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Abstract 

Temperature of the earth is increasing day by day due to global warming. Though 

Upland cotton is sun loving plant but its production is affected adversely due to 

increase in temperature not only in Pakistan but also in the whole world. That is why 

research work related to heat tolerance in cotton is a step forward. Objective of this 

study was to develop understanding the genetic basis of heat tolerance in upland 

cotton. The presence and identification of genetic variation for certain traits (plant 

height, number of bolls per plant, boll weight, boll shedding percentage, gin turn out, 

fibre length, fibre strength, fibre fineness, number of seeds per boll, seed cotton yield, 

relative cell injury and chlorophyll contents) is one of the prerequisite to start 

research work. There are several techniques for the screening of germplasm for heat 

tolerance. Relative cell injury was used in the present study for the identification of 

the most heat tolerant and susceptible cotton genotypes i.e. VH-259, VH-142 and 

DNH-40, VH-282 respectively. The identified genotypes were used for the 

development of F2, BC1 and BC2 populations for genetic studies of heat tolerance and 

other agronomic traits. The results revealed that all the traits were controlled by both 

additive and non-additive type of gene action including epistatic effects. Genetic 

advance studies showed that F2 population could be used for selection in order to 

improve plant height, fibre strength, seed cotton yield and relative cell injury 

percentage. Hybrid breeding could be suggested in number of boll per plant, boll 

weight, boll shedding percentage, gin turn out, fibre length, fibre fineness, number of 

seeds per bolls and chlorophyll contents due to low genetic advance and high 

heritability. Transcriptomic analysis was also done in two heat tolerant genotypes 

VH-259 and VH-142 by using HSP related genes reported in the database from G. 

raimondii. The purpose of this experiment was to examine and identify the expression 

of these genes in G. hirsutum at variable temperature regimes. Certain HSP genes 

were identified in both genotypes in this experiment. Both these genotypes exhibited 

different pattern of heat stress tolerance based on differential expression of genes.  
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Chapter 1                Introduction  

Cotton belongs to family Malvaceae and this family contains more than 200 genera and 

about 2300 species. There are more than 50 species of Gossypium which are native to 

Africa, Australia, Central and South America and Asia (Fryxell, 1992; Wendel and 

Grover, 2015). A-genome species are cultivated while D-genome species G. raimondii is 

a wild type and do not produce spinnable fiber (Li et al., 2014; Hendrix and Stewart, 

2005). Gossypium barbadense produces 4% of total cotton production in the world. G. 

hirsutum is called upland cotton, native to Mexico and Central America and produces 

90% of total cotton production in the world (Lu et al., 1997; McCarty et al., 2004).  

Upland cotton is an important fiber crop which is cultivated in more than 100 countries 

and covering more than 32 million hectares worldwide. It is an important source of oil 

and livestock feed, even as low-protein food for humans in some third- world countries 

(Singh et al., 2007). America, China, India and Pakistan are top four cotton producing 

countries and collectively provide about 2/3 cotton of the world. Its production accounts 

for 1.5 percent in GDP, 7.1 percent in agricultural value addition and it also plays a major 

role in foreign exchange for Pakistan and during July-March 2014-15, textile industry 

fetched foreign exchange of 10.22 billion dollars. The cotton crop is planted on an area of 

2961 thousand hectares, showing an increase of 5.5 percent over area of i.e. 2806 

thousand hectares last year‘s and its production stood at 13.983 million bales against 

12.769 million bales of last year showing an increase of 9.5 percent for the year 2014-15 

(Govt. of Pakistan, 2014-15). 

Production of cotton is adversely affected by various biotic and abiotic stresses among 

them heat stress is one of the major factors that affects its growth and development which 

directly effects on yield of seed cotton. Global warming due to increase of greenhouse 

gases has significantly changed the world climate and this is one of the sources of 

increase in global temperature by 0.4-0.8 °C/year. Loss of 4.2 billion dollars was recorded 

in agriculture sector due to heat and drought stress (Pachauri et al., 2014). This warns the 

plant breeders and scientists to identify and design strategy that could minimize the losses 

due to heat stress. As we know that plants are unable to survive when exposed to 

temperature above their threshold level for long time if their exposure cause irreversible 

damage to plant development and growth such as wilting of leaf, flower and fruit 

shedding. The influence of heat stress depends on rate of temperature, growth stage of 

plant and duration of heat stress (Mittler, 2006; Wahid et al., 2007; Viola et al., 2010). 
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In Pakistan, cotton is mostly grown in the provinces Punjab and Sindh (Ahmad and 

Makhdum, 1992). In these areas, during plantation and germination temperature during 

summer reaches up to 50C, and this high temperature significantly reduce plant 

population, production of low seed cotton quality fiber and yield (Rahman et al., 2004). 

Temperature of above 15 °C for 180 days is very helpful for vegetative growth but above 

36C adversely affects the reproductive phase, including bad flower 65-70% shedding, 

pollen sterility and consequently decreased, plant yield (Kittock et al., 1988; Baloch et 

al., 2000a; Liu et al., 2006). Moreover, high temperature slows down rate of 

photosynthesis and respiration (Christiansen, 1978). The susceptibility for high 

temperatures varies on plant development at stages and observed variable effects on 

species and genotype (Sakata and Higashitani, 2008). The studies on different crops i.e., 

revealed that sufficient information is available on the existence of variation for heat 

tolerance, wheat (Shanahan et al., 1990; Ali and Khan, 2007), rice (Mackill et al., 1982), 

cowpeas (Mutters and Hall, 1992; El-kholy et al., 1997), and mung bean (Collins et al., 

1995). Although information on the occurrence of variability for heat tolerance in 

different crop species is available but knowledge on genetic basis of that variation is not 

fully utilized. However a few genetic studies on wheat (Ibrahim and Quick, 2001c; 

Ibrahim and Quick, 2001b), cowpea (Ismail and Hall, 1998) and cotton (Trolinder and 

Shang, 1991; Baloch et al., 2000a; Rahman et al., 2004) provide evidence that heat 

tolerance is genetically controlled, and suggesting the opportunities for further 

improvement in heat tolerance through selection and breeding. 

High temperature also cause damage to root system, produce dark spots on leaves, leaf 

senescence and abscission, fruit discoloration, pollen sterility and abortion (Guilioni et 

al., 1997; Ismail and Hall, 1999). High temperature inhibits plant developments such as 

seed germination, internodes growth, pollen germination and pollen tube growth, 

fertilization and post-fertilization processes. Amongst them establishment of seedling and 

development of floral stages are the most sensitive stages to high temperature (Howarth 

and Ougham, 1993; Ismail and Hall, 1998; Foolad, 2005). 

On the other hand, high temperatures can modify physiological functions of cellular 

organelles while modification in cell membranes either by denaturation of proteins or by 

transformation of saturated fatty acid to unsaturated fatty acid in membrane lipids 

(Larkindale and Huang, 2004). Membrane stability under heat stress is very important to 
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carry photosynthesis and respiration processes (Wahid et al., 2007; Barnabás et al., 

2008). 

Heat-shock proteins (HSPs) are produced in all living organisms in response to heat stress 

and play important role in reducing the losses. This response to stresses on molecular 

level is found in all living organism, particularly sudden changes in genotypic expression 

lead to the synthesis of protein called as HSPs (Morimoto et al., 1994). HSPs are divided 

into five families according to molecular weight, amino acid homology and functions i.e. 

(1) HSP 100 family, (2) HSP 90 family, (3) HSP 70 family, (4) HSP 60 family and (5) 

small HSP family (Gupta et al., 2010). In higher plants, 20 different types of small heat 

shock proteins (sHSPs) have been reported whereas some plant species may contain 40 

types of sHSPs (Vierling, 1991). These HSPs are induced upon stress and help the plants 

to tolerate various stresses like salinity, drought and fluctuations in temperatures (Löw et 

al., 2000; Hamilton and Heckathorn, 2001; Scharf et al., 2001; Wang et al., 2008). 

In the future, the determination of specific molecular markers linked with heat tolerance 

and utilization of functional genomics to identify the specific genes controlling this trait is 

imperative. The gene transformation method is also important in breeding for the 

development of heat tolerance in cotton. The combination of biotechnological tools with 

conventional breeding will dramatically improve the performance of plant breeders in 

developing heat tolerance cultivars. Keeping in view the losses of yield of seed cotton, the 

present study is designed to determine the genetic basis of heat tolerance and other 

economic traits in upland cotton. 

Objective of study are given below: 

 Screening of cotton germplasm for heat tolerance. 

 Understanding genetics of heat tolerance. 

 Development of heat tolerant germplasm. 

 Expression analysis of some HSPs related genes in G. hirsutum L. 

  



4 
 

Chapter 2      REVIEW OF LITERATURE  

2.1 Definition of heat stress 

Abnormal functioning of plant due to increase in temperature is termed as heat stress. 

Heat stress often causes multi directional and adverse alterations in plant growth, 

development and physiological processes of plants (Hasanuzzaman et al., 2013a). On the 

other way plants consistently do efforts in various environmental stress conditions 

including heat stress for their survival. Main significance of increase in temperature is the 

increased production of reactive oxygen species (ROS) due to which oxidative stress is 

produced in plants. At molecular level, heat stress induces alterations in the expression of 

genes involved in the protection of plant from heat stress (Collins et al. (2008). 

2.2 Response of plant under heat stress 

Under heat stress response of plant varies with degree and duration of temperature, and 

plant species. At high temperature growth of plant is stopped but uptake of water from 

soil is increased, stomata are closed, internal temperature of plant is increased and wilting 

of leaves takes place. If water is not provided at this stage, permanent wilting of leaves 

takes place and ultimately cellular damage or cell death may occur which lead to 

catastrophic collapse of cellular organization (Ahuja et al., 2010).  Increase in 

temperature affects the efficiency of enzymes, RNA synthesis, stability of membranes 

and proteins which involve in major physiological processes (Pagamas and Nawata, 

2008). Some of the effects of heat stress reported in literature are given here.  

2.2.1 Photosynthesis 

In plants, photosynthesis is the most important and heat sensitive physiological process 

(Crafts-Brandner and Salvucci, 2002). High temperature exerts significant influence on 

the photosynthetic activity of C3 and C4 plants (Yang et al., 2006). During heat stress in 

chloroplast of plants, in thylakoid and stroma photochemical reaction and carbon 

metabolism has been thought primary sites of heat injury (Wang et al., 2009). Due to 

increase in temperature major changes occurs in structural organization of thylakoids and 

swelling of grana takes place due to which plant cannot synthesis its food and reduction 

in yield takes place (Ashraf and Hafeez, 2004). In leaves of plants increase in temperature 

significantly affects the stomatal conductance, water status and intercellular CO2 

concentration (Greer and Weedon, 2012). Closing of stomata at high temperature is 
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another reason for decreased photosynthesis that affects the intercellular CO2. 

Photosystem II‘s activity is reduced and sometimes stopped at high temperatures. The 

likewise amount of photosynthetic pigments is greatly reduced as a result of heat shock in 

pants (Marchand et al., 2005). In sorghum, when temperature is increased (40/30 °C, 

day/night) reduction in chlorophyll pigment has been observed (Mohammed and Tarpley, 

2010). Heat tolerance is positively correlated with the efficiency of plants to assimilate 

CO2 and maintain gas exchange under heat conditions (Yang et al., 2006). In plants 

Photochemistry of photosystems and stomatal conductance were also observed reduced at 

the time of increase in temperature. In sorghum like other plant these events meaningfully 

decrease the photosynthesis at the time of comparison with optimum temperature 

(Mohammed and Tarpley, 2010). Increase in day/night temperature (38/28 °C) in soybean 

also significantly decreases total 18% chlorophyll contents (Tan et al., 2011). There are 

some other reasons which are responsible for reduction of photosynthesis and yield of 

plants as a result of heat stress. Reduction in binding and soluble proteins and damage to 

subunits of (rubisco) is also caused by heat stress (Sumesh et al., 2008). Synthesis of 

starch and sucrose is also affected owing to increase in temperature by decreased activity 

of sucrose phosphate synthase (Djanaguiraman et al., 2009).  Increase in temperature is 

responsible for lowering for water potential in leaf and leaf area as a result pre mature leaf 

senescence takes place that exerts negative impact on total plant photosynthesis (Greer 

and Weedon, 2012). Reduction in carbohydrates of plants takes place when they face 

prolonged heat stress and starvation occurs in them (Djanaguiraman et al., 2009).  

