mg L-1 + Tween-20 (0.1%) under normal irrigation conditions in Lalazar. It was 

statistically similar to fiber strength achieved in different treatment including distilled 

water spray, salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%), glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1each + 

Tween-20 (0.1%) with normal irrigation. Minimum fiber strength (23.80 g tex-1) was 

noticed in drought conditions where salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied in cultivar Lalazar. These results suggested that different 

plant growth promoting substances in interaction with cultivars and water regimes 

influenced fiber strength considerably. Our results matched with the findings reported by 

Ahmad & Raza (2014) as they found difference in fiber strength of cotton cultivars. 

Noreen et al. (2015) also found that fiber strength improved with use of different 

osmoprotectants.  

4.1.3.3. Fiber elongation (%) 

Elongation is percentage of starting length. Data regarding the effect of different 

plant growth promoting substances on fiber elongation in two cotton cultivars under 

normal irrigation and drought conditions in year 2015 and 2016 is presented in table 4.20, 

4.20a, 4.20 b, 4.20c.  

Data showed that different water regimes significantly influenced fiber elongation 

(%) in year 2015. Under normal irrigation conditions, fiber elongation was more (4.51%) 

than that under drought conditions (4.07%).  

Different cultivars significantly affected fiber elongation. In cultivar FH-142 fiber 

elongation was 4.44%) while in cultivar Lalazar it was 4.15% in year 2015. In 2016, 

statistically similar fiber elongation was recorded in both cultivars (Table 4.20, 4.20a).  

Different plant growth promoting substances significantly affected fiber 

elongation in both years. In 2015, maximum fiber elongation (4.46%) was achieved when 

exogenous application of all three plant growth promoting substances was applied. It was 

statistically similar to all other plant growth promoting substances except where 

exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) and distilled 

water was sprayed by producing fiber elongation 4.10% and 3.93%, respectively (Table 

4.20). In 2016, maximum fiber elongation (4.65%) was achieved where distilled water 

was sprayed along with Tween-20 (0.1%). Data showed that fiber elongation was 

statistically similar due to application of all other plant growth promoting substances 
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except un-treated control where lowest fiber elongation (4.10%) was achieved (Table 

4.20c).  

Interaction between water regimes × plant growth promoting substances was 

found significant for fiber elongation in 2015. Maximum fiber elongation (4.83%) was 

achieved under normal irrigation conditions where glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) was applied. It was statistically similar to all plant growth promoting 

substances under normal irrigation except where distilled water spray and salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. Fiber elongation 

achieved in this treatment was statistically different from all plant growth promoting 

substances under drought conditions. Interaction between water regimes × plant growth 

promoting substances was found non-significant in year 2016. However, interaction 

between cultivars × plant growth promoting substances was found significant regarding 

fiber elongation in both years i.e. 2015 and 2016. In 2015, maximum fiber elongation 

(4.70%) was recorded in cultivar FH-142 where combination of glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was sprayed (Table 

4.20a). It was statistically different from fiber elongation achieved due to different plant 

growth promoting substances except spray with distilled water + Tween-20 (0.1%) and 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in cultivar Lalazar. In 2016, 

application of distilled water + Tween-20 (0.1%) to cultivar Lalazar produced maximum 

fiber elongation (5.05%). It was statistically different from fiber elongation achieved in 

all other plant growth promoting substances except distilled water spray in cultivar 

Lalazar. Minimum fiber elongation (3.75%) was achieved in cultivar Lalazar where 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. Results 

revealed that fiber elongation was negatively affected by some combination of plant 

growth promoting substances as compared to control in cultivar Lalazar. In 2015, 

interaction between cultivars × water regimes was found significant regarding fiber 

elongation while interaction was non-significant in 2016. In 2015, maximum fiber 

elongation (4.62%) was observed in FH-142 under normal irrigation conditions. It was 

statistically different from all other treatments. Minimum fiber elongation (3.90%) was 

observed in cultivar Lalazar under drought conditions. Data showed that fiber elongation 

was decreased under drought conditions. It may be due to position of bolls which alter in 

response to water shortage. These results are in harmony with result reported by Basal et 

al. (2009) as they stated that below 75% irrigation level significantly affected fiber 

elongation. Pettigrew (2004a) also stated that fiber elongation increased up to 6% with the  
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Table 4.20. Interaction between water regimes and plant growth promoting 

substances affecting fiber elongation in cotton in 2015 

Year 2015 Fiber elongation (%) 

Treatment 
Normal 

irrigation 
Drought Mean 

Control (Un-treated) 4.61 ab 3.94 f-i 4.28 ab 

Distilled water spray 4.01 e-h 3.85 hi 3.93 c 

Distilled water spray + Tween-20 

(0.1%) 
4.54 ab 4.29 b-g 4.41 a 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.83 a 3.91 ghi 4.37 a 

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
4.63 ab 3.58 i 4.10 bc 

Ascorbic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
4.48 a-d 4.09 d-h 4.28 ab 

Glycine betaine and Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
4.63 ab 4.25 b-h 4.44 a 

Glycine betaine and Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
4.50 abc 4.39 b-e 4.44 a 

Salicylic acid and Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
4.31 b-g 4.11 c-h 4.21 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

4.59 ab 4.33 b-f 4.46 a 

Mean of irrigation conditions 

Normal 

irrigation = 

4.51 a 

Drought = 

4.07 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.0710 

Plant growth promoting substances= 0.2586 

Irrigation conditions × plant growth promoting substances =0.4112 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,               

ns= Non-significant 
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Table 4.20a. Interaction between cultivars and plant growth promoting substances 

affecting fiber elongation in cotton in 2015 

Year 2015 Fiber elongation (%) 

Treatment Lalazar FH-142 Mean 

Control (Un-treated) 4.24 c-h 4.31 b-g  4.28 ab 

Distilled water spray 3.86 h 4.00 e-h 3.93 c 

Distilled water spray + Tween-20 (0.1%) 4.58 a-d 4.25 c-h 4.41a 

Glycine betaine @ 100 mg L-1 + Tween-

20 (0.1%) 
4.34 b-f 4.4 a-e 4.37 a 

Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
3.94 fgh 4.26 c-h  4.10 bc 

Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
4.08 e-h 4.49 a-d  4.28 ab 

Glycine betaine and Salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
4.08 e-h 4.8 a 4.44 a 

Glycine betaine and Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
4.25 c-h 4.64 abc 4.44 a 

Salicylic acid and Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) 
3.93 gh 4.5 a-d  4.21 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

4.21 d-h 4.7 ab 4.46 a 

Mean of cultivars 4.15 b 4.44 a 
 

HSD p ≤ 0.05 

Cultivars= 0.0710 

Plant growth promoting substances= 0.2586 

Cultivars × plant growth promoting substances= 0.4112 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,         

ns= Non-significant 

Table 4.20b. Interaction between water regimes and cultivars affecting fiber 

elongation in cotton in 2015 

Year 2015 Fiber elongation (%) 

Treatment Lalazar FH-142 Mean 

Normal irrigation 4.4 b 4.62 a 4.51 a 

Drought 3.90 d 4.25 c 4.07 b 

Mean of cultivars 4.15 b 4.44 a 
 

HSD p ≤ 0.05 

Irrigation conditions= 0.0710 

Cultivars= 0.0710 

Irrigation conditions × cultivars= 0.1322 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

   Means sharing the same letters did not differ significantly at 5% level of probability,  
     ns= Non-significant 
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Table 4.20c. Interaction between water regimes and cultivars affecting fiber 

elongation in cotton in 2016 

Year 2016 Fiber elongation (%) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 4.30 b-f 3.90 ef 4.10 b 

Distilled water spray 4.50 a-d 4.30 b-f 4.40 ab 

Distilled water spray + Tween-20 

(0.1%) 
5.05 a 4.25 b-f 4.65 a 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.45 b-e 4.58 a-d 4.51 a 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.25 b-f 4.50 a-d 4.38 ab 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.10 def 4.70 abc 4.40 ab 

Glycine betaine and Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

4.45 b-e 4.20 c-f 4.33 ab 

Glycine betaine and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

4.45 b-e 4.30 b-f 4.38 ab 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

3.75 f 4.80 ab 4.28 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

4.45 b-e 4.55 a-d 4.50 a 

Mean of cultivars 4.38ns   4.41   

 

HSD p ≤ 0.05 

Cultivars= ns 

Plant growth promoting substances= 0.3772 

Cultivars × plant growth promoting substances= 0.5998 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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the increase in irrigation water. 

4.1.3.4. Fiber fineness (micronaire) 

Micronaire is measure of the air permeability of compressed cotton fiber as is 

used for determination of fiber fineness. Influence of plant growth promoting substances 

on fiber fineness in two cotton cultivars under normal and drought conditions in year 

2015 is presented in table 4.21 while data for year 2016 is presented in table 4.21a and 

4.21b.  

Different water regimes influenced significantly the fiber fineness in year 2015 

and 2016. Fiber was more fine (4.11 micronaire) under normal irrigation as compared to 

drought conditions where fiber fineness was 3.80 micronaire in year 2015. Same trend 

was observed in year 2016. Fiber fineness was 3.83 and 3.49 micronaire for normal 

irrigation and drought conditions, respectively.  

Both cotton cultivars produced significantly different fiber fineness in both years. 

In 2015 fiber was more fine (3.99 micronaire) in FH-142 while in year 2016, it was fine 

in cultivar Lalazar where fiber fineness was 3.73 micronaire.  

Fiber fineness was significantly affected by different plant growth promoting 

substances in both years. In 2015, maximum fiber fineness (4.11 micronaire) was 

observed where glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

was applied. It was statistically different from fiber fineness achieved where exogenous 

application of glycine betaine + salicylic acid @ 50 mg L-1 each + Tween (0.1%), 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) was applied. In 2016, glycine betaine @ 100 mg L-1 + Tween-20(0.1%) produced 

maximum fiber fineness and it was similar to all treatments except distilled water spray 

and control (un-treated) treatments. Lowest fiber fineness (3.53 micronaire) was observed 

in un-treated control.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant during the year 2015 regarding fiber fineness (Table 

4.21). Maximum fiber fineness (4.48 micronaire) was recorded in cultivar FH-142 where 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied under 

normal irrigation. With rest of the treatments in cultivar FH-142 fiber fineness decreased 

as compared to un- treated control under normal irrigation. When FH-142 was exposed to 

drought, combination of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) and combination of all three plant growth promoting substances was applied, 

produced same value (4 micronaire) of fiber fineness. Fiber fineness was recorded 4.25  
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Table 4.21. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber fineness in cotton in 2015 

Year 2015 Fiber fineness (micronaire) 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 4.05 a-h 3.88 c-j 4.40 ab 3.65 g-j 3.99 abc 

Distilled water spray 4.25 a-d 4.00 b-i 4.05 a-h 3.90 c-j 4.05 a 

Distilled water spray + 

Tween-20 (0.1%) 
4.23 a-e 3.58 ij 4.30 abc 3.93 c-j 4.01 ab 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
4.03 a-i 3.78 e-j 4.20 a-f 3.80 d-j 3.95 a-d 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.90 c-j 3.80 d-j 3.98 b-j 3.53 j 3.80 d 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.95 b-j 3.78 e-j 4.03 a-i 3.53 j 3.82 cd 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.00 b-i 3.75 f-j 4.00 b-i 3.58 ij 3.83 bcd 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.00 b-i 3.93 c-j 4.48 a 4.03 a-i 4.11 a 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

3.95 b-j 3.98 b-j 4.10 a-g 4.00 b-i 4.01 ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

4.06 a-h 3.63 hij 4.25 a-d 4.00 b-i 3.98 abc 

Mean of cultivars 3.92 b 3.99 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

4.11 a 
Drought = 3.80 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.0506 

Cultivars= 0.0506 

Plant growth promoting substances= 0.1840 

Irrigation conditions × cultivars × plant growth promoting substances= 0.4556 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.21a. Interaction between cultivars and plant growth promoting substances 

affecting fiber fineness in cotton in 2016 

Year 2016 Fiber fineness (micronaire) 

Treatments Lalazar FH-142 Mean 

Control (Un-treated) 3.65 ab 3.40 b 3.53 b 

Distilled water spray 3.70 ab 3.40 b 3.55 b 

Distilled water spray + Tween-20 (0.1%) 3.55 ab 3.90 a 3.73 ab 

Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%) 
3.85 ab 3.85 ab 3.85 a 

Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
3.85 ab 3.50 ab 3.68 ab 

Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
3.70 ab 3.55 ab 3.63 ab 

Glycine betaine and Salicylic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 
3.85 ab 3.50 ab 3.68 ab 

Glycine betaine and Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) 
3.85 ab 3.45 ab 3.65 ab 

Salicylic acid and Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
3.60 ab 3.65 ab 3.63 ab 

Glycine betaine + Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) 
3.65 ab 3.75 ab 3.70 ab 

Mean of cultivars 3.73 a 3.60 b 
 

HSD p ≤ 0.05 

Cultivars= 0.0816 

Plant growth promoting substances= 0.2972 

Cultivars × plant growth promoting substances= 0.4727 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns= Non-significant 

Table 4.21b. Interaction between water regimes and cultivars affecting fiber fineness 

in cotton in 2016 

Year 2016 Fiber fineness (micronaire) 

Treatments Lalazar FH-142 Mean 

Normal Irrigation 3.94 a 3.72 b 3.83 a 

Drought 3.51 c 3.47 c 3.49 b 

Mean of cultivars 3.73 a 3.60 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.0816 

Cultivars= 0.0816 

Irrigation conditions × cultivars= 0.1520 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

    Means sharing the same letters did not differ significantly at 5% level of probability,  
      ns= Non-significant 
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micronaire in cultivar Lalazar under normal irrigation with distilled water spray. 

Statistically same results were observed in cultivar Lalazar under normal irrigation 

regime in control, distilled water spray, glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) 

and glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

was applied and produced 4.05, 4.25, 4.03 and 4.06 micronaire, respectively. Results 

suggested that different cultivars responded differentially to plant growth promoting 

substances regarding change in fiber fineness under different water regimes. In 2016, 

interaction between cultivars × plant growth promoting substances significantly affected 

fiber fineness. Fiber fineness was more (3.90) with distilled water spray + Tween-20 

(0.1%) in cultivar FH-142. It was followed by fiber fineness observed in case of 

exogenous application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in cultivar 

Lalazar and FH-142. In case of FH-142 fiber fineness was decreased when exogenous 

application of different combination of plant growth promoting substances were applied. 

While in cultivar Lalazar all the plant growth promoting substance produced statistically 

similar fiber fineness.  

Interaction between cultivars × water regimes was found significant. Fiber 

fineness (3.94 micronaire) was more under normal irrigation conditions in cultivar 

Lalazar while lowest value (3.47 micronaire) was recorded in cultivar FH-142 under 

drought conditions. It may be attributed to changes in boll position in response to drought 

which changed quality of cotton fiber. Noreen et al. (2015) reported the improvement in 

fiber fineness due to exogenous application of plant growth promoting substances. Basal 

et al. (2009) found that by decreasing irrigation water supply, fiber fineness was affected 

to a great extent.  

4.1.3.5. Fiber uniformity (%) 

Cotton fiber length uniformity is prospective in textile processing. Data regarding 

the effect of different plant growth promoting substances on fiber uniformity of two 

cotton cultivars under normal and drought conditions in year 2015 and 2016 is presented 

in table 4.22, 2.22a, respectively.  

Fiber uniformity was significantly affected by different water regimes in both 

years i.e. 2015 and 2016. In 2015, fiber was more uniform (83.06 and 83.08%) under 

normal irrigation conditions as compared to water deficit where fiber was less uniform 

(81.28% and 82.53%) in 2015 and 2016, respectively.  
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Different cultivars responded differentially to fiber uniformity. However, trend of 

fiber uniformity varied in both years. In year 2015, fiber uniformity value was82.63% in 

cultivar Lalazar while it was 81.71% in cultivar FH-142. While in year 2016, FH-142 had 

more fiber uniformity value (82.53%) as compared to cultivar Lalazar where fiber 

uniformity value was 82.07%. It may be due to environmental changes that occurred 

during different phenological stages of cotton in 2016 that resulted in change in trend. 

Fiber uniformity was statistically different due to exogenous application of 

different plant growth promoting substances in both years. In 2015, maximum fiber 

uniformity (83.53%) was recorded with exogenous application of salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%). It was statistically similar to fiber uniformity recorded with 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%). Minimum fiber uniformity (80.64%) was recorded where 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied (Table 4.22). In 2016, 

maximum fiber uniformity (83.55%) was recorded with exogenous application of glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%) (Table 4.22a). It was statistically similar to 

fiber uniformity recorded with ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine 

betaine + salicylic acid @ 50 mg L-1 + Tween-20 (0.1%) and glycine betaine + ascorbic 

acid @ 50 mg L-1 + Tween-20 (0.1%). Minimum fiber uniformity (81.5%) was achieved 

where salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant in both years regarding fiber uniformity. In 2015, 

maximum uniformity in fiber (86.03%) was achieved in cultivar Lalazar grown under 

normal irrigation conditions where exogenous application of glycine betaine + ascorbic 

acid @ 50 mg L-1each + Tween-20 (0.1%) was applied. Statistically similar fiber 

uniformity was observed in cultivar FH-142 grown under normal irrigation with 

exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%). Performance 

of cultivar Lalazar under drought conditions showed that combination of all three plant 

growth promoting substances i.e. glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%) resulted in better fiber uniformity (83.78%) as compared 

to rest of the treatments. While in FH-142, exogenous application of glycine betaine @ 

100 mg L-1 + Tween-20 (0.1%) outperformed the rest of treatments under drought 

conditions by producing 82.90% fiber uniformity which was much better under drought 

conditions form rest of treatments. In 2016, maximum fiber uniformity (85%) was 

observed in cultivar Lalazar where ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) was 
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Table 4.22. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber uniformity in cotton in 2015  

Year 2015 Fiber uniformity (%) 

Treatment 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
83.55        

c-g 

83.10        

d-j 

81.98     

g-m 

79.18     

qr 

81.95     

de 

Distilled water spray 
82.03        

g-m 

81.50         

j-n 

81.50       

j-n 

80.58      

l-r 

81.40      

ef 

Distilled water spray + 

Tween-20 (0.1%) 

81.83        

h-m 

79.70        

o-r 

82.60      

f-k 

79.50    

pqr 

80.91       

fg 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

82.83         

e-k 

81.28       

k-o 

83.33      

c-h 

82.90    

e-k 

82.58      

cd 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

84.75        

abc 

83.30       

c-h 

85.23      

ab 

80.85     

l-p 

83.53        

a 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 

81.35        

k-n 

79.03         

r 

82.20      

f-l 

80.00     

n-r 

80.64        

g 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

84.60        

a-d 

81.63        

i-n 

82.05      

g-l 

80.75      

l-q 

82.26       

cd 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

86.03          

a 

82.90       

e-k 

81.60      

j-n 

80.40    

m-r 

82.73      

bc 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

83.55        

c-g 

81.65        

i-m 

82.70      

e-k 

81.40     

k-n 

82.33      

cd 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

84.30         

b-e 

83.78        

b-f 

83.25       

c-i 

82.20      

f-l 

83.38     

ab 

Mean of cultivars 82.63 a 81.71 b 
 

Mean of irrigation 

conditions 

Normal irrigation = 

83.06  a 
Drought =81.28   b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1824 

Cultivars= 0.1824 

Plant growth promoting substances= 0.6639 

Irrigation conditions × cultivars × plant growth promoting substances= 1.6433 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.22a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding fiber uniformity in cotton in 2016 

Year 2016 Fiber uniformity (%) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
81.20      

c-g 

81.10     

d-g 

84.00     

abc 

81.00     

d-g 

81.83     

bc 

Distilled water spray 
81.90     

b-g 

81.50   

b-g 

84.30      

ab 

81.90    

b-g 

82.40    

bc 

Distilled water spray + 

Tween-20 (0.1%) 

81.00     

d-g 

80.20      

efg 

83.40      

a-d 

82.30    

a-g 

81.73    

bc 

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 

84.80       

a 

82.60     

a-f 

84.30      

ab 

82.50    

a-g 

83.55      

a 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

80.30      

efg 

79.90       

fg 

84.80       

a 

83.30    

a-d 

82.08    

bc 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

85.00       

a 

81.70   

b-g 

83.00       

a-e 

81.50     

b-g 

82.80    

ab 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

83.30     

a-d 

82.70     

a-f 

84.00     

abc 

80.40      

efg 

82.60  

abc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

83.30     

a-d 

81.80   

b-g 

82.80      

a-e 

81.90    

b-g 

82.45  

abc 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

83.00     

a-e 

81.60   

b-g 

81.70      

b-g 

79.70        

g 

81.50      

c 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

82.70      

a-f 

81.80   

b-g 

82.80      

a-e 

81.03     

d-g 

82.08    

bc 

Mean of cultivars 82.07 b 82.53 a  

Mean of irrigation 

conditions 

Normal irrigation 

= 83.08 a 
Drought =81.52 b  

HSD p ≤ 0.05 

Irrigation conditions= 0.3108 

Cultivars= 0.3108 

Plant growth promoting substances= 1.1316 

Irrigation conditions × cultivars × plant growth promoting substances= 2.8009 

 Means sharing the same letters did not differ significantly at 5% level of probability 
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applied under normal irrigation. Different plant growth promoting substances produced 

statistically similar fiber uniformity such as glycine betaine + salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) under 

normal irrigation in cultivar Lalazar. Statistically similar fiber uniformity was achieved 

due to foliar spray of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought conditions in cultivar 

Lalazar. In case of cultivar FH-142, except exogenous application of salicylic acid and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) all treatments of plant growth 

promoting substances produced similar fiber uniformity to each other under normal 

irrigation. Under drought conditions least performer combination in cultivar FH-142 was 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) by achieving low 

fiber uniformity (79.7%) as compared to exogenous application of rest of treatments. 

Results indicated that one combination of plant growth promoting substances does not fits 

for all cultivars. It varies from cultivar to cultivars and even may vary with environmental 

changes. Our results are in accordance with results reported by Noreen et al. (2015) as 

they reported that water deficit stress resulted decrease in fiber characteristics of cotton. 

They also found that quality of cotton fiber was more influenced by exogenous 

application of osmoprotectants as compared to water regimes. 

4.1.4. Biochemical and physiological parameters 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on different biochemical and physiological parameters of cotton grown under 

different water regimes in 2015 and 2016 is presented in appendices 7 and 8, respectively. 

4.1.4.1. Leaf chlorophyll contents 

4.1.4.1.1. Chlorophyll a contents (mg g-1) 

Leaf chlorophyll contents are varied due to changes in input and performance of 

reaction center for carrying out photosynthesis process. Data regarding the effect of plant 

growth promoting substances on chlorophyll a contents in two cotton cultivars under 

normal and drought conditions in year 2015 and 2016 is presented in figure. 4.1a,b. 

Leaf chlorophyll a contents were recorded more under normal irrigation as 

compared to drought in both years. Different plant growth promoting substances 

improved leaf chlorophyll a contents under both water regimes in both years. 
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(a) 

 

(b) 

 

Figure 4.1. Effect of plant growth promoting substances on chlorophyll a (Chl a) contents in two 

cotton cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails 

on the bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, 

T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%), T7 = Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = 

Glycine betaine and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid and 

Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%).  
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In 2015, glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) produced 

maximum leaf chlorophyll a contents in both cultivars under normal irrigation. Under 

water deficient conditions, exogenous application of salicylic acid + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) produced maximum leaf chlorophyll a contents in both 

cultivars. However, it was followed by the chlorophyll a contents produced with salicylic 

acid @ 100 mg L-1 + Tween-20 (0.1%) of both cultivars under drought conditions. In year 

2016, ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) when exogenously applied under 

normal irrigation conditions on cultivar Lalazar resulted in maximum leaf chlorophyll a 

contents. Same plant growth promoting substance could not enhance leaf chlorophyll a 

contents in FH-142 as observed in previous year. These results indicated that there may 

be role of some environmental changes that resulted in variation in performance of both 

plant growth promoting substances in both cultivars in both years. Glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) under normal irrigation conditions in cultivar 

Lalazar produced statistically similar chlorophyll a contents in leaves. Minimum 

chlorophyll a contents were produced in leaves of cultivar Lalazar under un-treated 

control and distilled water spray when exposed to drought. In case of FH-142, glycine 

betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in more 

chlorophyll a contents in leaves under normal irrigation conditions while non-significant 

differences in chlorophyll a contents in leaves of this treatments were observed with 

treatment where exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) was done under normal irrigation conditions in cultivar FH-142. Under drought 

conditions ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) out performed all treatments 

of plant growth promoting substances. Minimum chlorophyll a contents in leaves were 

recorded in cultivar FH-142 in case of un-treated control. Our results are in harmony with 

results reported by Gadallah (1995) as he recorded reduction in chlorophyll a contents 

under drought conditions in cotton as compared to control.  

4.1.4.1.2. Chlorophyll b contents (mg g-1) 

Chlorophyll b act as accessory pigment. Data regarding the effect of different 

plant growth promoting substances on chlorophyll b contents of two cotton cultivars 

under irrigated and drought conditions in 2015 and 2016 is presented in figure 4.2a,b. 
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Data revealed that chlorophyll b contents were recorded more under normal 

irrigation than drought conditions in both years. Both the cultivars responded 

differentially to application of plant growth promoting substances in year 2015. 

Chlorophyll b contents varied differentially to application of plant growth 

promoting substances in both the cultivars when grown under drought conditions. Change 

in chlorophyll b contents between normal and drought exposed pots in cultivar Lalazar 

was more as compared to cultivar FH-142. Chlorophyll b contents were maximum (1.45 

mg g-1) under normal irrigation conditions in cultivar Lalazar where exogenous 

application of all three plant growth promoting substances were applied and it was 

followed by glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Under 

drought conditions in cultivar Lalazar salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) performed better than rest of the treatments. Minimum chlorophyll b 

contents were observed with spray of distilled water under normal and drought conditions 

in cultivar Lalazar. In case of cultivar FH-142, glycine betaine + salicylic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) out performed from the rest of the treatments under normal 

irrigation. Minimum chlorophyll b contents were observed in case of un-treated control in 

cultivar FH-142. Difference in chlorophyll b contents under normal irrigation and drought 

conditions, when different plant growth promoting substances were applied in cultivar 

FH-142 in year 2015 were less except in case of glycine betaine + salicylic acid+ ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%), distilled water spray + Tween-20 (0.1%), distilled water spray 

and un-treated control. In year 2016, chlorophyll b contents achieved in cultivar Lalazar 

under normal irrigation with spray of distilled water + Tween-20 (0.1%), glycine betaine 

+ salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) were statistically similar. However, maximum 

value was observed with distilled water spray + Tween-20 (0.1%) while minimum 

chlorophyll b contents were observed with un-treated control under normal irrigation 

regime. Under drought conditions, statistically similar chlorophyll b contents were 

recorded with spray of distilled water + Tween-20 (0.1%) and salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%). Non-significant differences of chlorophyll b contents were 

observed with glycine betaine + ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%), salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + salicylic 

acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) regarding chlorophyll b 

contents in cultivar Lalazar under drought conditions. In FH-142, maximum chlorophyll 
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 (a) 

 

(b) 

 

Figure 4.2. Effect of plant growth promoting substances on chlorophyll b (Chl b) contents in two 

cotton cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails 

on the bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water 

spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = 

Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + 

Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%).  
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contents were recorded with exogenous application of glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) under normal irrigation conditions. It was observed that chlorophyll b 

contents were decreased due to exogenous application of different plant growth 

promoting substances under normal irrigation in FH-142 as compared to un-treated 

control except distilled water spray, distilled water spray + Tween-20 (0.1%) and glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%). In case of drought conditions in cultivar FH-

142, lowest chlorophyll b contents were noted in un-treated control. Results suggested 

that chlorophyll b contents vary under different water regimes and these were reduced 

under drought conditions as compared to normal irrigations. Exogenous application of 

plant growth promoting substances resulted in improvement in chlorophyll contents to 

varying degree. These results are in agreement with results reported by Gadallah (1995) 

as he recorded marked reduction in chlorophyll contents under drought conditions in 

cotton.  

4.1.4.1.3. Total chlorophyll contents (mg g-1) 

Total chlorophyll contents are one of the important factors determining 

productivity of assimilatory surfaces. Data regarding the effect of plant growth promoting 

substances on total chlorophyll contents in two cotton cultivars under normal and drought 

conditions in year 2015 and 2016 is presented in figure 4.3a,b. It was observed that total 

chlorophyll contents were more under normal irrigation regime as compared to that 

recorded under drought conditions in both years. 

Different plant growth promoting substances significantly affected leaf total 

chlorophyll contents in both cultivars. In year 2015, total chlorophyll contents were 

maximum in case of cultivar Lalazar where exogenous application of all there plant 

growth promoting substances was done under normal irrigation. It was followed by total 

chlorophyll contents achieved due to foliar application of glycine betaine + salicylic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) under normal irrigation in cultivar Lalazar. Non-

significant differences were observed in total chlorophyll contents achieved in cultivar 

Lalazar under normal irrigation conditions due to exogenous application of different plant 

growth promoting substances treatments such as glycine betaine + salicylic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) and salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Under 

drought conditions, minimal total chlorophyll contents were recorded under un-treated  
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 (a) 

 

(b) 

 

Figure 4.3. Effect of plant growth promoting substances on total chlorophyll contents in two cotton 

cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the 

bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 

= Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine 

betaine +  Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%). 
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control in cultivar Lalazar while maximum total chlorophyll contents were observed 

under drought conditions where exogenous application of salicylic acid + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) was done. It was followed by total chlorophyll 

contents achieved due to foliar application of salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) under drought conditions in cultivar Lalazar. Cultivar FH-142 grown under 

normal irrigation regime, application of glycine betaine + salicylic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) caused maximum total leaf chlorophyll contents and it was followed 

by total leaf chlorophyll contents achieved due to foliar spray of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal irrigation regime. 