2.2.2 Growth  

When we talk about the growth stages of a plant affected by heat stress, it is germination 

percentage which is affected significantly. In various cultivated plant species, it has been 

observed that their germination percentage, emergence of plants, normal seedling, good 

seeding vigor and growth of germinated seedlings badly reduced during high temperature 

conditions (Toh et al., 2008). Reduced seed germination is documented during high 

temperature conditions occur through induction of ABA (Essemine et al., 2010). In 

wheat, germination rate is prohibited and sometimes cell death and brining of embryos 

takes place at high temperature (45 °C) (Cheng et al., 2009). In rice, number of tillers, 

plant height and biomass is expressively reduced as a heat stress response (Mitra and 

Bhatia, 2008). In sugarcane, it has been observed that leaf tip and leaf margins are 

damaged that is why leaf rolling and drying takes place (Omae et al., 2012).  High 
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temperatures can reduce the life period of plants. In cereals a small increase of 

temperature i.e. 1-2 °C to optimum temperature is responsible for less time availability 

for grain filling and negatively effects on yield (Nahar et al., 2010). High temperature has 

decreased germination period, germination percentage, days to anthesis and days to 

maturity in wheat (Yamamoto et al., 2008). In response to high temperature stress cell 

death in specific tissues of plants takes place within minutes due to denaturation or 

aggregation of proteins while moderate temperature stress cause gradual death (Rodriguez 

et al., 2005).  

2.2.3 Reproductive development 

Major loss of yield in plants has been observed at the time of flowering by little increase 

in temperature because reproductive stage is the most important and most sensitive stage 

of plant development (Lobell et al., 2011). Though variations in responses to heat stress 

have been found in plant species, increase in temperature at reproductive stage is 

responsible for reduction in floral buds and increase flower abortion (Sato et al., 2006). 

Heat stresses increases the rate of male sterility by reducing germination of pollens, 

reducing the development of pollen tube, reducing viability of ovule, irregularity in 

positions of stigma and style, reduction in number of pollen grain retention in stigma and 

decrease in fertilization processes (Yun-Ying et al., 2008).  

Increase in temperature significantly reduces pollen fertility, number of pollens and rate 

of fertilization (Ahamed et al., 2010). Like other plants rice heat tolerant varieties show 

less effect of heat than sensitive (Hurkman et al., 2009). In rice, increase in the 

temperature (32 °C) at night can increase pollen sterility which decreases pollen 

germination (Suwa et al., 2010). Pollen sterility caused by ethylene production which is 

increased by high temperature. Late sowing reduces significantly heat stress, ear length, 

number of spikelets, number of fertile florets in wheat (Prasad et al., 2008). Reduction in 

the number of per pod and abortion of flowers is also caused by heat stress in soybean 

(Tubiello et al., 2007). In maize heat stress at pre-silking and silking stage is responsible 

for reduction of yield as compared to the heat stress on grain filling stage (Zhang et al., 

2013).  

2.2.4 Effects on yield components 

The impact of high temperature is so much wonderful that a minor increase of 1.5 °C 

temperature poses significant negatively effect in the crop yield (Warland et al., 2006). 
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Due to heat stress yield reduction is reported in cereals, oil crops and pulses (Chanders et 

al., 2008; Ahamed et al., 2010; Hatfield et al., 2011; Zhang et al., 2013). Decrease of 4.1 

% to 10% was reported due to increase in the average seasonal temperature of 1°C in 

cereals (Wang et al., 2012a).  Increase in temperature up to 40 °C reduces 1000-kernal 

weight by 7%–7.9% in susceptible genotype Shuanggui 1. In tolerant genotype 

Huanghuazhan 3.4%–4.4% decrease was observed in rice. High temperature at night (32 

°C) reduced grain length (2%) in rice and enhances male sterility up to 61%. Nitrogen 

concentration was also increased by 44 % in grain which was inversely proportional to 

weight of grains. The loss of yield (90%) was due to all these factors (Suwa et al., 2010). 

Single kernel weight is also reduced by heat which is the major contributor of loss of 

yield in wheat (Kutcher et al., 2010). If it is compared with optimum temperature heat 

stress (28–30 °C) also affects the late sowing. It also causes reduction in yield 

significantly in different varieties of wheat e.g.in ―Bijoy‖ 53%, in ―Shatabdi‖ 55%, in 

―Sourav‖ 70% and in ―Pradip‖ 58% (Yamamoto et al., 2008). The weight and size of 

filled seeds was reduced by 53% and 51% respectively in sorghum. In barley 

characteristics of quality of grains was reduced under high temperature significantly 

(Mohammed and Tarpley, 2010). The heat stress increased concentrations of maltose and 

amino acids contents in grains of barley. And concentration of lipids, starch, fructose, 

non-structural carbohydrates, raffinose and aluminum was decreased (Vasseur et al., 

2011). 

2.2.5 Oxidative Stress 

High temperature stress affects metabolic and enzyme pathways causing the addition of 

Reactive Oxygen Species (ROS) e.g. hydroxyl radical (OH
-
), singlet oxygen (O2

-
), and 

hydrogen peroxide (HO2
-
). These are also responsible for oxidative stress in plants 

(Asada, 2006). The major sites of ROS generation are chloroplast photosystem I (PSI) 

and photosystem II (PSII). ROS produced in different organelles like mitochondria and 

peroxisomes (Soliman et al., 2011).  It has been reported that there is a direct relationship 

between accumulation of ROS and maximum efficiency of PSII. Less absorption of 

photon occurs due to thermal damage of photosystems. In stress conditions PSI and PSII 

absorb the intensity of photons, the extra quantity of that is necessary for the 

incorporation of CO2 and known as extra electrons (Halliwell, 2006). During the ROS in 

photo oxidation reactions (flavor-protein, redox cycling) O2
−
 is produced by the Mehler 
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reaction in chloroplasts. Singlet oxygen is formed in chloroplast during the process of 

photo-inhibition and PS II reactions of electron transfer (Karuppanapandian et al., 2011). 

2.3 Plant response against heat stress 

2.3.1 Heat tolerance 

Generally tolerance to heat could be defined as the capability of plants to nurture and 

create yield during conditions of heat stress. Heat stress tolerance is a specific character in 

similar species and even though different organs as well as tissues of a plant might show 

variable effects of heat stress tolerance. Development of heat tolerant genotypes of a crop 

is one of the major challenges for a plant breeder (Moreno and Orellana, 2011). Plants 

have developed various mechanisms for survival during high temperature. Tolerance 

mechanisms include osmoprotectants, late embryogenesis abundant (LEA) proteins, 

factor involved in signaling pathways, antioxidant defense and transcriptional control 

(Wang et al., 2004). Initial stress signals establish the stress responsive mechanism 

through ionic and osmotic process due to changes in the membrane fluidity. It helps the 

plant to re-establish and repair of damaged membranes and proteins. In heat stress 

conditions, the modifications in the physiological biochemical and molecular processes 

help to produce heat tolerant genotypes in the form of acclimatization or adaptation of 

plants. 

2.3.2 Heat avoidance 

During increased temperature conditions, plants show different mechanisms for their 

survival. These mechanisms include long-term evolutionary phonological and 

morphological adaptations and short-term avoidance mechanisms such as changing of 

leaf orientation, transpiration cooling and alteration of membrane lipid compositions. 

Closing of stomata, increases in stomata density, reduced water loss and larger xylem 

vessels are the common heat induced features in plants (Srivastava et al., 2012). Plants 

growing in a hot climate avoid heat stress by reducing the absorption of solar radiation. 

This ability is supported by the presence of small hairs called tomentose which form a 

thick coat on the surface of leaf called cuticle. In these plants, blades of leaf usually turn 

away from light and position themselves corresponding to the rays of sun (Fitter and Hay, 

2012). The effects of radiation from sun can also be decreased by the rolling of leaf 

blades. The plants which have small leaves avoid heat stress in a better way than the 

plants which have bigger leaves. Their heat is evacuated more quickly because of smaller 
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resistance of air boundary layer as compared with the opponent. The plants which have 

been well-hydrated, their leaves are prevented from heat stress due to increase 

transpiration rate. The temperature of their leaves can be decreased from 6 °C to 15 °C in 

comparison with ambient temperature. Different plant species have evolved different 

mechanisms which help them to avoid the hottest period of the year. This can be done by 

the abscission of leaves, exiting heat resistant buds and in desert plants by completing 

their whole reproductive cycle during the cool season (Fitter and Hay, 2012). In many 

plants degree of leaf rolling showed significant reduction of adverse effects of heat stress. 

The role of leaf rolling in wheat flag leaf is to maintain water potential by improving the 

efficiency of metabolic path way of water (Sarieva et al., 2010).  

2.3.3 Post-transcription and post-translation gene regulation  

Different kinds of interactions have been noted between post-transcriptional and post-

translational gene regulation at stress related transcriptional variations. These changes 

make target at different level to the same transcript. The activity of stress related genes 

respond in the form of transcript as a signal of any stress including heat stress. Post-

transcriptional and post-translational changes can subsequently affect to the specific 

transcripts for integrating with other signals, including specific type of the main stress i.e. 

duration and signal of secondary stresses or environmental conditions i.e. photoperiod, 

and internal growth or developmental signals i.e. hormonal pathway. It is revealed from 

recent studies that there is an interaction between alternative splicing and miRNAs. 

Different kinds of a given miRNA may be produced from the same gene as a result of AS. 

It is also reported that the modification in the binding sites of miRNA of the target 

transcript can be done from AS. In case of heat induction pre-mRNA splicing has been 

reported in Arabidopsis thaliana by participating miRNA processing of the intronic 

miR400 which illustrate the first type of interaction (Yan et al., 2012). It is also reported 

that miR400 can be co-transcribed with the help of its host gene At1g32583. During heat 

stress conditions, an event arises in the intron, carrying the miR400 results in the 

accumulation of miR400 primary transcripts. In plants of Arabidopsis thaliana over-

expression of miR400 are more sensitive to heat stress. So, heat-induced an event that 

perform as a negative regulatory mechanism of the miR400 expression with a positive 

effect during heat tolerance. There are several mRNA namely miR842 and miR846 

produced from the interaction of SA (Jia and Rock, 2013). Some classes of small RNAs 

involved in regulation of genes having different biological processes e.g. plant growth, 
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biotic and abiotic stress responses. Much relevant evidence of small RNA-based 

regulatory mechanism has been studied in reaction to heat stress. They make a class of 

endogenous small non-coding RNAs of 20-24 nucleotide length that act according to 

sequence pairing of mRNAs, their target genes and obstructing their translation or 

cleaving them (Axtell, 2013). According to the explanation of different functional studies 

the role of miRNAs in plant tolerance to heat stress. It  shows effect on different stress- 

related traits such as opening and closing of stomata, root development, osmo-protection 

and antioxidant defense, as well as on crosstalk between pathways of auxin and ABA 

signaling, for example miR398 is associated with antioxidant defense. This miRNA 

controls different genes i.e. Cu/Zn SUPEROXIDE DISMUTASE (CSD). CDS enzymes 

scavenge on oxidative stress. miR398 may play different function during abiotic stresses. 

On exposure to heat, miR398 is induced by HSF, thus masking the expression of targeted 

genes, csd1, csd2, and ccs. Carrying transgenic plants are more sensitive to heat stress 

being defective in heat-responsive gene regulation (Guan et al., 2013). The heat response 

results in down-regulation of several miRNAs. For example the expression of miR159 is 

quickly decreased in bread wheat when exposed to heat stress (Wang et al., 2012b). The 

main target of miR159 (GAMYB TFs) is to play an important role in heat tolerance. Infect 

transgenic wheat plants with over-expressing of miR159 or Arabidopsis double mutant 

(myb33 myb65) are more susceptible to high temperatures. 

There are huge number of genes that has been reported in literature with their potential 

role in heat stress response by utilizing genetic screening and genome wide expression 

analysis (Yeh et al., 2012). In response to environmental and developmental signals 

plants have post-transcriptional mechanisms by encoding microRNAs.  miRNA has very 

specific function during this kind of studies, so micromics helps us to understand 

tolerance of plants during different stresses. Many miRNAs related with the responses of 

increase in temperature have been recognized and their response has been studied under 

heat stress conditions. Stress-upregulated miRNAs can be down-regulated with their 

targeted genes due to thermal stress. As it acts as negative regulators and down regulation 

of miRNAs can be resulted in the addition of mRNAs for some specific genes that 

regulate the heat tolerance. For understanding the roles of miRNAs in cellular tolerance, 

transcriptome homeostasis, phenological and developmental plasticity of plants during 

stress conditions will be helpful to engineer stress tolerance crops (Jenks et al., 2007). 
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2.4 Effects of heat stress on pollen  

2.4.1 Viability of Pollen  

During heat stress, pollens are adversely affected as they are the most sensitive organs in 

the plant. The number of fruits in any plant are decreased in a response to pollen sterility 

due to heat stress (Abdul-Baki and Stommel, 1995). So, the yield of crop depends upon 

temperature during the development of pollens (Van der Ploeg and Heuvelink, 2005). 

Temperature between 18-25 °C is considered favorable for good yield of tomato but 

increase in temperature ( > 25 °C) leads to reduction in yield (Peet et al., 1998). The 

adverse effects of heat stress on pollen viability is reported in several crops e.g. tomato 

(Sato et al., 2006), barley (Sakata et al., 2000), rice (Prasad et al., 2006), chickpea 

(Devasirvatham et al., 2012), rapeseed (Young et al., 2004), common bean (Porch and 

Jahn, 2001), bell pepper (Aloni et al., 2001), soybean (Djanaguiraman et al., 2013), 

chickpea (Kaushal et al., 2013) and strawberry (Ledesma and Sugiyama, 2005).  

2.4.2 Effects on pollen development 

High temperatures adversely effects the development of pollen at early development of 

stages (De Storme and Geelen, 2014). In tomato, most sensitive stages are 7-15 days 

before anthesis and typically at the time of meiosis (Sato et al., 2002). However, heat 

stress did not affect pollen quality components or meiosis stage when temperature is more 

than optimum after the release of tetrads (Ahmed et al., 1992).The development of 

microspores (four days before anthesis) and anthesis are the most sensitive stages in 

peanut (Prasad et al., 2001). Similarly, heat stress in bell pepper during the development 

of microspore mother cells leads to the reduction of pollen viability while heat stress at 

the time of lateral developmental stages does not effect on pollen viability (Erickson and 

Markhart, 2002).  

2.4.3 Tapetum 

Tapetum is the key organ of plants which provides metabolites to the pollen. The growth 

and development of tapetum is significantly affected due to increase in temperature. An 

increase in temperature of 30 °C in barley leads to the early meiotic phase I and 

degradation of tapetum (Oshino et al., 2007). In wheat (Saini et al., 1984), cowpea 

(Ahmed et al., 1992) and purple false brome (Harsant et al., 2013) degradation of tapetum 

has been reported during heat stress. Increase in temperature before anthesis affects the 
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tapetum and showing structural abnormalities in it. As a response premature degradation 

of tapetum takes place in plants (Suzuki et al., 2001). 

2.4.4 Effects on pollen germination  

In plants the germination of pollens and formation of pollen tube are sensitive processes 

which are adversely affected by increase in temperature.  It was examined in tomato that 

decrease in fruit setting takes place at elevated temperature that was mainly due to 

reduction in pollen germination (Hazra and Ansary, 2008). Reduction of pollen 

germination may be due to development of pollen under heat stress (Kakani et al., 2005). 

The reduction in pollen germination is observed at 30 °C in crops e.g. cotton (Kakani et 

al., 2005), tomato (Vasil, 1987) and cucurbit (Jóhannsson and Stephenson, 1998). Poor 

pollen germination also delays in fruit development and parthenocarpy (Abdelmageed 

and Gruda, 2009). As a result of increase in temperature pollen germination is reduced 

and lesser yield is obtained from different plants e.g. bell pepper (Aloni et al., 2001) and  

rapeseed (Young et al., 2004).  

2.5 Heat stress effects on metabolites of pollens 

2.5.1 Carbohydrates/ Sugar contents 

Carbohydrates marks as source of energy which is needed for the development and 

germination of pollen which protects its membranes from adverse effects of stresses 

including heat stress. The disruption in metabolism of carbohydrate due to elevated 

temperature can affect the nutrient up take of plants as a result reduction in yield of crops 

takes place. The effect of heat stress on carbohydrates of pollens has been studied in 

tomato, sorghum, chick pea, cotton, okra and pepper. The production of florescence in 

crop of tomato is significantly effected at 30 
0
C and also reduced the viability of pollen. 

Owing to heat stress the flowers show the  decreased level of their soluble sugars both in 

anthers and pollens (Pressman et al., 2002). It is speculated that at the time of high 

temperature stress soluble sugars are blocked in the locular fluid and fail to reach to the 

pollens. In contrast to heat stress during normal conditions of pollen development, starch 

is accumulated in pollen three days before of anthesis and then it is converted to soluble 

sugar. During the condition of heat stress the concentration of starch do not reach at the 

needed level and soluble sugar ultimately is decreased in the mature pollen. This 

indicated that minor change in temperature during heat stress leads to change in sugar 
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transport and metabolisms. The distribution of soluble sugars during heat stress 

conditions is altered in different tissues of plants.  

2.5.2 Proline 

Proline is a common amino acid that is accumulated in plants in response to different 

biotic and abiotic stresses e.g. increase or decrease in temperature, salinity and pathogen 

attack. It plays an important role of protection of membranes, maintaining of cellular 

homeostasis and scavenging of ROS in living cells (Hayat et al., 2012). Incubation of 

pollen extract on germination medium for 10 minutes at 40 °C decrease in vitro 

germination while addition of proline to the medium increase the rate of germination 

(Hong and Croes, 1983). Proline contents from anthers of heat sensitive and heat tolerant 

cultivars of cowpea were analyzed at 45 °C and it was found that the mature pollens of 

tolerant cultivar had higher proline contents than sensitive pollens. It was also found that 

higher proline contents were accumulated in anthers of heat sensitive cultivars  (Mutters 

et al., 1989). Thus in heat sensitive cultivar the transfer of proline from anthers to pollen 

was reduced. Sato et al., (2006) confirmed the effect of heat stress on proline transfer. 

Under prolonged heat stress conditions (32 °C/ 26 °C) the expression of a gene 

responsible for proline transfer is decreased in tomato. When rice plants are exposed to 

heat stress of 39 °C for 4 hours its proline contents are decreased. Different mechanisms 

have been reported in plants for the transport of proline from the reproductive parts to the 

vegetative parts (Tang et al., 2008). 

2.5.3 Lipids 

Lipids play a key role particularly in membrane stability and fluidity during heat stress. 

The contents of ROS in sorghum increase due to raise in temperature ( 32 °C/28 °C) for 

ten days as a result pollens alteration take place (Prasad and Djanaguiraman, 2011). As a 

result pollen viability reduces and changes in pollen phospholipids occur. High 

temperature increases unsaturated fatty acids and reduces the quantity of saturated fatty 

acids. It was reported that cellular membrane is damaged due to increase in the quantity 

of unsaturated fatty acids which lead to enhance the membrane fluidity. The existence of 

unsaturated fatty acids makes the membrane more vulnerable to ROS. Similar results 

were observed in soybean.  It is stated that pollen viability is correlated with the changes 

in saturation of phospholipids (Djanaguiraman et al., 2013).  
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2.5.4 Polyamine 

Polyamines are considered as a source of tolerance to abiotic stresses e.g. heat, cold, 

drought and high metal contents (Fariduddin et al., 2013). They sustain membrane 

integrity and work as scavengers against ROS (Alcázar et al., 2006). Incubation of extract 

of pollens of tomato in germination medium at temperature (33 °C) for 20 hours reduces 

the pollen-germination in vitro. It can be restored by adding spermine to the medium 

(Song et al., 1999). This experiment reveals that heat stress reduces the level of 

polyamines. Actually pollen incubation at the temperature of 38 °C for 4 hours lowers the 

spermine contents. Therefore putrescine content are increased and as a result pollen 

germination is decreased (Song et al., 2002). During the period of heat stress, the 

alterations in polyamine content occur and pollen germination was decreased due to 

reduction of SAMDC (S-adenosylmethionine decarboxylase). Due to the blocking of 

SAMDC translation with cycloheximide could phenocopy the effect of heat stress which 

leads to lessen the pollen germination in controlled conditions. Some other proteins have 

also been reported which effect the pollen germination. The heat stress at temperature of 

35 °C for 24 hours could reduce rate of germination of pollen in Japanese apricot. It could 

not be achieved again by increasing the level of polyamines in the medium. This might be 

due to toxicity of exogenous polyamines (Wolukau et al., 2004). 

2.6 Breeding for thermo-tolerance of pollen  

2.6.1 Heritability of heat tolerance  

Plant scientists had been tried to modify various plant characters from thousands of years 

e.g. insect resistance and yield production by selecting promising plants for next 

generation. The basic purpose of this selection was to identify such genotypes which can 

fulfill the basic need of food. These days increase of yield during stressful conditions is a 

main breeding objective for a plant breeder. Increase in global temperature varies the 

plant and breeders; in addition to yield they are trying to improve heat tolerance. Thermo-

tolerance varies in tomato genotypes was analyzed by germination of pollens, pollination 

and fruit set (Rudich et al., 1977). The existence of available genetic differences for heat 

tolerance make it possible to identify thermo-sensitive and thermo-tolerant genotypes. 

Heat sensitive genotypes can be transformed to tolerant genotypes through different 

breeding methods. Breeding methods depends upon heritability of certain traits. But  

heritability depends upon environmental and genetic variance (Nyquist and Baker, 1991). 
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If genetic variance has significant contributions for the expression of traits as compared to  

environmental variance, then heritability of particular traits will be high (Acquaah, 2009). 

The meaning of high heritability indicates that the specific trait will remain stable in 

upcoming generations and it is very important for breeding point of view. Different 

studies were conducted to understand the heritability of thermo-tolerance in tomato. 

Heritability of thermo-tolerant as well as thermo-sensitive tomato genotypes had been 

analyzed in populations of F2 generations. Low heritability was found for fruit set which 

indicated that environment have relatively more influence in the inheritance of thermo-

tolerance as compared with the genetic architecture (Hanson et al., 2002). Low 

heritability might be due to usage of suboptimal and less robust methods of phenotyping. 

The heritability of different heat tolerant characters continue to develop the heat tolerant 

viability of pollens, germination of pollens and setting of fruits (Hazra et al., 2008). The 

segregating generation of F3 population of tomato was germinated in two different high 

temperatures. High heritability for fruit setting and fruit weight was achieved but low 

heritability for yield was founded (Zhang et al., 2009). 

2.7 Path ways involved during heat tolerance 

2.7.1 Hormonal pathways  

Different hormones are produced in plants in response to different environmental signals 

such as heat stress. One of those is phyto hormone auxin that effect many physiological 

mechanisms during heat stress conditions. Endogenous auxin is reduced in response to 

heat stress in developing anthers (Teale et al., 2006). While the expression of 

YUCCA auxin biosynthesis gene was repressed through increase of temperature and male 

sterility was caused in barley (Oshino et al., 2007). Salicylic acid (SA) plays role during 

heat stress for growth and development. SA prevents oxidative damage through the 

detoxification of superoxide radicals, though the capacity of antioxidants prevents the 

membrane damages from plant. So, SA can increase heat resistance , improve fertility and 

increase yield (Sakata et al., 2010).  Antioxidant capacity in rice (Sakata et al., 2010) and 

Arabidopsis (Larkindale and Knight, 2002) found to be increased after the application of 

SA. Key stress hormone; Abscisic acid (ABA) is responsible for stomatal closure during 

osmotic stress. ABA is also related to Rboh regulation and Rboh mediates ABA-induced 

ROS in guard cells of leaves. RbohD and RbohF are the major catalytic involved in this 

process (Miller et al., 2008). However, two important functions of ABA have been 

indicated in the plants i.e. high levels of ABA increase growth during vegetative period 
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and reduce growth during the reproductive period, causing male sterility and reduction in 

rate of seed setting  (Todaka et al., 2012).  