Lowest total chlorophyll contents under normal irrigation conditions in cultivar FH-142 

was observed with un- treated control. Under drought conditions, maximum leaf total 

chlorophyll contents were observed with exogenous application of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Lowest total leaf chlorophyll 

contents were observed with un-treated control in cultivar FH-142 under drought 

conditions in year 2015. In 2016, Maximum total leaf chlorophyll contents under normal 

irrigation regime in cultivar Lalazar were observed with exogenous application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and it was followed by 

total chlorophyll contents achieved due to foliar application of glycine betaine + salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%). Lowest total chlorophyll contents under 

normal irrigation regime in cultivar Lalazar were observed where exogenous application 

of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%)) was applied, while under drought 

conditions, lowest total chlorophyll contents were recorded with un-treated control. Under 

drought conditions in cultivar Lalazar among plant growth promoting substances ascorbic 

acid @ 100 mg L-1 + Tween-20 (0.1%) resulted in decreased total chlorophyll contents as 

compared to rest of plant growth promoting substances. In case of cultivar FH-142, 

maximum total chlorophyll contents were observed where glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) was applied. Non-significant differences were observed in total 

chlorophyll contents achieved in cultivar FH-142 under normal irrigation conditions due 

to exogenous application of different plant growth promoting substances such as salicylic 

acid @ 100 mg L-1 + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) 

and glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%). Lowest total 

chlorophyll contents in cultivar FH-142 under normal irrigation regime was noted in pots 

where glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was 

exogenously applied. Under drought conditions in cultivar FH-142, foliar spray of 
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ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) performed better than other treatments 

by achieving maximum total chlorophyll contents in leaves of cotton cultivar FH-142. 

Lowest value for total leaf chlorophyll contents were observed in un-treated control in 

cultivar FH-142 when exposed to drought conditions. Reduction in chlorophyll contents 

under drought conditions may be attributed to denaturation of chlorophyll contents under 

these conditions as described by Mogensen & Mortensen (1992). 

4.1.4.2. Leaf relative water contents (%) 

Leaf relative water contents are one of the important criteria for drought tolerance 

of plants. Data regarding the effect of plant growth promoting substances on leaf relative 

water contents in two cotton cultivars under normal and drought conditions in year 2015 

and 2016 is presented in table 4.23, 4.23a, respectively. 

Data showed that different water regimes significantly influenced the leaf relative 

water contents. Under normal irrigation, leaf relative water contents were more while 

under drought stress leaf relative water contents were less in year 2015 and 2016.  

Leaf relative water contents in both the cultivars were statistically similar in both 

years. However, cultivar Lalazar maintained relative water contents (68.1% and 66.72%) 

in leaves in both years which was slightly more than cultivar FH-142 in 2015. Different 

plant growth promoting substances significantly influenced leaf relative water contents in 

both years. Maximum relative water contents in leaves (70%) were achieved in pots 

where exogenous application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was 

applied in year 2015. It was statistically similar to relative water contents in leaves 

achieved due to exogenous application of ascorbic acid at 100 mg L-1 + Tween-20 (0.1%), 

glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine 

+ salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) and distilled water 

spray by maintaining 68.9, 68.5, 68.9 and 69.4%, respectively in year 2015. Minimum 

leaf relative water contents were observed with un-treated control (Table 4.23). In 2016, 

maximum leaf relative contents (69.13%) were recorded where exogenous application of 

all three plant growth promoting substances was applied. Minimum leaf relative water 

contents were recorded in control treatment (Table 4.23a). Difference in efficacy of plant 

growth promoting substances in both years may be due to change in environmental 

variables in both the years.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was significant regarding leaf relative water contents in the year 2015 (Table  
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Table 4.23. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding leaf relative water contents in cotton in 2015  

Year 2015 Leaf relative water contents (%) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 69.1 d-h 61.0 lmn 69.2 c-g 60.1 mn 64.9 d 

Distilled water spray 71.8 a-d 67.5 f-j 71.5 a-d 66.7 e-i 69.4 ab 

Distilled water spray + 

Tween-20 (0.1%) 
70.5 b-f 59.7 n 70.8 a-f 59.7 n 65.2 d 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
74.1 ab 65.7 g-k 74.1 ab 66.0 g-k 70.0 a 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
71.0 a-f 65.4 ijkl 71.1 a-f 64.5 ijkl 68.0 bc 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
73.4 abc 64.3 i-n 73.3 abc 64.5 h-l 68.9 abc 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

72.4 a-d 64.5 i-m 72.4 a-d 64.1 i-m 68.4 bc 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

71.4 a-e 65.7 g-k 71.5 a-e 65.5 g-k 68.5 abc 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

72.8 a-d 63.0 k-n 73.3 abc 63.1 i-n 68.1 c 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

75.0 a 63.3 j-n 74.6 a 62.7 k-n 68.9 abc 

Mean of cultivars 68.1ns  67.9   

Mean of irrigation 

conditions 

Normal irrigation = 

71.8 a 
Drought = 63.4 b  

 

HSD p ≤ 0.05 

Irrigation conditions= 0.4325 

Cultivars= ns 

Plant growth promoting substances= 1.576 

Irrigation conditions × cultivars × plant growth promoting substances= 3.8975 

 Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.23a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding leaf relative water contents in cotton in 2016  

Year 2016 Leaf relative water contents (%) 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 69.88ns 57.84 71.38 58.34 
64.36      

e 

Distilled water spray 70.79 58.41 72.21 58.33 
64.93     

de 

Distilled water spray + Tween-

20 (0.1%) 
72.54 58.96 72.34 61.38 

66.31    

cde 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
71.94 61.93 73.64 61.71 

67.30  

abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
71.79 62.39 72.92 60.70 

66.95   

bcd 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
73.25 61.08 73.03 61.38 

67.18  

abc 

Glycine betaine and Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

73.37 60.24 73.70 61.36 
67.16  

abc 

Glycine betaine and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

71.05 61.96 74.94 63.83 
67.95  

abc 

Salicylic acid and Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

74.99 63.08 73.92 62.18 
68.54   

ab 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

74.81 64.15 75.00 62.57 
69.13     

a 

Mean of cultivars 66.72ns 67.24 
 

Mean of irrigation conditions 
Normal irrigation 

= 72.87 a 
Drought = 61.09 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5813 

Cultivars= ns 

Plant growth promoting substances= 2.1163 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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4.23). Leaf relative water contents were maximum (75%) in cultivar Lalazar under 

normal irrigation conditions where the combination of all three plant growth promoting 

substances was applied. It was statistically similar to relative water contents observed in 

leaves where salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine 

and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic acid at 100 mg L-1 + 

Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine @ 

100 mg L-1 + Tween- 20 (0.1%), distilled water was applied on cultivar Lalazar under 

normal irrigation conditions in year 2015. Maximum leaf relative water contents achieved 

in cultivar Lalazar due to exogenous application of all three plant growth promoting 

substances was also statistically similar to leaf relative water contents achieved with same 

combination and distilled water spray + Tween-20 (0.1%) in case of cultivar FH-142. 

Lowest leaf relative water contents (60.1%) were noted with un-treated control under 

drought conditions in cultivar FH-142 (Table 4.23). In 2016, interaction between water 

regimes × cultivars × plant growth promoting substances was non-significant regarding 

leaf relative water contents (Table 4.23a). Results suggested that, under normal irrigation 

conditions, maintenance of more relative water contents in leaves may be due to more 

availability of water. However, different plant growth promoting substances influenced 

significantly relative water contents in leaves. It may be due to more accumulation of 

solutes as osmoprotectants in plants which resulted in significant effect of these plant 

growth promoting substances on relative water contents in leaves as compared to control. 

These results are in agreement with results reported by Ennahli & Earl (2005) as they 

stated that leaf relative water contents decreased with reduction in relative soil water 

contents. These results are also in accordance with Farooq et al. (2008) as they reported 

that application of glycine betaine improved relative water contents of leaves in case of 

rice exposed to water stress.  

4.1.4.3. Cell membrane stability index 

Cell membrane stability index of leaf is measure of its ability to tolerate drought. 

Data regarding the effect of different plant growth promoting substances on cell 

membrane stability index of two cotton cultivars under normal and drought conditions in 

year 2015 and 2016 is presented in table 4.24, 4.24a, respectively.  

Cell membrane stability index was significantly affected by both irrigation 

regimes. Membrane stability index was observed 66.3 and 77.5 in case of normal 
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irrigation regime in year 2015 and 2016, respectively. Under drought conditions, cell 

membrane stability index was low in both years i.e. 50.5 and 54.16 for year 2015 and 

2016, respectively. In 2015, both the cultivars differed significantly in terms of cell 

membrane stability index. In Lalazar, cell membrane stability index was more (59.9) as 

compared to FH-142 (57.03). In 2016, membrane stability index was statistically similar 

in both cultivars. It may be due to change in environmental variables during both years. 

Our findings are similar to the findings reported by Gupta et al. (2012) as they found that 

membrane stability index was significantly affected by drought sensitive and drought 

tolerant genotypes of wheat.  

Different plant growth promoting substances, significantly affected cell membrane 

stability index in both years. Maximum cell membrane stability index (65.1) was recorded 

where exogenous application of all three plant growth promoting substances was applied. 

It was statistically similar to exogenous application of different plant growth promoting 

substances including salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), glycine betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), ascorbic 

acid at 100 mg L-1 + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%). Lowest cell membrane stability index (50.77) was observed when distilled water 

was sprayed along with Tween-20 (0.1%) (Table 4.24). In 2016, combination of all three 

plant growth promoting substances also resulted in maximum membrane stability index 

(74.01). It was statistically similar to different plant growth promoting substances 

including salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine 

betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) by attaining membrane 

stability index 72.08 and 72.67, respectively, while it was statistically different from rest 

of treatments. Lowest cell membrane stability index (54.43) was observed where distilled 

water was sprayed (Table 4.24a).  

Interactive effect of water regime × cultivars × plant growth promoting substances 

significantly affected cell membrane stability index in both years. Maximum cell 

membrane stability index (72.71) was observed under normal irrigation regime in cultivar 

Lalazar where combination of salicylic acid and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied. It was statistically similar to all treatment under normal 

irrigation as well as glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) and combination 

of all three plant growth promoting substances under drought conditions in cultivar 

Lalazar, while membrane stability index was similar with exogenous application of all 

plant growth promoting substances treatments in cultivar FH-142 under normal irrigation  
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Table 4.24. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding cell membrane stability index in cotton in 2015  

Year 2015 Cell membrane stability index 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 61.30 a-i 48.21 ijkl 63.09 a-h 39.22 l 52.95 de 

Distilled water spray 60.85 a-i 50.32 g-l 60.56 a-j 46.06 jkl 54.45 cde 

Distilled water spray + 

Tween-20 (0.1%) 
62.99 a-h 38.70 l 59.61 a-j 42.25 kl 50.77 e 

Glycine betaine @ 100 

mg L-1 + Tween-20 

(0.1%) 

68.82 a-e 60.73 a-j 68.10 a-e 52.55 f-l 62.5 ab 

Salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
66.41 a-f 48.24 ijkl 61.46 a-i 54.60 e-k 57.68 bcd 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
72.03 ab 54.3 b-j 71.2 abc 38.82 l 60.02 abc 

Glycine betaine and 

Salicylic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

71.85 ab 54.24 e-k 63.95 a-g 50.28 g-l 60.08 abc 

Glycine betaine and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

67.57 a-e 48.80 h-l 66.38 a-f 51.03 g-l 58.44 bcd 

Salicylic acid and 

Ascorbic acid @ 50 mg L-

1 each + Tween-20 (0.1%) 

72.71 a 55.82 d-k 66.36 a-f 55.85 d-k 62.6 ab 

Glycine betaine + 

Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each+ 

Tween-20 (0.1%) 

70.07 a-d 60.79 a-j 72.64 ab 56.94 c-k 65.1 a 

Mean of cultivars 59.9 a 57.03 b  

Mean of irrigation 

conditions 

Normal irrigation = 

66.3 a 
Drought = 50.5 b  

HSD p ≤ 0.05 

Irrigation conditions= 1.6361 

Cultivars= 1.6361 

Plant growth promoting substances= 5.9562 

Irrigation conditions × cultivars × plant growth promoting substances= 14.743 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Table 4.24a. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding cell membrane stability index in cotton in 2016  

Year 2016 Cell membrane stability index 

Treatments 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
71.80        

c-h 

36.70                

o 

73.68     

b-g 

36.90                

o 

54.77      

e 

Distilled water spray 
70.87        

c-h 

37.96               

no 

69.22     

d-h 

39.66               

no 

54.43      

e 

Distilled water spray + 

Tween-20 (0.1%) 

79.31        

a-d 

47.32              

mno 

74.81      

b-g 

54.70            

klm 

64.04     

d 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

72.07        

c-h 

54.30            

klm 

78.14     

a-d 

56.89           

j-m 

65.35     

d 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

79.77        

a-d 

64.92             

f-k 

75.60     

a-f 

53.32             

lm 

68.40   

bcd 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

80.97       

abc 

48.80              

mn 

75.07     

a-g 

54.87            

klm 

64.93     

d 

Glycine betaine and 

Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

79.66       

a-d 

55.45            

klm 

77.59     

a-e 

57.78            

i-m 

67.62    

cd 

Glycine betaine and 

Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 

79.15       

a-d 

56.71           

jklm 

86.07       

a 

68.74          

d-i 

72.67    

ab 

Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

80.99      

abc 

66.61            

e-j 

76.46     

a-e 

64.26          

g-l 

72.08  

abc 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

84.12        

ab 

65.34       

f-k 

84.55      

ab 

62.02         

h-l 

74.01      

a 

Mean of cultivars 65.64ns   66.02    

Mean of irrigation 

conditions 

Normal irrigation = 

77.50 a 
Drought = 54.16 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.2289 

Cultivars= ns 

Plant growth promoting substances= 4.4737 

Irrigation conditions × cultivars × plant growth promoting substances= 11.073 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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conditions in year 2015. Lowest cell membrane stability index (38.70) was achieved in 

cultivar Lalazar under drought conditions due to spray of distilled water + Tween-20 

(0.1%) (Table 4.24). In 2016, maximum membrane stability index (86.07) was achieved 

where exogenous application of glycine betaine and ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied. It was followed by cell membrane stability index (84.55) 

achieved under normal irrigation conditions in cultivar FH-142 where exogenous 

application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-

20 (0.1%) was applied. It was statistically different to membrane stability index achieved 

due to exogenous application of all different plant growth promoting substances including 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), distilled water spray and control under 

normal irrigation conditions in cultivar Lalazar and control (un-treated), distilled water 

spray, distilled water spray + Tween-20 (0.1%) in cultivar FH-142 under normal 

irrigation. Lowest membrane stability index (36.70) was observed under drought 

conditions in cultivar Lalazar. These results are according to the findings reported by 

Sairam (1994) as he reported that membrane stability was improved resulting in less 

injury due to exogenous application of homobrassinolide in wheat grown under moisture 

deficient conditions.  

4.1.5. Gas exchange characteristics 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on different gas exchange characteristics of cotton grown under different 

water regimes in 2015 and 2016 is presented in appendices 9 and 10, respectively.  

4.1.5.1. Net photosynthesis rate (µ mol m-2 sec-1) 

Productivity of cotton is linked with net photosynthetic rate. Net photosynthetic 

rata of two cotton cultivars grown under normal irrigation or drought conditions as 

influenced by application of glycine betaine, salicylic acid and ascorbic acid as single or 

in combination in year 2015 and 2016 is presented in figure 4.4a,b.  

Results showed that net photosynthesis rate was significantly affected by both 

water regimes in both years. Recorded net photosynthesis rate was more (10.91 µ mol m-2 

sec-1) under normal irrigation as compared to drought (8.91 µ mol m-2 sec-1) in 2015. A 

similar trend of net photosynthesis rate was observed during 2016.  

Data revealed that in year 2015, exogenous application of glycine betaine + salicylic acid 

+ ascorbic acid @33 mg L-1 each + Tween-20 (0.1%) resulted in maximum net 

photosynthesis rate (12.2 µ mol m-2 sec-1) under normal irrigation conditions in cultivar  
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(a) 

 

(b) 

 

Figure 4.4. Effect of plant growth promoting substances on net photosynthesis rate in two cotton 

cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the 

bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 

= Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%), T7 = Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine 

betaine and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 

33 mg L-1 each + Tween-20 (0.1%) 
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Lalazar. It was followed by net photosynthetic rate achieved due to exogenous application 

of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) which resulted in 12 µ mol m-2 sec-1. 

Foliar spray of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) and salicylic acid @ 

100 mg L-1 + Tween-20 (0.1%) produced similar net photosynthetic rate i.e. 9.8 µ mol m-2 

sec-1 under normal irrigation in cultivar Lalazar. Under drought conditions in cultivar 

Lalazar net photosynthetic rate was improved (11.7 µ mol m-2 sec-1) with exogenous 

application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) as compared to control 

where net photosynthesis rate was 6.9 µ mol m-2 sec-1. Cultivar FH-142 grown under 

normal irrigation showed maximum net photosynthesis rate (13.6 µ mol m-2 sec-1) with 

foliar application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%). It was much 

improved as compared to control where net photosynthetic rate was only 9.2 6 µ mol m-2 

sec-1. Under drought conditions in cultivar FH-142, combination of all three plant growth 

promoting substances outperformed all other treatment by recording net photosynthetic 

rate 9.7 µ mol m-2 sec-1 while in control net photosynthetic rate was 8.1µ mol m-2 sec-1 in 

drought conditions. 

In year 2016, it was found that exogenous application of combination of all three 

plant growth promoting substances out-competed all other treatments of plant growth 

promoting substances under normal irrigation in cultivar Lalazar. It was best performer 

by recording high net photosynthetic rate (12.4 µ mol m-2 sec-1) as compared to un-treated 

control where net photosynthetic rate was 9.1 µ mol m-2 sec-1. Under drought conditions 

in cultivar Lalazar, net photosynthetic rate ranged from 7.63 -10 µ mol m-2 sec-1 due to 

exogenous application of different plant growth promoting substances. Pots where 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was exogenously applied, produced10 

µ mol m-2 sec-1 net photosynthetic rate as compared to control where rate of net 

photosynthesis was 7.63 µ mol m-2 sec-1. In case of cultivar FH-142 under normal 

irrigation conditions, combination of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) resulted in higher net photosynthetic rate (12.95 µ mol m-2 sec-1) as 

compared to control where net photosynthesis rate was 9.1 µ mol m-2 sec-1. Under 

drought conditions in cultivar FH-142, combination of glycine betaine + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) resulted in improved net photosynthetic rate (12 µ 

mol m-2 sec-1) as compared to control where net photosynthetic rate was 8.45 µ mol m-2 

sec-1. Although minimum rate of net photosynthetic rate (8.35 µ mol m-2 sec-1) in cultivar 

FH-142 under drought conditions was observed with exogenous application of distilled 

water + Tween-20 (0.1%). Under drought conditions in cultivar Lalazar, net 
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photosynthesis rate achieved with distilled water spray was similar to that achieved in 

cultivar FH-142 under drought conditions where distilled water + Tween-20 (0.1%) was 

sprayed. These results may be due to fact that under normal irrigation regime in both 

cultivars, more gaseous exchange took place which resulted in increase in net 

photosynthetic rate while under drought conditions, due to defensive mechanism, closing 

of stomata resulted in less gas exchange thus resulted in less net photosynthetic rate. 

These results are in accordance with results reported by Ahmad et al. (2014) as they 

found more net photosynthesis rate under normal irrigation regime as compared to 

drought. Moreover, they found that exogenous application of plant growth promoting 

substances such as glycine betaine can ameliorate the harmful effects of water deficit by 

enhancing net photosynthetic rate in cotton. 

4.1.5.2. Transpiration rate (m mol m-2 s-1) 

Transpiration rate in plant vary widely depending upon environmental conditions. 

Graphical representation of the effect of exogenous application of different plant growth 

promoting substances on transpiration rate of two cotton cultivars grown under normal 

and drought conditions in year 2015 and 2016 is presented in figure 4.5a,b.  

Results showed that, transpiration rate was more under normal irrigation 

conditions as compared to drought stress in both years. In year 2015, exogenous 

application of combination of all three plant growth promoting substances was superior in 

terms of increased transpiration rate (1.5 m mol m-2 s-1) under normal irrigation 

conditions in cultivar Lalazar as compared to control where it was 0.8 m mol m-2 s-1. It 

was followed by transpiration rate (1.4 m mol m-2 s-1) achieved due to exogenous 

application of application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) under 

normal irrigation conditions in cultivar Lalazar. Under drought conditions in cultivar 

Lalazar exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) performed best by improving transpiration rate (1.7 m mol m-2 s-1) as 

compared to control (0.6 m mol m-2 s-1). Rate of transpiration was minimum (0.5 m mol 

m-2 s-1) under drought conditions in cultivar Lalazar with distilled water spray. In cultivar 

FH-142, combination of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) resulted in maximum net photosynthesis rate (1.9 m mol m-2 s-1) under normal 

irrigation conditions. Same combination of plant growth promoting substances also found 

superior under drought conditions by achieving maximum transpiration rate (1.3 m mol 

m-2 s-1) in cotton cultivar FH-142. In year 2016, exogenous application of combination of  
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 (a) 

 

(b) 

 

Figure 4.5. Effect of plant growth promoting substances on transpiration rate in two cotton cultivars 

under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the bars 

represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 

= Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%), T7 = Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine 

betaine and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 

33 mg L-1 each + Tween-20 (0.1%) 
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all three plant growth promoting substances was found superior by producing maximum 

transpiration rate (1.46 m mol m-2 s-1) under normal irrigation as compared to control in 

cultivar Lalazar. Combination of all three plant growth promoting substances was also 

performed best under drought conditions in cultivar Lalazar by maintaining transpiration 

rate 1.31 m mol m-2 s-1. It was followed by transpiration rate (1.23 m mol m-2 s-1) 

achieved under drought conditions in cultivar Lalazar where exogenous application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. 

Minimum transpiration rate (0.7 m mol m-2 s-1) was recorded with un-treated control in 

cultivar Lalazar under drought conditions. Foliar application of glycine betaine + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) was best combination of plant growth 

promoting substances in terms of maximum transpiration rate (1.63 m mol m-2 s-1) in 

cultivar FH-142 under normal irrigation conditions as well as drought conditions where 

transpiration rate was 1.38 m mol m-2 s-1. Combination of all three plant growth 

promoting substances resulted in same transpiration rate as achieved due to foliar 

application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) by producing 1.46 m 

mol m-2 s-1 in cultivar FH-142 under normal irrigation conditions. Minimum transpiration 

rate (0.75 m mol m-2 s-1) in drought conditions in cultivar FH-142 was observed with un-

treated control. Increase in transpiration rate under normal irrigation may be due to more 

availability of water while in drought limited availability of water activated defensive 

mechanism to decrease transpiration rate. Although exogenous application of various 

plant growth promoting substances improved the transpiration rate as compared to 

control. These results are in harmony with results reported by Ahmad et al. (2014) as they 

recorded decrease in transpiration rate under drought conditions and also found that 

glycine betaine is involved in mitigation of harmful effect of drought stress in cotton by 

improving transpiration rate as compared to control.  

4.1.5.3. Leaf stomatal conductance (m mol CO2 m-2 s-1) 

Stomatal conductance of leaves is taken as reference parameter under drought 

conditions. Leaf stomatal conductance as influenced by foliar application of different 

plant growth promoting substances in two cotton cultivar under normal and drought 

conditions in year 2015 and 2016 is presented in the figure 4.6a,b. 

Data showed that leaf stomatal conductance was more under normal irrigation 

regime as compared to drought stress in both years. In year 2015, cultivar Lalazar 

performed best by achieving leaf stomatal conductance 192.3 m mol m-2 s-1 where foliar 
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application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) and exogenous application 

of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

was done under normal irrigation conditions. Both the treatments shared same value. 

Exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) in cultivar 

Lalazar resulted in minimum leaf stomatal conductance (100.7 m mol m-2 s-1). In cultivar 

Lalazar, leaf stomatal conductance was maximum (204.3 m mol m-2 s-1) where salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied under drought 

conditions. Minimum leaf stomatal conductance under drought conditions in cultivar 

Lalazar was achieved in pots where salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was 

sprayed. Under normal irrigation conditions, salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) resulted in same result as under drought conditions in cultivar Lalazar. It is 

evident from the results that salicylic acid is involved in maintain of stomatal 

conductance in cotton. Response of cultivar FH-142 under normal irrigation and drought 

conditions due to exogenous application of different plant growth promoting substances 

showed that maximum leaf stomatal conductance (228 m mol m-2 s-1) was observed in 

case of exogenous application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%). It was 

followed by leaf stomatal conductance (210 m mol m-2 s-1) recorded under normal 

irrigation where exogenous application of all three plant growth promoting substances 

were applied. Under drought conditions in cultivar FH-142 exogenous application of all 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

resulted in maximum leaf stomatal conductance (163.7 m mol m-2 s-1). Leaf stomatal 

conductance was lowest (61.78 m mol m-2 s-1) in case of un-treated control.  

In year 2016, exogenous application of all three plant growth promoting 

substances produced maximum leaf stomatal conductance (177.3 m mol CO2 m-2 s-1) 

under normal irrigation in cultivar Lalazar while lowest (121.3 m mol m-2 s-1) was 

observed in case of un-treated control. Same plant growth promoting substances have not 

recorded maximum leaf stomatal conductance under drought conditions in cultivar 

Lalazar. Under drought conditions, salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) resulted in 149.30 m mol m-2 s-1 stomatal conductance which was 

highest value observed among exogenous application of all there plant growth promoting 

substances in cultivar Lalazar under drought conditions. Least leaf stomatal conductance 

(100.3 m mol m-2 s-1) was noted in un-treated control in cultivar Lalazar grown under 

drought conditions. It was found that foliar application of glycine betaine + ascorbic acid  
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 (a) 

 

(b) 

 

Figure 4.6. Effect of plant growth promoting substances on leaf stomatal conductance in two cotton 

cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the 

bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 

= Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine 

betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 
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50 mg L-1 each + Tween-20 (0.1%) was superior in cultivar FH-142 under normal and 

drought conditions in terms of maximum leaf stomatal conductance (174.3 m mol m-2 s-1 

and 143 m mol m-2 s-1) among all plant growth promoting substances treatments under 

normal and drought conditions, respectively. Minimum value was 97 m mol m-2 s-1 and 

72 m mol m-2 s-1 in un-treated control under normal irrigation and drought conditions, 

respectively. Results revealed that single treatment was not effective increment in leaf 

stomatal conductance in both cultivars. Moreover, different environmental variables also 

influenced stomatal conductance, so the efficacy of plant growth promoting substances 

varied in both years. Yan et al. (2004) related the increase in stomatal conductance with 

increased rate of photosynthesis under drought conditions. In our results, stomatal 

conductance decreased under drought conditions and it was more under normal irrigation 

conditions. Stomatal conductance increased due to exogenous application of different 

plant growth promoting substances under drought stress conditions. Our results are in 

agreement with results reported by Ahmad et al. (2014) as they concluded that stomatal 

conductance increased under normalirrigation and decreased under drought stress 

conditions. However, glycine betaine application mitigated harmful effect of drought by 

increase in stomatal conductance under drought conditions as compared to control.  

4.1.6. Activity of antioxidants 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on activity of different antioxidants in cotton grown under different water 

regimes in 2015 and 2016 is presented in appendices 11 and 12, respectively.   

4.1.6.1. Superoxide dismutase activity (Units g-1 F.wt)  

Superoxide dismutase (SOD) is an antioxidant which is important in scavenging 

reactive oxygen species. Data regarding the effect of different plant growth promoting  

 substances on superoxide dismutase activity of two cotton cultivars grown under normal 

irrigation and drought conditions in year 2015 and 2016 is presented in figure 4.7a,b. 

Data showed that, in year 2015, SOD was more under normal irrigation as compared to 

drought conditions. In same year, maximum SOD (206 units g-1 F.wt) was recorded under 

drought conditions in cultivar Lalazar where exogenous application of glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. It was followed by SOD 

achieved under normal irrigation conditions in cultivar Lalazar with exogenous 

application of all three plant growth promoting substances. In case of cultivar Lalazar, 

SOD (107.06 units g-1 F.wt) were recorded in control under normal irrigation. While  
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(b) 

 

Figure 4.7. Effect of plant growth promoting substances on superoxide dismutase (SOD) activity of 

two cotton cultivars grown under normal irrigation and drought conditions in year 2015 (a) and 2016 

(b). Nail on the bar represents standard error of the mean. T1 = Control (Un-treated), T2 = Distilled 

water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 

mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T8 = Glycine betaine and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic 

acid and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 
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under drought conditions, SOD contents in control were 66.5 units g-1 F.wt. In case of 

cultivar FH-142, under normal irrigation conditions, glycine betaine + salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) resulted in improved SOD contents (188.2 units g-1 F.wt) 

as compared to control where SOD contents were 102.8 units g-1 F.wt under normal 

irrigation. Under drought conditions glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%) out performed rest of treatments under drought 

conditions by achieving 173.9 units g-1 F.wt SOD contents in cultivar FH-142. Under un-

treated control, SOD contents (16.4 units g-1 F.wt) were lowest as compared to rest of 

treatments in cultivar FH-142 in year 2015. Figure 4.7a showed that in year 2015, in 

cultivar Lalazar, SOD contents were more under normal irrigation in case of un-treated 

control and distilled water spray. In year 2016, it was recorded that cultivar Lalazar under 

normal irrigation conditions and drought conditions due to exogenous application of 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

showed better performance by producing SOD 179.8 units g-1 F.wt and 210 units g-1 F.wt, 

respectively while in case of control SOD contents were 140.4 units g-1 F.wt. and 101.8 

units g-1 F.wt under normal irrigation and drought conditions, respectively. In case of FH-

142, salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 

improved SOD contents (170.9 units g-1 F.wt) as compared to rest of treatments under 

same water regime. While in control SOD contents were 83.8 units g-1 F.wt in cultivar 

FH-142 under normal irrigation. Under drought conditions, foliar application of glycine 

betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) was superior from rest of 

treatments of plant growth promoting substances by producing more SOD contents (180.4 

units g-1 F.wt) as compared to control. Our results match with finding reported by Farooq 

et al. (2008) as they reported improvement in SOD activity under drought conditions due 

to exogenous application of glycine betaine in rice. 

4.1.6.2. Catalase activity (Units g-1 F.wt) 

Catalase (CAT) protect plant against oxidative stress. Data regarding the effect of 

different plant growth promoting substances on catalase activity under normal and 

drought conditions in two cotton cultivars as observed in year 2015 and 2016 is presented 

in figure 4.8a,b. 