2.7.2 Phospholipids pathway 

Many reports are available for role of phospholipid-based signaling in response to 

increase in temperature (Zonia and Munnik, 2006). The restructuring of membrane 

phospholipids is the property of this response. The signals of Phosphoinositide in the 

early event following the onset of heat stress. During subsequent incubation at 40 
0
C 

metabolism of membrane lipid is not affected significantly. The low level of 

Phosphoinositide signaling produce stress resistance and higher levels can increase 

damage of cells. Phosphatdiyl inositol 4, 5-bisphophophate (PIP) and phospatidic acid are 

key mediators of pathways of signaling, cytoskeletal and membrane dynamics 

organization (Zhu, 2002; Mellman et al., 2008; Staiger and Blanchoin, 2006).  

Transfer of phosphate to PI is catalyzed by PIK during high temperature. Due to the 

activation of PIPK and PDL, heat stress induced the increase of PA and PIP levels.  The 

protein G transduces signals initiated by heat required for PIP and PA accumulation and 

may be required for activation or localization of PIPK. The role of protein G is based on 

signaling which has been identified as a component of heat stress response (Wang et al., 

2006), that is regulated negatively through AIFx (Misra et al., 2007). PIP is produced 

from PI and is carried to the nuclear envelop and nucleus. 

2.7.4 Ubiquitination pathways 

The ability of a plant to survive under abiotic stresses depends upon proteomic plasticity. 

The ubiquitin-proteasome system (UPS) empowers the plants under heat stress to change 

proteome for effective response (Kurepa et al., 2008). UPS response to specific stress 

governed by type of substrate protein e.g. ubiquitin-dependent dilapidation of a positive 

regulator can suppress the pathway unto stress provocation is alleged. In this regard 

ubiquitination will stop and allow the regulatory protein to accumulate. It also promotes 

the cellular changes which help the plants to acclimatize in stress environments. The 

negative regulator, ubiquitin ligase involves for the modification of regulatory proteins 

(Chen and Hellmann, 2013). Besides this it also activate signaling pathways in response 

to stress stimulus under stress conditions. Many examples of UPS working to attenuate 

stress signals has been reported in literature like degradation of ubiquitin dependent 

positive regulator happen after receiving of stress signal. Maintenance of an optimum 
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level of intensity of a signal and ending of its transduction could permit a plant to retain 

its normal growth and development when normal environmental conditions are recovered. 

The gene expression of ubiquitin is up reregulated in plants when they are exposed to 

increased temperature conditions. In fact, over expression of ubiquitin gene has been 

proved to improve plant tolerance during abiotic stresses (Guo et al., 2008). After these 

findings, the role of many ubiquitin enzymes has been demonstrated in plants. Different 

E2 coding genes have been stress induced. Transcription level of CUBC2Glycin max ( Gm 

CUBC2; soybean), Arabidopsis UBC32 (At UBC32) and ArachishypogaeaUBC2 

(AhUBC2; peanut) have been up regulated due to abiotic stress conditions (Cui et al., 

2012). Besides this, At UBC32 mutants have more tolerance to salted conditions. 

Likewise genetically modified plants of Arabidopsis thaliana show over expression of 

VignaradiataUBC1 (VrUBC1; mung bean) GmUBC2 or AhUBC2, have more tolerance for 

drought conditions (Lee and Kim, 2011; Chung et al., 2013; Lyzenga and Stone, 2012). 

The response of plants during unfavorable environmental conditions is a complex and 

coordinated process involves starting of their signaling network and changes the 

expression of thousands of genes. Through modifying many factors of transcription, the 

UPS can affect the variations in the expression of genes necessary to lessen the impact of 

biotic and abiotic stresses. E3 ligases many disallow transcriptional activity through 

different transcriptional factors for destruction during normal conditions e.g. the 

regulation of dehydrated responsive element binding proteins DREB 2A through RING 

type E3 ligase DREB 2A interacting proteins DRIP 1 and DRIP 2.  DREB 2A is one of 

transcription factors which control the expression of inducible genes during different 

abiotic stresses  (Qin et al., 2008).  

2.8 Non-conventional techniques 

2.8.1 Genetic engineering 

To mitigate the adverse effect of heat stress various genetic engineering and transgenic 

approaches are being used by plant scientists (Rodriguez et al., 2005). Constitutive 

expression of specific proteins has been reported due to enhanced heat stress (Katiyar-

Agarwal et al., 2003). The studies which are concerned with the expression of chaperones 

and manipulation of heat shock factors (HSFs) resulting in altered gene expression have 

been described by many scientists. Many genetically modified plants with different 

degree of heat tolerance have been developed but less research work are done on heat 
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tolerance as compared to drought, salt and cold stress tolerance. Different efforts have 

been made by different scientists to utilize heat-shock proteins (HSPs) by inducing 

alterations in transcription factors (AtHSF1) in Arabidopsis. They produced transgenic 

Arabidopsis for heat stress tolerance. The mitochondrial small HSP (MT-sHSP) gene is 

also utilized for the formation of transgenic tobacco (Sanmiya et al., 2004). Arabidopsis 

HSP101 gene was successfully over expressed in transgenic rice for enhancing thermo 

tolerance (Katiyar-Agarwal et al., 2003). Similarly, overexpression of small heat shock 

protein sHSP17.7 confers heat tolerance in rice (Murakami et al., 2004). Thermo tolerance 

is obtained by transformation of Rubisco activase. These genes are involved in reversible 

decarboxylation of Rubisco. They also protect the photosynthetic apparatus affected by 

heat stress which indicates that several technologies could be used for the formation of 

transgenic crop plants having heat tolerance (Grover et al., 2013). 

2.8.2 Omics 

Many technologies are being used with the purpose to identify transcription, translation 

and post translation procedures and different path ways of signaling which control the 

response of plants against biotic and abiotic stresses (Hasanuzzaman et al., 2013b).  

In plants, various ―omics‖ techniques are needed for genetic analysis of heat response of 

plants in integrated fashion like metabolomics, proteomics, transcriptomics and genomics. 

These techniques aim to divide genes in different pathways for the purpose of identifying 

expressed genes in response to increase in temperature. Stress tolerance regulations are 

determined by attachment of transcriptional factors, chromatin morphology and cis-

regulatory sequences revealed by profiling of transcripts. The genes which are regulated 

with increase in temperature with their promoter studies, cells and tissues regulation can 

depend upon the increased number of microarray datasets (Bohnert et al., 2006). 

There are huge number of genes that has been reported in literature with their potential 

role in heat stress response by utilizing genetic screening and genome wide expression 

analysis (Yeh et al., 2012). In response to environmental and developmental signals 

plants have post-transcriptional mechanisms by encoding microRNAs.  miRNA has very 

specific function during this kind of studies, so micromics helps us to understand 

tolerance of plants during different stresses. Recently microarray techniques have turned 

out to be a reliable tool for the systematic examination of expression profile of huge 

number of genes related to high temperatures (LIU et al., 2011). Transcripts of 170 
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cDNAs of tobacco were examined under abiotic stress conditions with or without 

stimulus of heat stress (Rizhsky et al., 2002).  

A large number of unique genes which were not up-regulated through increased 

temperatures or drought conditions have been up-regulated by the combined effect of 

both stresses. Complete genome arrays have also been used in Arabidopsis  to study 

transcript alterations in response to higher temperatures (38 °C, for 6 hours), drought 

(70% relative water contents) and combined effect of both these stresses (Rizhsky et al., 

2004).  

2.9 Heat shock proteins 

Besides biochemical physiological and morphological mechanisms, molecular techniques 

are also being used to understand the basics of abiotic stress tolerance in plants. Plants 

can tolerate all type of stresses through modifying their genes expression and through 

coordination of their gene expression in various pathways (Vinocur and Altman, 2005). 

 Like some other abiotic stresses, heat stress up-regulated inducible genes increase their 

production several folds during heat stress conditions and these genes commonly referred 

as ―heat shock genes‖ (HSGs) that encode  ―heat shock proteins‖ (HSPs) and these 

proteins are necessary for the survival of plants (Prasinos et al., 2005; Chang et al., 2007). 

HSPs are grouped into five different classes i.e. HSP20, HSP60, HSP70, HSP90 and 

HSP100. HSP20 is also called as small heat shock proteins (sHSPs). Because of their 

thermo-tolerance nature, HSP expression could be enhanced through heat treatment and 

conserved heat shock elements (HSEs) which are present in the promoter region of any 

HSG. These elements are called cis-acting elements and consist of different palindromic 

nucleotide sequences that assist as recognition and binding sites for heat shock factors 

(HSFs) (Nover et al., 2001). 

 In many species of plants, HSFs are expressed constitutively during normal conditions. It 

is reported that HSPs are present in cytoplasm as monomer bounded e.g. HSP70. When 

plants are exposed to heat stress, HSP70 are dissociated from cytoplasmic monomeric 

HSFs and enter in nucleus where they form a trimer which have ability to bind with HSEs 

(Lee et al., 1995). 
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FIGURE 2.1. Proposed model integrating genetic and epigenetic controls of heat 

responses. (Liu et al., 2015)  
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Heat shock factors can recruit new transcriptional components and result in the 

expression of genes within seconds during high temperatures. Almost all HSGs have 

HSFs and overexpression of HSFs switch on different HSGs which suddenly provide 

protection to living organisms against temperature stresses. This system is common in all 

eukaryotes but it is very complicated in plants. All plants have many copies of such genes 

e.g. in tomato at least 17 and in Arabidopsis at least 21 different HSGs have been reported 

in literature. These genes have been categorized in three different classes (A, B and C) 

that are different due to their linkers which are flexible and have specific domains (Nover 

et al., 2001). 

A large number of HSFs are heat induced in their nature and suggest that particular HSF 

is responsible for transcription of any specific gene which might differ by depending 

upon concentration and timing of particular stress. Usually, overexpression of HSFs in 

plants may increase tolerance of plants during high temperature, but knocking out of 

individual genes related to HSFs has a small for plant existence during heat stress. There 

are different non-HSP transcripts in plants which are up-regulated through heat. It is 

reported that HSFs work synergistically. It has also been reported that plants have a great 

ability for controlling the expression of those genes which are activated during increased 

temperature condition through their system of HSFs. Many other studies indicated that 

positive correlation exists between patron of stress tolerance and expression level of 

HSPs (Wang et al., 2005).  

HSPs are responsible for protein renaturation, stabilizing denaturized proteins and 

improvement of broken membranes in plants during heat stress conditions (Török et al., 

2001). Protein denaturation occurs in heat stress as reduced cell volume may enhance of 

interaction between damaged molecules. The structure of companion proteins is repaired 

and maintained by these proteins. These proteins also target non active and non-perfectly 

aggregated  proteins in the cells and play their role in removing them from the cells (dos 

Reis et al., 2012).  

These proteins also function primarily for controlling the proper folding and 

conformation of both structural and functional proteins i.e. cell membranes and enzymes 

respectively and ensure the normal function of different cellular proteins during high 

temperature. NtHSP70-1 is an example of such proteins that is overexpressed 

constitutively tobacco plant and plays its important function during adverse 

conditions (Cho and Hong, 2006). 
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2.10 Mechanisms of plants in response to heat stress 

2.10.1 Flowering acceleration and acclimation morphologically 

The model plant Arabidopsis thaliana responds to increase in temperatures by the 

elongation of its petiole and hypocotyl and initiation of flowering at early stage (Koini et 

al., 2009). Increase in temperature enhances the accumulation of auxin which activates 

different pathways and is responsible for the elongation of plant hypocotyl (Stavang et 

al., 2009). PIF4 has the role for the acclimation of plants during higher temperatures 

(Proveniers and van Zanten, 2013). The expression of PIF4 has been increased in warmer 

conditions (Kumar et al., 2012). The promoters of auxin bind to PIF4 in a temperature 

dependent manner  (Sun et al., 2012). The expression of auxin genes is directly or 

indirectly is stimulated by PIF4 that motivated the elongation of hypocotyl during 

increased temperature conditions (Franklin et al., 2011). Besides this, it is also reported in 

literature that PIF4 can control floral induction in warmer conditions by directly affecting 

on flower pathway (Kumar et al., 2012). 

2.10.2 Plant immunity during increased temperatures 

The effects of increased temperature on the immunity of plants have been recently 

summarized (Hua, 2013). Two main effects of increase in temperature during the 

immunity of plant species like Arabidopsis thaliana are 1) inhibition of effecter triggered 

immunity (ETI) and 2) enhancement of RNA silencing mediated resistance. During ETI, 

the host proteins that encode the resistant (R) genes recognize the pathogen effectors, 

which mostly have nucleotide binding leucine rich repeat (NB-LRR) proteins. Initially 

identified R gene is known as Suppressor npr1-1, Constitutive 1 (SNC1) that mediates 

resistance of increased temperature inhibition of resistance and regulated negatively by 

BONZI1 (BON1). BON1-1 loss of function mutational activated SNC1 at temperature of 

22 °C. This induced constitutively mediated response of plant defense and inhibited its 

growth. While nuclear assimilation of SNC1 proteins is decreased at temperature of 28 

°C.  This could inhibit SNC1 proteins activity and could destroy the plant defense 

response at higher temperature (Zhu et al., 2010). In addition to BON1, some other 

negatively regulators of SNC1 have also been reported in literature e.g. MAP KINASE 

PHOSPHATASE   (MKP), CONSTITUTIVE EXPRESSOR OF PR GENES (CPR) and 

BON-1 ASSOCIATED PROTEINS (BAP) (Gou and Hua, 2012). SNC1 actions both at 

post transcription and transcription level could be controlled by these genes. A positive 
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role is also performed by ABA at increased temperature mediated inhibition of resistance 

of diseases because deficiency of higher nuclear assimilation of SNC1 proteins increase 

plant defense response at the temperature of 28 °C  (Mang et al., 2012). 

2.11 Effects of increase in temperature on crop plants  

Increase in temperature produce heat stress in semi-arid as well as arid regions and this is 

becoming an alarming problem for agriculture in the whole world (Hall, 2001). As 

population of this globe increasing quickly, it is need of the day to increase yield of crop 

plants. Night temperature is the most important factor which reduces per acre yield 

according to some researchers while secondary role is played by day temperature (Willits 

and Peet, 1998). (Paulsen, 1994) reported that increase in temperature resulted in 

physiological, biochemical, morphological and anatomical in crop plants which had a 

hostile effect on the growth and development of plants that resulted in the reduction of 

crop yields.  

 Many studies in last two decades had been conducted to check the effect of increased 

temperatures on various stages of plant development and yield of crops. The knowledge 

of plant response about increase in temperature is facilitating the farmers to grow crops 

for higher production in swear environment and gain justifiable crop yields (Paulsen, 

1994; Reddy et al., 2000) 

In tropical regions, grown plants are damaged by high temperatures in different ways e.g. 

damages before and after harvesting, sun burn of leaves, scorching of twigs, abscission 

and senescence of leaves, inhibition of root and shoot growth, discoloration and damage 

of fruits and yield reduction of crop plants (Ismail and Hall, 1999; Vollenweider and 

Günthardt Goerg, 2005). Similarly, in temperate areas, yield of many crops is reduced to 

high temperature (Giaveno and Ferrero, 2003). The response of crop for increased 

temperature varies for the phonological stage of the specific crop e.g. long term effect of 

increased temperature stress of developing seed can be delay in germination or vigor loss 

by plants which ultimately reduces the establishment of emerging seedlings. During daily 

changing temperatures in maize crop, coleoptile growth is decreased at temperature of 40 

°C and it is completely stopped at temperature of 45 °C (Weaich et al., 1996). Heat stress 

causes significant reduction of relative growth rate, net assimilation rate and dry mass 

production in pearl millet, maize and sugar producing crops by minimizing leaf expansion  

(Ashraf and Hafeez, 2004; Wahid et al., 2007). 
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2.11.1 Effect of high temperature during early stage of plant development 

The best germination of seeds of cotton is reported at 12 °C while the best seedling 

development at 16 °C, though in some parts of the world, especially Mississippi states of 

the United States, optimum range of temperature for germination of seeds and for 

development of seedling is 28 °C and 30 °C respectively. In cotton for germination and 

initial growth of plant low temperature causes many problems. Different cotton 

genotypes, during cool soil temperature conditions, perform differently for their 

germination and development of roots (Mills et al., 2005). In spite of the sufficient 

moisture and nutrient availability, existence of temperature stress (40/32 °C), plants 

produce less developed and wilted roots. Cotton plant shows its best development at the 

ranges of day and night temperatures (30/22 °C and 35/27 °C) (Reddy et al., 1997).  

In the most dry land areas of the world, the seedlings of cotton plant have been found to 

be heat tolerant because this plant provides seed cotton during moist conditions (Burke, 

2001). The moisture of soil is depleted quickly at the time of sowing in North Indian 

regions due to increased temperature and high wind velocity (Lather et al., 2001) that 

provides reduced development of the seedlings of the cotton plant. (Burke, 2001) reported 

in his one experiment that when seedling temperature is increased than optimum level, 

thermo tolerance system of plant is activated that works best at 37.5 to 40 °C and quickly 

lost its function, when temperature is increased. It is also reported that increase in soil 

temperature, negatively affects cotton root system and when growth rate was measured in 

control condition, it was observed  that seedling root depth depends upon the temperature 

of soil projecting in the life cycle of crop plants (Bland, 1993).  

2.11.2 Effect of increased temperature on vegetative plant growth 

An important component of final yield in cotton is number of flowers or bolls produced 

by the plant. So increased number of bolls in a plant is the indication of increased fruit set 

and resulted in increased seed cotton yield. Number of flowers on a particular plant 

depends upon interval between the flowers and position on sympodial and monopodial 

branches (Munro and Farbrother, 1969). It was founded during experiments that when 

temperature remained uniform in field conditions, interval in flowers was about 11 days. 

Cotton plants produced sympodial branches, produced squares and bolls on them during 

increased temperature conditions but those were not developed into mature fruits and fell 

down (Reddy et al., 1991a; Reddy et al., 1992a) 
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It was found in another experiment that numbers of flowers per meter of a row were 

reduced at increased temperature conditions of 42 °C (Ehlig and LeMert, 1973) while it is 

also reported in literature that when temperature is increased to 30 °C during day time at 

flowering stage, falloff flowers and young bolls takes place, while in other experiment it 

was observed by researchers that all the squares, flowers and young bolls were dropped 

when temperature reached at 40 °C during day time (Reddy et al., 1991a) 

2.11.3 Effect of increased temperature on seed cotton yield 

For any crop, yield is the most important trait and it has been observed that seed cotton 

yield is greatly affected by adverse environmental conditions  (Brown et al., 2003). The 

main negative effects on crop yield are observed during water deficit and high 

temperature stress conditions (Lewis et al., 2000). It has been noted that increase in 

temperature during day and or night can produce harmful effects at final crop yield 

(Oosterhuis, 2002).temperature effects on seed cotton yield have been complex and the 

yield of crop depend upon photosynthesis, growth, development and yield processes of 

plant and all these values are different (Conroy et al., 1994; Polley, 2002). At temperature 

below optimum for net photosynthesis, little positive increase in temperature may 

stimulate the growth and development of crop while opposite process is observed at high 

temperature for its yield. It is reported in literature that average increase in temperature in 

month of July i.e. 35 °C but decreased crop yield has been experienced when average 

maximum temperature exceed than 35 °C in the same month (Johnson, 1939). By keeping 

in view all these finding, it is suggested that an optimum temperature is necessary for 

obtaining good yield from cotton plant. In literature optimum temperature is not well 

defined and it may vary with varietal differences.  A strong negative relation between 

high temperature conditions and cotton crop yield is observed in field of Arkansas 

(Oosterhuis, 2002), cotton foliage is collar by 4-5 °C during summer season nights than 

foliage in rainy season nights and significantly decreases fruit retentions, lint yield and 

production of its dry matters (Brown et al., 1995). There is no sharp threshold in plants 

but at 32 °C a continuous deterioration to more than 50% reduction in the development of 

cotton bolls (Oosterhuis, 1999). Furthermore, high temperature resulted in insufficient 

production of carbohydrates that is reflected by high boll sheading percentage, smaller 

bolls, lesser lint percentage and reduced yield production (Oosterhuis, 1999). Fiber of 

cotton plant is predominantly developed from plant carbohydrates and decreased 

obtainability of carbohydrates may be able to produce less fiber and reducing ginning turn 
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out. Increase in temperature than optimum level may also reduce size of cotton seeds and 

fiber length. Temperature influences both the rate of elongation of fiber and secondary 

wall thickness. It is found that at 29.5 °C, 41 days are the shortest period between 

formation of flowers and opening of bolls (Grant et al., 1966). As secondary wall 

formation epidermal cells and fibers of same cotton seeds are synchronous  (Berlin, 

1977), the dependence  rate of synthesis of cellulose is might be a part of general 

dependence of temperature for development of cotton bolls. Boll maturation period is 

shortened due to increase in temperature and incomplete boll maturation takes place 

during decreased night temperatures (Gipson and Ray, 1969; Yfoulis and Fasoulas, 1978). 

It has been validated that initial stages for elongation of fiber are sensitive to higher night 

temperature while its later stages are less sensitive to increased temperatures (Gipson and 

Joham, 1969). 

2.11.4 Square and boll shedding  

Yield of cotton depends on fruit settings, retention and boll weights. In the beginning of 

fruit development squares are appeared then flowers are developed that finally become 

boll. Squares and flowers are aborted at their peak when day and night temperatures are 

30 °C and 20 °C for 13h (Reddy et al., 1991b). 

Approximately 65 to 70% of fruiting points of cotton plant fall away and according to a 

large number of estimations shedding mostly takes place in the form of small bolls, 

flowers and squares and this loss is credited to high temperature stress. Pollen grain 

viability is severely decreased severely at temperature above than 35 °C; as a result 

unfertilized flowers are produced wit out forming bolls (Baloch et al., 2000a). Though 

cotton is a C3 plant but it is more heat tolerant than other plant of this class, while 

excessive temperature stress i.e. above than 36 °C resulted in severe losses to the plant 

(Fisher, 1973). All existing squares and flowers had been found to be aborted in many 

cotton cultivars at extreme day temperatures e.g. 40 °C (Reddy et al., 1992b), whereas 

pima cotton was found to be highly susceptible and fail to reproductive branches. The 

loss of squares at high temperature increased when temperature is more than 32 °C. 

Physiological time affects squares and bolls growth, integrating the effect of 

temperatures. 
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2.11.5 Number of bolls  

Due to increased temperature on daily basis, retention of less number of bolls has been 

observed. Due to high temperature plants produced an intermediated number of flowers 

and lowest percentage of bolls was retained. It was observed that variation in retention of 

bolls and number of bolls per plant in field conditions for 14 cotton genotypes. 

Furthermore both these traits varied extensively in different years according to 

environmental conditions and cultivars (Liu et al., 2006). It had established that abortion 

of young bolls takes place at exposing to average daily temperature more than 28 °C 

(Reddy et al., 1992b).  

In Yangtze valley of china, many periodic shocks related to temperature, due to which air 

temperature become more than 35 °C, usually in months of July and August, the time at 

which cotton flowering and boll formation is at peak, results in senescence of leaves, boll 

abortion and a reduction in lint yield (Zhou et al., 1996; Miao et al., 1998; Liu et al., 

2006)                 . 

Boll retention in a cotton plant is strongly controlled by temperatures regimes  (Reddy et 

al., 1999). For the maintenance of bolls 28 °C is the best temperature and young bolls 

drop while mean daily temperature become more than optimum temperature (Reddy et 

al., 1992b; Reddy et al., 1999). At very high temperature the lowest percentage of boll 

retention has been observed  (Liakatas et al., 1998). 

The main effect of higher temperature is lesser fruit holding resulted in lower seed cotton 

yield, poorer lint quality and late crop maturation. Even though cotton plant created in 

high temperature conditions, it failed to produce best yield at excessive high temperature. 

It has been indicated by research that high temperature is the basic abiotic stress that 

affect negatively to cotton yield (Oosterhuis, 2002). 