It was found that, in year 2015, cultivar Lalazar performed best when exogenous 

application of all three plant growth promoting substances was applied by achieving 

159.5 units g-1 F.wt. CAT activity. In control, CAT activity was 80.23 units g-1 F.wt.  
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Figure 4.8. Effect of plant growth promoting substances on catalase activity (CAT) in two cotton 

cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the bars 

represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled 

water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic 

acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = 

Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine and 

Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid and Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%). 
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under normal irrigation conditions. Under drought conditions, CAT activity (155.1 units 

g-1 F.wt.) was recorded more where glycine betaine + salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied. Exogenous application of all three plant growth promoting 

substances under drought conditions resulted in 131 units g-1 F.wt CAT activity under 

control. Lowest CAT activity (64.5 units g-1 F.wt.) under drought conditions in cultivar 

Lalazar was observed with un-treated control. In case of cultivar FH-142, under normal 

irrigation conditions, salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) resulted in more 

CAT activity (144.2 units g-1 F.wt.) as compared to control where catalase activity was 

87.07 units g-1 F.wt. Under drought conditions, cultivar FH-142 showed improved CAT 

activity (131.13 units g-1 F.wt.) with exogenous application of all three plant growth 

promoting substances. Catalase activity in this treatment was greater than that observed 

due to rest of treatments under drought conditions in cultivar FH-142. Under drought 

CAT activity was recorded lowest (45.2 units g-1 F.wt.) in control treatment in cultivar 

FH-142 during 2015. In year 2016, maximum CAT activity was observed in case of 

exogenous application of all three plant growth promoting substances in cultivar Lalazar 

under normal irrigation conditions. Under drought conditions in cultivar Lalazar 

combination of all three plant growth promoting substances resulted in more CAT activity 

as compared to un-treated control. Under normal irrigation regime, cultivar Lalazar CAT 

activity was recorded 114.43 units g-1 F.wt in control treatment. While least CAT activity 

in cultivar Lalazar was observed with distilled water spray by attaining 107.1 and 95.5 

units g-1 F.wt. CAT activity under normal irrigation and drought conditions, respectively. 

In cultivar FH-142, glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

showed 167.2 and 171.9 units g-1 F.wt. CAT activity under normal irrigation and drought 

conditions, respectively. Pots where exogenous application of all three plant growth 

promoting substances was applied under normal irrigation and drought conditions in 

cultivar FH-142 resulted in statistically similar CAT activity (167.1 and 171.2 units g-1 

F.wt) under normal irrigation and drought conditions, respectively. While minimum 

values were observed with un-treated control under both conditions. Except un-treated 

control and, distilled water spray, CAT activity was increased of all treatments of plant 

growth promoting substances in both cultivars. However, both the cultivar responded 

differentially to different combinations of treatments of plant growth promoting 

substances. It may be due to different capacity of cultivar to tolerate drought. Our results 

are in harmony with results observed by Huseynova (2012) who stated that CAT activity 

was increased in wheat in case of drought tolerant cultivars. Uzilday et al. (2012) found 
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that CAT activity increased under drought stress. Farooq et al. (2010) concluded that 

spermine spray resulted in increase in activity of CAT up to 8 days after drought in rice 

and then CAT activity maintained later, while brassinosteroid spray increased CAT 

activity up to 12 days after drought and later decreased in rice. 

4.1.6.3. Peroxidase activity (Units g-1 F.wt) 

Peroxidase activity (POD) as influenced by application of different growth 

promoting substances in two cotton cultivars under normal and drought conditions in year 

2015 and 2016 is presented in figure 4.9a,b. 

It was observed that in year 2015, POD activity was maximum (180.8) under 

drought stress in cultivar Lalazar in case of exogenous application of glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%). Under normal irrigation conditions 

in cultivar Lalazar combination of all three plant growth promoting substances showed 

improved POD activity (174.1 units g-1 F.wt) as compared to control (117.5 units g-1 

F.wt). Peroxidase activity in case of cultivar Lalazar was higher under normal irrigation 

conditions in case of un-treated control, distilled water spray and distilled water spray + 

Tween-20(0.1%) as compared to drought conditions while in case of rest of plant growth 

promoting substances, POD activity was more under drought conditions. In cultivar FH-

142, foliar spray of glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

under normal irrigation resulted in improved POD activity (160.73 units g-1 F.wt) as 

compared to control where POD activity was 111.9 units g-1 F.wt. It is same treatment 

which performed best under drought conditions in cultivar Lalazar. Under drought, in 

cultivar FH-142, un-treated control resulted in lowest POD activity (65.3 units g-1 F.wt). 

In 2016, POD activity was maximum (178.3 units g-1 F.wt) under drought conditions in 

cultivar FH-142 where exogenous application of combination of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. Under drought 

conditions, combination of all three plant growth promoting substances also resulted in 

superior POD activity (175.8 units g-1 F.wt) as compared to control (102.3 units g-1 F.wt). 

Under normal irrigation conditions, in cultivar FH-142 foliar spray of glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in more POD activity (176.7 

units g-1 F.wt) as compared to control where POD activity was (120.9 units g-1 F.wt). 

Cultivar Lalazar showed more POD activity (163.9 units g-1 F.wt) due to exogenous 

application of all three plant growth promoting substances under normal irrigation 

conditions as compared to control (127.4 units g-1 F.wt) in 2016. Although minimum  
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Figure 4.9. Effect of plant growth promoting substances on peroxidase activity (POD) in two cotton 

cultivars under normal irrigation and drought conditions in year 2015 (a) and 2016 (b). Nails on the 

bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 

= Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%), T7 = Glycine betaine and Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine 

betaine and Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid and Ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 

33 mg L-1 each + Tween-20 (0.1%). 
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POD activity (126.9 units g-1 F.wt) was observed with distilled water spray in cultivar 

FH-142 under drought conditions in 2016. Same plant growth promoting combination 

could not perform best under drought conditions in cultivar Lalazar. In cultivar Lalazar, 

under drought conditions, combination of salicylic acid and ascorbic acid out competed 

rest of treatments by producing POD activity 164.7 units g-1 F.wt as compared to POD 

activity recorded in control (115.8 units g-1 F.wt). Our results are in agreement with 

results reported by Uzilday et al. (2012) as they reported increased POD activity under 

drought conditions. Farooq et al. (2008) reported that application of glycine betaine in 

rice under drought conditions resulted improvement in POD activity. 

4.2. Feld experiment 

4.2.1. Growth and development 

4.2.1.1. Crop growth rate (g m-2 day-1) 

Data regarding the changes in crop growth rate (CGR) as affected by application 

of different plant growth promoting substances in two cotton cultivars under normal and 

drought conditions is presented in figure 4.10a,b,c.  

Crop growth rate was recorded at 60-90, 90-120 and 120-150 days after sowing 

(DAS). Data showed that CGR from 60-90 DAS was more under normal irrigation as 

compared to drought conditions in all the treatments of plant growth promoting 

substances in both the cultivars (Lalazar and FH-142). It was observed that CGR was 8.93 

g m-2 day-1 and 9.29 g m-2 day-1 under normal irrigation in cultivar Lalazar and FH-142, 

respectively with exogenous application glycine betaine + salicylic acid + ascorbic acid 

@ 33 mg L-1 each + Tween-20 (0.1%) and was higher to that of control (7.02 g m-2 day-1, 

7.05 g m-2 day-1) thus increase in growth rate was 27 and 32% in both cultivars, 

respectively. Under drought conditions increase in CGR in both cultivars due to 

exogenous application of all three plant growth promoting substances as compared to 

control was 14 and 32% for cultivar Lalazar and FH-142, respectively. Exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in 

cultivar FH-142 under normal and drought conditions resulted in 9.17 and 8.27 g m-2 day-

1, respectively. Minimum CGR 6.80 and 6.06 g m-2 day-1 was recorded under drought 

conditions in Lalazar and FH-142, respectively in control treatment. Crop growth rate was 

more in cultivar FH-142 as compared to cultivar Lalazar. 

Crop growth rate from 90-120 DAS showed that, it increased further. Under 

normal irrigation CGR was 9.07 g m-2 day-1 while under drought it was 8.12 g m-2 day-1.  
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(a) 

 

(b) 

 

Figure 4.10. Changes in crop growth rate (CGR) on 60-90 DAS (a) and 90-120 DAS (b) as affected by 

application of different plant growth promoting substances in two cotton cultivars under normal and 

drought conditions in field. Nails on the bars represent standard error of the means. T1 = Control (Un-

treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine 

@ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic 

acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = 

Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%).  
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(c) 

 

 

 

Figure 4.10. Changes in crop growth rate (CGR) on 120-150 DAS (c) as affected by application 

of different plant growth promoting substances in two cotton cultivars under normal and drought 

conditions in field. Nails on the bars represent standard error of the means. T1 = Control (Un-

treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), 

T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 

= Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%).  
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Crop growth rate was more (8.91 g m-2 day-1) in cultivar FH-142 as compared to cultivar 

Lalazar (8.91 g m-2 day-1). Under normal irrigation conditions, maximum CGR (10.98 g 

m-2 day-1) was recorded in cultivar FH-142 where foliar application of all three plant 

growth promoting substances was done. It was followed by CGR achieved (10.94 g m-2 

day-1) with glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in 

cultivar FH-142 under normal irrigation conditions. In cultivar Lalazar, exogenous 

application of all three plant growth promoting substances resulted in 9.39 g m-2 day-1 

CGR thus increased 21% CGR under normal irrigation conditions as compared to control. 

There was 5% increase in CGR in cultivar Lalazar where distilled water spray and 

distilled water spray + Tween-20 (0.1%) was done as compared to un-treated control 

under normal irrigation. Under drought conditions, salicylic acid + ascorbic acid @ 50mg 

L-1 each + Tween-20 (0.1%) in cultivar Lalazar resulted in 8.94 g m-2 day-1 CGR, which 

was superior than all plant growth promoting substances under drought conditions 

between both cultivars.    

Crop growth rate 120 days after sowing decreased gradually. As crop approaches 

maturity, CGR declined gradually. Maximum CGR (6.1 g m-2 day-1) was observed in 

cultivar Lalazar under normal irrigation conditions with glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%)). It was followed by CGR (5.74 g m-2 

day-1) achieved in cultivar FH-142 grown under normal irrigation with foliar application 

of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 + Tween-20 (0.1%). 

Under drought conditions, 4.88 g m-2 day-1 CGR was noted with glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar FH-142 while 

corresponding value in cultivar Lalazar was 3.72 g m-2 day-1. Crop growth rate achieved 

under drought in cultivar Lalazar with un-treated control and distilled water spray was 

similar to each other. Crop growth rate was minimum under normal irrigation and drought 

conditions with water spray in both cultivars except under drought conditions in cultivar 

Lalazar where minimum CGR was observed under drought conditions in un-treated 

control. Increase in CGR under normal irrigation conditions may be due to efficient 

utilization of resources which resulted in proper growth. Increase in CGR due to 

application of plant growth promoting substances as compared to control may be due to 

role of these plant growth promoting substances in mitigating the harmful effects of water 

scarcity. Our findings match with findings reported by Hussain et al. (2009) as they found 

that CGR increased under normal irrigation as compared to drought in sunflower. 
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However, they found that glycine betaine and salicylic acid was not involved in increase 

in CGR under drought conditions. 

4.2.1.2. Net assimilation rate (g m-2 day-1) 

Photosynthetic efficiency of plants is determined by net assimilation rate (NAR). 

Data regarding the changes in net assimilation rate of two cotton cultivars grown under 

normal and drought conditions is presented in figure 4.11. 

Data showed that NAR was more under drought conditions in both cultivars as 

compared to normal irrigation conditions in control, distilled water spray and distilled 

water spray + Tween-20 (0.1%). Maximum NAR (7.35 g m-2 day-1) was observed with 

distilled water spray in cultivar Lalazar. It was followed by NAR (7.18 g m-2 day-1) 

achieved with ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) application in same 

cultivar and it was superior as compared to un-treated control. Net assimilation rate in 

cultivar Lalazar was more under drought conditions where exogenous application of all 

plant growth promoting substances were applied except glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) and glycine betaine + ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%) 

and NAR was 5.18 and 6.05 g m-2 day-1, respectively. Combination of all three plant 

growth promoting substances in cultivar Lalazar resulted in 4.37 g m-2 day-1 NAT under 

drought conditions while under normal irrigation it was 5.41 g m-2 day-1. Control 

treatment resulted in 7.0 g m-2 day-1 NAR under drought conditions in cultivar FH-142. 

More NAR was recorded under drought conditions in cultivar FH-142 with exogenous 

application of all plant growth promoting substances except glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) and glycine betaine 

+ salicylic acid @ 50 mg L-1 + Tween-20 (0.1%). Exogenous application of distilled 

water spray, distilled water spray + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) caused opposite 

results in both cultivars regarding change in NAR under normal and drought conditions. It 

was found that distilled water spray, distilled water spray + Tween-20 (0.1%) and 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) resulted in increased NAR under drought 

conditions in cultivar Lalazar while decrease was noticed in cultivar FH-142 under same 

conditions. Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) resulted in increased NAR 

under drought in cultivar FH-142 while increased under normal irrigation conditions in 

cultivar Lalazar. It may be due to difference in ability of both genotypes to combat water 

scarcity and accumulation of compatible solutes. Minimum net assimilation rate (4.35)  



171 
 

 

 

 

 

Figure 4.11. Net assimilation rate (NAR) as affected by application of different plant growth promoting 

substances in two cotton cultivars under normal and drought conditions in field. Nails on the bars 

represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = 

Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), 

T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + 

Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%). 
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was recorded under drought conditions in cultivar Lalazar where exogenous application 

of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. Our 

findings of significant effect of different plant growth promoting substances on NAR 

match with findings of Ahmad et al. (2014). Our findings are also similar to findings 

reported by Ahmed et al. (2017) that net assimilation rate decreased under drought 

conditions in cotton. 

4.2.1.3. Leaf area index 

Data regarding the changes in leaf area index (LAI) as affected by application of 

different plant growth promoting substances in two cotton cultivars under normal and 

drought conditions is presented in figure 4.12a,b,c,d. Leaf area index after 60 DAS ranged 

from 0.73-2.40 in cultivar Lalazar. Less LAI was recorded under drought conditions as 

compared to normal irrigation. Maximum leaf area index (2.35) under drought conditions 

was observed in cultivar Lalazar when salicylic acid + ascorbic acid + Tween-20 (0.1%) 

was applied. It was noted that change in leaf area index in cultivar Lalazar due to salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal and drought 

conditions was very less as compared to rest of treatments. It seems that salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was much effective in mitigating the 

harmful effects of water stress by improving LAI under drought as compared to normal 

irrigation. Maximum LAI under normal irrigation was observed in cultivar Lalazar in 

plots where foliar application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) was done. Under control in cultivar Lalazar, LAI was 1.59 

and 0.74 in normal irrigation and drought conditions, respectively. Leaf area index in 

cultivar FH-142 ranged from 0.56 – 2.06. Leaf area index was 2.06 in cultivar FH-142 

where exogenous application of all three plant growth promoting substances was applied 

under normal irrigation conditions. It was observed that at this stage Glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in much improvement in 

LAI under drought as compared to normal irrigation in same treatment in cultivar FH-

142. Lowest leaf area index (0.56) was observed under drought in cultivar FH-142 where 

distilled water was sprayed. 

Data showed that 90 DAS leaf area index increased further, it ranged from 1.05 – 

2.93. Glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%)) resulted in more leaf area index under normal irrigation conditions in cultivar 

Lalazar and FH-142 by achieving 2.93 and 2.43 LAI, respectively. However, LAI was 
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similar in FH-142 under normal irrigation conditions and drought stress when exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was done. 

It can be attributed to more effectiveness of combination of glycine betaine and ascorbic 

acid in combating drought stress in case of cultivar FH-142. Under drought stress 

maximum leaf area index was recorded in cultivar Lalazar where exogenous application 

of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. 

Minimum leaf area index (1.05) was observed under drought stress in un-treated control 

in cultivar FH-142. 

Results showed that LAI increased till 120 DAS. On an average, LAI was 3.15 

under normal irrigation while 2.47 under drought conditions. Leaf area index in cultivar 

Lalazar ranged from 1.88–3.86. Maximum leaf area index (3.86) was observed under 

normal irrigation where exogenous application of all three plant growth promoting 

substances were applied. Under drought conditions, foliar application of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in improved LAI (3.56) in 

cultivar Lalazar as compared to control treatment where LAI was 1.96. Leaf area index 

achieved due to foliar spray of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) and glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) under normal irrigation in cultivar Lalazar was statistically similar to 

each other. Leaf area index achieved due to glycine betaine + salicylic acid + ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) in cultivar FH-142 under normal irrigation 

conditions was 3.57 which was superior to that achieved under same irrigation conditions 

in un-treated control. Under drought conditions, glycine betaine + ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) resulted in superior LAI (3.18) in cultivar FH-142 as 

compared to control under same irrigation conditions where LAI was 1.76. It was found 

that, LAI decreased after 120 DAS and marked reduction in LAI was observed at 150 

DAS. It may be due to diversion of crop towards maturity. On the average, LAI was 2.45 

in normal irrigation and 1.80 under drought stress. Maximum leaf area index (3.12) was 

observed in cultivar Lalazar where foliar application of salicylic acid + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) was done under normal irrigation regime. It was 

followed by LAI (3.03) achieved in FH-142 where foliar application of all three plant 

growth promoting substances were applied under normal irrigation. Under drought 

conditions, at 150 DAS, minimum LAI (1.18) was observed in case of un-treated control 

in cultivar FH-142. In case of cultivar Lalazar when exposed to drought, distilled water 

spray resulted in 1.25 LAI which was the lowest value observed among the applied plant  
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(a) 

 

(b)  

 

Figure 4.12. Changes in leaf are index (LAI) on 60 DAS (a) and 90 DAS (b) as affected by 

application of different plant growth promoting substances in two cotton cultivars under normal and 

drought conditions in field. Nails on the bars represent standard error of the means. T1 = Control (Un-

treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 

= Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine 

betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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(c) 

 

(d)   

 

Figure 4.12. Changes in leaf are index (LAI) on 120 DAS (c) and 150 DAS (d) as affected by 

application of different plant growth promoting substances in two cotton cultivars under normal and 

drought conditions in field.  Nails on the bars represent standard error of the means. T1 = Control 

(Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 = Glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = 

Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine 

betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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growth promoting substances in cultivar Lalazar. Increase in leaf area index in normal 

irrigation may be due to cell division and expansion at optimum rate but in case of 

deficient water, cell division and expansion was not proper so resulted in lower LAI. 

Moreover, result suggested that when different plant growth promoting substances were 

applied, LAI was improved as compared to un-treated control. These results are in 

accordance with findings reported by Liu et al. (2017) as they stated that under water 

deficit leaf area index decreased in cotton. Similar results were reported by Papastylianou 

& Argyrokastritis (2014). Ahmad et al. (2014) also found that glycine betaine application 

improved LAI in cotton. 

4.2.1.4. Leaf area duration (Days) 

Persistence of assimilatory surface is determined by leaf area duration (LAD). 

Data regarding the effect of different plant growth promoting substances on leaf area 

duration of two cotton cultivars under normal and drought conditions is presented in 

figure 4.13. 

Leaf area duration was more under normal irrigation as compared to drought. On 

the average LAD was 223 days under normal irrigation while 170 days under drought 

conditions. 

Cultivar Lalazar resulted in more LAD (208 days) as compared to cultivar FH-142 

(185 days). Maximum LAD (285 days) was observed in cultivar Lalazar where 

exogenous application of combination all three plant growth promoting substances was 

applied under normal irrigation. While under drought conditions LAD was 9.28% less in 

same treatment. Leaf area duration recorded in salicylic acid + ascorbic acid @ 50 mg L-1 

+ Tween-20 (0.1%) in cultivar Lalazar under normal irrigation conditions was 282 days 

which was statistically similar to LAD achieved due to exogenous application of glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). In all the 

treatments of plant growth promoting substances in both the cultivars, LAD was less 

under drought conditions. In cultivar Lalazar, distilled water spray resulted in lowest 

value of LAD under drought conditions as compared to rest of treatments of plant growth 

promoting substances. However, under un-treated control, LAD was 195 and 123 for 

normal irrigation and drought, respectively in cultivar Lalazar. In cultivar FH-142, 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) under normal irrigation conditions out performed LAD (256 

days) in all the treatments of plant growth promoting substances. It was 15.3% more  
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Figure 4.13. Final leaf area duration (LAD) as affected by application of different plant growth 

promoting substances in two cotton cultivars under normal and drought conditions in field. Nails on the 

bars represent standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = 

Distilled water spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = 

Salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), 

T7 = Glycine betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + 

Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%). 
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under normal irrigation as compared to drought. It was followed by LAD (246 days) 

achieved due to foliar spray of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). Corresponding value in drought was 222 days. Minimum LAD (111 

days) was observed under drought conditions in cultivar FH-142. Under normal irrigation 

conditions, the LAD recorded for cultivar FH-142 was 148 days which was the lowest 

value of LAD observed under normal irrigation conditions among all plant growth 

promoting substances in both the cultivars. Changes in leaf area duration under normal 

and drought conditions may be due to changes in leaf area index under both irrigation 

conditions. Our results are in accordance with results reported by Ahmad et al. (2014) as 

they reported increase in LAD under normal irrigation as compared to drought. It was 

further reported that glycine betaine significantly affected LAD in cotton. Noreen et al. 

(2013) also reported similar findings as they observed that foliar spray of different 

osmoprotectants significantly affected LAD in cotton. 

4.2.2. Phenological traits 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on phenological traits of cotton grown under different water regimes in field 

conditions is presented in appendix 13. 

4.2.2.1. Days to emergence 

Days to emergence of two cotton cultivars as influenced by exogenous application 

of different plant growth promoting substances under normal and drought conditions is 

presented in table 4.25.  

Both irrigations conditions resulted in statistically similar days to emergence. 

Under normal irrigation conditions, plants emerged 4.54 days after sowing while under 

drought conditions plants were emerged 4.61 days after sowing. Under field conditions, 

plants of cultivar Lalazar emerged early i.e. 4.38 days after sowing while in cultivar FH-

142 plants were emerged 4.78 days after sowing. Both the cultivars differed statistically 

regarding days taken to emergence. It may be due the different response of both cultivars 

to temperature variations, which resulted in little bit early emergence of cultivar Lalazar 

as compared to FH-142. Days taken to emergence were not influenced significantly by 

application of different plant growth promoting substances. Days to emergence ranged 

from 4.44-4.81 days after sowing. 

Interactive effect of water regimes × plant growth promoting substances, water 

regimes × cultivars, cultivars × plant growth promoting substances, water regimes ×  



179 
 

Table 4.25. Effect of plant growth promoting substances on days to emergence in 

two cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Days to emergence (m-2) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 4.75ns 4.25 4.75 5.00 4.69ns 

Distilled water spray 4.00 4.75 4.75 5.00 4.63 

Distilled water spray + Tween-

20 (0.1%) 
4.25 4.50 4.75 4.25 4.44 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
4.50 4.50 4.50 4.50 4.50 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.50 4.25 4.75 4.50 4.50 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.25 4.25 5.00 4.50 4.50 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.75 4.75 5.00 4.75 4.81 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.00 4.75 4.25 5.00 4.50 

Salicylic acid + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

4.00 4.25 5.00 5.25 4.63 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

4.00 4.25 5.00 5.00 4.56 

Mean of cultivars 4.38 b 4.78 a  

Mean of irrigation conditions 
Normal irrigation = 

4.54ns 
Drought = 4.61  

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= 0.2286 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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cultivars × plant growth promoting substances were also non-significant regarding days to 

emergence. It may be due to imposition of drought after first true leaf stage. These results 

are different from result reported by Yoon et al. (2009) as they found that days to emerge 

emergence of seedlings of different cotton cultivars were statistically similar. These 

results are in agreement with findings reported by Kamran et al. (2017) as they stated that 

seedlings of different cotton cultivars emerged at different days after sowing. 

4.2.2.2. Days to squaring 

Reproductive development in cotton is sensative to water deficit. Data regarding 

the effect of different plant growth promoting substances on days to squaring of two 

cotton cultivars under normal and drought conditions is presented in table 4.26.  

Data showed that under field conditions, non-significant differences were 

observed among different water regimes regarding days to squaring. These results are 

different from results reported by Jawdat et al. (2018) as they observed early appearance 

of flower bud in cotton under drought conditions. 

Days to squaring were statistically similar in both cultivars under field conditions. 

Squaring was started 41.56 and 41.54 DAS in cultivar Lalazar and FH-142, respectively. 

All the plant growth promoting substances resulted in statistically similar number 

of days to squaring and the values recorded ranged from 40.63-42.25 DAS. Days to 

squaring (42 DAS) was similar in un-treated control to that achieved exogenous 

application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%). Squaring was delayed 

(42.25 DAS) where exogenous application of glycine betaine + ascorbic acid @ 50 mg L-

1 + Tween-20 (0.1%) was applied as compared to control. 

Interactive effect of water regimes × cultivars, water regimes × plant growth 

promoting substances, cultivars × plant growth promoting substances and water regimes 

× cultivars × plant growth promoting substances was non-significant for days to 

appearance of first visible square. Days to appearance of first square was delayed to 

maximum extent (43 DAS) when glycine betaine + salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied under normal irrigation conditions in cultivar Lalazar while 

foliar spray of  glycine betaine + ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%) also 

resulted in similar days to appearance of first square under normal irrigation conditions in 

cultivar FH-142. Similar number of days to squaring (41.75) was observed in case of un-

treated control, distilled water spray, distilled water spray + Tween-20 (0.1%), salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal irrigation and  
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Table 4.26. Effect of plant growth promoting substances on days to squaring in two 

cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Days to squaring 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 41.75ns 41.5 42.25 42.5 42.00ns 

Distilled water spray 41.75 40.5 42.5 40.25 41.25 

Distilled water spray + 

Tween-20 (0.1%) 
41.75 42 41.25 42.25 41.81 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
41.5 42.5 41 42 41.75 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
42.25 41.75 41.75 42.25 42.00 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
40.75 42 40 42 41.19 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

43 40.25 42.25 40.75 41.56 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

42.5 41.75 43 41.75 42.25 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

41.75 40.5 41.25 40.75 41.06 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

41.25 40.25 41 40 40.63 

Mean of cultivars 41.56ns 41.54  

Mean of irrigation 

conditions 

Normal  

irrigation =41.73ns 
Drought =41.38 

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) under drought conditions in cultivar Lalazar. Days to 

squaring was delayed under drought conditions where exogenous application of distilled 

water spray + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) was done in both cultivars while 

exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) delayed 

squaring in cultivar FH-142 under drought conditions as compared to normal irrigation. 

Results of our field experiment depicted that different cotton cultivars respond 

differentially to different plant growth promoting substances in terms of days to initiation 

of squaring. Variability in cotton cultivars regarding fruiting development was also 

reported by Cook & El-Zik (1993).  

4.2.2.3. Days to first flower 

Data pertaining to days to first flower as affected by exogenous application of 

different plant growth promoting substances in two cotton cultivars grown under normal 

and drought conditions in field is presented in table 4.27.  

Data showed that days to first flower was non-significantly affected by both water 

regimes. Initiation of flowering was delayed (55.31 DAS) under normal irrigation 

conditions as compared to drought (55.03 DAS).  

Both the cultivars initiated the flower at same time. Different plant growth 

promoting substances did not significantly affected number of days to initiation of first 

flower. Maximum delay in initiation of flowering (56.44 DAS) was recorded with 

exogenous application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%). Minimum 

days to start of flowering was noticed with exogenous application of all three plant 

growth promoting substances i.e. glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%).  

Interactive effect of water regimes × cultivars × plant growth promoting 

substances was found non-significant regarding days to first flower. Flowering started late 

(58.75 DAS) in FH-142 exposed to drought due to exogenous application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) as compared to control 

where flowering initiated 53.50 days after sowing. Due to exogenous application of 

different plant growth promoting substances in cultivar Lalazar, days to first flower was 

delayed under drought conditions with exogenous application of ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%),  
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Table 4.27. Effect of plant growth promoting substances on days to first flower in 

two cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Days to first flower 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 56.50ns 54.75 54.50 53.50 54.81ns 

Distilled water spray 53.75 52.50 55.50 55.75 54.38 

Distilled water spray + Tween-

20 (0.1%) 
54.00 53.75 55.50 56.50 54.94 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
58.25 56.50 53.50 57.50 56.44 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
56.25 54.75 56.00 56.00 55.75 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
54.25 54.50 56.75 54.75 55.06 

Glycine betaine + Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

56.75 56.25 57.50 54.25 56.19 

Glycine betaine + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

55.00 55.25 55.25 58.75 56.06 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

54.25 55.25 57.00 54.75 55.31 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

53.50 50.50 52.25 54.75 52.75 

Mean of cultivars 54.83ns 55.51 
 

Mean of irrigation conditions 
Normal irrigation 

= 55.31ns 
Drought = 55.03 

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) as compared to 

normal irrigation conditions. Flowering was started at 52.25 DAS under normal irrigation  

conditions with exogenous application of all three plant growth promoting substances in 

cultivar FH-142 while distilled water spray in cultivar FH-142 under drought conditions 

resulted in initiation of flowering after 55.75 DAS. Results suggested that both the 

cultivars respond differently to application of different combination of plant growth 

promoting substances. It may be due to different ability of both the cultivars to combat 

water scarcity with the help of osmotic adjustment. Our results differ from results 

reported by Kamran et al. (2017) as they reported that cultivars differed significantly 

regarding the days to appearance of first flower. These results are also different from 

results reported by Noreen et al. (2013) as that found significant effect of plant growth 

promoting substances on days to first flower. However, they also reported that under 

drought conditions, flowering initiated early that matched our findings.  

4.2.2.4. Days to first boll split 

Days to first boll split is important criteria for earliness of cotton. Data regarding 

the effect of different plant growth promoting substances on days to first boll split in two 

cotton cultivars under normal and drought conditions is presented in table 4.28. Results 

exhibited that days to first boll spliting was significantly influenced by both irrigation 

regimes. Under normal irrigation conditions, first boll split 5.08 days late as compared to 

drought conditions.  

Statistically different days to first boll split was recorded in both cotton cultivars. 

Cultivar FH-142 resulted in late boll spliting (121.12 DAS) as compared to cultivar 

Lalazar where first boll spliting was started at118.54 DAS.  