2.11.6 Quality of fiber 

Breeding with the purpose of high lint yield still is a primary goal for any cotton breeding 

program and improvement in fiber quality has become increasing important (Meredith, 

1984). The presence of heritable variation and favorable correlation between different 

traits is important for launching any cotton breeding program designed for selection of 

desired genotypes (Ali et al., 2008). Thus creation and quantification of genetic variation 

and accompanying response of fiber quality parameters for the existing cultivars is 

necessary (Ali et al., 2008). Work at fiber characters of cotton revealed that genotypes 
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vary significantly for fiber length, fiber strength, fiber fineness and fiber uniformity 

(Hussain et al., 2010). 

 Heat tolerant genotypes of cotton provide high and stable seed cotton yield having better 

quality of fiber than heat susceptible genotypes in four different conditions (Azhar et al., 

2009). Cotton is extremely responsive to change in humidity, soil moisture contents and 

temperature, which might affect its yields, components of yields and properties of fiber 

(Killi et al., 2005). Lint improvements by selection need smaller seed size, smaller boll 

size, high lint percentage and greater number of bolls (Wells et al., 1986). 

2.11.7 Breeding for heat tolerance  

Fewer efforts have been done for breeding of crops suitable for growing during high 

temperature. With slight increase in temperature, different species of crops are highly 

damaged. Up to date, work done for breeding for heat tolerance on different crops has 

been successful and many heat resistant cultivars have been developed which give better 

quality of economic products, higher plant survival rate and good yield in severe 

environmental conditions than standard cultivars. A review of different steps taken for 

exploiting variation for hat stress tolerance in cotton crop is given below. 

2.12 Genetic variation  

Genetic variation is the rudimentary need for developing heat tolerant plat materials 

through breeding within species (Azhar et al., 2009). A lot of information on diversity of 

heat tolerance of different crops is available in literature e.g. tomato (Abdul-Baki and 

Stommel, 1995), wheat (Ibrahim and Quick, 2001a), mung bean (Collins et al., 1995), 

cowpea (El-kholy et al., 1997), rice (Yoshida et al., 1981) and cotton (Rahman et al., 

2004). The existence of genetic variation is essential for improving any trait of a crop. 

More improvement is achieved in the presence of greater genetic variability. Presently 

grown cotton cultivars also have great genetic variation. In response to temperature 

dissimilar behavior of varieties of cotton have been observed (Liu et al., 2006). 

Information for genetic variability for plant height, plant shape, plant color, number of 

bolls per plant, boll, number of seeds per boll and seed weight has been observed. 

Unluckily, present commercial cultivars of cotton show limited genetic variation for most 

of the traits related to fiber  (Bradow and Davidonis, 2000). The presence of genetic 

variation in the germplasm of cotton suggests that genetic improvement can be achieved 

in its species through breeding and selection, provided that the variation is effected 
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through significant genetic components (Iqbal et al., 2010). Likewise, it was also 

investigated that variability in fiber quality traits and gene action of upland cotton (Akhtar 

et al., 2008; White et al., 2009) was available. Presence of significant variability for 

breeding crop plants tolerance against heat stress is essential in gene pool. From the 

investigation of intragenic and intergenic (Srinivasan et al., 1996) variations of heat 

tolerance, it is clear that all crop species usually differs in their potentials for breeding and 

selection during increased heat tolerance (Srinivasan et al., 1996). It is more important 

that variation for heat tolerance is available at intraspecific level in a large number of 

plant species e.g. cotton (Ashraf et al., 1994; Rahman et al., 2004), soybean (Martineau et 

al., 1979), legumes (Srinivasan et al., 1996), sorghum (Sullivan and Ross, 1979), 

cowpeas (Ismail and Hall, 1999), tomato (Chen et al., 1982) and wheat (Galiba et al., 

1997; Ibrahim and Quick, 2001a). 

Variation for heat stress tolerance is available for Pima cotton cultivars and these are 

related with the plant ability for setting bolls at lower nodal positions to temperatures 

(Feaster and Turcotte, 1985). During higher temperature conditions selection has been 

found to develop lines which produced good production in a broad range of 

environmental condition than selection in cooler condition (Feaster et al., 1980). Same 

kinds of results have been produced by upland cotton. It is reported in literature that 

genetic variability for the establishment of seedlings, photosynthesis, photorespiration, 

chlorophyll fluorescence, chlorophyll contents, CMT and many other morphological 

characters has existed. Furthermore, other investigations also proved that high genetic 

variability in pollen germination, pollen sheading, development of pollen tube length and 

number of bolls is available in upland cotton, which indicates that chance for genetic 

enhancement for heat stress tolerance is there. Besides normal leaf shape, other leaf 

shapes are also present in cotton which ranged from super okra (highly cleft leaf) to sub 

okra (cleft leaf)  (Meredith, 1984). This variation in the shape of leaves can bring marked 

changes in plant traits and help in light interception (Wells et al., 1986). Nevertheless, 

other plant morphological parameters e.g. pubescence and deep lobed leaves do not 

provide increased heat stress tolerance (Bednarz and van Iersel, 2001). It has been 

recommended by researchers that heat stress is an important component of drought stress, 

as one of the main effects of drought is to decrease evaporation cooling from the surface 

of plants (Monasterio et al., 2001). Nevertheless, all the characters concerning with heat 
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tolerance has also been found to be related with drought tolerance, the best example is 

CMT (Blum, 1988) and cotton plant varied a lot, as for as CMT is concerned. 

2.13 Screening for high temperature stress tolerance 

Successful breeding program for plant heat tolerance always depend upon correct 

selection criteria. The first requirement for a particular crop improvement program is the 

classification of available stocks for high temperature stress tolerance. So, it is necessary 

that dependable and inexpensive screening methods must be used to identify agronomical, 

eco-physiological and reproductive traits. Studies in field conditions have more 

importance than studies in controlled environment. Conducting screening at altered 

locations for acquiring variable temperatures could be done to find the proper parent for 

tolerance. In addition to this, green house and growth chamber study has been used to 

assess germplasm of cotton for heat stress tolerance.  

At exposing hot environmental conditions pot sown plants experience by greatly suffering 

their roots and shoots, while field sown plants are subjected to increased temperature 

show more damage to their shoot as compared to roots because of buffering effects in 

field conditions (Hall, 2004).  

The basic objective of screening of cotton germplasm and new breeding lines for 

increased temperature tolerance is to stabilize yields for continuously high yield in 

presently available cotton producing environments for upcoming hotter world. Reliable 

selection criteria are required for valuable breeding program for heat tolerance.  In USA, 

heat tolerant, phenotypic index and visual index had been shifted in pima cotton for the 

purpose of increasing heat stress tolerance (Singh et al., 2007)     .    

Five cotton cultivars were studied to check the heat tolerance at germination and early 

growth stages and it was observed that at 50 °C, any variety was not germinated while at 

40 °C two varieties (B-557 and MNH-93) shown more germination as compared to other 

varieties. On measuring CMT of these varieties it was found that these also had more 

CMT values (Ashraf et al., 1994). Likewise it was reported that high temperature affected 

seedlings growth, some accessions were completely burned at germination and seedling 

death was also noted, in spite of sufficient moisture supply to roots (Khan et al., 2008). In 

some plant species whole plant screening techniques had been adopted e.g. cotton 

(Feaster and Turcotte, 1985) and cow pea (Hall, 1992). Greater heat avoidance (tolerance) 

in lines of Pima cotton may be owing to smaller size of its leaves (Liu et al., 1998) while 
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stomatal conductance was found to be closely related with photosynthesis that is more 

important criteria than leaf size of plant for doing selection for the tolerance of heat 

(Zeng-Hui et al., 2010). Procedures that evaluate the ability of cotton plant for tolerating 

high temperature through measurement of photosynthesis and chlorophyll florescence 

might be engaged for selecting thermo tolerance cotton varieties, which can be used in 

future for breeding purposes (Constable et al., 2001). 

Thick leaves have more importance for heat tolerance while okra leaf type was being used 

as selection criteria for earliness as well as heat tolerance (Ehlers and Hall, 1996; Hall, 

2001; Pettigrew, 2004). Whole plant responses, especially at flowering and fruit setting, 

in warm atmospheric conditions is found to be more use full for screening. Successful 

breeding program for tolerance of heat depend on accurate screening for heat tolerance 

but often appropriate screening environment is not available (Ismail and Hall, 1999).  

Accordingly, it is required to use indirect selection procedures for the assessment of heat 

tolerance. In plants, different techniques are being used for the assessment of thermo 

tolerance. Chlorophyll fluorescence has also been used for differentiating heat tolerant 

lines and varieties of cotton in Arkansas. Screening of new entries and advanced line at 

breeding stations are tested in Arkansas (Bourland et al., 2013).  

Heat tolerance was studied in four genotypes sphinx DP444BG/RR, ST474, FM960BR 

and a wild type of G. hirsutum  L. in controlled environment through chlorophyll 

fluoresces and it was concluded that wild type had more tolerance against heat (Bibi et 

al., 2004). Chlorophyll fluorescence and photosynthesis are well known methods of 

screening for low and high temperature tolerance during controlled environmental 

conditions for cotton plant. These techniques were also used in field conditions by 

different scientists (Brown and Oosterhuis, 2004; McDowell et al., 2007). Techniques 

used to evaluate the capability of cotton for tolerating heat stress for measurement of 

chlorophyll and photosynthesis may be used to select thermo tolerant cotton varieties to 

exploit in future breeding program (Constable et al., 2001). 

A screening technique based on the germination of pollens was used in in vitro with the 

combination of boll retention, which was tested in field condition (Liu et al., 2006). They 

quantified in vitro 14 cultivars of cotton for heat tolerant pollen germination and pollen 

tube growth in reply to higher temperatures. Dissimilar genotypes of cotton performed 

differently for development of pollen tube length and pollen germination in different 

temperature. They also found variation in umber of bolls per plant and boll retentions for 
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14 cultivars of cotton in field conditions and reported that bolls per plant and boll 

retentions varied considerably according to weather condition, during different years. 

Retention of bolls was found to be highly correlated with maximum number of pollen 

germination, in the month of August. It showed the existence of genetic variation for 

number of bolls per plant, boll retention, germination of pollens and pollen tube length in 

different cotton cultivars.  

In cotton cultivars, the germination of pollens, growth of pollen tubes and their responses 

to minimum, maximum and optimum temperatures was noted. This method might be used 

for differentiating high temperature tolerant cultivars from others which are susceptible  

(Kakani et al., 2005). Length of pollen tube and pollen germination in cotton were found 

to be decreased during high temperature conditions, further studies on soybean (Koti et 

al., 2004) and ground nut (Kakani et al., 2002) had revealed that there was reduction 

significantly in germination of pollens and development of pollen tube length at high 

temperature stress. Moreover, pollen tube length and germination of pollens differ among 

cotton cultivars. Functional aspect of pollens and its growth found to be much defenseless 

to high temperature stress when compared with other parts of flowers  (Peet et al., 1998; 

Willits and Peet, 1998). High temperature stress influence pollen germination during pre 

anthesis stages, when anther growth and pollen grain development takes place and decline 

of pollen germination and development of pollen tube in anthers take place at high 

temperature result in failure of fertilization and reduced fruit settings (Prasad et al., 1999; 

Young et al., 2004). All these results indicate that pollen plays an important role in the 

setting of fruits for crop plants during high temperatures. In ground nut Pollen tube 

growth and germination of pollens had been used for classifying genotypes tolerant for 

high temperatures (Kakani et al., 2002). 

Electrical conductivity (EC) is an important indicator of membrane thermo-stability for 

identifying heat tolerant cultivars and it is successfully being used in different crops. EC 

arises as a result of breaking of cell membranes, when plant tissues are exposed to heat 

conditions (Blum and Ebercon, 1981). Another technique temperature induction response 

(TIR) is also being used successfully for screening high temperature tolerant lines and it 

has been proved to be a reliable method (Kumar et al., 1999). 