Different plant growth promoting substances influenced significantly days to first 

boll split. Boll spliting was delayed in case of un-treated control. Boll were split earlier 

(113 DAS) when combination of all three plant growth promoting substances was 

applied. It was followed by days to first boll split due to exogenous application of glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%).  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found non-significant regarding days to first boll split. Days to first boll 

split (132.5) were more under normal irrigation conditions in cultivar FH-142 with 

control as compared to other treatments. It was followed by days to first boll split 

achieved under normal irrigation in cultivar Lalazar in control (un-treated) plots. Days to  
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Table 4.28. Effect of plant growth promoting substances on days to first boll split in 

two cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Days to first boll split 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 130.75ns 127.50 132.50 123.50 128.56 a 

Distilled water spray 129.25 127.00 129.00 125.75 127.75 a 

Distilled water spray + 

Tween-20 (0.1%) 
126.00 122.50 127.50 124.25 125.06 ab 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
114.25 113.50 119.25 117.50 116.12 c 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
115.75 114.25 120.75 115.75 116.63 c 

Ascorbic acid @ 100 mg L-

1 + Tween-20 (0.1%) 
118.75 117.00 121.50 117.00 118.56 bc 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

121.50 113.25 124.75 118.50 119.50 bc 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

118.75 114.75 118.75 114.50 116.69 c 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

120.75 111.00 119.75 114.25 116.44 c 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

115.75 98.50 122.25 115.50 113.00 c 

Mean of cultivars 118.54 b 121.12 a 
 

Mean of irrigation 

conditions 

Normal irrigation = 

122.37 a  
Drought = 117.29 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.8714 

Cultivars= 1.8714 

Plant growth promoting substances= 6.8129 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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first boll split was earlier (98.5 DAS) under drought conditions in cultivar Lalazar where 

exogenous application of all three plant growth promoting substances were applied. 

Exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was superior under drought conditions in cultivar FH-142 in terms of early boll 

spliting (114.25 DAS) as compared to control and rest of treatments of plant growth 

promoting substances under water deficit conditions in same cultivar. In cultivar Lalazar, 

combination of all three plant growth promoting substances was also superior under 

drought conditions among all treatments of plant growth promoting substances, while 

individual application of these plant growth promoting substances was not much 

effective. Exogenous application of different plant growth promoting substances 

individually or in combination of one, two or three resulted in early first boll spliting 

under normal and drought conditions as compared to control treatment under these 

conditions. These results suggested that different plant growth promoting substances 

played their role in alleviation of harmful effects of water scarcity. These results are in 

accordance with results reported by Noreen et al. (2013) as they reported significant 

effect of exogenous application of plant growth promoting substances on days to first boll 

split under different water regimes. Our results also match with the findings reported by 

Howell et al. (2004) as they found that drought stress enhanced boll maturity. 

4.2.3. Agronomic and yield traits 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on agronomic and yield traits of cotton grown under different water regimes in 

field conditions is presented in appendix 14a,b,c. 

4.2.3.1. Number of plants at harvest (m-2) 

Data regarding number of plants at harvest (m-2) of two cotton cultivars grown 

under normal and drought conditions as influenced by different plant growth promoting 

substances is presented in table 4.29. 

Results showed that number of plants at harvest (m-2) was not significantly 

influenced by different water regimes under field conditions. Under normal irrigation, 

number of plants (m-2) was 4.39 while under drought the plants were 4.23.  

It was noticed that statistically similar number of plants (m-2) at harvest were 

present in both cotton cultivars. In cultivar Lalazar plants were 4.39 while in cultivar FH-

142 plants were 4.23 (m-2). Non-significant differences were observed in number of 

plants at harvest (m-2) as affected by exogenous application of different plant growth  
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Table 4.29. Effect of plant growth promoting substances on number of plants at 

harvest (m-2) in two cotton cultivars under normal irrigation and drought conditions 

in field 

Treatments 

Number of plants at harvest (m-2) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 4.75ns 4.50 4.25 4.08 4.40ns 

Distilled water spray 4.67 3.92 4.08 4.50 4.29 

Distilled water spray + 

Tween-20 (0.1%) 
4.83 4.25 4.00 4.00 4.27 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
4.75 4.08 4.42 3.58 4.21 

Salicylic acid @ 100 mg L-

1 + Tween-20 (0.1%) 
4.33 4.42 4.17 4.33 4.31 

Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) 
4.33 4.25 4.17 4.58 4.33 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.50 4.75 4.08 4.42 4.44 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.67 4.08 4.33 4.25 4.33 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.50 4.17 4.17 3.92 4.19 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

4.08 4.00 4.67 4.50 4.31 

Mean of cultivars 4.39ns 4.23 
 

Mean of irrigation 

conditions 

Normal irrigation = 

4.39ns 
Drought = 4.22  

 

HSD p ≤ 0.05 

Irrigation conditions= ns 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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promoting substances. Number of plants at harvest ranged from 4.19- 4.44 (m-2).  

Interactions between water regimes × plant growth promoting substances, water 

regimes × cultivars, cultivars × plant growth promoting substances, cultivars × water 

regimes, water regimes × cultivars × plant growth promoting substances were non-

significant. Results suggested that as number of plants at harvest (m-2) are linked with 

establishment of plants from seed. Once germinated, these are more associated with seed 

health not on plant growth promoting substances. Grassbaugh & Bennett (1998) reported 

that poor stand establishment in vegetables can be overcome by using healthy seeds and 

protecting it from diseases.  

4.2.3.2. Number of monopodial branches 

Number of monopodial branches per plant are determined by genetic makeup and 

environment. Data regarding the effect of plant growth promoting substances on number 

of monopodial branches per plant in two cotton cultivars under normal and drought 

conditions is presented in table 4.30. 

Results showed that both water regimes produced statistically different number of 

monopodial branches per plant. Under drought conditions, number of monopodial 

branches per plant was less (4.59) as compared to normal irrigation where monopodial 

branches were 4.59. Under drought conditions, it may be due to less height, which 

resulted in less vegetative growth so reduction in number of monopodial branches per 

plant was noticed. 

Both the cultivars produced statistically same number of monopodial branches per 

plant. Cultivar FH-142 produced 4.94 while cultivar Lalazar produced 4.89 monopodial 

branches per plant.  

Non-significant differences were observed in number of monopodial branches per 

plant produced under different plant growth promoting substances. Under un-treated 

control, number of monopodial branches per plant was more (5.34). Minimum number of 

monopodial branches (4.60) per plant were observed where exogenous application of 

combination of glycine betaine salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) was 

applied.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found non-significant for number of monopodial branches per plant. Our 

results are in accordance with results reported by Pettigrew (2004a) who reported that 

number of monopodial branches per plant was significantly influenced by water regimes.  
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Table 4.30. Effect of plant growth promoting substances on monopodial branches 

per plant in two cotton cultivars under normal irrigation and drought conditions in 

field 

Treatments 

Number of monopodial branches per plant 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 5.75ns 5.80 4.80 5.00 5.34ns 

Distilled water spray 5.35 5.85 4.65 4.80 5.16 

Distilled water spray + Tween-

20 (0.1%) 
5.30 5.50 4.50 4.70 5.00 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
4.90 5.35 4.40 4.70 4.84 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
5.20 4.80 4.50 4.55 4.76 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
5.50 5.65 4.70 4.75 5.15 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

4.80 4.75 4.30 4.55 4.60 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

5.45 5.25 4.55 4.45 4.93 

Salicylic acid + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

4.95 4.80 4.40 4.70 4.71 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

5.25 4.55 4.55 4.25 4.65 

Mean of cultivars 4.89ns 4.94 

 

Mean of irrigation conditions 
Normal irrigation = 

5.24 a  
Drought = 4.59 b  

 

HSD p ≤ 0.05 

Irrigation conditions= 0.3316 

Cultivars= ns 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns  

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability 

ns=Non-significant 
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Reduction in monopodial branches per plant were observed under drought. However, 

these results are different from results reported by Sarwar et al. (2016) as they found that 

monopodial branches were affected significantly by exogenous application of different 

plant growth hormones under heat stress conditions.  

4.2.3.3. Number of sympodial branches 

Sympodial branches per plant are direct fruit bearing branches in cotton and 

influenced by variety of factors including irrigation. Data regarding the effect of different 

plant growth promoting substances on number of sympodial branches per plant under 

normal and drought conditions in field is presented in table 4.31.  

Results depicted that number of sympodial branches per plant was influenced 

significantly by different water regimes. Number of sympodial branches per plant was 

more (31.37) under normal irrigation as compared to drought and the branches recorded 

were 30.31. 

Sympodial branches per plant were also significantly different in two cultivars. 

Sympodial branches were more in cultivar Lalazar (31.38) as compared to cultivar FH-

142 (30.30). 

Different plant growth promoting substances significantly affected number of 

sympodial branches per plant. Maximum number of sympodial branches per plant (32.46) 

was achieved where salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) was applied. It was 

statistically similar to sympodial branches per plant achieved in all other treatments 

except control (un-treated) and distilled water spray. Minimum sympodial branches per 

plant (29.34) were recorded with distilled water spray. It may be due to fact that plant 

growth promoting perform their role in drought alleviation thus improvement in growth 

of plant under such conditions.  

Interactive effect of water regimes × cultivars × plant growth promoting 

substances was non-significant regarding number of sympodial branches per plant. 

However, sympodial branches per plant achieved under normal irrigation where 

combination of three plant growth promoting substances was applied in cultivar Lalazar 

resulted in 34.95 sympodial branches per plant which was superior as compared to control 

where sympodial branches per plant were 30.55. Minimum number of sympodial 

branches per plant (27) were observed in cultivar FH-142 under drought conditions with 

un-treated control. Our results are similar to results reported by Sahito et al. (2015) as 

they found that sympodial branches per plant in cotton were increased with increase in  
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Table 4.31. Effect of plant growth promoting substances on sympodial branches per 

plant in two cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Number of sympodial branches per plant 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 30.55ns 28.7 31.2 27 29.36 b 

Distilled water spray 30.60 29.7 28.25 28.8 29.34 b 

Distilled water spray + 

Tween-20 (0.1%) 
31.55 30 29.85 29.7 30.28 ab 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 
31.95 30.45 31.45 30.65 31.13 ab 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
32.85 32.1 32.55 32.35 32.46 a 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
31.60 31.2 31.65 31.45 31.48 ab 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

32.35 30.2 30.65 30.4 30.90 ab 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

31.40 31.95 32.25 32.15 31.94 a 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

32.20 32.45 29.9 28.6 30.78 ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

34.95 30.85 29.7 27.45 30.74 ab 

Mean of cultivars 31.38 a 30.30 b   

Mean of irrigation 

conditions 

Normal irrigation =  

31.37 a 
Drought = 30.31 b 

  

HSD p ≤ 0.05 

Irrigation conditions= 0.6325 

Cultivars= 0.7993 

Plant growth promoting substances= 2.5227 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

               Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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number of irrigations. Bozorov et al. (2018) also reported significant effects of water 

regimes on number of sympodial branches per plant.  

4.2.3.4. Plant height (cm) 

Height of cotton plant is important measure of assessment of productivity of 

cotton plant. Data regarding the impact of different plant growth promoting substances on 

plant height of two cotton cultivars under normal and drought conditions is presented in 

table 4.32 and 4.32a. 

Different water regimes produced statistically different height of cotton plant. 

Plant height was more under normal irrigation (140.57 cm) as compared to drought 

conditions where plant height was 126.55 cm. It may be due to proper availability of 

water under normal irrigation that resulted in rapid cell division and expansion at proper 

pace (Table 4.32a).  

Different plant height was recorded in both cultivars. Plant height was 5.20% 

more in cultivar Lalazar as compared to FH-142.  

Different plant growth promoting substances resulted in different plant height of 

cotton. Exogenous application of three plant growth promoting substances i.e. glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) resulted in 

maximum plant height (144.69 cm). It was statistically similar to plant height achieved in 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%). Lowest plant height (116.75 cm) was recorded with distilled water 

spray. It was statistically similar to plant height achieved in control (Table 4.32). 

Interaction between cultivars × plant growth promoting substances, water regimes 

× plant growth promoting substances was found significant regarding plant height. 

Exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) resulted in tallest plant (157.63 cm) in cultivar Lalazar. It was 

statistically at par with plant height achieved with exogenous application of salicylic acid 

+ ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar where plant 

height was 154.12 cm. It was followed by plant height (145.88 cm) achieved in cultivar 

FH-142 with exogenous application of glycine betaine + ascorbic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%). Minimum plant height (113.25 cm) was observed in case of distilled 

water spray in cultivar FH-142. Results suggested that combination of plant growth 

promoting substances was more effective in alleviating the harmful effects of water  
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Table 4.32. Interaction between cultivars and plant growth promoting substances 

affecting plant height in cotton in field  

Treatments 
Plant height (cm) 

Lalazar FH-142 Mean 

Control (Un-treated) 120.25 hij 116.13 ij 118.19 e 

Distilled water spray 120.25 hij 113.25 j 116.75 e 

Distilled water spray + Tween-20 

(0.1%) 
130.50 e-h 122.88 g-j 126.69 d 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
138.63 c-f 144.13 bcd 141.37 ab 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
142.00 b-e 128.13 f-i 135.06 bc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
135.63 c-f 136.62 c-f 136.13 bc 

Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
133.13 d-g 133.00 d-g 133.06 cd 

Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
137.38 c-f 145.88 abc 141.63 ab 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
154.12 ab 130.00 e-h 142.06 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

157.63 a 131.75 d-h 144.69 a 

Mean of cultivars 136.95     a 130.18   b  

HSD p ≤ 0.05 

Cultivars= 2.3912 

Plant growth promoting substances= 7.7693 

Cultivars × plant growth promoting substances= 12.739 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,  

ns=Non-significant 
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Table 4.32a. Interaction between water regimes and plant growth promoting 

substances affecting plant height in cotton in field 

Treatments 

Plant height (cm) 

Normal 

irrigation 
Drought Mean 

Control (Un-treated) 128.38 fgh 108.00 i 118.19 e 

Distilled water spray 120.13 hi 113.38 i 116.75 e 

Distilled water spray + Tween-20 

(0.1%) 
134.88 c-g 118.50 hi 126.69 d 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
145.00 bc 137.75 b-g 141.37 ab 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
141.25 b-e 128.88 e-h 135.06 bc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
141.63 bcd 130.63 d-h 136.13 bc 

Glycine betaine + Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

139.88 b-f 126.25 gh 133.06 cd 

Glycine betaine + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

146.75 abc 136.50 c-g 141.63 ab 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

149.25 ab 134.88 c-g 142.06 ab 

Glycine betaine + Salicylic acid 

+ Ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) 

158.63 a 130.75 d-h 144.69 a 

Mean of Irrigation conditions 140.57  a 126.55   b  

HSD p ≤ 0.05 

Irrigation conditions= 4.6076 

Plant growth promoting substances= 7.7693 

Irrigation conditions × plant growth promoting substances = 15.405 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,       

ns=Non-significant 
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deficit. Combination of plant growth promoting substances was specific for cultivar. 

Same combination was not equally effective for both cultivars for combating water 

scarcity to maximum extent (Table 4.32). 

Interaction between water regimes × plant growth promoting substances 

significantly affected the plant height. Exogenous application of glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) resulted in maximum 

plant height (158.63 cm) under normal irrigation conditions, while corresponding plant 

height under drought was 130.75 cm. Plant height was minimum (108 cm) under drought 

with un-treated control (Table 4.32a). Padmalatha et al. (2012) also reported reduction in 

plant height in cotton exposed to drought. However, contrasting results were reported by 

Jawdat et al.  (2018) as they observed slight increase in plant height in cotton subjected to 

drought as compared to control. Our results are similar to results reported by Noreen et al. 

(2015) that different osmoprotectants improved plant height in cotton under water deficit 

stress in cotton. Ahmed et al. (2017) also reported that foliar application of putrescine and 

24-epibrassinolide improved plant height in cotton under drought conditions. 

4.2.3.5. Number of main stem nodes per plant 

Number of main stem nodes per plant in two cotton cultivars grown under normal 

and drought conditions as influenced by foliar application of different plant growth 

promoting substances is presented in table 4.33.  

Statistically different number of main stem nodes per plant were recorded in both 

water regimes. Maximum number of main stem nodes (36.57) was observed in case of 

normal irrigation while in drought this was 34.94. It may be due to more height of plant 

and less internodal distance under normal irrigation conditions due to which number of 

main stem nodes per plant increased.  

Both the cultivars produced statistically different main stem nodes per plant. 

Cultivar Lalazar gained more main stem nodes per plant (36.26) as compared to cultivar 

FH-142 (35.25).  

Different plant growth promoting substances could not influence significantly 

main stem nodes per plant at 5% level of significance. However, salicylic acid @ 100 mg 

L-1 + Tween-20 (0.1%) was superior by producing more number of main stem nodes per 

plant (37.14) as compared to control (34.70).  

Interaction between cultivars × plant growth promoting substances was significant 

regarding number of main stem nodes per plant. Maximum number of main stem nodes  
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Table 4.33. Interaction between cultivars and plant growth promoting substances 

affecting number of main stem nodes per plant in cotton in field 

Treatments 
Number of main stem nodes per plant 

Lalazar FH-142 Mean 

Control (Un-treated) 34.90 ab 34.50 ab 34.70ns   

Distilled water spray 35.33 ab 34.18 ab 34.75  

Distilled water spray + Tween-20 

(0.1%) 
35.73 ab 34.85 ab 35.29  

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
35.83 ab 36.08 ab 35.95  

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
37.28 a 37.00 a 37.14  

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
36.40 ab 36.73 ab 36.56  

Glycine betaine + Salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
35.70 ab 35.23 ab 35.46  

Glycine betaine + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
36.70 ab 37.13 a 36.91  

Salicylic acid + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
36.95 a 34.00 ab 35.48  

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

37.80 a 32.78 b 35.29  

Mean of cultivars 36.26 a 35.25 b  

Means of irrigation condition 

Normal 

irrigation=  

36.57 a  

drought = 

34.94 b  
 

HSD p ≤ 0.05 

Irrigation conditions= 0.2702 

Cultivars= 0.9044 

Plant growth promoting substances= ns 

Cultivars × plant growth promoting substances= 4.3446 

Irrigation conditions × cultivars × plant growth promoting substances = ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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per plant (37.80) was observed with exogenous application of glycine betaine + salicylic 

acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar. It was 

further noticed that same treatment resulted in lowest number of main stem nodes per 

plant (32.78) in cultivar FH-142. Exogenous application of glycine betaine + salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in maximum (37.13) number of main 

stem nodes per plant in cultivar FH-142. It may be attributed to plant height and changes 

in internodal distance. Interaction between water regimes × plant growth promoting 

substances was non-significant as reported by Noreen et al. (2015). Our results matched 

with findings reported by Pace et al. (1999) as they noticed decrease in number of nodes 

per plant under drought conditions as compared to normal irrigation regime. 

4.2.3.6. Height to node ratio 

Internodal length is very important attribute for determination of growth under 

water deficit conditions. Data pertaining to effect of different growth promoting 

substances on height to node ratio of two cotton cultivars grown under normal and 

drought conditions in field is presented in table 4.34.  

Height to node ratio was affected significantly by both water regimes. Normal 

irrigation regime resulted in more height to node ratio (3.85) as compared to drought 

(3.63). Height to node ratio under normal irrigation regime was 6.06% more than that 

under drought conditions.  

Both the cultivars produced statistically similar height to node ratio. Height to 

node ratio in cultivar Lalazar was 3.78 and in cultivar FH-142 was 3.70.  

Different plant growth promoting substances significantly affected height to node 

ratio. Maximum height to node ratio (4.09) was recorded with exogenous application of 

all three plant growth promoting substances. It was statistically similar to the height to 

node ratio achieved with exogenous application of salicylic acid + ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%), glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) by 

producing height to node ratio 4.01, 3.84 and 3.76, respectively. Minimum height to node 

ratio (3.39) was noticed when distilled water was sprayed. It was statistically similar to 

height to node ratio achieved with exogenous application of salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%), distilled water spray + Tween-20 (0.1%) and control (un-treated). 

Interaction between water regimes × plant growth promoting substances, water 

regimes × cultivars, plant growth promoting substances × cultivars, water regimes ×  
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Table 4.34. Effect of plant growth promoting substances on plant height to node 

ratio in two cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Height to node ratio 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 3.60ns 3.29 3.41 3.33 3.41 ef 

Distilled water spray 3.47 3.39 3.42 3.27 3.39 f 

Distilled water spray + Tween-

20 (0.1%) 
3.81 3.50 3.67 3.39 3.59 def 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
3.84 3.93 4.07 3.95 3.95 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.88 3.76 3.66 3.28 3.64 c-f 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.90 3.56 3.76 3.72 3.73 b-e 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

3.74 3.73 3.99 3.57 3.76 a-d 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

3.76 3.74 4.16 3.70 3.84 a-d 

Salicylic acid + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

4.25 4.12 4.10 3.58 4.01 ab 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

4.27 4.07 4.33 3.70 4.09 a 

Mean of cultivars 3.78ns 3.70 
 

Mean of irrigation conditions 
Normal irrigation = 

3.85 a  
Drought = 3.63 b  

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1103 

Cultivars= ns 

Plant growth promoting substances= 0.3409 

Irrigation conditions × cultivars= ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 



199 
 

cultivars × plant growth promoting substances was found non-significant. Increase in 

height to node ratio under normal irrigation may be due to more height and main stem 

nodes of pants under such conditions Different researchers also reported increase in plant 

height and main stem nodes under normal irrigation conditions as compared to drought 

(Pace et al., 1999; Pettigrew, 2004a). Noreen et al. (2015) also reported that height to 

node ratio was increased under normal irrigation as compared to drought conditions.  

Our results are different from results reported by Shallan et al. (2012) as they observed 

similar internodal length in cotton grown under water deficit and normal irrigation 

conditions.  

4.2.3.7. Number of opened bolls per plant 

Number of opened bolls per plant are important yield contributory component. 

Data regarding number of opened bolls per plant of two cotton cultivars grown under 

normal and drought conditions as influenced by application of different plant growth 

promoting substances is presented in table 4.35.  

Data illustrated in table showed that different irrigation regimes significantly 

influenced number of opened bolls per plant. Under normal irrigation conditions, number 

of opened bolls was more (22.30) under normal irrigation conditions as compared to 

drought conditions where number of opened bolls per plant was 17.69.  

Both the cultivars produced statistically different number of opened bolls per plant. 

Number of opened bolls per plant were more (20.75) in cultivar Lalazar as compared to 

number of opened bolls per plant (19.24) in cultivar FH-142.  

Different plant growth promoting substances significantly affected the number of 

opened bolls per plant. Maximum number of opened bolls per plant (24.56) were 

achieved in field plots where salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was applied. It was statistically similar to number of opened bolls achieved with 

foliar application of different growth promoting substances including glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) and glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and produced 24 and 22.59 number 

of opened bolls per plant, respectively. Minimum number of opened bolls per plant 

(14.94) was observed when distilled water was sprayed. It was statistically similar to 

opened bolls per pant (15.68) achieved with un-treated control.  

Interaction between water regimes × cultivars × plant growth promoting 

substances were found significant regarding number of opened bolls per plant. Number of  
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Table 4.35. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding number of opened bolls per plant in cotton in field 

Treatments 

Number of opened bolls per plant 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
14.70       

m-p 

14.50       

m-p 

19.59        

f-m 

13.92           

op 

15.68       

e 

Distilled water spray 
19.29       

f-n 

14.25     

nop 

16.75         

h-o 

9.47            

p 

14.94       

e 

Distilled water spray + 

Tween-20 (0.1%) 

22.71     

d-g 

15.13      

l-o 

18.17        

g-o 

17.63        

g-o 

18.41       

d 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

21.96     

d-h 

19.21      

f-n 

21.29       

d-j 

17.96        

g-o 

20.10     

cd 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

25.46   

bcd 

21.96     

d-h 

20.46       

d-k 

16.46          

i-o 

21.08     

bc 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

24.04      

c-f 

14.96       

l-o 

21.00       

d-j 

15.67          

k-o 

18.92       

d 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

24.88        

b-e 

16.92         

h-o 

20.63       

d-k 

16.21           

j-o 

19.66      

cd 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

20.13      

e-l 

16.71          

i-o 

30.00      

ab 

23.54         

def 

22.59     

ab 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

29.13   

abc 

25.09    

b-e 

22.46       

d-g 

21.58       

d-i 

24.56       

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

31.46       

a 

22.58     

d-g 

21.96       

d-h 

20.00       

e-l 

24.00       

a 

Mean of cultivars 20.75 a 19.24 b 
 

Mean of irrigation 

conditions 

Normal irrigation = 

22.30 a  
Drought = 17.69 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.2395 

Cultivars= 0.6831 

Plant growth promoting substances= 2.1040 

Irrigation conditions × cultivars × plant growth promoting substances=5.2404 

     Means sharing the same letters did not differ significantly at 5% level of probability 
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opened bolls per plant was maximum (31.46) under normal irrigation conditions in 

cultivar Lalazar where foliar application of glycine betaine + salicylic acid + ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) was done. It was statistically similar to the 

number of opened bolls per plant achieved with application of salicylic acid + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar and glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) application in cultivar FH-142 under 

normal irrigation conditions. Salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was found superior in terms of number of opened bolls per plant (25.09) under 

drought conditions in cultivar Lalazar as compared to control where number of opened 

bolls per plant was 14.50. Number of opened bolls per plant were 73.03% more with 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) as compared to 

control (un-treated) in cultivar Lalazar exposed to drought. Foliar application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) to cultivar FH-142 

produced 30 and 23.54 number of opened bolls per plant under normal irrigation 

conditions and drought, respectively. In same treatment, under drought conditions opened 

bolls per plant were 69.1% more under drought conditions as compared to control. 

Number of opened bolls per plant was minimum (9.47) under drought conditions in 

cultivar FH-142 where distilled water was sprayed. Under normal irrigation conditions, 

similar opened bolls per plant were observed in plot where exogenous application of 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was done in cultivar Lalazar and 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

application in cultivar FH-142. Results showed that combined application of different 

plant growth promoting substances are more effective in improvement of number of 

opened bolls per plant under normal irrigation and drought conditions in both cultivars as 

compared to control. Under normal irrigation due to more availability of water, there may 

be less shedding of bolls so resulted in more number of opened bolls. Results of this 

experiment are different from results reported by Onder et al. (2009) who found increase 

in number of opened bolls per plant under drought conditions. However, result matched 

with the findings reported by Alishah & Ahmadikhah (2012) as they stated that number of 

fully formed bolls in cotton was less under drought conditions.  Results of our experiment 

also matched with findings reported by Ahmed et al. (2017) as they also found that foliar-

applied different plant growth promoting substances improved number of opened bolls in 

cotton as compared to control.  
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4.2.3.8. Number of un-opened bolls per plant 

Number of un-opened bolls per plant of two cotton cultivars exposed to normal 

and drought stress as affected by exogenous application of different plant growth 

promoting substances is presented in table 4.36. 

It was found that both irrigation regimes produced statistically different number of 

un-opened bolls per plant. Number of un-opened bolls per plant was more (3.48) under 

normal irrigation as compared to drought (2.9). It may be due to more number of total 

bolls per plant under normal irrigation conditions as compared to drought conditions. 

Both the cultivars produced statistically different number of un-opened bolls per 

plant. Un-opened bolls were more (3.31) in cultivar Lalazar as compared to cultivar FH-

142 where un-opened bolls per plant were 3.06.  

Interaction between water regimes × cultivars was found significant regarding 

number of un-opened bolls per plant. Maximum number of un-opened bolls per plant 

(3.67) were recorded in cultivar Lalazar under normal irrigation conditions. It was 

statistically similar to number of un-opened bolls per plant produced (3.28) under drought 

conditions in cultivar Lalazar. Minimum number of un-opened bolls per plant was 

observed under drought in cultivar FH-142. It may be due to less number of total bolls as 

compared to drought conditions. Sarwar et al. (2016) reported that late sown cotton 

resulted in more heat stress and thus more number of un-opened bolls. Król (2013) 

reported that heat and water stress are linked in such a way that under drought stress 

conditions, reduced leaf stomatal conductance and transpiration rate resulted in rise in 

leaf temperature. Based on logic stated, our findings are different from findings reported 

by Sarwar et al. (2016) as in our case drought stress resulted in less number of un-opened 

bolls per plant in cotton.  

4.2.3.9. Average boll weight (g) 

Average boll weight is important yield component of cotton. Different plant 

growth promoting substances affecting the average boll weight of two cotton cultivars 

grown under normal irrigation and drought conditions in field is presented in table 4.37. 

Different water regimes significantly affected the average boll weight. Average 

boll weight was higher under normal irrigation (3.3 g) as compared to drought conditions 

(2.98 g).  
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Table 4.36. Interaction between water regimes and cultivars affecting number of un-

opened bolls per plant in cotton in field 

Treatments 

Number of un-opened bolls per plant 

Lalazar FH-142 Mean 

Normal Irrigation 3.67 a 2.96 bc 3.48 a 

Drought 3.28 ab 2.84 c 2.90 b 

Mean of cultivars 3.31 a 3.06 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.4655 

Cultivars= 0.1189 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars =0.7230 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.37. Interaction between water regimes, cultivars and plant growth 

promoting substances affecting average boll weight in cotton in field 

Treatments 

Average boll weight (g) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
3.29       

c-i 

2.89           

no 

2.91         

mno 

2.23             

q 

2.83       

g 

Distilled water spray 
3.44     

bcd 

2.94          

mno 

3.14         

f-m 

2.57             

p 

3.02      

f 

Distilled water spray + Tween-20 

(0.1%) 

3.47       

bc 

2.96         

lmno 

3.30          

c-h 

2.42          

pq 

3.04     

ef 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 

3.36       

c-h 

2.82            

o 

3.39         

cde 

2.92         

mno 

3.12    

de 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

3.34       

c-h 

3.05         

i-o 

2.96            

l-o 

2.32         

q 

2.92      

g 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

3.67       

ab 

3.21        

d-k 

2.94         

mno 

3.13       

g-n 

3.24     

c 

Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 

3.29       

c-i 

3.03          

j-o 

3.36        

c-g 

3.14      

f-m 

3.21   

cd 

Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 

3.89         

a 

3.39         

cde 

3.28          

c-j 

3.19        

e-l 

3.44    

a 

Salicylic acid + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 

3.31       

c-h 

3.81          

a 

3.12        

h-n 

2.90      

mno 

3.29   

bc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

3.19        

e-l 

3.76         

a 

3.37       

c-f 

3.01           

k-o 

3.33    

b 

Mean of cultivars 3.30 a 2.98 b 

 

Mean of irrigation conditions 
Normal irrigation 

=3.30 a 

Drought                  

=2.98 b 

  

HSD p ≤ 0.05 

Irrigation conditions= 0.0266 

Cultivars= 0.0310 

Plant growth promoting substances= 0.0951 

                Irrigation conditions × cultivars × plant growth promoting substances=0.2434 

      Means sharing the same letters did not differ significantly at 5% level of probability 
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Average boll weight was different in both cultivars. Average boll weight was 

recorded more in cultivar Lalazar (3.3 g) as compared to cultivar FH-142 where average 

boll weight was 2.98 g. 

Different plant growth promoting substances significantly affected average boll 

weight. Maximum average boll weight (3.44 g) was recorded with exogenous application 

of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). It was followed 

by average boll weight (3.33 g) achieved with exogenous application of glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). Exogenous 

application of salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) resulted in less average 

boll weight (2.92 g) as compared to distilled water spray but statistically similar average 

boll weight (2.83 g) recorded with un-treated control. Minimum average boll weight (2.83 

g) was recorded in un-treated control. 

Interaction between water regimes × cultivars × plant growth promoting 

substances was significant regarding average boll weight. Different combination of plant 

growth promoting substances affected average boll weight in both cultivars differentially. 

Maximum average boll weight (3.89 g) was recorded in cultivar Lalazar under normal 

irrigation regime where exogenous application of glycine betaine + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) was applied. It was statistically similar to average boll 

weight observed under drought conditions where exogenous application of salicylic acid 

+ ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + salicylic acid 

+ ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied and produced average 

boll weight 3.81 and 3.76 g, respectively. It may be due to additive effective of these 

plant growth promoting substances under drought in cultivar Lalazar. Average boll 

weight was decreased under drought conditions in all the treatments except foliar 

application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-

20 (0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar 

Lalazar and foliar application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) under 

drought conditions in cultivar FH-142. In cultivar FH-142 exogenous application of 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) recorded more average boll weight 

(3.39 g) as compared to control under normal irrigation conditions where average boll 

weight was 2.91 g. Average boll weight attained due to exogenous application of glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%) was statistically similar to average boll weight 

achieved with exogenous application of distilled water spray + Tween-20 (0.1%), glycine 

betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + ascorbic 



206 
 

acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid + ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) under normal irrigation conditions in cultivar 

FH-142. Similarly, glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

when applied in drought conditions on cultivar FH-142 resulted in statistically same 

average boll weight as achieved in case of exogenous application of different plant 

growth promoting substances including salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) and glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) under drought 

conditions in cultivar FH-142. Minimum average boll weight (2.23 g) was recorded in un-

treated control in cultivar FH-142. Results suggested that more average boll weight under 

normal irrigation conditions may be due to effective source sink relationship due to 

optimum availability of resources. These results are in agreement with results reported by 

Veesar et al. (2018) that different cultivars differed in average boll weight while under 

drought stress average boll weight was decreased as compared to normal irrigation 

regime. Sezener et al. (2015) also reported marked reduction in average boll weight under 

drought stress conditions.  

4.2.3.10. Seed cotton yield per plant 

Seed cotton yield per plant is important product of cotton. Data regarding the 

effect of different plant growth promoting substances on seed cotton yield of two cotton 

cultivars grown under normal and drought conditions is presented in table 4.38. 

Results illustrated that seed cotton yield per plant was significantly influenced by 

both irrigation regimes. Normal irrigation regime resulted in more seed cotton yield per 

plant (73.63 g) as compared to drought conditions (53.60 g). Seed cotton yield per plant 

was 37.37% more under normal irrigation conditions than under drought conditions.  

It was found that both the cultivars produced statistically different seed cotton 

yield per plant. Maximum seed cotton yield per plant (69.12 g) was recorded in cultivar 

Lalazar as compared to cultivar FH-142 where it was 58.10 g.  

Seed cotton yield per plant was significantly affected by different plant growth 

promoting substances singly and in combinations. Maximum seed cotton yield per plant 

(81.11 g) was recorded where exogenous application of salicylic acid + ascorbic acid @ 

50 mg L-1 + Tween-20 (0.1%) was applied. It was statistically similar to seed cotton yield 

per plant produced with glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each 

+ Tween-20 (0.1%) and glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) and produced seed cotton yield 79.78 and 77.04 g per plant, respectively.  
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Table 4.38. Interaction between water regimes, cultivars and plant growth 

promoting substances affecting seed cotton yield per plant in cotton in field 

Treatments 

Seed cotton yield per plant (g) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
48.29            

l-o 

41.81        

nop 

56.97         

h-n 

31.01          

pq 

44.52     

d 

Distilled water spray 
66.36        

e-k 

42.02          

nop 

52.59           

j-o 

24.26          

q 

46.31     

d 

Distilled water spray + 

Tween-20 (0.1%) 

78.83          

cde 

44.69         

m-p 

59.97        

g-m 

42.72         

nop 

56.55      

c 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

73.60          

c-g 

54.14          

i-o 

72.18        

c-h 

52.50           

j-o 

63.11     

b 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

85.09          

a-d 

67.00         

e-j 

60.55        

g-m 

38.09        

opq 

62.68   

bc 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

88.11          

abc 

47.97             

l-o 

61.74          

g-l 

48.98          

l-o 

61.70   

bc 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

81.69          

b-e 

51.30           

j-o 

69.41        

d-i 

50.82         

k-o 

63.31     

b 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

78.22           

c-f 

56.50         

h-n 

98.25         

a 

75.17        

c-g 

77.04     

a 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

96.38          

ab 

95.40         

ab 

70.04        

d-i 

62.62       

f-l 

81.11     

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

100.20      

a 

84.81          

a-d 

74.03         

c-g 

60.09        

g-m 

79.78     

a 

Mean of cultivars 69.12 a 58.10 b 
 

Mean of irrigation 

conditions 

Normal irrigation = 

73.63 a 
Drought = 53.60 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.7899 

Cultivars= 1.7899 

Plant growth promoting substances= 6.5159 

Irrigation conditions × cultivars × plant growth promoting substances=16.128 

     Means sharing the same letters did not differ significantly at 5% level of probability 
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Minimum seed cotton yield per plant (44.52 g) was recorded in un-treated control 

plot and it as statistically similar to distilled water spray where seed cotton yield per plant 

was 46.31 g.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant in terms of seed cotton yield per plant. Maximum seed 

cotton yield (100.2 g) was recorded in cultivar Lalazar where combination of all three 

plant growth promoting substances was applied. It was statistically similar to seed cotton 

yield achieved with exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) and salicylic 

acid @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigation conditions and glycine 

betaine +salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) and salicylic 

acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought conditions in 

cultivar Lalazar. It was found that seed cotton yield per plant was less under drought 

conditions as compared to normal irrigation in both cultivars. Under drought conditions, 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was superior to all 

treatments of plant growth promoting substances and produced 95.4 g per plant seed 

cotton yield in cultivar Lalazar. In case of FH-142 exogenous application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was superior to rest of 

treatments of plant growth promoting substances applied under drought conditions where 

seed cotton yield per plant was 75.17 g. Minimum seed cotton yield per plant (24.26 g) 

was recorded when distilled water was sprayed on cultivar FH-142. It was statistically 

similar to seed cotton yield per plant produced due to exogenous application of salicylic 

acid @ 100 mg L-1 + Tween-20 (0.1%) and un-treated control under drought conditions in 

cultivar FH-142. Maximum seed cotton yield per plant under normal and drought 

conditions may be due to more number of opened bolls per plant under such conditions. 

Our results match with findings reported by Sezener et al. (2015) who reported that seed 

cotton yield per plant was decreased under drought conditions as compared to normal 

irrigation conditions. Noreen et al. (2015) also noticed improvement in seed cotton yield 

per unit area under drought conditions as a result of the application of different 

osmoprotectants. Singh et al. (2016) also found that drought stress significantly 

influenced seed cotton yield. They also reported differences among different cultivars 

regarding seed cotton yield. Similar findings about cultivars were reported by Kamran et 

al. (2017).  
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4.2.3.11. Cotton seed yield per plant (g) 

Cotton seed yield per plant is important component of cotton yield. Data regarding 

the effect of different plant growth promoting substances on cotton seed yield of two 

cotton cultivars grown under normal and drought stress is presented in table 4.39. 

Data showed that, cotton seed yield per plant was influenced significantly by both 

water regimes. Under normal irrigation regime, cotton seed yield per plant was 44.13 g 

while under drought it was 32.24 g. Cotton seed yield was 36.46% more under normal 

irrigation regime as compared to drought.  

Both the cultivars produced statistically different cotton seed yield per plant. 

Cultivar Lalazar resulted in more cotton seed yield as compared to cultivar FH-142. 

Cotton seed yield per plant in cultivar Lalazar was 44.13 g while in FH-142 it was 34.77 

g. 

Different plant growth promoting substances, significantly affected cotton seed 

yield per plant. Maximum cotton seed yield per plant (48.52 g) was recorded with foliar 

spray of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). It was 

statistically similar to cotton seed yield per plant produced due to exogenous applications 

of different plant growth promoting substances such as glycine betaine + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%) by producing 46.08 and 47.94 g cotton seed yield per 

plant, respectively. Minimum cotton seed yield per plant (26.70 g) was observed with un-

treated control. It was statistically similar to cotton seed yield produced in case of 

distilled water spray.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding cotton seed yield per plant. Maximum cotton 

seed yield per plant (60.23 g) was recorded with foliar application of all three plant 

growth promoting substances in cultivar Lalazar under normal irrigation conditions. It 

was followed by cotton seed yield per plant (58.47 g) achieved with foliar application of 

glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal 

irrigation in cultivar FH-142. Under drought conditions in cultivar Lalazar, foliar 

application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

resulted in 56.91 g cotton seed yield per plant and was superior to all other treatments 

under drought conditions except where the combination of all three plant growth 

promoting substances was applied. Application of glycine betaine + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) resulted in 44.66 g cotton seed yield per plant under  
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Table 4.39. Interaction between water regimes, cultivars and plant growth 

promoting substances regarding cotton seed yield per plant in cotton in field  

Treatments 

Cotton seed yield per plant (g) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
29.14        

m-p 

25.25          

opq 

33.71          

i-o 

18.69         

qr 

26.70     

c 

Distilled water spray 
39.97       

f-l 

25.36          

opq 

31.56            

k-p 

14.56           

r 

27.86      

c 

Distilled water spray + 

Tween-20 (0.1%) 

47.67     

c-f 

27.11          

n-q 

36.07         

h-n 

25.87       

opq 

34.18     

b 

Glycine betaine @ 100 mg 

L-1 + Tween-20 (0.1%) 

44.18     

d-h 

32.65           

j-o 

43.42          

d-i 

31.61        

k-p 

37.963   

b 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

51.31     

a-e 

40.46       

f-k 

36.06         

h-n 

22.75        

pqr 

37.644   

b 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

53.06     

a-d 

28.92          

m-p 

36.50         

h-n 

29.20        

m-p 

36.92     

b 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

49.13      

b-f 

30.92            

k-p 

41.58       

e-j 

30.55        

l-p 

38.04     

b 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

47.09     

d-g 

34.10          

i-o 

58.47     

ab 

44.66     

d-h 

46.08     

a 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

57.56     

ab 

56.91       

abc 

41.85      

e-j 

37.76        

g-m 

48.52     

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

60.23       

a 

51.06       

a-e 

44.05     

d-h 

36.40         

h-n 

47.94     

a 

Mean of cultivars 41.60 a 34.77 b 
 

Mean of irrigation 

conditions 

Normal irrigation =  

44.13 a 
Drought = 32.24 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 2.4629 

Cultivars= 1.6002 

Plant growth promoting substances= 3.9369 

Irrigation conditions × cultivars × plant growth promoting substances=9.7447 

   Means sharing the same letters did not differ significantly at 5% level of probability 
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drought conditions in cultivar FH-142. It was superior as compared to all other treatments 

under drought conditions in cultivar Lalazar. Minimum cotton seed yield per plant (14.56 

g) was recorded when distilled water was sprayed on cultivar FH-142 in drought 

conditions. Distilled water spray resulted in 25.36 g cotton seed yield per plant in cultivar 

Lalazar under drought. It was statistically similar to cotton seed yield per plant produced 

with un-treated control in cultivar Lalazar. In contrast to cultivar Lalazar, distilled water 

spray resulted in less cotton seed yield per plant (14.56 g) as compared to that achieved in 

un-treated control where it was 18.69 g in cultivar FH-142 grown under drought 

conditions. Exogenous application of different combination of plant growth promoting 

substances improved the cotton seed yield under normal irrigation conditions as 

compared to drought conditions. More cotton seed yield under normal and drought 

conditions as compared to control suggested the possible role of plant growth substances 

in alleviation of harmful effect of drought stress. It was also reported by Noreen et al. 

(2015) that different osmoprotectants when applied on cotton that subjected to drought 

are helpful in alleviation of harmful effects of water deficit stresses. Our results match 

with findings reported by Guimarães et al. (2017) who stated that cotton seed yield 

decreased under drought conditions as compared to normal irrigation.  

4.2.3.12. Lint yield per plant (g) 

Lint yield per plant as influenced by different plant growth promoting substances 

in two cotton cultivars grown under normal irrigation and drought conditions in field is 

presented in table 4.40.  

It was found that, lint yield per plant was influenced significantly by both water 

regimes. Both water regimes resulted in statistically different lint yield per plant. 

Maximum lint yield per plant (29.50 g) was observed under normal irrigation conditions. 

While under drought conditions lint yield per plant was 21.36 g.  

Both the cultivars produced statistically different lint yield per plant. Lint yield 

per plant was more in cultivar Lalazar (27.52 g) while in cultivar FH-142 lint yield per 

plant was 23.34 g.  

Different plant growth promoting substances significantly affected lint yield per 

plant. Lint yield per plant was maximum (32.59 g) when combination of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied. It was statistically 

similar to lint yield per plant produced with exogenous application of glycine betaine +  
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Table 4.40. Interaction between water regimes, cultivars and plant growth 

promoting substances affecting lint yield per plant in cotton in field  

Treatments 

Lint yield per plant (g) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 
19.16         

n-r 

16.56         

qrs 

23.26          

i-p 

12.33          

st 

17.83     

d 

Distilled water spray 
26.40      

e-m 

16.65         

p-s 

21.03             

l-r 

9.70            

t 

18.44     

d 

Distilled water spray + 

Tween-20 (0.1%) 

31.16       

c-f 

17.58         

o-s 

23.91        

g-o 

16.86         

p-s 

22.38     

c 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 

29.42      

c-i 

21.50            

k-r 

28.76      

c-j 

20.89         

l-r 

25.14     

b 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 

33.78      

a-d 

26.54           

e-l 

24.50       

f-n 

15.35         

rst 

25.04   

bc 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 

35.06     

abc 

19.06           

n-r 

25.25       

f-n 

19.78         

m-r 

24.78   

bc 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

32.57     

b-e 

20.38             

l-r 

27.83     

d-k 

20.28          

l-r 

25.26      

b 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

31.13      

c-f 

22.40           

j-q 

39.78       

a 

30.51       

c-g 

30.96     

a 

Salicylic acid + Ascorbic acid 

@ 50 mg L-1 each + Tween-

20 (0.1%) 

38.81     

ab 

38.49          

ab 

28.20     

d-j 

24.86       

f-n 

32.59     

a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

39.98       

a 

33.75       

a-d 

29.98      

c-h 

23.69         

h-o 

31.85      

a 

Mean of cultivars 27.52 a 23.34 b 
 

Mean of irrigation 

conditions 

Normal irrigation = 

29.50 a 
Drought = 21.36 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.7426 

Cultivars= 0.7426 

Plant growth promoting substances= 2.7033 

Irrigation conditions × cultivars × plant growth promoting substances=6.6912 

 Means sharing the same letters did not differ significantly at 5% level of probability 
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salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and produced lint yield 31.85 and 

30.96 g per plant, respectively. Minimum lint yield per plant (17.83 g) was observed in 

un-treated control treatment.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding lint yield per plant. Lint yield per plant was 

maximum (39.98 g) in cultivar Lalazar under normal irrigation conditions with exogenous 

application of all three plant growth promoting substances. It was statistically similar to 

lint yield per plant produced with foliar application of different plant growth promoting 

substances including salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigation conditions and 

with foliar application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) under drought conditions in cultivar Lalazar. In cultivar FH-142 under normal 

irrigation and drought conditions, exogenous application of glycine betaine + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) produced significantly higher lint yield per 

plant than all individual and combination of plant growth promoting substances by 

producing 39.78 and 30.51 g lint yield per plant under normal irrigation and drought 

conditions, respectively. In control treatment, lint yield per plant was 23.26 and 12.33 g 

for normal irrigation and drought conditions, respectively in cultivar FH-142. Similar to 

seed cotton yield, lint yield per plant also increased under normal irrigation conditions 

and reduced under drought conditions. Moreover, due to proper availability of water 

under normal irrigation regime, cell division and expansion may be proper which resulted 

in good boll development and thus increased lint yield per plant. Although it was reported 

by Turner (1996) that it was difficult to analyze cotton yield under drought due to 

involvement of many physiological processes in carbon and water balance of crop. 

Results of our experiment match with findings reported by Niu et al. (2018) that lint yield 

decreased with increase in intensity of drought stress. According to Noreen et al. (2013) 

different plant growth promoting substances such as glycine betaine and salicylic acid can 

be effectively utilized under drought conditions to mitigate harmful effect of water stress 

to get good production on sustained basis.  
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4.2.3.13. Ginning out turn (%) 

Ginning out turn of two cotton cultivars subjected to normal irrigation and drought 

stress as influenced by different plant growth promoting substances is presented in table 

4.41.  

It was observed that both the water regimes resulted in statistically similar ginning 

out turn. Ginning out turn was statistically different in both cotton cultivars. Ginning out 

turn was more (40.13%) in case of cultivar FH-142 while less (39.76%) in case of cultivar 

Lalazar. 

Different combinations of plant growth promoting substances produced 

statistically similar ginning out turn. Ginning out turn recorded due to exogenous 

application of ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) was 40.21% while in 

control treatment ginning out turn was 39.98%. Ginning out turn was less (39.89%) with 

exogenous application of glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 

(0.1%) as compared to un-treated control (39.98%). 

Interaction between water regimes × cultivars, water regimes × plant growth 

promoting substances, plant growth promoting substances × cultivars, water regimes × 

cultivars × plant growth promoting substances were found non-significant for ginning out 

turn. Different researchers reported variable results about ginning out turn. Our finding 

doesn’t match with findings stated by Mekki et al. (2016) who reported that different 

plant growth promoting substances significantly affected ginning out turn in cotton. 

However, our results match with results reported by Shallan et al. (2012) as they found 

that ginning out turn in drought stress in cotton was similar to that of control. Başal et al. 

(2014) also found that different water regimes resulted in inconsistent ginning out turn as 

in one year it was not significantly affected while in next year it was significantly affected 

by water regimes. According to Pettigrew (1994) cotton yield may vary with years and 

location and even with adequacy of water. Our results are in accordance with findings 

reported by Başal et al. (2014). 

4.2.4. Fiber quality characteristics 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on fiber quality characteristics of cotton grown under different water regimes 

in field conditions is presented in appendix 15. 

 

 



215 
 

Table 4.41. Effect of plant growth promoting substances on ginning out turn in two 

cotton cultivars under normal irrigation and drought conditions in field 

Treatments 

Ginning out turn (%) 

Lalazar FH-142 

Mean Normal 

Irrigation 
Drought 

Normal 

Irrigation 
Drought 

Control (Un-treated) 39.68ns 39.63 40.81 39.80 39.98ns 

Distilled water spray 39.77 39.67 40.05 39.98 39.86 

Distilled water spray + 

Tween-20 (0.1%) 
39.53 39.30 39.85 39.43 39.52 

Glycine betaine @ 100 mg L-

1 + Tween-20 (0.1%) 
40.03 39.65 39.84 39.80 39.83 

Salicylic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
39.63 39.59 40.40 40.25 39.97 

Ascorbic acid @ 100 mg L-1 

+ Tween-20 (0.1%) 
39.83 39.73 40.88 40.40 40.21 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

39.87 39.68 40.12 39.90 39.89 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

39.80 39.55 40.64 40.60 40.15 

Salicylic acid + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

40.30 40.33 40.25 39.75 40.16 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 

mg L-1 each + Tween-20 

(0.1%) 

39.91 39.76 40.50 39.43 39.90 

Mean of cultivars 39.76 b 40.13 a 

 

Mean of irrigation 

conditions 

Normal irrigation = 

40.08ns 

Drought = 

39.81 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.5113 

Cultivars= 0.2055 

Plant growth promoting substances= ns 

Irrigation conditions × cultivars = ns 

Irrigation conditions × plant growth promoting substances = ns 

Cultivars × plant growth promoting substances= ns 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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4.2.4.1. Fiber length (mm) 

Fiber length is one of the important quality component of cotton fiber. Data 

regarding the impact of different plant growth promoting substances on fiber length of 

two cotton cultivars grown under normal and drought conditions is presented in table 4.42 

and 4.42a.  

Data showed that both water regimes resulted in statistically different fiber length. 

Maximum fiber length (28.36 mm) was observed under normal irrigation conditions 

while minimum (27.39 mm) under drought conditions (Table 4.42a).  

Fiber length was significantly different in both cultivars. Fiber length was noticed 

more in cultivar Lalazar (28.80 mm) while 26.94 mm in cultivar FH-142 (Table 4.42).  

Different plant growth promoting substances significantly affected fiber length. 

Glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) out competed all 

plant growth promoting substances by producing maximum fiber length (28.40 mm). 

Minimum fiber length (27.25 mm) was recorded with exogenous application of glycine 

betaine and salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%). 

Interaction between cultivars × plant growth promoting substances was found 

significant for fiber length (Table 4.42). It was found that fiber length was more in 

cultivar Lalazar where exogenous application of glycine betaine @ 100 mg L-1 + Tween-

20 (0.1%) was applied. It was similar to fiber length achieved with all plant growth 

substances in cultivar Lalazar except glycine betaine + salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

distilled water spray + Tween-20 (0.1%). Minimum staple length (26.45 mm) was 

recorded in case of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in cultivar FH-142.  

Interaction between water regimes × plant growth promoting substances was 

found significant regarding staple length (Table 4.42a). Maximum staple length (28.90 

mm) was recorded with exogenous application of glycine betaine + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) under normal irrigation. It was statistically similar to all 

plant growth promoting substances under normal irrigation except exogenous application 

of different plant growth promoting substances including salicylic acid + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + salicylic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) by producing 27.85 and 27.75 mm staple length, respectively. 

Minimum staple length (26.63 mm) was observed in case of un-treated control under 

drought conditions. However, it was noticed that in distilled water spray staple length was  
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Table 4.42. Interaction between cultivars and plant growth promoting substances 

affecting fiber length in cotton in field  

Treatments 
Fiber length (mm) 

Lalazar FH-142 Mean 

Control (Un-treated) 28.63 a-d 26.45 ij 27.54 cd 

Distilled water spray 29.35 a 27.25 f-i 28.30 ab 

Distilled water spray + Tween-20 

(0.1%) 
28.35 b-e 27.60 efg 27.98 abc 

Glycine betaine @ 100 mg L-1 + Tween-

20 (0.1%) 
29.40 a 26.25 j 27.83 a-d 

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
29.05 abc 27.55 e-h 28.30 ab 

Ascorbic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
28.90 abc 26.63 hij 27.76 bcd 

Glycine betaine + Salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
27.85 def 26.65 g-j 27.25 d 

Glycine betaine + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
29.25 ab 27.55 e-h 28.40 a 

Salicylic acid + Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) 
28.15 c-f 26.75 g-j 27.45 cd 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

29.10 abc 26.70 g-j 27.90 abc 

Mean of cultivars 28.80 a  
26.94 b  

 

HSD p ≤ 0.05 

Cultivars= 0.1846 

Plant growth promoting substances= 0.6022 

Cultivars × plant growth promoting substances= 0.9869 

Irrigation conditions × cultivars × plant growth promoting substances=ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.42a. Interaction between water regimes and plant growth promoting 

substances affecting fiber length in cotton in field 

Treatments 

Fiber length (mm) 

Normal 

irrigation 
Drought Mean 

Control (Un-treated) 28.45 abc 26.63 g 27.54 cd 

Distilled water spray 28.60 ab 28.00 a-e 28.30 ab 

Distilled water spray + Tween-20 

(0.1%) 
28.30 a-d 27.65 b-f 27.98 abc 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
28.30 a-d 27.35 d-g 27.83 a-d 

Salicylic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
28.65 ab 27.95 a-e 28.30 ab 

Ascorbic acid @ 100 mg L-1 + Tween-

20 (0.1%) 
28.45 abc 27.08 efg 27.76 bcd 

Glycine betaine + Salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
27.75 b-f 26.75 fg 27.25 d 

Glycine betaine + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
28.90 a 27.90 a-e 28.40 a 

Salicylic acid + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
27.85 b-e 27.05 efg 27.45 cd 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

28.30 a-d 27.50 c-g 27.90 abc 

Mean of irrigation conditions 28.36 a 27.39 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.2178 

Plant growth promoting substances= 0.6022 

Irrigation conditions × plant growth promoting substances = 1.0200 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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significantly more as compared to exogenous application of different plant growth 

promoting substances under drought conditions except glycine betaine + salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%). Under normal irrigation conditions, except 

exogenous application of glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%), salicylic acid at 100 mg L-1 + Tween-20 (0.1%) and distilled water spray, 

staple length was less or equal to that achieved in control. Başal et al. (2014) and 

Dağdelen et al. (2009) reported similar results as recorded in our experiment that staple 

length decreased under drought conditions as compared to normal irrigation regime. 

Noreen et al. (2015) also reported improvement in fiber length by 4.86% as compared to 

control by exogenous application of salicylic acid as osmoprotectants. Ahmed et al. 

(2017) also reported that fiber length in cotton was improved with foliar application of 

putrescine and 24-epibrassinolide as compared to control.  

4.2.4.2. Fiber strength (g tex-1) 

Fiber strength of two cotton cultivars under normal irrigation and drought 

conditions as influenced by different plant growth promoting substances is presented in 

table 4.43 and 4.43a.   

Fiber strength was significantly affected by both irrigation regimes. Under normal 

irrigation fiber was 7.18% more strong as compared to drought conditions. Fiber strength 

was 25.69 g tex-1 under normal irrigation while under drought it was 23.97 g tex-1. 

Both the cultivars produced statistically different fiber strength. Fiber strength was 

more in cultivar Lalazar (25. 40 g tex-1) as compared to cultivar FH-142 where fiber 

strength was 24.26 g tex-1.  

Different plant growth promoting substances significantly affected fiber strength. 

Maximum fiber strength (25.78 g tex-1) was observed with exogenous application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). It statistically 

differed from staple length achieved with exogenous application glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) and un-treated control and values recorded were 24.18, 24.13 and 24.53 

g tex-1, respectively.  

Interaction between water regimes × plant growth promoting substances was 

found significant for fiber strength. Maximum fiber strength (26.4 g tex-1) was achieved 

with distilled water spray + Tween-20 (0.1%). While the exogenous application of 

different plant growth promoting substances resulted in lower fiber strength under normal 



220 
 

irrigation except with ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). Under drought conditions except 

exogenous application of glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 

(0.1%) all combination of plant growth promoting substances improved fiber strength as 

compared to control. Lowest fiber strength (22.95 g tex-1) was recorded with exogenous 

application of all three plant growth promoting substances under drought conditions. 

These results suggested that efficacy of plant growth promoting substances in normal 

irrigation and drought was different. Same treatment was not equally effective for normal 

irrigation and drought. However, performance of ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) was consistent under normal irrigation and drought by producing more fiber 

strength than control.  

Interaction between cultivars and plant growth promoting substances was 

significant regarding fiber strength (Table 4.43a). Maximum fiber strength (27 g tex-1) 

was recorded with exogenous application of ascorbic acid at 100 mg L-1 + Tween-20 

(0.1%) in cultivar Lalazar and it was statistically similar to fiber strength recorded with 

other plant growth promoting substances except distilled water spray + Tween-20 (0.1%), 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) and combination of all three plant growth 

promoting substances. In cultivar FH-142, different plant growth promoting substances 

including glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), glycine betaine and salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) and salicylic acid and ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) resulted in lower fiber strength than control. Fiber strength 

achieved in cultivar FH-142 due to exogenous application of salicylic acid and ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar FH-142 (23.15 g tex-1) was lowest 

as compared to fiber strength achieved in cultivar FH-142 due to exogenous application 

of rest of other plant growth promoting substances. Ahmed et al. (2017) also found that 

exogenous application of putrescine and 24-epibrassinolide improved fiber strength in 

cotton as compared to control under drought stress conditions. Basal et al. (2009) and 

Dağdelen et al. (2009) reported that fiber strength decreased with increasing water stress. 

4.2.4.3. Fiber elongation (%) 

Data regarding the effect of different plant growth promoting substances on fiber 

elongation of two cotton cultivars grown under normal and drought conditions is 

presented in table 4.44.  
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Table 4.43. Interaction between water regimes and plant growth promoting 

substances affecting fiber strength in cotton in field 

Treatments 

Fiber strength (g tex-1) 

Normal 

irrigation 
Drought Mean 

Control (Un-treated) 25.85 a-d 23.20 e 24.53 bc 

Distilled water spray 25.75 a-d 23.75 cde 24.75 abc 

Distilled water spray + Tween-20 

(0.1%) 
26.40 a 23.55 de 24.98 abc 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
25.25 a-e 24.75 a-e 25.00 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
24.35 b-e 23.90 b-e 24.13 c 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
25.90 a-d 25.50 a-d 25.70 ab 

Glycine betaine + Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

25.30 a-e 23.05 e 24.18 c 

Glycine betaine + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

26.10 abc 25.45 a-d 25.78 a 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

25.80 a-d 23.55 de 24.68 abc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each+ 

Tween-20 (0.1%) 

26.20 ab 22.95 e 24.58 abc 

Mean of irrigation conditions 25.69 a 23.97 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.6912 

Plant growth promoting substances= 1.2022 

Irrigation conditions × plant growth promoting substances = 2.3518 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.43a. Interaction between cultivars and plant growth promoting substances 

affecting fiber strength in cotton in field  

Treatments 
Fiber strength (g tex-1) 

Lalazar FH-142 Mean 

Control (Un-treated) 25.15 a-f 23.90 d-g 24.53 bc 

Distilled water spray 25.20 a-e 24.30 c-g 24.75 abc 

Distilled water spray + Tween-20 

(0.1%) 
24.40 c-g 25.55 a-d 24.98 abc 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
26.60 ab 23.40 efg 25.00 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
22.90 g 25.35 a-d 24.13 c 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
27.00 a 24.40 c-g 25.70 ab 

Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

25.10 a-f 23.25 efg 24.18 c 

Glycine betaine + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

26.80 a 24.75 b-g 25.78 a 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

26.20 abc 23.15 fg 24.68 abc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

24.65 c-g 24.50 c-g 24.58 abc 

Mean of cultivars 25.40 a 24.26 b 

 

HSD p ≤ 0.05 

Cultivars= 0.4527 

Plant growth promoting substances= 1.2022 

Cultivars × plant growth promoting substances= 2.0458 

Irrigation conditions × cultivars × plant growth promoting substances=ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Data showed that statistically different fiber elongation was achieved under both 

water regimes. Maximum fiber elongation (28.36%) was recorded in normal irrigation 

while under drought it was 27.39%. Normal irrigation resulted in more fiber elongation as 

compared to drought stress. 