According to some reports CMT has been defined to be an appropriate screening way for 

sensing heat tolerance (Blum and Ebercon, 1981). Cell membranes are necessary parts of 

each living cell which act as boundary between the environment and protoplasm of a cell. 
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These membranes work as a central place for cellular activity and continue their function 

during stress conditions as well (Raison et al., 1980). Hydrogen bonds of cell membranes 

are weakened by high temperatures as a response changes in composition and structure of 

cell membranes occur and electrostatic interaction amid polar groups of protein in 

aqueous phase of membrane and induce non repairable degradation of enzymes. Vital 

membrane protein always remains connected with lipid phases. Damage to cell 

membranes due to high temperature stress modifies its penetrability which results in the 

leakage of electrolytes and influence on respiration and photosynthesis (Christiansen, 

1978). The electrolytes outflow indicate injury of cell membrane (McDaniel, 1982). It is 

well known that static cell membrane have reduced outflow of its electrolytes show heat 

tolerance and unstable cell membranes have more leakage of its electrolytes indicate heat 

sensitivity. Therefore, indirectly CMT is essayed by measuring leakage of electrolytes 

approving heat stress.   

For the purpose of screening sorghum heat tolerant and susceptible genotypes this 

technique was adopted for the first time by Sullivan (Sullivan, 1972). The technique had 

been used to determine the degree of heat tolerance in many crops, for example soybean 

(Martineau et al., 1979), wheat (Ibrahim and Quick, 2001a), legumes (Srinivasan et al., 

1996), sorghum (Sullivan and Ross, 1979), cowpea (Ismail and Hall, 1999), tomato (Chen 

et al., 1982) and cotton (Ashraf et al., 1994; Malik et al., 1999; Rahman et al., 2004). It 

was described that relative cell injury percentage (RCI %) was a measure for cell 

membrane thermo-stability and could be used to evaluate heat tolerance in G. hirsutum L 

(Azhar et al., 2009). It was further described that heat tolerant varieties had stable yield 

and provide more seed cotton with superior quality of fiber than the susceptible varieties. 

It could be concluded that Relative cell injury percentage at seedling stage might be used 

as best screening parameter. It should be used to screen cotton germplasm against heat 

stress effectively. 

2.14 Gene action 

Gene action for certain traits has been studied in cotton. It was revealed that plant height, 

average boll weight, number of bolls per plant, yield, gin turn out, fiber length, fiber 

strength and fiber fineness significant genetic differences for all above traits for all 

studied genotypes, in a full diallel experiment. It was also reviled that almost all of these 

traits had been controlled by additive type of gene action with partial dominance except 

boll weight and gin turn out (Iqbal et al., 2013). Genetic analysis for yield and yield 
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contributing traits was studied in a diallel analysis of upland cotton genotypes and it was 

revealed that additive dominance was fully adequate for the trait of plant height while it 

was partially suitable for number of bolls per plant, boll weight, gin turn out and seed 

cotton yield (Batool et al., 2013). Genetic analysis of different morphological and 

physiological traits were studied in six generations P1,P2, F1, F2, BC1 and BC2 of cotton 

and it was reveled  that  plant height, number of bolls per plant, boll weight, gin turn out, 

fiber length, fiber strength and fiber fineness have been controlled by all three kind of 

gene actions i.e. additive, dominance and interaction and its was also suggested that 

selection in later segregating generations would help full for improving the studied traits 

(Ahmad et al., 2009).  Inheritance of number of bolls per plant, seed cotton yield and 

height of main stem was studied in a diallel scheme and it was revealed that both additive 

and dominance affect the variation present in the studied material. It was revealed that 

additive and non-additive genetic component could be use through adopting parental 

mattings in early generation, for improving the yield related traits during the crosses of 

cotton genotypes (Murtaza et al., 2006). In a study related to genetic analysis of Egyptian 

cotton genotypes, it was found that additive dominance model was acceptable for 

demonstrating the genetic variability and it was important for inheriting most of the 

studied characters. For most studied cases, additive into additive and dominance into 

dominance, were found highly significant. Opposite signs of [h] and [l] were observed in 

most cases. Inheritance of all characters was found to be controlled by additive and non-

additive type of gene action but dominant genetic effects played their major role for 

controlling genetic for most studied characters (Abd-El-Haleem et al., 2010). In a 

complete diallel cross, gene action was studied for number of seeds per boll, in F1 and F2 

populations and it was found that the trait was being controlled by additive-dominance 

model in F1 while in F2 showing partial adequacy  (Khan et al., 2007). Six generations P1, 

P2, F1, F2, BC1 and BC2 of cotton were studied to check the inheritance pattern of 

different morphological and yield contributing traits by using generation means analysis. 

It was found that the expression of boll weight was being controlled by interaction of 

different genes. It was also found that number of bolls per plant and boll weight has over 

dominance while seed cotton yield has partial dominance type of gene action (Hussain et 

al., 2009). Eight varieties produced sixty four combinations in a complete diallel cross 

and it was found that inheritance pattern for the traits of number of bolls per plant and 

boll weight was controlled by non-additive over dominance type of gene action in cotton 

(Murtaza, 2006). Plant height, number of bolls per plant, boll weight and seed cotton 
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yield were studied to check the inheritance of four parents of cotton. Inheritance of plant 

height, number of bolls per plant and boll weight was organized by additive type of gene 

action with partial dominance while seed cotton yield was governed by over dominance 

type of gene action and it was suggested that seed cotton yield could be improved by 

hybrid breeding. It was also found during the studies that epistasis has no effect on above 

studied traits (Latif et al., 2014). Six generations P1, P2, F1, F2, BC1 and BC2 were 

developed to study the gene action involved in controlling yield, yield components and 

quality characters of different crosses of cotton by using generation means analysis. 

Significantly high mean values were assessed for number of bolls per plant, boll weight, 

fiber length, fiber strength, fiber fineness, seed cotton yield and gin turn out. Additive and 

dominance genetic effects were found significantly high for number of bolls per plant and 

boll weight for all four crosses with larger dominant effects than additive effects. 

Similarly, additive and dominance genetic effects were found significantly high for fiber 

length in second cross and fiber fineness in first and fourth cross, having larger 

dominance effects than additive effects. In first cross, number of bolls per plant, fiber 

length and fiber fineness, in first and second cross, seed cotton yield and gin turn out, in 

four cross boll weight and in second cross, fiber strength, showed that these traits were 

controlled by dominance and non-allelic interaction (El-Refaey and El-Razek, 2013). 
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CHAPTER 3          MATERIALS AND METHODS 

3.1 Collection of Cotton Genotypes 

Eighty genotypes of upland cotton (Gossypium hirsutum L.) were collected from the 

germplasm available at the Agricultural Research Institutes of Pakistan (Cotton Research 

Institute, Faisalabad; Cotton Research Station Multan, Cotton; Research Station 

Bahawalpur; Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad; Cotton 

Research Station, Vehari and Central Cotton Research Institute (CCRI) Multan to identify 

tolerant and susceptible parents for the experiment. 

3.2 Assessment of genotypes for heat stress 

The objective of this experiment was to identify heat tolerant and heat susceptible 

genotypes and these genotypes were used as parental material for the development of 

genetic populations. Relative cell injury (RCI) percentage was measured by using fully 

developed young leaves during peak flowering season. A steel punch having a diameter 

of 10 mm was used to take sample of same size from the leaf. Two sets of samples were 

collected from both sides of midrib of a leaf. One set was used as control and other for 

heat treatment. Leaf disks were collected at about 12 pm to 2 pm and samples were 

immediately kept in falcon tubes having 2ml of distilled water and were taken to 

laboratory as quickly as possible. They were washed twice with distilled water to remove 

dust and other inert material present on the leaf surface. After washing, 12 ml of distilled 

water was added in sterilized falcon tubes and covered with lid to avoid evaporation 

during heat treatment. One set of falcon was kept at room temperature and other at 50
0
C 

in water bath for 1 hour (Rahman et al., 2004).  After heat treatment, 10 ml of distilled 

water was added to each tube and kept at 10
0
C for 24 hours to allow diffusion of 

electrolytes. On the next day, tubes were kept at room temperature and shaken three times 

for mixing of electrolytes. Initial electrical conductivity (EC) was noted with the help of 

EC meter. Falcon tubes were autoclaved at 0.10 MPa pressure to release all of electrolytes 

present in leaf disk. Tubes were placed on working bench when room temperature was 

attained then relative reading of EC was noted again with the help of same EC meter as 

used previously. 
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Figure 3.1 Pictorial presentation of scheme of backcrosses for Cross 1 

 

Figure 3.2 Pictorial presentation of scheme of backcrosses for Cross 2 
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Table 3.1 List of populations developed through hybridization of G.hirsutum L. 

Cross No. Parents Populations 

1 

VH-282 × VH-142 F1andF2 

(VH-282 × VH-142) × VH-282 BC1 

(VH-282 × VH-142) × VH-142 BC2 

2 

DNH-40 × VH-259 F1and F2 

(DNH-40 × VH-259) × DNH-40 BC1 

(DNH-40 × VH-259) × VH-259 BC2 

 

Relative cell injury (RCI) percentage was calculated by using the following formula 

proposed by (Sullivan, 1972).  

RCl % = [1-[(1-(T1-T2))] / (1-(C1/C2))]] x 100 

Where T and C are respective EC values of heat treated and controlled tubes and 

subscripts 1 and 2 denote initial and final EC readings, respectively. 

3.3 Selection of Parents for Crossing 

Two heat tolerant (VH-259 and VH-142) and two heat susceptible genotypes (VH-282 

and DNH-40) were selected on the basis of the data recorded for Relative cell injury 

(RCI) percentage. Pedigree of these tolerant lines was also obtained from Cotton 

Research Station, Vehari. VH-259 was a genotype developed by the cross of CIM-511 

and NS-121 (Bt) while genotype VH-142 was developed by the cross of S-12 and H-1692 

(VH-55 × LRA-5166). 

3.4 Hybridization 

During the cotton growing season 2012-13, the selected genotypes were grown in the 

field for making crosses. During the next cropping season 2013-14, F1 generations and 

their parents were grown in the field for developing back crosse1, back cross 2 and F2 

generations (Table 3.1). All preliminary measures were adopted to avoid self-pollination 

during hybridization. Pictorial diagrams of all generations from both crosses are given in 

figure 3.1 and 3.2. 
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3.5 Transcriptomic Analysis of resistant genotypes 

3.5.1 Planting parents  

Two parents were selected (tolerant) from the previous experiment to be used in 

experiment related to see the expression of HSPs originating from G. raimondii. These 

two genotypes were sown in two sets in pots i.e. under controlled conditions and in 

normal conditions according to CRD conditions. Pots were filled with a mixture of sand, 

silt and clay in equal amount. 8 samples were collected from 21 days old leaves from both 

sets (4 from each set). Samples were collected at different time intervals i.e. at 0 and after 

3 hours of starting the experiment. Temperature was also noted at the time of taking 

samples of both the environments then RNA was extracted. 

3.5.3 RNA Extraction 

For RNA extraction; chilled RNA isolation reagent was taken (0.5 ml), added to 

autoclaved eppendorf tubes, and kept on ice. Cotton leaf samples were cut with the help 

of lid of eppendorf tube, ground with little blue pestles that too were autoclaved. The 

tubes were incubated for 5 minutes at room temperature and the tubes were laid down 

horizontally for maximizing the surface area. All the tubes were centrifuged for 2 minutes 

@12000 rpm and supernatants were transferred to fresh eppendorf tubes. 0.1 ml of 5M 

NaCl was added to clarify the extract. 0.3 ml of chloroform was also added and samples 

were mixed thoroughly by inversions. Centrifugation was done again at 4⁰C for 10 

minutes @12000 rpm to separate phases and the top phase was transferred to fresh 

eppendorf tube. Equal volume of isopropanol was added and samples were kept at room 

temperature for 10 minutes. The samples were centrifuged again at 4⁰C for 10 minutes 

@12000 rpm and the supernatant was discarded. The pallet was washed with 1 ml of 75% 

ethanol and centrifuged at room temperature for 1 minute @12000 rpm. Pallet was dried 

after discarding the solution, and dissolved in 30 µl of DEPC water. RNA tubes were 

stored at -80⁰C (Wilkins and Smart, 1996). 