Fiber elongation was statistically similar in both the cultivars. Maximum fiber 

elongation (4.20%) was recorded in FH-142 while it was less (4.12%) in cultivar Lalazar. 

It was found that different plant growth promoting substances significantly affected fiber 

elongation. It was noticed that maximum fiber elongation (4.43%) was observed with 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%). It was statistically similar to exogenous 

application of all plant growth promoting substances except with distilled water + Tween-

20 (0.1%), distilled water spray and un-treated control where fiber elongation was 3.88, 

3.79 and 3.90%, respectively.  

Interaction between cultivars × plant growth promoting substances was found 

significant regarding fiber elongation. Maximum fiber elongation (4.70%) was observed 

with exogenous application of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) in cultivar FH-142. While in cultivar Lalazar same treatment resulted in 

4.1% fiber elongation. Exogenous application of glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) gave more fiber elongation in 

cultivar Lalazar (4.4%) and was significantly higher than distilled water spray + Tween-

20 (0.1%) in cultivar Lalazar as well as distilled water spray and control (un-treated) in 

cultivar FH-142. Minimum fiber elongation (3.7%) was recorded in case of distilled water 

spray and un-treated control in cultivar FH-142. These findings are similar to findings 

reported by Basal et al. (2009) as they stated that irrigation level lower than 75% 

significantly affected fiber elongation. Pettigrew (2004a) also stated that fiber elongation 

increased up to 6% with the increase in irrigation water. Our findings also match with 

findings reported by Fathima & Balasubramanian (2006) as they found that different plant 

growth regulators significantly affected fiber elongation in okra (Abelmoschus esculentus 

(Linn.) Moench.  

4.2.4.4. Fiber uniformity (%) 

Data regarding the fiber uniformity in two cotton cultivars grown under normal 

and drought conditions as influenced by different plant growth promoting substances is 

presented in table 4.45.  
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Table 4.44. Interaction between cultivars and plant growth promoting substances 

affecting fiber elongation in cotton in field 

Treatments 
Fiber elongation (%) 

Lalazar FH-142 Mean 

Control (Un-treated) 4.10 a-d 3.70 d 3.90 bcd 

Distilled water spray 3.88 cd 3.70 d 3.79 d 

Distilled water spray + Tween-20 

(0.1%) 
3.75 d  4.00 bcd 3.88 cd  

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.20 a-d 4.25 a-d 4.23 abc 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.30 a-d 4.55 ab 4.43 a 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.10 a-d 4.65 a 4.38 a 

Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
4.15 a-d 4.10 a-d 4.13 a-d 

Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
4.10 a-d 4.70 a 4.40 a 

Salicylic acid + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
4.25 a-d 4.20 a-d 4.23 abc 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

4.40 abc 4.15 a-d 4.28 ab 

Mean of cultivars 4.12ns  4.20 

 

Means of irrigation conditions 

Normal 

irrigation = 

28.36 a 

Drought= 

27.39 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 0.1662 

Cultivars= ns 

Plant growth promoting substances= 0.3922 

Cultivars × plant growth promoting substances= 0.6237  

Irrigation conditions × cultivars × plant growth promoting substances=ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 



225 
 

Fiber was more uniform (82.65%) under normal irrigation as compared to drought 

where fiber uniformity was less (80.60%).  

It was noticed that both the cultivars have similar uniformity in fiber. Fiber 

uniformity was 81.70% and 81.55% in cultivar Lalazar and FH-142, respectively. 

Different plant growth promoting substances significantly affected fiber 

uniformity. Maximum fiber uniformity (82.60%) was recorded with exogenous 

application of all three plant growth promoting substances and glycine betaine + salicylic 

acid @ 50 mg L-1 each + Tween-20 (0.1%). It was statistically similar to application of 

different plant growth promoting substances except distilled water spray and un-treated 

control. Minimum fiber uniformity (80.23%) was observed under un-treated control.  

Interaction between cultivars × plant growth promoting substances was found significant 

regarding fiber uniformity. Maximum fiber uniformity (84.7%) was recorded with foliar 

application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-

20 (0.1%) in cultivar Lalazar. It was statistically similar to different plant growth 

promoting substances except in glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 (0.1%), distilled water spray 

+ Tween-20 (0.1%), distilled water spray and un-treated control in cultivar Lalazar. Our 

results are in accordance with results reported by Noreen et al. (2015) as they reported 

that water deficit stress negatively affected fiber characteristics of cotton. They further 

stated that quality of cotton fiber was more influenced by exogenous application of 

osmoprotectants as compared to water regimes.  

4.2.4.5. Fiber fineness (micronaire) 

Fiber fineness of two cotton cultivars grown under normal irrigation and drought 

conditions as affected by exogenous application of plan growth promoting substances is 

presented in table 4.46. 

Data depicted that both the irrigation regimes significantly affected fiber fineness. 

Maximum fiber fineness (3.95 micronaire) was recorded under normal irrigation. Fiber 

fineness was 10.64% more under normal irrigation as compared to drought.  

Fiber fineness was different in both cotton cultivars. Fiber was more fine (3.95 

micronaire) in cultivar Lalazar as compared to cultivar FH-142 which have 3.57 

micronaire fiber fineness.  

Different plant growth promoting substances significantly affected fiber fineness. 
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Table 4.45. Interaction between cultivars and plant growth promoting substances 

affecting fiber uniformity in cotton in field 

Treatments 
Fiber uniformity (%) 

Lalazar FH-142 Mean 

Control (Un-treated) 79.55 d 80.90 bcd 80.23 b 

Distilled water spray 80.10 cd 81.00 bcd 80.55 b 

Distilled water spray + Tween-20 (0.1%) 80.40 bcd 82.55 abc 81.48 ab 

Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%) 
82.35 a-d 81.25 bcd 81.80 ab 

Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
81.55 bcd 80.75 bcd 81.15 ab 

Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
82.95 abc 81.90 a-d 82.43 a 

Glycine betaine + Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
82.15 a-d 83.05 ab 82.60 a 

Glycine betaine + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
81.10 bcd 82.20 a-d 81.65 ab 

Salicylic acid + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
82.10 a-d 81.40 bcd 81.75 ab 

Glycine betaine + Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) 
84.70 a 80.50 bcd 82.60 a 

Mean of cultivars 81.70ns 81.55 

 

Means of irrigation conditions 

Normal 

irrigation = 

82.65 a 

 

Drought= 

80.60 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 1.1356 

Cultivars= ns 

Plant growth promoting substances= 1.8365 

Cultivars × plant growth promoting substances= 2.9089 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,   

ns=Non-significant 
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Fiber fineness was maximum (3.95 micronaire) with exogenous application of 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%). It was at par with all other treatments 

except distilled water spray + Tween-20 (0.1%).   

Interaction between cultivars and plant growth promoting substances was found 

significant regarding fiber fineness. Maximum fiber fineness was achieved in cultivar 

Lalazar in case of exogenous application of salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%). The cultivar Lalazar showed statistically similar response to all growth promoting 

substances applied alone or in combination with each other. The cultivar FH-142 also 

have statistically similar response to all treatments of plant growth promoting substances. 

Minimum fiber fineness (3.40 micronaire) was achieved when distilled water was sprayed 

on cultivar FH-142. Fiber fineness achieved in cultivar FH-142 due to exogenous 

application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was 

same to each other (3.55 micronaire) but was less than control. Foliar application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) on cultivar FH-142 

resulted in 3.95 micronaire fiber fineness which was more fine than fiber fineness 

achieved with exogenous application of rest of plant growth promoting substances 

individually and in combination in cultivar FH-142. Noreen et al. (2015) reported 

increase in fiber fineness due to exogenous application of plant growth promoting 

substances. Basal et al. (2009) found that by decreasing irrigation water supply, fiber 

fineness was affected significantly.  

4.2.5. Biochemical and Physiological Parameters 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on biochemical and physiological parameters of cotton grown under different 

water regimes in field conditions is presented in appendix 16. 

4.2.5.1. Leaf chlorophyll contents 

4.2.5.1.1. Chlorophyll a contents (mg g-1) 

 Change in leaf chlorophyll a contents of two cotton cultivars grown under normal 

and drought conditions due to foliar application of different plant growth promoting 

substances is presented in figure 4.14.  

It was recorded that both the water regimes significantly affected chlorophyll a 

contents in leaves. Maximum leaf chlorophyll a contents (1.49 mg g-1) were observed in  

normal irrigation plots while under drought conditions, leaf chlorophyll a contents were 
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Table 4.46. Interaction between cultivars and plant growth promoting substances 

affecting fiber fineness in cotton in field  

Treatment 
Fiber fineness (micronaire) 

Lalazar FH-142 Mean 

Control (Un-treated) 3.75 abc 3.70 abc 3.73 ab 

Distilled water spray 3.60 abc 3.75 abc 3.68 ab 

Distilled water spray + Tween-20 

(0.1%) 
3.75 abc 3.40 c 3.58 b 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.90 abc 3.75 abc 3.83 ab 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
4.15a 3.75 abc 3.95 a 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
3.90 abc 3.60 abc 3.75 ab 

Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
3.95 abc 3.45 c 3.70 ab 

Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) 
3.85 abc 3.95 abc 3.90 ab 

Salicylic acid + Ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) 
4.10 ab 3.55 bc 3.83 ab 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) 

3.75 abc 3.55 bc 3.65 ab 

Mean of cultivars 3.95 a 3.57 b  

Means of irrigation conditions 

Normal 

irrigation= 

3.95 a 

drought = 

3.57 b 
 

HSD p ≤ 0.05 

Irrigation conditions= 6.497  

Cultivars= 0.1013 

Plant growth promoting substances= 0.3522 

Cultivars × plant growth promoting substances= 0.5719  

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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8.05% less than under normal irrigation regime. 

Both the cultivars were statistically dissimilar regarding chlorophyll a contents. 

Chlorophyll a contents (1.49 mg g-1) were more in cultivar FH-142 as compared to 

cultivar Lalazar which have value 1.37 mg g-1. 

Different plant growth promoting substances significantly influenced chlorophyll 

a contents in leaves. Maximum chlorophyll a contents (1.62 mg g-1) were noticed with 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) and it was followed by chlorophyll a contents (1.62 mg g-1) 

achieved with foliar application of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). Both the treatments were statistically different from each other. 

Minimum chlorophyll contents (1.10 mg g-1) were recorded in un-treated control.   

Interaction between water regimes × cultivars × plant growth promoting 

substances was significant regarding chlorophyll a contents. Maximum chlorophyll a 

contents (1.95 mg g-1) was recorded in cultivar FH-142 with exogenous application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal 

irrigation conditions. Under drought conditions chlorophyll a contents were 8.05% less 

than that under normal irrigation conditions with same combination of plant growth 

promoting substance. It was followed by chlorophyll a contents (1.82 mg g-1) achieved 

with exogenous application of combination of all three plant growth promoting 

substances in cultivar Lalazar. Difference between chlorophyll contents achieved in 

cultivar Lalazar under normal and drought stress conditions due to exogenous application 

of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was recorded 

minimum i.e. under drought conditions chlorophyll a contents were 0.69% less than 

under normal irrigation. Under drought conditions exogenous application of salicylic acid 

and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) in cultivar FH-142 and foliar application of 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigation conditions in 

cultivar Lalazar resulted in similar chlorophyll a contents i.e. 1.40 mg g-1. It can be 

inferred that same treatment was not equally effective for both cultivars under normal and 

drought conditions. Minimum chlorophyll a contents (0.97 mg g-1) were recorded when 

distilled water was sprayed on cultivar Lalazar under normal irrigation conditions. It can 

be inferred from results that cotton seedlings have ability to protect PS-II reaction center 

from photosynthetic damage because of maintenance of less chlorophyll a contents under 

drought. Our results about reduction of chlorophyll a contents under drought conditions  
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Figure 4.14. Effect of plant growth promoting substances on leaf chlorophyll a contents (mg g-1) in two 

cotton cultivars under normal irrigation and drought conditions in field. Nails on the bars represent 

standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water 

spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid 

@ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid at 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine 

betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%).  
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as compared to normal irrigation regime match with results reported by Gadallah (1995). 

Similar findings were recorded by Guo et al. (2016) in Lycium ruthenicum Murr. 

seedlings. 

4.2.5.1.2. Chlorophyll b contents (mg g-1) 

Chlorophyll b contents as influenced by application of different plant growth 

promoting substances in two cotton cultivars grown under normal irrigation and drought 

conditions is presented in figure 4.15. 

It was found that both the water regimes resulted in statistically different 

chlorophyll b contents in leaves. Chlorophyll b contents in leaves (1 mg g-1) were more in 

plants grown under normal irrigation while under drought these were less (0.90 mg g-1).  

Significant differences were observed in cultivars regarding chlorophyll b 

contents. Cultivar FH-142 resulted in more chlorophyll b contents (0.98 mg g-1) as 

compared to cultivar Lalazar where chlorophyll b contents were 0.92 mg g-1. 

Different plant growth promoting substances significantly affected leaf chlorophyll b 

contents. Maximum leaf chlorophyll b contents (1.13 mg g-1) were recorded where 

exogenous application of all three plant growth promoting substances was applied i.e. 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). It 

was statistically different from leaf chlorophyll contents achieved with exogenous 

application of all other plant growth promoting substances. It was followed by exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). 

Foliar application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) resulted in 1.02 

mg g-1 leaf chlorophyll b contents which was superior as compared to control where 

chlorophyll b contents were 0.73 mg g-1. Chlorophyll b contents (0.88 mg g-1) achieved 

due to foliar application of glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 

(0.1%) were lower than achieved in case of distilled water spray + Tween-20 (0.1%). It 

may due to synergistic effect of this combination on chlorophyll b contents.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding chlorophyll b contents. Maximum chlorophyll 

b contents (1.27 mg g-1) were recorded in cultivar FH-142 under normal conditions when 

exogenous application of glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) was done. It was followed by chlorophyll b contents (1.24 mg g-1) achieved 

under drought in cultivar FH-142 with foliar application of same plant growth promoting 

substances. Exogenous application of all three plant growth promoting substances i.e.  
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Figure 4.15. Effect of plant growth promoting substances on leaf chlorophyll b contents (mg g-1) in two 

cotton cultivars under normal irrigation and drought conditions in field.  Nails on the bars represent 

standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled Water 

spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 

100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine 

betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

under normal irrigation in cultivar FH-142 resulted in 1.22 mg g-1 chlorophyll b contents 

in leaves while in cultivar Lalazar chlorophyll b contents were 1.16 mg g-1. Minimum leaf 

chlorophyll b contents (0.66 mg g-1) were achieved when only distilled water was sprayed 

on cultivar FH-142. It was statistically similar to leaf chlorophyll b contents achieved due 

to un treated control and distilled water spray under normal and drought conditions in 

both the cultivars. Results of our experiment match with findings reported by Guo et al. 

(2016) in Lycium ruthenicum Murr. seedlings as they found that chlorophyll b contents 

decreased under drought. 

4.2.5.1.3. Total chlorophyll contents (mg g-1) 

Data regarding the total chlorophyll contents of two cotton cultivars grown under 

drought and normal irrigation conditions as affected by different plant growth promoting 

substances is presented in figure 4.16. Both water regimes significantly affected leaf total 

chlorophyll contents. Total chlorophyll contents were higher under normal irrigation 

(2.49 mg g-1) as compared to drought (2.27 mg g-1). 

Total chlorophyll contents were significantly different in both cultivars. Cultivar 

FH-142 resulted in more total chlorophyll contents (2.47 mg g-1) as compared to cultivar 

Lalazar which have total chlorophyll contents were 2.29 mg g-1. 

Different plant growth promoting substances significantly affected total 

chlorophyll contents in leaves. Maximum total chlorophyll contents (2.88 mg g-1) were 

recorded where exogenous application of all three plant growth promoting substances i.e. 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was 

applied. It was followed by total chlorophyll contents in leaves in case of exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). 

Foliar application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 

100 mg L-1 + Tween-20 (0.1%), ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) and 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 

statistically similar total chlorophyll contents to each other. Minimum leaf total 

chlorophyll contents (1.83 mg g-1) were recorded in un-treated control treatment.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was significant regarding leaf total chlorophyll contents. Leaf total chlorophyll 

contents were maximum (3.23 mg g-1) in cultivar FH-142 under normal irrigation regime  
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Figure 4.16. Effect of plant growth promoting substances on leaf total chlorophyll contents (mg g-1) in 

two cotton cultivars under normal irrigation and drought conditions in field. Nails on the bars represent 

standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water 

spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid 

@ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine 

betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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due to exogenous application of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) and it was statistically similar to leaf chlorophyll contents (3.11 mg g-1) 

achieved with exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 

33 mg  L-1 each + Tween-20 (0.1%) under normal irrigation regime and due to glycine 

betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought conditions 

in cultivar FH-142. Leaf total chlorophyll contents in cultivar Lalazar with exogenous 

application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-

20 (0.1%) under drought conditions was recorded 2.95 mg g-1. Leaf total chlorophyll 

contents (2.39 mg g-1) achieved under drought conditions in cultivar Lalazar with 

exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) was statistically similar to that achieved with exogenous application of ascorbic 

acid @100 mg L-1 + Tween-20 (0.1%) under drought conditions in cultivar Lalazar. 

Minimum leaf total chlorophyll contents (1.63 mg g-1) were recorded under drought 

conditions when distilled water was sprayed. It was statistically similar to leaf chlorophyll 

contents achieved due to exogenous application of distilled water spray and un-treated 

control under normal irrigation in cultivar Lalazar and drought stress in cultivar FH-142. 

More total chlorophyll contents achieved in cultivar FH-142 due to exogenous application 

of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) may be due to 

more chlorophyll b contents.More total chlorophyll contents under normal irrigation and 

less under drought conditions may be due to more chlorophyll a and b contents under 

normal irrigation regime while less under drought conditions. These results are in 

harmony with reports of Guo et al. (2016) as they found that total leaf chlorophyll 

contents were decreased under drought conditions in case of Lycium ruthenicum Murr 

seedlings.  

4.2.5.2. Leaf relative water contents (%) 

Leaf water contents of two cotton cultivars grown under normal irrigation and 

drought stress as affected by exogenous application of different plant growth promoting 

substances is presented in table 4.47, 4.47a.  

Both water regimes significantly affected leaf relative water contents. Maximum 

leaf relative water contents (73.18%) were observed under normal irrigation regime while 

minimum (61.33%) under drought conditions (Table 4.47a).  

Both cultivars resulted in statistically similar leaf relative water contents (Table 

4.47). Different plant growth promoting substances significantly affected leaf relative  
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Table 4.47. Interaction between cultivars and plant growth promoting substances 

affecting leaf relative water contents in cotton in field 

Treatments 
Leaf relative water contents (%) 

Lalazar FH-142 Mean 

Control (Un-treated) 60.03 g 61.51 fg 60.77 e 

Distilled water spray 62.63 efg 61.57 fg 62.10 e 

Distilled water spray + Tween-20 (0.1%) 66.70 c-f 65.48 d-g 66.09 d 

Glycine betaine @ 100 mg L-1 + Tween-20 

(0.1%) 
66.86 c-f 68.15 a-e 67.51 bcd 

Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
69.52 a-d 64.85 d-g 67.18 cd 

Ascorbic acid @ 100 mg L-1 + Tween-20 

(0.1%) 
67.92 b-e 67.75 b-e 67.83 bcd 

Glycine betaine + Salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
68.24 a-d 68.63 a-d 68.44 a-d 

Glycine betaine + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
68.38 a-d 72.50 ab 70.44 abc 

Salicylic acid + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) 
71.55 abc 70.02 a-d 70.78 ab 

Glycine betaine + Salicylic acid + Ascorbic 

acid @ 33 mg L-1 each + Tween-20 (0.1%) 
73.49 a 69.33 a-d 71.41 a 

Mean of cultivars 67.53ns 66.98 
 

HSD p ≤ 0.05 

Cultivars= 1.0026 

Plant growth promoting substances= 3.4682 

Cultivars × plant growth promoting substances= 5.6349 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

 Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 

Table 4.47a. Interaction between water regimes and cultivars affecting leaf relative 

water contents in cotton in field 

 

Treatments 

Leaf relative water contents (%) 

Lalazar FH-142 Mean  

Normal irrigation 72.68 a 73.68 a 73.18 a 

Drought 62.38 b 60.27 c 61.33 b 

Mean of cultivars 67.53ns 66.98  

HSD p ≤ 0.05 

Irrigation conditions= 2.5199  

Cultivars= 1.0026 

Irrigation conditions × cultivars= 4.0463 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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water contents. Maximum leaf relative water contents (71.41%) were observed with 

exogenous application of combination of three plant growth promoting substances i.e. 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). It 

was statistically similar to leaf water contents achieved with exogenous application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and glycine betaine + salicylic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) by maintaining leaf relative water contents 70.78, 

70.44, and 68.44% respectively. Minimum leaf relative water contents (60.77%) were 

observed under un-treated control.   

Interaction between cultivars × plant growth promoting substances was significant 

regarding leaf relative water contents. Cultivar Lalazar resulted in maximum leaf relative 

water contents (73.49%) when foliar application of combination of three plant growth 

promoting substances were applied. It was followed by leaf relative water contents 

(72.5%) achieved in cultivar FH-142 due to exogenous application of glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%). Leaf relative water contents 

(71.55%) achieved in cultivar Lalazar with exogenous application of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was superior as compared to un-

treated control. Same combination of plant growth promoting substances i.e. salicylic acid 

+ ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 70.02% leaf relative 

water contents in cultivar FH-142. Combination of different plant growth promoting 

substances resulted in leaf relative water contents in both cultivars ranging from 68.63–

73.49% which was significantly superior as compared to leaf relative water contents 

achieved due to distilled water spray + Tween-20 (0.1%), distilled water spray and un-

treated control. 

Interaction between cultivars × water regimes was significant regarding leaf 

relative water contents. Both cultivars have statistically similar leaf relative water 

contents under normal irrigation while under drought significant differences were 

observed between the cultivars. The cultivar Lalazar have significantly higher leaf 

relative water contents than that of cultivar FH-142. Maximum leaf relative water 

contents (73.68%) was recorded in cultivar FH-142 under normal irrigation regime while 

leaf relative water contents were less under drought and it was 60.27%. In cultivar 

Lalazar leaf relative water contents (72.68%) were more as compared to drought where 

leaf relative water contents were 67.53%. These results coincide with results reported by 

Ennahli & Earl (2005) who reported the reduction in leaf relative water contents due to 
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decrease in soil moisture contents. However, Lacape et al. (1998) reported that leaf water 

status does not change until transpirable soil fraction reaches 0.4-0.5. These results are 

also in accordance with Farooq et al. (2008) as they reported that application of glycine 

betaine improved relative water contents of leaves in case of rice exposed to water stress.  

4.2.5.3. Cell membrane stability index 

Data regarding the effect of different plant growth promoting substances on cell 

membrane stability index of two cotton cultivars grown under normal irrigation and 

drought conditions is presented in table 4.48, 4.48a. 

Statistically significant differences were observed among both water regimes 

regarding cell membrane stability index. Membrane stability index was more (75.59) 

under normal irrigation conditions as compared to drought conditions. It may be due to 

more reactive oxygen species under drought conditions (Table 4.48).   

Significant differences were observed between both cotton cultivars regarding cell 

membrane stability index. Cell membrane stability index was more in cultivar Lalazar 

(69.76) as compared to cultivar FH-142 where it was 67.32.  

It was found that interaction between water regimes × plant growth promoting 

substances was found significant regarding membrane stability index. Maximum stability 

index of membrane (80.98) was observed under normal irrigation regime where 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) was done. Under drought conditions exogenous application of 

same plant growth promoting substances have 18.05% less membrane stability index than 

under normal irrigation conditions. Foliar application of combination of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under normal irrigation resulted in 

79.65 membrane stability index which was statistically similar to membrane stability 

index achieved with exogenous application of different combination of plant growth 

promoting substances including glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%), glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%) and distilled water spray + Tween-20 (0.1%) and combination of all three plant 

growth promoting substances under normal irrigation conditions. Exogenous application 

of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought 

conditions resulted in 70.52 membrane stability index which was superior as compared to 

control (un-treated), distilled water spray, distilled water spray + Tween-20 (0.1%),  
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Table 4.48. Interaction between water regimes and plant growth promoting 

substances affecting cell membrane stability index in cotton in field 

Treatments 

Cell membrane stability index 

Normal 

irrigation 
Drought Mean 

Control (Un-treated) 68.65 efg 52.34 j 60.49 e 

Distilled water spray 68.22 efg 52.21 j 60.21 e 

Distilled water spray + 

Tween-20 (0.1%) 
73.37 b-e 55.17 ij 64.27 de 

Glycine betaine @ 100 mg L-1 

+ Tween-20 (0.1%) 
73.08 c-f 62.93 gh 68.00 cd 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
76.34 a-d 62.94 gh 69.64 bc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
77.79 abc 59.94 hi 68.86 c 

Glycine betaine + Salicylic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

78.80 abc 62.31gh 70.55 bc 

Glycine betaine + Ascorbic 

acid @ 50 mg L-1 each + 

Tween-20 (0.1%) 

79.09 abc 70.52 def 74.80 a 

Salicylic acid + Ascorbic acid 

@ 50 mg L-1 each + Tween-

20 (0.1%) 

79.65 ab 70.18 def 74.91 a 

Glycine betaine + Salicylic 

acid + Ascorbic acid @ 33 mg 

L-1 each + Tween-20 (0.1%) 

80.98 a 66.38 fgh 73.68 ab 

Mean of irrigation 

conditions 
75.59 a 61.49 b 

 

HSD p ≤ 0.05 

Irrigation conditions= 1.3355 

Plant growth promoting substances= 4.1242 

Irrigation conditions × plant growth promoting substances = 6.8378 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability, 

ns=Non-significant 
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Table 4.48a. Interaction between cultivars and plant growth promoting substances 

affecting cell membrane stability in cotton in field     

Treatments 
Cell membrane stability index 

Lalazar FH-142 Mean 

Control (Un-treated) 61.88 hij 59.11 ij 60.49 e 

Distilled water spray 62.32 g-j 58.11 j 60.21 e 

Distilled water spray + Tween-20 

(0.1%) 
66.79 e-h 61.75 hij 64.27 de 

Glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) 
67.02 e-h 68.99 c-g 68.00 cd 

Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
73.96 a-d 65.33 f-I 69.64 bc 

Ascorbic acid @ 100 mg L-1 + 

Tween-20 (0.1%) 
70.54 c-f 67.19 d-h 68.86 c 

Glycine betaine + Salicylic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

72.32 b-e 68.79 c-g 70.55 bc 

Glycine betaine + Ascorbic acid 

@ 50 mg L-1 each + Tween-20 

(0.1%) 

69.91 c-f 79.70 a 74.80 a 

Salicylic acid + Ascorbic acid @ 

50 mg L-1 each + Tween-20 

(0.1%) 

77.60 ab 72.23 b-e 74.91 a 

Glycine betaine + Salicylic acid + 

Ascorbic acid @ 33 mg L-1 each 

+ Tween-20 (0.1%) 

75.26 abc 72.09 b-e 73.675 ab 

Mean of cultivars 69.76 a 67.32 b 

 

HSD p ≤ 0.05 

Cultivars= 1.4209 

Plant growth promoting substances= 4.1242 

Cultivars × plant growth promoting substances= 6.8936 

Irrigation conditions × cultivars × plant growth promoting substances= ns 

Means sharing the same letters did not differ significantly at 5% level of probability,      

ns=Non-significant 
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glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) and alone spray of 

three plant growth promoting substances under drought conditions (Table 4.48). 

Minimum membrane stability index (52.21) was recorded in case of distilled water spray 

under drought conditions. It was statistically similar to membrane stability index achieved 

with foliar application of distilled water spray + Tween-20 (0.1%) and un-treated control 

under drought conditions. 

Interaction between cultivars × plant growth promoting substances was found 

significant regarding membrane stability index. Membrane stability was maximum 

(79.70) in cultivar FH-142 due to exogenous application of glycine betaine + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%). It was followed by membrane stability index 

(77.60) achieved in cultivar Lalazar with foliar application of salicylic acid + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%). It was statistically similar to membrane 

stability index achieved due to exogenous application of glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%), glycine betaine + salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%) and salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) 

in cultivar Lalazar as well as due to foliar application of glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%), salicylic acid + ascorbic acid @ 50 

mg L-1 each + Tween-20 (0.1%) and glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) in cultivar FH-142. Minimum membrane stability index (58.11) was 

observed when distilled water was sprayed on cultivar FH-142. Sairam (1994) also 

reported that membrane stability improved which resulting in less injury due to 

exogenous application of homobrassinolide in wheat grown under moisture deficient 

conditions. Our findings about less stability of membrane under drought match with the 

results reported by (Gadallah, 1995). 

4.2.6. Gas exchange characteristics 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on gas exchange characteristics of cotton grown under different water regimes 

in field conditions is presented in appendix 17. 

4.2.6.1. Net photosynthesis rate (µ mol m-2 sec-1) 

Photosynthesis is one of the principle components in determining yield of cotton 

and it varies with multiple abiotic and biotic stresses. Graphic representation of effect of 

different plant growth promoting substances on net photosynthesis of two cotton cultivars 

grown under normal irrigation and drought is presented in figure 4.17. 
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Result showed that both the water regimes significantly affected net 

photosynthesis rate. Under normal irrigation net photosynthesis rate was more than that 

under drought conditions.  

Net photosynthesis rate was different in both the cultivars. Net photosynthesis was 

more (12.11 µ mol m-2 sec-1) in cultivar Lalazar as compared to cultivar FH-142 where 

net photosynthesis was 10.99 µ mol m-2 sec-1.  

Figure 4.17 showed that maximum net photosynthetic rate (17.3 µ mol m-2 sec-1) 

was achieved with exogenous application of combination of all three plant growth 

promoting substances in cultivar Lalazar under normal irrigation conditions and it was 

followed by net photosynthesis rate (16.25 µ mol m-2 sec-1) achieved with exogenous 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in 

cultivar FH-142 under normal irrigation conditions. It was noticed that net photosynthesis 

rate (15.2 µ mol m-2 sec-1) achieved in cultivar Lalazar under normal irrigation conditions 

with exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) was similar to that achieved in cultivar FH-142 with exogenous application of 

glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) 

under normal irrigation conditions. It can be concluded from results that efficacy of plant 

growth promoting substances varies with cultivars under normal irrigation conditions. 

Under drought conditions, it was further noticed that exogenous application of glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%) and salicylic acid + ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) resulted in similar net photosynthesis rate (10.3 µ mol m-2 sec-1) 

in cultivar FH-142. So, it can be inferred that additive effect of exogenous application of 

salicylic acid and ascorbic acid in equal quantity is same as that of glycine betaine applied 

individually. Minimum net photosynthesis rate (8.43 µ mol m-2 sec-1) was observed under 

drought conditions in cultivar Lalazar in un-treated control treatment. Net photosynthesis 

rate (8.6 µ mol m-2 sec-1) in cultivar FH-142 under drought conditions with distilled water 

+ Tween-20 (0.1%) was lower as compared to that achieved in un-treated control where 

net photosynthesis rate was 8.75 µ mol m-2 sec-1. More net photosynthesis under normal 

irrigation as compared to drought may be due to more leaf stomatal conductance as well 

as chlorophyll contents. These results are in accordance with results reported by Ahmad 

et al. (2014) as they reported increased net photosynthesis rate under normal irrigation 

regime as compared to drought. They further reported that foliar application of plant 

growth promoting substances such as glycine betaine can ameliorate the harmful effects 

of water deficit by enhancing net photosynthetic rate in cotton.  
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Figure 4.17. Effect of plant growth promoting substances on net photosynthesis rate in two cotton 

cultivars under normal irrigation and drought conditions in field. Nails on the bars represent standard 

error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + 

Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 

mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine 

+ Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 

 

 

 

 

 

 

 

 

 



244 
 

4.2.6.2. Leaf stomatal conductance (m mol m-2 sec-1) 

Leaf stomatal conductance of two cotton cultivars grown under drought and 

irrigation conditions as influenced by different plant growth promoting substances is 

presented in figure 4.18. 

Both water regimes significantly affected leaf stomatal conductance. Leaf 

stomatal conductance was recorded more under normal irrigation regime (130.31 m mol 

m-2 sec-1) as compared to drought where stomatal conductance was 99.23 m mol m-2 sec-1. 

It may be due to more water availability and proper gas exchange under normal irrigation.  

Stomatal conductance in leaves was 115.59 m mol m-2 sec-1 in cultivar FH-142 

and it was at par with that achieved (113.95 m mol m-2 sec-1) in case of cultivar Lalazar. 

Data showed that leaf stomatal conductance was maximum (173.3 m mol m-2 sec-

1) under normal irrigation conditions in cultivar Lalazar where foliar application of all 

three plant growth promoting substances was applied. It was followed by leaf stomatal 

conductance (160 m mol m-2 sec-1) achieved in same cultivar under normal irrigation 

conditions with foliar application of salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). In cultivar FH-142, glycine betaine + ascorbic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) was superior as compared to rest of treatments of plant growth 

promoting substances by producing 147.7 m mol m-2 sec-1 leaf stomatal conductance. 

Leaf stomatal conductance (143.3 m mol m-2 sec-1) recorded in cultivar FH-142 under 

normal irrigation conditions with foliar application of glycine betaine @ 100 mg L-1 + 

Tween-20 (0.1%) and glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + 

Tween-20 (0.1%) was same.  Additive effective of glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) seemed equal to individual effect of 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) under normal irrigation conditions in 

cultivar FH-142. Under drought conditions in cultivar FH-142, foliar application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 

improved leaf stomatal conductance (127.7 m mol m-2 sec-1) as compared to that achieved 

in control where stomatal conductance in leaf was only 67.30 m mol m-2 sec-1. Leaf 

stomatal conductance achieved in cultivar FH-142 under drought conditions with 

exogenous application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) was similar 

to performance of same cultivar under normal irrigation in un-treated control.  Similar 

leaf stomatal conductance (101.7 m mol m-2 sec-1) was achieved in cultivar Lalazar in un-

treated control treatment under normal irrigation conditions and with foliar application of  
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Figure 4.18. Effect of plant growth promoting substances on leaf stomatal conductance in two cotton 

cultivars under normal irrigation and drought conditions in field. Nails on the bars represent standard 

error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + 

Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 

mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine 

+ Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine +  Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought 

conditions. Minimum leaf stomatal conductance (67.3 m mol m-2 sec-1) was recorded in 

un-treated control in cultivar FH-142 when grown under drought conditions. Yan et al. 

(2004) also reported increase in stomatal conductance with the increase in rate of 

photosynthesis under drought conditions.  In our results, stomatal conductance decreased 

under drought conditions as compared to achieved under normal irrigation conditions. 

Although, stomatal conductance was increased due to exogenous application of different 

plant growth promoting substances under drought stress conditions but foliar application 

of combination of all three plant growth promoting substances in cultivar Lalazar and 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) application in 

cultivar FH-142 improved leaf stomatal conductance as compared to control under 

drought conditions. Our results are in agreement with results reported by Ahmad et al. 

(2014) as they concluded that stomatal conductance increased under normal irrigation and 

decreased under drought stress conditions. 

4.2.6.3. Transpiration rate (m mol CO2 m-2 sec-1) 

Transpiration rate of two cotton cultivars grown under normal irrigation and 

drought conditions as influenced by exogenous application of different growth promoting 

substances is presented in figure 4.19.  

Both water regimes significantly affected transpiration rate in leaves. Maximum 

transpiration rate (1.31 m mol CO2 m-2 sec-1) was recorded under normal irrigation 

conditions while minimum (1.17 m mol CO2 m
-2 sec-1) in case of drought conditions. 

Transpiration rate was statistically different in both cultivars. It was found that 

transpiration rate was more (1.34 m mol CO2 m
-2 sec-1) in cultivar FH-142 as compared to 

cultivar Lalazar where it was 1.15 m mol CO2 m
-2 sec-1.  

Figure 4.19 showed that cultivar FH-142 grown under normal irrigation 

conditions due to exogenous application of glycine betaine and ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%) outcompeted in terms of maximum transpiration rate (1.81 m 

mol CO2 m
-2 sec-1) as compared to that achieved due to foliar application of  rest of all 

plant growth promoting substances under normal irrigation and drought conditions. It was 

followed by transpiration rate (1.70 m mol CO2 m
-2 sec-1) achieved in same cultivar with 

foliar application of combination of all three plant growth promoting substance. Foliar 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was 

found superior when applied in cultivar FH-142 under drought conditions by achieving  
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Figure 4.19. Effect of plant growth promoting substances on transpiration rate in two cotton cultivars 

under normal irrigation and drought conditions in field. Nails on the bars represent standard error of the 

means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 

(0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + 

Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + 

Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 

each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 

= Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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1.69 m mol CO2 m-2 sec-1 transpiration rate as compared to un-treated control where 

transpiration rate was 0.84 m mol CO2 m-2 sec-1. Effect of exogenous application of 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) in cultivar Lalazar under drought 

conditions was similar in terms of achieving same transpiration rate (0.93 m mol CO2 m
-2 

sec-1) as achieved in cultivar FH-142 under normal irrigation conditions in un-treated 

control. Similar transpiration rate (0.87 m mol CO2 m-2 sec-1) was recorded when 

exogenous application of distilled water + Tween-20 (0.1%) was done in cultivar Lalazar 

and distilled water spray in cultivar FH-142 grown under drought conditions. Minimum 

transpiration rate (0.76 m mol CO2 m-2 sec-1) was achieved in cultivar Lalazar grown 

under drought conditions under un-treated control. Transpiration rate was 0.84 m mol 

CO2 m
-2 sec-1 in cultivar FH-142 in case of un-treated control. These results agreed with 

findings reported by Ahmad et al. (2014) as they recorded decrease in transpiration rate 

under drought conditions and also found that glycine betaine is involved in mitigating the 

harmful effect of drought stress in cotton by improving transpiration rate as compared to 

control. Results of our experiments also showed much improvement in transpiration rate 

due to exogenous application of different plant growth promoting substances both under 

drought and normal irrigation conditions as compared to control.  

4.2.7. Activity of antioxidants 

Summary of ANOVA tables showing effect of different plant growth promoting 

substances on gas exchange characteristics of cotton grown under different water regimes 

in field conditions is presented in appendix 18. 

4.2.7.1. Superoxide dismutase activity (Units g-1 F.wt) 

Superoxide dismutase activity (SOD) (units g-1 F.wt) in two cotton cultivars 

grown under normal irrigation and drought stress as influenced by exogenous application 

of different plant growth promoting substances is presented in figure 4.20. 

Data showed that SOD was significantly affected by both water regimes. 

Superoxide dismutase activity (166.63 units g-1 F.wt) was more under drought conditions 

as compared to normal irrigation regime where it was 162.65 units g-1 F.wt.  

Superoxide dismutase activity was significantly different in both cultivars. 

Cultivar Lalazar resulted in more SOD activity (176.63 units g-1 F.wt) as compared to that 

recorded in cultivar FH-142 (153.65 units g-1 F.wt). 

Different plant growth promoting substances significantly affected SOD activity. 

Foliar application of combination of glycine betaine + salicylic acid + ascorbic acid @ 33  
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Figure 4.20. Effect of plant growth promoting substances on superoxide dismutase (SOD) activity in 

two cotton cultivars under normal irrigation and drought conditions in field. Nails on the bars represent 

standard error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water 

spray + Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid 

@ 100 mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine 

betaine + Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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mg L-1 each + Tween-20 (0.1%) resulted in maximum SOD activity (242.4 units g-1 F.wt) 

in cultivar Lalazar under drought conditions. It was followed by SOD activity (230.28 

units g-1 F.wt) achieved with foliar application of salicylic acid + ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) in cultivar Lalazar under drought. Ascorbic acid @ 100 mg 

L-1 + Tween-20 (0.1%) resulted in SOD activity (203.62 units g-1 F.wt) achieved in 

cultivar Lalazar grown under drought conditions. SOD activity achieved in this treatment 

was statistically similar to SOD activity achieved due to exogenous application of 

salicylic acid @ 100 mg L-1 + Tween-20 (0.1%) and glycine betaine + salicylic acid @ 50 

mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar under drought conditions as well as 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%) and glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) in cultivar FH-142 grown under drought conditions. Exogenous application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar FH-142 

under drought conditions resulted in 194.22 units g-1 F.wt SOD activity, which was 

superior as compared to foliar spray of rest of treatments under normal and drought 

conditions in  cultivar FH-142. SOD activity was minimum (96.24 units g-1 F.wt) in un-

treated control in cultivar FH-142. It was noticed that SOD activity was more under 

normal irrigation as compared to drought in both the cultivars with distilled water + 

Tween-20 (0.1%), distilled water spray and un-treated control while in case of rest of 

plant growth promoting substances SOD activity was more under drought. It may be due 

possible role of compatible solutes that resulted in enhancement of SOD activity under 

drought. Ahmed et al. (2017) also reported increase in SOD activity in cotton under 

drought with exogenous application of putrescine and epibrassinolide. Our results match 

with finding reported by Farooq et al. (2008) as they reported improvement in SOD 

activity under drought conditions due to exogenous application of glycine betaine in rice. 

4.2.7.2. Catalase activity (Units g-1 F.wt) 

Effect of different plant growth promoting substances on catalase activity (CAT) 

of two cotton cultivars grown under irrigation conditions and drought is presented in 

figure 4.21. 

It was recorded that catalase activity was significantly affected by both water 

regimes. Catalase activity (138.4 units g-1 F.wt) was more under drought conditions as 

compared to achieved under normal irrigation conditions. 
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Catalase activity was statistically similar in both cotton cultivars. Catalase activity 

in cultivar FH-142 and Lalazar was 137.05 and 135.95 units g-1 F.wt, respectively.  

Different plant growth promoting substances significantly affected CAT activity. 

Maximum CAT activity (180.99 units g-1 F.wt) was recorded with exogenous application 

of all three plant growth promoting substances i.e. glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 + Tween-20 (0.1%). It was statistically different form all plant 

growth promoting substances. It was followed by CAT activity (164.14 units g-1 F.wt) 

achieved with exogenous application of salicylic acid + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%). Exogenous application of glycine betaine + salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) resulted in 141.61 units g-1 F.wt CAT activity which was 

statistically similar to CAT activity achieved with exogenous application of salicylic acid 

@ 100 mg L-1 + Tween-20 (0.1%) and glycine betaine @ 100 mg L-1 + Tween-20 (0.1%). 

Data showed that combined effect of glycine betaine + salicylic acid @ 50 mg L-1 in term 

of CAT activity was statistically same as individual effect of salicylic acid and glycine 

betaine applied at rate of 100 mg L-1. Minimum catalase activity (100.43 units g-1 F.wt) 

was observed with un-treated control treatment.  

Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding CAT activity. Maximum CAT activity 

(196.48 units g-1 F.wt) was recorded in cultivar Lalazar under drought conditions with 

exogenous application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 

each + Tween-20 (0.1%). Corresponding CAT activity under normal irrigation conditions 

was 192.42 units g-1 F.wt. It was followed by CAT activity (173.82 units g-1 F.wt) 

achieved under normal irrigation due to foliar application of salicylic acid + ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) while under drought conditions it was 168.64 units 

g-1 F.wt. Catalase activity achieved in cultivar FH-142 due to foliar spray of all three 

plant growth promoting substances under normal and drought conditions was 167.22 and 

167.82 units g-1 F.wt, respectively and was superior as compared to un-treated control in 

same cultivar by achieving 94.42 and 82.62 units g-1 F.wt CAT activity under normal and 

drought conditions, respectively. It was found that minimum CAT activity (82.62 units g-1 

F.wt.) was recoded in un-treated control treatment under drought conditions in cultivar 

FH-142. It was noticed that CAT activity was more under normal irrigation conditions as 

compared to drought in both cultivars due to exogenous application of distilled water 

spray + Tween-20 (0.1%), distilled water spray and un-treated control while CAT activity 
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Figure 4.21. Effect of plant growth promoting substances on catalase (CAT) activity in two cotton 

cultivars under normal irrigation and drought conditions in field. Nails on the bars represent standard 

error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + 

Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 

mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine 

+ salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 

 

 

 

 

 

 

 



253 
 

was increased under drought conditions as compared to normal irrigation under rest of 

plant growth promoting substances. These results showed that different plant growth 

promoting substances played role in alleviation of harmful effect of water scarcity by 

improvement in CAT activity under drought conditions. These results are in accordance 

with results reported by Uzilday et al. (2012) as they found that CAT activity increased 

under drought stress. Ahmed et al. (2017) also reported increase in CAT activity in cotton 

due to foliar application of putrescine and 24-epibrassionlide under drought conditions. 

Farooq et al. (2010) concluded that spermine followed by brassinosteroid spray resulted 

in increase in activity of CAT under drought stress up to 8 days in rice as found in our 

results that catalase activity improved due to foliar application of different plant growth 

promoting substances. 

4.2.7.3. Peroxidase activity (Units g-1 F.wt) 

Peroxidase activity (POD) of two cotton cultivars grown under normal irrigation 

and drought as influenced by exogenous application of different plant growth promoting 

substances is presented in figure 4.22.  

It was observed that both water regimes resulted in statistically different POD 

activity. It was increased under drought conditions as compared to normal irrigation 

conditions by producing 159.04 and 155.51 units g-1 F.wt POD activity under normal and 

drought conditions, respectively. 

Statistically different POD activity was recorded in both cotton cultivars. 

Peroxidase activity (159.65 units g-1 F.wt) was more in cultivar Lalazar as compared to 

recorded (154.9 units g-1 F.wt) in cultivar FH-142. 

Different plant growth promoting substances significantly affected POD activity. 

Maximum POD activity (175.14 units g-1 F.wt) was observed with exogenous application 

of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 

It was statistically similar to POD activity achieved with exogenous application of glycine 

betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Non-significant 

differences were observed in POD activity achieved due to different plant growth 

promoting substances including salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%), glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%)  and 

ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) by producing 168.93, 171.49 and 165.84 

units g-1 F.wt, POD activity. Minimum POD activity (116.64 units g-1 F.wt) was recorded 

with distilled water spray under drought conditions in cultivar FH-142.  
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Figure 4.22. Effect of plant growth promoting substances on peroxidase (POD) activity in two cotton 

cultivars under normal irrigation and drought conditions in field. Nails on the bars represent standard 

error of the means. T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + 

Tween-20 (0.1%), T4 = Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 

mg L-1 + Tween-20 (0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine 

+ Salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), 

T10 = Glycine betaine + Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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Interaction between water regimes × cultivars × plant growth promoting 

substances was found significant regarding POD activity. Exogenous application of 

glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 

maximum POD activity (184.66 units g-1 F.wt) under drought conditions in cultivar FH-

142 and was statistically similar to POD activity achieved under drought conditions with 

same plant growth promoting substances as well as foliar application of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar under drought and 

by foliar application of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each 

+ Tween-20 (0.1%) under normal irrigation conditions in cultivar Lalazar. POD activity 

was less both under normal irrigation and drought conditions in case of exogenous 

application of glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) in cultivar Lalazar as 

compared to distilled water spray + Tween-20 (0.1%). However, foliar application of 

glycine betaine @ 100 mg L-1 + Tween-20 (0.1%) resulted in more POD activity in 

cultivar FH-142 both under normal irrigation and drought conditions as compared to 

foliar application of distilled water spray + Tween-20 (0.1%). Minimum POD activity 

(116.64 units g-1 F.wt) was recorded when distilled water was sprayed in drought 

conditions in cultivar FH-142. Results showed that POD activity was more under normal 

irrigation conditions as compared to drought in case of control, distilled water spray and 

distilled water spray + Tween-20 (0.1%) but in case of exogenous applications of rest of 

plant growth promoting substances POD activity increased under drought conditions as 

compared to normal irrigation. It may be due to more presence of ROS under drought but 

due to foliar application of different plant growth promoting substance POD activity 

increased under drought conditions. Our results are in agreement with results reported by 

Uzilday et al. (2012) as they reported increase in POD activity under drought conditions. 

Farooq et al. (2008) also reported similar findings as recorded in our experiment that 

different plant growth promoting substances improved POD as compared to control. They 

reported that application of glycine betaine in rice when exposed to drought conditions 

resulted in improvement in POD activity. 

4.3. Economic analysis  

Cost-effectiveness of any initiative in agriculture is determined by economic 

analysis. Farmers are more concerned with cost that vary due to adoption of any new 

initiative and benefit in return. Economic analysis of field experiment carried out in 2016  



256 
 

    

is presented in table 4.49. Total income and production cost of all different treatments 

was calculated on the basis of current market price. 

Interactive effect of different novel growth promoting substances and different 

water regimes in two cotton cultivars showed that maximum net return (162944 PKR ha-

1) and benefit cost ratio (2.00) was achieved with salicylic acid + ascorbic acid @ 50 mg 

L-1 each + Tween-20 (0.1%) applied to cv. Lalazar under normal irrigation conditions 

while in untreated control net return was 33380 PKR ha-1 with benefit cost ratio 1.13. 

Under drought conditions, net return was more (147442 PKR ha-1) where glycine betaine 

+ salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied to c.v. 

Lalazar. However, benefit cost ratio was more (1.99) with exogenous application of 

salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under these 

conditions in cultivar Lalazar. Benefit cost ratio (1.98) recorded with glycine betaine + 

salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) under normal 

irrigation in cv. Lalazar was next to it.  

Net return (143425 PKR ha-1) and benefit cost ratio (1.86) in cv FH-142 was 

highest with foliar application of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) under normal irrigation. Under drought conditions, highest net return 

(95420 PKR ha-1) and benefit cost ratio (1.59) was also recorded with same treatment.  

Marginal and dominance analysis showed relative outcome of additional 

investment on unit basis made on exogenous application of plant growth promoting 

substances in two cotton cultivars under normal irrigation and drought conditions (Table 

4.50). Salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was identified 

as best treatment for maximum marginal rate of return (MRR) under normal irrigation 

and drought conditions in cv. Lalazar where MRR was 16048.15% and 59623.68% 

respectively under these conditions. In cv. FH-142, MRR was maximum (70632.51%) 

where glycine betaine + salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied 

under normal irrigation while MRR (38333.24%) recorded with glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was next to it. Under drought 

conditions in cv. FH-142, MRR was highest (28050.22%) with salicylic acid + ascorbic 

acid @ 50 mg L-1 each + Tween-20 (0.1%) while MRR (21741%) achieved with 

application of glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was 

followed by it.  
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Table 4.49. Interactive effect of novel growth promoting substances and different 

water regimes in two cotton cultivars on net return and benefit cost ratio 
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T1 15925 114339 130264 163644 147719 33380 1.13 

T2 23125 114339 137464 218467 195342 81003 1.42 

T3 23985 114339 138324 267458 243473 129134 1.76 

T4 24750 114339 139089 246003 221253 106914 1.59 

T5 24062 114339 138401 260190 236128 121789 1.71 

T6 24329 114339 138668 268336 244007 129668 1.76 

T7 24406 114339 138745 256698 232292 117953 1.67 

T8 24540 114339 138879 254436 229897 115558 1.66 

T9 24196 114339 138535 301479 277283 162944 2.00 

T10 24377 114339 138716 285249 260873 146534 1.88 

d
ro

u
g

h
t 

T1 9100 114339 123439 132369 123269 8930 1.00 

T2 16300 114339 130639 125999 109699 -4640 0.84 

T3 17160 114339 131499 132596 115436 1097 0.88 

T4 17925 114339 132264 172149 154224 39885 1.17 

T5 17237 114339 131576 199514 182276 67937 1.39 

T6 17504 114339 131843 143470 125967 11628 0.96 

T7 17581 114339 131920 152519 134938 20599 1.02 

T8 17715 114339 132054 172048 154334 39995 1.17 

T9 17371 114339 131710 279117 261746 147407 1.99 

T10 17552 114339 131891 279333 261781 147442 1.98 

F
H
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4
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o
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T1 15925 114339 130264 186545 170620 56281 1.31 

T2 23125 114339 137464 149386 126261 11922 0.92 

T3 23985 114339 138324 184673 160689 46350 1.16 

T4 24750 114339 139089 208085 183335 68996 1.32 

T5 24062 114339 138401 191960 167897 53558 1.21 

T6 24329 114339 138668 186566 162237 47898 1.17 

T7 24406 114339 138745 231077 206671 92332 1.49 

T8 24540 114339 138879 282303 257764 143425 1.86 

T9 24196 114339 138535 207618 183422 69083 1.32 

T10 24377 114339 138716 210032 185656 71317 1.34 

D
ro

u
g

h
t 

T1 9100 114339 123439 95219 86119 -28220 0.70 

T2 16300 114339 130639 83556 67256 -47083 0.51 

T3 17160 114339 131499 118408 101248 -13091 0.77 

T4 17925 114339 132264 136312 118387 4048 0.90 

T5 17237 114339 131576 118116 100879 -13460 0.77 

T6 17504 114339 131843 161856 144352 30013 1.09 

T7 17581 114339 131920 160892 143311 28972 1.09 

T8 17715 114339 132054 227473 209759 95420 1.59 

T9 17371 114339 131710 177714 160343 46004 1.22 

T10 17552 114339 131891 191864 174313 59974 1.32 

T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 

= Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine 

+ Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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Table 4.50. Dominance and Marginal analysis of interactive effect of different 

plant growth promoting substances and different water regimes in two cotton 

cultivars. 
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T1 15925 147719.4    

T2 23125 195341.7 7200 47622.28 661.42 

T3 23984.91 243473.4 859.91 48131.66 5597.30 

T5 24062.3 236128   D 

T9 24195.59 277283.2 210.68 33809.83 16048.15 

T6 24328.87 244007.4   D 

T10 24376.51 260872.9   D 

T7 24406.26 232291.9   D 

T8 24539.55 229896.6   D 

T4 24750.23 221252.9   D 

D
ro

u
g

h
t 

T1 9100 123269    

T2 16300 109699   D 

T3 17159.91 115436.4   D 

T5 17237.3 182276.4 8137.3 59007.38 725.15 

T9 17370.59 261746.3 133.29 79469.86 59623.68 

T6 17503.87 125966.5   D 

T10 17551.51 261781.2 180.92 34.96 19.32 

T7 17581.26 134937.8   D 

T8 17714.55 154333.7   D 

T4 17925.23 154223.9   D 
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T1 15925 170620.1    

T2 23125 126260.5   D 

T3 23984.91 160688.6   D 

T5 24062.3 167897.2   D 

T9 24195.59 183422 8270.59 12801.90 154.79 

T6 24328.87 162237   D 

T10 24376.51 185655.9 180.92 2233.96 1234.75 

T7 24406.26 206671.1 29.75 21015.16 70632.51 

T8 24539.55 257763.8 133.29 51092.74 38333.24 

T4 24750.23 183335.1   D 

D
ro

u
g

h
t 

T1 9100 86119.06    

T2 16300 67256.42   D 

T3 17159.91 101247.7 8059.91 15128.60 187.70 

T5 17237.3 100878.8 77.39  D 

T9 17370.59 160343.2 210.68 59095.50 28050.22 

T6 17503.87 144351.7 133.29  D 

T10 17551.51 174312.6 180.92 13969.42 7721.13 

T7 17581.26 143310.7   D 

T8 17714.55 209758.8 163.04 35446.22 21741 

T4 17925.23 118386.7     D 

T1 = Control (Un-treated), T2 = Distilled water spray, T3 = Distilled water spray + Tween-20 (0.1%), T4 

= Glycine betaine @ 100 mg L-1 + Tween-20 (0.1%), T5 = Salicylic acid @ 100 mg L-1 + Tween-20 

(0.1%), T6 = Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%), T7 = Glycine betaine + Salicylic acid @ 

50 mg L-1 each + Tween-20 (0.1%), T8 = Glycine betaine + Ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%), T9 = Salicylic acid + Ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%), T10 = Glycine betaine 

+ Salicylic acid + Ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%). 
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Economic analysis revealed that cultivar Lalazar can be grown economically 

under drought conditions with exogenous application of salicylic acid + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) while cultivar FH-142 can be grown economically 

with foliar spray of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

and glycine betaine + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) under drought 

conditions. However, MRR will be more with foliar application of salicylic acid + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) than glycine betaine + ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) application. 
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CHAPTER 5 

SUMMARY 

Glycine betaine, salicylic acid and ascorbic acid are important plant growth 

promoting substances which function as multiple abiotic stress tolerance in most crop 

plants. Therefore, different experiments were carried out in this study to assess whether 

glycine betaine, salicylic acid and ascorbic acid alone and in various combinations have 

role in combating the harmful effects of water deficit in cotton by promoting cotton 

growth under drought stress environment. Three independent experiments (two pot and 

one field) were carried out to evaluate the effect of exogenous application of glycine 

betaine, salicylic acid and ascorbic acid applied individually and in combination on cotton 

grown under normal irrigation and drought conditions. Good quality seeds of two cotton 

cultivars namely Lalazar; a drought tolerant cultivar and FH-142; a moderately drought 

tolerant cultivar were used in all experiments. Drought stress was imposed after 

appearance of first true leaf. Keeping in view, environmental forecasts, pot experiments 

were protected from rain with the help of rain shelter created at research area of College 

of Agriculture, University of Sargodha, Sargodha, Pakistan during 2015-16. The pot 

experiments were carried out in completely randomized design with factorial 

arrangement. Soil weighing 8.5 kg was filled in equal weight pots. Field capacity of soil 

was determined. Two water regimes were maintained in pot experiment throughout the 

pot study i.e. 100% field capacity and 60% field capacity level. Ten treatments of plant 

growth promoting substances i.e. glycine betaine, salicylic acid, ascorbic acid 

individually and in combination were exogenously applied at three, six and nine weeks 

after sowing. Tween-20 (0.1%) was used as surfactant. Field experiment was carried out 

in year 2016 in which treatment were same as that of pot experiments. Drought was 

imposed after emergence of first true leaf by skipping irrigation alternate to normal 

throughout the field experiment. Normal irrigation was also maintained as control. Field 

experiment was carried out in randomized complete block design with split-split plot 

arrangement. Water regimes were kept in main plot, cultivars in sub plot and plant growth 

promoting substances in sub-sub plots.  

Result of pot experiments depicted that drought stress affected the days to 

squaring and flowering among phenological traits in both years by producing early days 

to squaring and days to first flower in both years. However, different agronomic and yield 
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traits, fiber quality characteristics, physiological and biochemical characteristics, gas 

exchange characteristics which were reduced by water deficit conditions in both years 

include number of monopodial branches per plant, number of sympodial branches per 

plant, plant height, number of open bolls per plant, average boll weight, seed cotton yield, 

cotton seed yield, lint yield, staple length, fiber strength, fiber fineness, fiber uniformity, 

net photosynthetic rate, transpiration, leaf stomatal conductance, leaf chlorophyll a, 

chlorophyll b, total chlorophyll contents, relative water contents in leaves and membrane 

stability index. Activity of antioxidants were influenced by drought stress in such a way 

that peroxidase, superoxide dismutase and catalase were decreased under drought 

conditions as compared to normal irrigation in first year while increased in next year 

under drought conditions due to changes in climatic conditions. 

In pot experiments, cultivar Lalazar was inferior over FH-142 in terms of net 

photosynthesis and transpiration rate due to decrease in chlorophyll a and total 

chlorophyll contents thus resulted in decreased seed cotton yield, cotton seed yield and 

lint yield per plant. Among fiber quality characteristics, staple length and fiber strength 

were more in cultivar Lalazar as compared to FH-142. Activity of different antioxidants, 

leaf relative water contents and membrane stability index varied in both years in both 

cultivars.   

Different plant growth promoting substances significantly influenced days to first 

boll split, number of monopodial branches per plant, number of sympodial branches per 

plant, plant height, number of main stem nodes per plant, height to node ratio, number of 

open bolls per plant, average boll weight, seed cotton yield per plant, cotton seed yield 

per plant, lint yield per plant, ginning out turn, staple length, fiber strength, fiber 

elongation, fiber fineness, fiber uniformity, leaf chlorophyll a, chlorophyll b, total 

chlorophyll contents, leaf relative water contents, membrane stability index, net 

photosynthesis, transpiration rate, leaf stomatal conductance, superoxide dismutase, 

catalase and peroxidase activity in both years. Days to first flower and number of 

unopened bolls per plant were not affected by different plant growth promoting 

substances in both years.  

Among different combinations of plant growth promoting substances in mitigating 

the harmful effects of drought, it was found that single combination was not equally 

effective for both cultivars as each cultivar responded differentially to application of plant 

growth promoting substances under normal irrigation and drought conditions. Moreover, 

Combined application of different plant growth promoting substances was superior as 
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compared to individual plant growth promoting substances by improving growth, yield, 

yield components, physiological, biochemical and gas exchange characteristics. Role of 

climatic conditions cannot be neglected in this context.  

It was found that in year 2015, temperature was little bit less with high humidity 

as compared to year 2016. According to climatic conditions, results of first year pot 

experiment depicted that exogenous application of combination of salicylic acid and 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) improved different physiological, 

agronomic, yield and selected fiber quality traits in cultivar Lalazar exposed to drought. 

Different parameters which were maximum by combined application of salicylic acid and 

ascorbic acid include plant height, number of opened bolls per plant, seed cotton yield per 

plant, cotton seed yield per plant, lint yield per plant, chlorophyll a contents, total 

chlorophyll contents, transpiration rate and leaf stomatal conductance. These parameters 

were also improved as compared to control. Although, net photosynthetic rate was 

recorded maximum where exogenous application of ascorbic acid at 100 mg L-1 + Tween-

20 (0.1%) was done but combination of glycine betaine and salicylic acid @ 50 mg L-1 

each + Tween-20 (0.1%) was very effective in enhancing level of endogenous 

antioxidants level such as catalase, peroxidase and superoxide dismutase activity under 

drought in cultivar Lalazar as compared to control. However, fiber characteristic such as 

staple length was improved by exogenous application of glycine betaine + salicylic acid + 

ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) in cultivar Lalazar under drought 

conditions. 

Cultivar FH-142 performed best under drought conditions where combination of 

glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) was applied by 

improving plant height, number of opened bolls per plant, seed cotton yield, cotton seed 

yield, lint yield, fiber length, fiber fineness, total chlorophyll contents and transpiration 

rate. Net photosynthesis rate as well as activity of antioxidants such as superoxide 

dismutase and catalase was more where combined application of all three plant growth 

promoting substances was done. Peroxidase activity was recorded maximum with 

salicylic acid @ 100 mg L-1 each + Tween-20 (0.1%) under drought conditions. Glycine 

betaine @ 100 mg L-1 + Tween-20 (0.1%) improved fiber uniformity in cultivar FH-142 

under drought conditions.  

Under normal irrigated conditions, both cultivars performed best when foliar 

spray of glycine betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 

(0.1%) was applied in terms of plant height, number of opened bolls per plant, seed cotton 
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yield, cotton seed yield and lint yield as compared to control in 2015. In cultivar Lalazar 

grown under normal irrigation conditions, combination of all three plant growth 

promoting substances also improved total chlorophyll contents, leaf relative water 

contents, fiber fineness, net photosynthesis, transpiration rate, leaf stomatal conductance, 

peroxidase activity, catalase activity, superoxide dismutase activity as compared to 

control and rest of plant growth promoting substances. While in cultivar FH-142 grown 

under normal irrigation conditions, fiber length, chlorophyll a and transpiration rate was 

maximum where combination of glycine betaine + ascorbic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) was applied.   

It was found in second year pot experiment in year 2016 that temperature was 

high with fluctuating relative humidity as compared to previous year experiment. Foliar 

spray of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in 

maximum plant height, seed cotton yield per plant, cotton seed yield per plant, lint yield 

per plant, chlorophyll a, cell membrane stability, leaf stomatal conductance, peroxidase 

(POD) activity in cultivar Lalazar exposed to drought. Moreover, monopodial branches 

were minimum where exogenous application of glycine betaine @ 100 mg L-1 + Tween-

20 (0.1%) was applied as compared to exogenous application of rest of plant growth 

promoting substances and control. Glycine betaine + salicylic acid + ascorbic acid @ 33 

mg L-1 each + Tween-20 (0.1%) resulted in maximum fiber length, transpiration rate, 

superoxide dismutase (SOD) and catalase (CAT) activity in cultivar Lalazar when 

exposed to drought stress conditions.  

Cultivar FH-142 performed best under drought conditions with glycine betaine 

and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) and produced maximum plant 

height, seed cotton yield per plant, cotton seed yield per plant, lint yield per plant, cell 

membrane stability, net photosynthesis, transpiration rate, leaf stomatal conductance, 

CAT activity and POD activity as compared to control in 2016. Glycine betaine + 

salicylic acid @ 50 mg L-1 each + Tween-20 (0.1%) resulted in maximum SOD activity in 

cultivar FH-142 under drought conditions in same year. Salicylic acid and ascorbic acid 

@ 50 mg L-1 each + Tween-20 (0.1%) resulted in maximum fiber length in cultivar FH-

142 exposed to drought. Ascorbic acid @ 100 mg L-1 + Tween-20 (0.1%) resulted in 

improved chlorophyll a and chlorophyll b as compared to control as well as foliar 

application of rest of plant growth promoting substances in cultivar FH-142 when 

exposed to drought stress conditions.  
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When cultivar Lalazar was grown under normal irrigation conditions, exogenous 

application of salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

resulted in maximum seed cotton yield per plant, cotton seed yield per plant and fiber 

length in 2016. Combination of all three plant growth promoting substances i.e. glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) resulted in 

maximum plant height, lint yield per plant, cell membrane stability, net photosynthesis, 

transpiration rate, leaf stomatal conductance, SOD and CAT activity under normal 

irrigation conditions in cultivar Lalazar. In cultivar FH-142 grown under normal irrigation 

conditions, glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) 

resulted in maximum seed cotton yield per plant, cotton seed yield per plant, lint yield per 

plant, cell membrane stability, net photosynthetic rate, transpiration rate, leaf stomatal 

conductance, CAT activity and POD activity.  

Results of field experiment showed that drought stress reduced number of days to 

first boll split, number of monopodial and sympodial branches per plant, plant height, 

number of main stem nodes per plant, height to node ratio, number of opened bolls per 

plant, number of un-opened bolls per plant, average boll weight, seed cotton yield per 

plant, cotton seed yield per plant, lint yield per plant, staple length, fiber strength, fiber 

elongation, fiber uniformity, fiber fineness, chlorophyll a, chlorophyll b, total 

chlorophyll, leaf relative water contents, membrane stability index, net photosynthesis 

and leaf stomatal conductance. 

Cultivar Lalazar when exposed to drought  stress conditions, crop growth rate, 

final leaf area duration and leaf area index at 60, 90 and 120 days after sowing, net 

photosynthetic rate, transpiration rate, POD activity, average boll weight, seed cotton 

yield, cotton seed yield, lint yield was maximum due to exogenous application of salicylic 

acid and ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%). Cultivar FH-142 when 

exposed to drought stress conditions, crop growth rate during 90-120 days after sowing , 

chlorophyll a, chlorophyll b, total chlorophyll, net photosynthetic rate, leaf stomatal 

conductance, transpiration rate, SOD activity, CAT activity, POD activity, number of 

opened bolls per plant, average boll weight, seed cotton yield, cotton seed yield, lint yield 

were maximum with exogenous application of glycine betaine and ascorbic acid @ 50 mg 

L
-1

 each + Tween-20 (0.1%).  

Under normal irrigated conditions, cultivar Lalazar performed best when glycine 

betaine + salicylic acid + ascorbic acid @ 33 mg L-1 each + Tween-20 (0.1%) was applied 
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and produced maximum crop growth rate after 60-90, 90-120 and 120-150 days after 

sowing, leaf area index after 60, 90 and 120 DAS, final leaf area duration, number of 

open bolls per plant, seed cotton yield per plant, cotton seed yield per plant, lint yield per 

plant, chlorophyll a, chlorophyll b, total chlorophyll contents, net photosynthesis rate, leaf 

stomatal conductance, transpiration rate, CAT activity and POD activity. Cultivar FH-142 

grown under normal irrigation conditions and drought conditions performed best where 

glycine betaine and ascorbic acid @ 50 mg L
-1

 each + Tween-20 (0.1%) was applied as 

foliar spray by improving crop growth rate 90-120 days after sowing, net photosynthetic 

rate, leaf stomatal conductance, SOD activity, POD activity, CAT activity, chlorophyll a, 

chlorophyll b and total chlorophyll contents, number of opened bolls per plant, seed 

cotton yield, cotton seed yield and lint yield per plant as compared to control. 

Results of both pot and field experiments showed that cultivar Lalazar exposed to 

drought conditions out performed in terms of improved seed cotton, cotton seed and lint 

yield per plant with foliar spray of salicylic acid + ascorbic acid @ 50 mg L-1 + Tween-20 

(0.1%). However, performance of cultivar FH-142 was much improved with foliar spray 

of glycine betaine + ascorbic acid @ 50 mg L-1 + Tween-20 (0.1%). It may be due to 

improved number of open bolls per plant, total chlorophyll contents and net 

photosynthetic rate as compared to control. However variable results regarding different 

phenological parameters in pot and field experiments may be due to changes in 

environmental conditions which are linked directly or indirectly with drought.  

Economic and marginal analysis revealed that benefit cost ratio and marginal rate 

of return was maximum with exogenous application of salicylic acid + ascorbic acid @ 

50 mg L-1 each + Tween-20 (0.1%) under normal irrigation and drought conditions in cv. 

Lalazar under field conditions. However, benefit cost ratio in cultivar FH-142 grown 

under normal irrigated and drought conditions was maximum with glycine betaine + 

ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%) but marginal rate of return was 

maximum with foliar spray of glycine betaine + salicylic acid @ 50 mg L-1 each + 

Tween-20 (0.1%) under normal irrigation while under drought conditions it was 

maximum with salicylic acid + ascorbic acid @ 50 mg L-1 each + Tween-20 (0.1%).  

Conclusions and recommendations 

In conclusion, water limited conditions can be counteracted by combination of 

different plant growth promoting substances as compared to control. However, drought 
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tolerant cotton cultivars like Lalazar can be planted successfully under water deficit 

conditions by exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each 

+ Tween-20 (0.1%) at 3, 6 and 9 weeks after seedling emergence. Moderately drought 

tolerant cultivars like FH-142 can be grown economically under water limited conditions 

by exogenous application of salicylic acid and ascorbic acid @ 50 mg L-1 each + Tween-

20 (0.1%) as well as glycine betaine and ascorbic acid @ 50 mg L-1 each + Tween-20 

(0.1%) at 3, 6 and 9 weeks after seedling emergence. It was due to combined effect of 

above stated plant growth promoting substances that alleviated the harmful effects of 

water scarcity.  

Future prospects 

In present study, exogenous application of different combinations of plant growth 

promoting substances enhanced agronomic, physiological, biochemical and fiber quality 

traits as compared to control under drought and normal irrigated conditions. Although, 

behavior of drought tolerant and moderately drought tolerant cultivars was different upon 

exogenous application of combinations of different plant growth promoting substances, 

but drought is integrated with multiple stress factors. Therefore, it is necessary to 

optimized doses of different combination of plant growth promoting substances under 

water limited conditions along with different integrated factors that limit yield of cotton 

under drought. It is also needed to study different physiological and biochemical traits of 

cotton with reference to all those stress factors which are associated with drought. It is 

crucial to uncover molecular basis of mechanism of action of combined application of 

different plant growth promoting substances by using different molecular biology tools 

that could lead to enhanced water deficit stress tolerance.      
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Appendix 1. Summary ANOVA for phenological traits of cotton grown in pot in 2015 

  Days to 

emergence 

Days to 

squaring 

Days to 

first flower 

Days to first 

boll split 

First fruiting 

branch height 

SOV DF P value 

Rep 3      

W 1 0.5096 0.0000 0.0000 0.1637 0.7299 

V 1 0.0006 0.4550 0.0111 0.0571 0.9312 

Trt 9 0.9329 0.0000 0.1116 0.0000 0.1266 

W × V 1 0.5096 0.3196 0.0545 0.9655 0.9312 

W × Trt 9 0.5542 0.0887 0.0066 1.0000 0.0030 

V × Trt 9 0.5880 0.0000 0.1043 0.2584 0.0187 

W × V × Trt 9 0.9637 0.2765 0.0015 0.9999 0.3915 

Error 117      

Total 159      

 

Appendix 2. Summary ANOVA for phenological traits of cotton grown in pot in 2016 

  Days to 

emergence 

Days to 

squaring 

Days to 

first flower 

Days to first 

boll split 

First fruiting 

branch height 

SOV DF P value 

Rep 3      

W 1 0.6313 0.0000 0.0049 0.0008 0.0000 

V 1 0.6313 0.0258 0.000 0.0242 0.6889 

Trt 9 0.4946 0.3909 0.7124 0.0000 0.0004 

W × V 1 0.3379 0.4934 0.7014 0.0975 0.2720 

W × Trt 9 0.1102 0.9592 0.2909 0.9797 0.0184 

V × Trt 9 0.9516 0.4499 0.9058 0.0007 0.0003 

W × V × Trt 9 0.6780 0.8951 0.9625 0.9605 0.5139 

Error 117      

Total 159      
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Appendix 3a. Summary ANOVA for agronomic and yield traits of cotton grown in pot in 

2015 

  Monopodial 

branches 

per plant 

Sympodial 

branches 

per plant 

Plant 

height 

Main 

stem 

nodes per 

plant 

Height 

to 

node 

ratio 

Opened 

bolls 

per 

plant 

SOV DF P value 

Rep 3       

W 1 0.0001 0.0000 0.0000 0.0000 0.0559 0.0000 

V 1 1.0000 0.0009 0.0007 0.0003 0.2147 0.0000 

Trt 9 0.1393 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.3325 0.0217 0.4158 0.9690 0.4990 0.1602 

W × Trt 9 0.3276 0.0002 0.0528 0.0055 0.9178 0.0000 

V × Trt 9 0.0016 0.0016 0.0000 0.0000 0.1285 0.0000 

W × V × Trt 9 0.2066 0.1805 0.0262 0.1225 0.0524 0.0000 

Error 117       

Total 159       

 

Appendix 3b. Summary ANOVA for agronomic and yield traits of cotton grown in pot in 

2015 

  Un-opened 

bolls per 

plant 

Average 

boll 

weight 

Seed 

cotton 

yield per 

plant 

Cotton 

seed 

yield per 

plant 

Lint 

yield 

per 

plant 

GOT 

SOV DF P value 

Rep 3       

W 1 0.0183 0.0000 0.0000 0.0000 0.0000 0.5260 

V 1 0.2339 0.9818 0.0000 0.0000 0.0000 0.0000 

Trt 9 0.9097 0.0000 0.0000 0.0000 0.0000 0.0114 

W × V 1 0.4267 0.0000 0.0083 0.0048 0.3338 0.1954 

W × Trt 9 0.9427 0.0951 0.0000 0.0000 0.0000 0.0874 

V × Trt 9 0.9881 0.0043 0.0000 0.0000 0.0000 0.0701 

W × V × Trt 9 0.8988 0.6542 0.0000 0.0000 0.0000 0.0690 

Error 117       

Total 159       
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Appendix 4a. Summary ANOVA for agronomic and yield traits of cotton grown in pot in 

2016 

  Monopodial 

branches 

per plant 

Sympodial 

branches 

per plant 

Plant 

height 

Main stem 

nodes per 

plant 

Height 

to 

node 

ratio 

Opened 

bolls 

per 

plant 

SOV DF P value 

Rep 3       

W 1 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 

V 1 0.0752 0.0001 0.8487 0.0000 0.0000 0.0000 

Trt 9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.0005 0.8875 0.6648 0.3099 0.2342 0.1779 

W × Trt 9 0.0000 0.0010 0.0000 0.1251 0.9820 0.8242 

V × Trt 9 0.0096 0.0000 0.0000 0.0005 0.0000 0.0000 

W × V × Trt 9 0.0016 0.0570 0.0022 0.8157 0.4937 0.3991 

Error 117       

Total 159       

Appendix 4b. Summary ANOVA for agronomic and yield traits of cotton grown in pot in 

2016 

  Un-opened 

bolls per 

plant 

Average 

boll 

weight 

Seed 

cotton 

yield per 

plant 

Cotton 

seed 

yield per 

plant 

Lint 

yield 

per 

plant 

GOT 

SOV DF P value 

Rep 3       

W 1 0.5801 0.0000 0.0000 0.0000 0.0000 0.0000 

V 1 0.0371 0.0000 0.0000 0.0000 0.0000 0.1606 

Trt 9 0.0739 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.3200 0.4281 0.0488 0.0239 0.1475 0.7565 

W × Trt 9 0.8526 0.4395 0.0000 0.0000 0.0000 0.1244 

V × Trt 9 0.1080 0.0211 0.0000 0.0000 0.0000 0.0013 

W × V × Trt 9 0.2599 0.7593 0.0000 0.0000 0.0000 0.0758 

Error 117       

Total 159       
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Appendix 5. Summary ANOVA for fiber quality characteristics of cotton grown in pot in 

2015 

  Fiber 

length 

Fiber 

strength 

Fiber 

elongation 

Fiber 

fineness 

Fiber 

uniformity 

SOV DF P value 

Rep 3      

W 1 0.0000 0.0000 0.0000 0.0192 0.0000 

V 1 0.0337 0.0000 0.0000 0.0000 0.0000 

Trt 9 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.0001 0.0018 0.0781 0.0037 0.3509 

W × Trt 9 0.0009 0.0000 0.0000 0.0073 0.0000 

V × Trt 9 0.0000 0.0000 0.0000 0.0001 0.0000 

W × V × Trt 9 0.0043 0.0000 0.3369 0.0050 0.0000 

Error 117      

Total 159      

 

Appendix 6. Summary ANOVA for fiber quality characteristics of cotton grown in pot in 

2016 

  Fiber 

length 

Fiber 

strength 

Fiber 

elongation 

Fiber 

fineness 

Fiber 

uniformity 

SOV DF P value 

Rep 3      

W 1 0.0000 0.0000 0.0000 0.0000 0.0000 

V 1 0.2496 0.0000 0.5357 0.0021 0.0040 

Trt 9 0.0000 0.0000 0.0017 0.0492 0.0000 

W × V 1 0.2775 0.6481 0.6002 0.0310 0.0124 

W × Trt 9 0.8107 0.1169 0.7111 0.8603 0.4654 

V × Trt 9 0.0695 0.0000 0.0000 0.0006 0.0000 

W × V × Trt 9 0.0433 0.0000 0.3211 0.1694 0.0158 

Error 117      

Total 159      
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Appendix 7. Summary ANOVA for physiological and biochemical attributes of cotton 

grown in pot in 2015 

  Chlorophyll 

a 

Chlorophyll 

b 

Total 

Chlorophyll 

RWC MSI 

SOV DF P value 

Rep 3      

W 1 0.0220 0.0000 0.0000 0.0000 0.0000 

V 1 0.0000 0.9372 0.0865 0.3628 0.0007 

Trt 9 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.0656 0.0000 0.0000 0.4111 0.3788 

W × Trt 9 0.0110 0.0256 0.0040 0.0000 0.0211 

V × Trt 9 0.0224 0.1585 0.0318 0.9946 0.1173 

W × V × Trt 9 0.8878 0.0294 0.4026 0.9996 0.0015 

Error 117      

Total 159      

 

Appendix 8. Summary ANOVA for physiological and biochemical attributes of cotton 

grown in pot in 2016 

  Chlorophyll 

a 

Chlorophyll 

b 

Total 

Chlorophyll 

RWC MSI 

SOV DF P value 

Rep 3      

W 1 0.0000 0.0000 0.0000 0.0000 0.0000 

V 1 0.0000 0.0009 0.0000 0.0797 0.5463 

Trt 9 0.0000 0.0000 0.0000 0.0000 0.0000 

W × V 1 0.0955 0.3649 0.1377 0.2401 0.0718 

W × Trt 9 0.0000 0.0040 0.0000 0.4142 0.0000 

V × Trt 9 0.0000 0.0000 0.000 0.1953 0.0000 

W × V × Trt 9 0.0000 0.0000 0.0000 0.6084 0.0062 

Error 117      

Total 159      
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Appendix 9. Summary ANOVA for gas exchange characteristics of cotton grown in pot 

in 2015 

  Net 

photosynthesis 

Transpiration 

rate 

Stomatal 

conductance 

SOV DF P value 

Rep 3    

W 1 0.0002 0.0000 0.0000 

V 1 0.9787 0.4723 0.7673 

Trt 9 0.3352 0.0821 0.0080 

W × V 1 0.1258 0.0300 0.0141 

W × Trt 9 0.9231 0.0179 0.5807 

V × Trt 9 0.8690 0.1848 0.0690 

W × V × Trt 9 0.8934 0.9489 0.9185 

Error 117    

Total 159    

 

Appendix 10. Summary ANOVA for gas exchange characteristics of cotton grown in pot 

in 2016 

  Net 

photosynthesis 

Transpiration 

rate 

Stomatal 

conductance 

SOV DF P value 

Rep 3    

W 1 0.0000 0.0000 0.0000 

V 1 0.0000 0.0000 0.0000 

Trt 9 0.0000 0.0000 0.0000 

W × V 1 0.4352 0.0012 0.0007 

W × Trt 9 0.0054 0.0000 0.0000 

V × Trt 9 0.0000 0.0000 0.0000 

W × V × Trt 9 0.5864 0.0038 0.0000 

Error 117    

Total 159    
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Appendix 11. Summary ANOVA for activity of antioxidants of cotton grown in pot in 

2015 

  SOD CAT POD 

SOV DF P value 

Rep 3    

W 1 0.0000 0.0000 0.0000 

V 1 0.0000 0.0000 0.0000 

Trt 9 0.0000 0.0000 0.0000 

W × V 1 0.0000 0.6751 0.0000 

W × Trt 9 0.0000 0.0000 0.0000 

V × Trt 9 0.0000 0.0000 0.0000 

W × V × Trt 9 0.0000 0.0000 0.0000 

Error 117    

Total 159    

 

Appendix 12. Summary ANOVA for activity of antioxidants of cotton grown in pot in 

2016 

  SOD CAT POD 

SOV DF P value 

Rep 3    

W 1 0.0000 0.0000 0.0000 

V 1 0.0000 0.6935 0.9892 

Trt 9 0.0000 0.0000 0.0000 

W × V 1 0.0000 0.2323 0.0261 

W × Trt 9 0.0000 0.8403 0.0053 

V × Trt 9 0.0000 0.0000 0.0000 

W × V × Trt 9 0.0000 0.0442 0.0106 

Error 117    

Total 159    
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Appendix 13. Summary ANOVA for phenological traits of cotton grown in field 

  Days to 

emergence 

Days to 

squaring 

Days to first 

flower 

Days to first 

boll split 

SOV DF P value 

Rep 3     

W 1 0.3393 0.2718 0.6445 0.0162 

Error Rep × W 3     

V 1 0.0063 0.8262 0.0930 0.0272 

W×V 1 0.4703 0.1594 0.1537 0.8825 

Error Rep × W × V 6     

Trt 9 0.9391 0.0976 0.1554 0.0000 

W × Trt 9 0.5790 0.0656 0.9252 0.3450 

V × Trt 9 0.6120 0.9916 0.6342 0.1281 

W × V × Trt 9 0.9672 0.9928 0.6017 0.8111 

Error Rep × W × V × Trt 108     

Total 159     

Appendix 14a. Summary ANOVA for agronomic and yield traits of cotton grown in field 

  Plants at 

harvest 

Monopodial 

branches per 

plant 

Sympodial 

branches 

per plant 

Plant 

height 

SOV DF P value 

Rep 3     

W 1 0.1971 0.0084 0.0127 0.0023 

Error Rep × W 3     

V 1 0.2930 0.7484 0.0163 0.0004 

W×V 1 0.3425 0.6740 0.6114 0.1819 

Error Rep × W × V 6     

Trt 9 0.9990 0.0641 0.0013 0.0000 

W × Trt 9 0.8225 0.8888 0.3714 0.0008 

V × Trt 9 0.8843 0.7690 0.0568 0.0000 

W × V × Trt 9 0.9914 0.9960 0.9143 0.0767 

Error Rep × W × V × Trt 108     

Total 159     
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Appendix 14b. Summary ANOVA for agronomic and yield traits of cotton grown in field  

  Main stem 

nodes per 

plant 

Height to 

node ratio 

Opened 

bolls per 

plant 

Un-opened 

bolls per 

plant 

SOV DF P value 

Rep 3     

W 1 0.0003 0.0074 0.0013 0.0293 

Error Rep × W 3     

V 1 0.0334 0.1488 0.0016 0.0021 

W×V 1 0.4552 0.1394 0.0650 0.0339 

Error Rep × W × V 6     

Trt 9 0.0212 0.0000 0.0000 0.4194 

W × Trt 9 0.4032 0.8448 0.0027 0.8918 

V × Trt 9 0.0217 0.1866 0.0000 0.4427 

W × V × Trt 9 0.9110 0.5785 0.0000 0.1520 

Error Rep × W × V × Trt 108     

Total 159     

Appendix 14c. Summary ANOVA for agronomic and yield traits of cotton grown in field  

  Average 

boll 

weight 

Seed cotton 

yield per 

plant 

Cotton 

seed yield 

per plant 

Lint 

yield per 

plant 

GOT 

SOV DF P value 

Rep 3      

W 1 0.0000 0.0004 0.0006 0.0003 0.1884 

Error Rep × W 3      

V 1 0.0000 0.0000 0.0000 0.0000 0.0044 

W×V 1 0.0009 0.3108 0.2851 0.3780 0.1806 

Error Rep × W × V 6      

Trt 9 0.0000 0.0000 0.0000 0.0000 0.4503 

W × Trt 9 0.0000 0.0000 0.0000 0.0000 0.9934 

V × Trt 9 0.0000 0.0000 0.0000 0.0000 0.3704 

W × V × Trt 9 0.0000 0.0000 0.0000 0.0000 0.9658 

Error Rep × W × V × Trt 108      

Total 159      
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Appendix 15. Summary ANOVA for fiber quality characteristics of cotton grown in field  

  Fiber 

length 

Fiber 

strength 

Fiber 

elongation 

Fiber 

fineness 

Fiber 

uniformity 

SOV DF P value 

Rep 3      

W 1 0.0008 0.0042 0.0069 0.0000 0.0105 

Error Rep × W 3      

V 1 0.0000 0.0008 0.0918 0.0016 0.4357 

W×V 1 0.6591 0.1201 0.1313 0.7294 0.7622 

Error Rep × W × V 6      

Trt 9 0.0000 0.0000 0.0000 0.0216 0.0002 

W × Trt 9 0.0432 0.0001 0.0579 0.1333 0.0563 

V × Trt 9 0.0000 0.0000 0.0004 0.0156 0.0000 

W × V × Trt 9 0.0567 0.1051 0.6506 0.4223 0.6280 

Error Rep × W × V × Trt 108      

Total 159      

Appendix 16. Summary ANOVA for physiological and biochemical attributes of cotton 

grown in field  

  Chlorophyll 

a 

Chlorophyll 

b 

Total 

Chlorophyll 

RWC MSI 

SOV DF P value 

Rep 3      

W 1 0.0094 0.0001 0.0028 0.0006 0.0001 

Error Rep × W 3      

V 1 0.0000 0.0001 0.0000 0.2266 0.0057 

W×V 1 0.0525 0.0410 0.0227 0.0090 0.4333 

Error Rep × W × V 6      

Trt 9 0.0000 0.0000 0.0000 0.0000 0.0000 

W × Trt 9 0.0101 0.0000 0.0000 0.3915 0.0003 

V × Trt 9 0.0000 0.0000 0.0000 0.0032 0.0000 

W × V × Trt 9 0.0000 0.0000 0.0000 0.7708 0.0759 

Error Rep × W × V × Trt 108      

Total 159      
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Appendix 17. Summary ANOVA for gas exchange characteristics of cotton grown in 

field 

  Net 

photosynthesis 

Transpiration 

rate 

Stomatal 

conductance 

SOV DF P value 

Rep 3    

W 1 0.0008 0.0005 0.0000 

Error Rep × W 3    

V 1 0.0002 0.0000 0.0572 

W×V 1 0.0899 0.0993 0.0011 

Error Rep × W × V 6    

Trt 9 0.0000 0.0000 0.0000 

W × Trt 9 0.0000 0.0036 0.0000 

V × Trt 9 0.0000 0.0000 0.0000 

W × V × Trt 9 0.0991 0.0616 0.0000 

Error Rep × W × V × Trt 108    

Total 159    

Appendix 18. Summary ANOVA for activity of antioxidants of cotton grown in field 

  SOD CAT POD 

SOV DF P value 

Rep 3    

W 1 0.0159 0.0546 0.0094 

Error Rep × W 3    

V 1 0.0000 0.1711 0.0016 

W×V 1 0.2153 0.8017 0.1266 

Error Rep × W × V 6    

Trt 9 0.0000 0.0000 0.0000 

W × Trt 9 0.0000 0.0000 0.0000 

V × Trt 9 0.0000 0.0000 0.0000 

W × V × Trt 9 0.0001 0.0002 0.0003 

Error Rep × W × V × Trt 108    

Total 159    
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Appendix 19. Fixed cost of production (on hectare basis) for field experiment  

Sr No. Description No. Cost (Rs.) Unit-1 
Total cost 

(Rs.) 

1 Pre-sowing    

 Cultivation 5 1500 7500 

 Planking 1 750 750 

 Ridge making 1 1500 1500 

2 Seed and sowing    

 Seed cost 20 kg 200 4000 

 Labour charges 4 men/ha 425 1700 

 Thinning 2 men/ha 425 850 

3 
Intercultural 

operations 
   

 Herbicide    

 Pre-emergence 1 2300 2300 

 Hand hoeing 10 men/ha 425 4250 

 
Spray application 

charges 
5 men/ha 425 2125 

4 Plant protection    

 Insecticides  6816 6816 

 
Spray application 

charges 
5 men/ha 425 2125 

5 Fertilizer application 

160 kg N, 

70 kg P, 50 

kg potash 

28195 28195 

6 Land rent  41183 41183 

7 Picking charges 14 men/ha 880 12320 

 
Total fixed cost per 

hectare 
  114339 
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