3.5.4 Agarose gel electrophoresis  

Agarose was dissolved in 100 ml 0.1 X TAE buffer and 2 µl Ethidium Bromide (10 

mg/ml) was added into the gel to visualize RNA under UV light. 1 µl 6 X loading dye 

was mixed with 2 µl of RNA and loaded in the wells. The gel was run in a horizontal 

electrophoresis tank containing 0.5 X TAE buffer @ 100V for 30 minute. Gel 

documentation system was used to visualize RNA bands under UV light. 
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3.5.5 cDNA Synthesis 

After extraction of RNA, cDNA was synthesized according to the instructions given in 

Revert Aid First Strand cDNA Synthesis Kit (Thermo Scientific, Pvt. Ltd., Germany). All 

the components of the kit were thawed, mixed and stored on ice. Nuclease-free and 

autoclaved PCR tubes were placed on ice too. 8µl of extracted RNA was taken in each 

PCR tube, 1 µl Oligo(dT)18 primer was added next and 3 µl of nuclease-free water was 

added then to make the total volume of 12 µl. This mixture was gently mixed and 

incubated at 65 °C for 5mins in a PCR machine. After 5 minutes the mixture was chilled 

on ice, spun and tubes were placed back on ice. 4 µl of 5 X reaction buffer, 1 µl of Ribo 

Lock RNase inhibitor, 2 µl of 10mM dNTP were mixed and 1 µl of Revert Aid M-MuLV 

RT was added in the end to make total volume of 20 µl. The mixture was shaken gently 

and incubated at 42 °C for 90 minutes. The reverse transcription product was then stored 

at -20 °C. 

3.5.6 Primer Designing 

Multiple heat shock protein sequences were downloaded from NCBI 

(http://www.ncbi.nlm.nih.gov/). These sequences were TBLASTN at Phytozome 

(https://phytozome.jgi.doe.gov/pz/portal.html#!search?show=BLAST&method=Org_Grai

mondii) by selecting Gossypium raimondii genome and sequence data from TBLASTN 

was saved at note pad. After all the sequences were blasted, note pad data was put on XL 

sheet. Here similar sequences were removed in such a way that only one copy of each 

sequence was allowed to remain at XL sheet. Based upon these sequences a phylogenetic 

tree was constructed. From this phylogenetic tree sequences were selected from diverse 

clusters and primers including positive control (ubiquitin) of PCR were designed using 

online service of Primer-3 software (http://primer3.ut.ee/) given in Table 3.2. 

3.5.7 Analyzing transcripts by PCR 

PCR conditions were optimized for the amplification of gene encoding heat shock protein 

(HSP) genes using synthesized primers. PCRs were set up using Taq polymerase, 

dNTP‘s, buffer and MgCl2. Template DNA was taken from cDNA synthesized 

previously. All PCRs were prepared in a total volume of 25 µl, consisting of 22 µl master 

mixture, 1 µl forward primer, 1 µl reverse primer and 1 µl template DNA. Then tubes 

were placed in thermal cycler. PCR profile is given in Table 3.3 and Annexure-VIII. 

3.5.8 Identification of PCR product 

http://www.ncbi.nlm.nih.gov/
https://phytozome.jgi.doe.gov/pz/portal.html#!search?show=BLAST&method=Org_Graimondii
https://phytozome.jgi.doe.gov/pz/portal.html#!search?show=BLAST&method=Org_Graimondii
http://primer3.ut.ee/
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To identify PCR products, 5 µl of each PCR product was loaded onto 1% agarose gel 

with 2 µl 6 X loading dye. Gels were run in a horizontal electrophoresis tank containing 

0.5 X TAE buffer and run at 100 V for 30 mins. 

3.6 Assessment of populations for heat stress and other economic traits 

On 7 May 2015 and 1 June 2015, two crosses VH-282 × VH-142 and DNH-40 × VH-259 

were sown under field conditions in the experimental area of the department of Plant 

Breeding and Genetics. Each cross was studied in a separate trial. The parental, F1, F2, 

BC1 and BC2 populations from each cross were evaluated using randomized complete 

block design (RCBD) with three replications. 

Each replication was comprised of five rows for each of the parent/ F1/ backcross and ten 

rows for each F2 generation. Ten plants in each row of 3 m in length were planted with 

plant to plant distance of 30 cm and row to row distance of 75 cm. Single irrigation was 

applied after 40 days of planting.  

Data regarding physiological parameter i.e. cell membrane stability was recorded during 

the month of August for late and early sowings. Data were recorded from 30 plants of 

each parent/ F1/ backcross and 150 plants of each F2 population. At crop maturity, data 

about agronomic traits such as plant height, boll sheading percentage, number of bolls per 

plant, number of seeds per boll, boll weight, seed cotton yield,  fiber length,  fiber 

strength, fiber fineness and ginning out-turn were recorded. During the year 2015, 

temperature recorded by the Department of Crop Physiology in May, June, July, August, 

September, October and November was 32 °C. 32 °C, 31 °C, 31.5 °C, 29 °C and 25 °C 

respectively. The detailed data about temperature is in Annexure 1. 
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Table 3.2 List of forward and reverse primers of HSPs and Positive control of PCR 

of G. raimondii L (https://phytozome.jgi.doe.gov/pz/portal.html#!search?show=BLAST&method=Org_Graimondii) 

Accession name Forward Primer Reverse Primer 

DQ 116441 (UBQ7 (+ve)) AAGCCCAAGAAGATCAAGCA CGCATTAGGGCACTCTTTTC 

Gorai.003G138100.1CDS GCAATGATTCCTACCATCT ATCCGTTGAAATCTCTGGTTAA 

Gorai.006G004700.1CDS ATGGAAAGCGAAACAGCAAGA TATTGTTATTCCTAAACTTTGA 

Gorai.006G036600.1CDS GCTCTCATCTCCCAATT TTGAGGAGATCAAGGGTTGA 

Gorai.007G144700.1CDS GAGCGAGGGTTTAGCCTCAA TCGTGGAGAAGGCAGACTAG 

Gorai.009G090800.1CDS GCTTCATCTCTAGCT AAGGAGGAGAGGAATGATGTGA 

Gorai.009G097500.1CDS ATGGATGAGAAGTGGAAGCT ATAAACATGGAGATTCTTGA 

Gorai.011G033600.1CDS ATGGGAACACGATGCATTTCT AGGTATGGTCCAAAAAGAAGAT 

Gorai.011G215900.3CDS ATGACGTTTAAAGATGACGGTAGA AATCAATCATTACAATAATTAA 

Gorai.012G174100.1CDS ATGGCTCAAGCGTTTTCAAATCT TTTGGATATTAATGTAGAATGA 

Gorai.013G139100.1CDS ATGAGGCTCTTGCTGTTGCT ATGCCAAGCAGGAGCTTTAA 

 

Table 3.3 PCR profiling used in transcriptomic analysis of resistant genotypes 

Step Temperature Time No. of Cycles 

Denaturation 94
o
C 30 seconds 

35 cycles Annealing 50
o
C 30 seconds 

Extension 72
o
C 1 minute 

Hold 4
o
C   

 

  

https://phytozome.jgi.doe.gov/pz/portal.html#!search?show=BLAST&method=Org_Graimondii
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3.6.1 RCI percentage (%) 

Methodology of this parameter has been described earlier.  

3.6.2 Chlorophyll Contents (SPAD) 

At anthesis, data was recorded from ten guarded plants per treatment per replication using 

a SPAD‐502 chlorophyll meter during sunny day. 

3.6.3 Plant Height (cm) 

Height of all the selected plants was measured from ground level to the top of the main 

stem. Then average plant height was calculated. 

3.6.4 Boll Shedding Percentage (%) 

Total number of bolls on a plant developed and dropped during the growing season was 

counted and percentage was calculated in both normal and high temperature conditions. 

Means were used for genetic analysis. 

3.6.5 Number of Bolls per Plant 

In total three picks of seed cotton were made of each plant. At the time of each picking, 

number of picked bolls was counted. Total number of bolls picked in three picks was 

summed up to record total number of bolls on a plant. Mean number of bolls in each 

generation under normal high temperature was calculated for further generation analysis. 

3.6.6 Number of Seeds per Boll  

To calculate number of seeds per boll, the selected boll of each plant of each generation 

was ginned separately and number of seeds per boll was counted. This process was done 

in each replication and average was used for further studies for normal and high 

temperature regimes.   

3.6.7 Boll Weight (g) 

Average boll weight was calculated by dividing the total seed cotton obtained from a 

plant with its total number of bolls. 

3.6.8 Yield of seed cotton (g) 

Yield of seed cotton during each pick was obtained and all of seed cotton obtained in 

three picks was weighed using electric balance. Average yield of seed cotton of each 



44 
 

generation was calculated for further use. This character was measured for both the 

experiments. 

3.6.9 Lint Percentage/Gin turns out (%) 

Lint percentage orgin turn out is the weight of lint that can be obtained from a given 

weight of seed cotton and is expressed as percentage. Samples of seed cotton obtained 

from individual plants were weighed and ginned separately with a single roller electrical 

gin in the laboratory. Lint was weighed and GOT was calculated as percentage of lint in 

seed cotton. 

3.6.10 Fiber Traits 

Total seed cotton was collected from the selected plants for fiber analysis. Ginning was 

done on individual plant basis by using Single Roller Electrical Gin available in the 

department of Plant Breeding and Genetics. Before fiber testing, the ginned samples were 

re-conditioned by placing samples in blow room (65% humidity and 18-20°C 

temperature) using humidifier. High Volume Instrument (HVI-900-SA; Zellweger Ltd., 

Switzerland), available in the Department of Fiber Technology, was used to analyze fiber 

length (mm), fiber strength (g/tex) and fiber fineness (µg/inch).  

3.7 Statistical Analysis 

Analysis of variance among the generations was conducted as in Steel et al. (1997) 

3.7.1 Generation Means Analysis  

The data collected for the traits showing significant differences, was used to conduct 

generation means analysis following the method described by Mather and Jinks (1982). 

Computer program was used to conduct the analysis. Means and variances of each 

population (parental, backcross, F1 and F2) used in the analysis were calculated from 

individual plants pooled over replications. 

A weighted least square analysis was performed on the generation means commencing 

with the simplest model using parameter m only and tested for goodness of fit. If the chi-

squared value of one parameter model [m] was significant then further models of 

increasing complexity [md, mdh, etc.] were tried and tested for goodness of fit. The best 

model was chosen as the one which had significant estimates of all parameters along with 

non-significant chi-squared value. The higher value parent was always taken as P1 in the 
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model fitting for each trait. Theoretical genetic components of generation means used in 

the analysis are shown in the Table 3.4 

3.7.2 Analysis of Components of Genetic Variance 

A weighted least squares analysis of variance based on the method as described in Mather 

and Jinks (1982) using a computer program. Analysis was performed in the Department 

of Plant Breeding and Genetics on the data of the experiment containing six generations 

(Parents, F1, F2, BC1 and BC2). Theoretical coefficients of additive (D), dominance (H), 

cross product of dominant and additive effects (F) and environmental variation (E) used 

in the analysis are shown in Table 3.5. Model Fitting was started using the E parameter 

only. When the chi-squared value was significant; D, H and F parameters were 

successively included until a satisfactory fit was obtained. The best fit model was chosen 

as the one with all significant parameters and non-significant chi-squared value. 

3.7.3 Heritability Estimates 

Heritability in narrow sense (h
2

ns) was calculated using the components of variance from 

the best fit model of weighted least squares analysis by the formula: 

h
2

ns 

(1) = 0.5D / (0.5D + E) (When a simple DE model was adequate without a significant 

dominance component) 

(2) = 0.5D / (0.5D + 0.25H + E) (When a DHE model had to be fitted) 

Heritability in the F∞ generation was also calculated by using the formula: 

h
2

∞ = D / (D + E) 

3.7.4 Genetic Advance 

Genetic advance was calculated at 10% selection intensity using formula given by 

(Nechif et al., 2011): 

GA = K × σP × h
2

b 

Where, 

K = The selection differential in standard units in the present study and it was 1.76 at 10% 

level of selection 

σP = Standard deviation of the phenotypic variance of F2 
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h
2

b  = Heritability in broad sense 

3.7.5 Heterosis Studies 

Mid parent heterosis and better parent heterosis were calculated as given by (Rasul et al., 

2002): 

      
     

  
     

       
     

  
     

Where, 

Ht = Heterosis 

Hbt = Better parent heterosis 

MP = Mid parent 

BP = better parent 

3.7.6 Correlations 

The Phenotypic and genotypic correlation coefficients between pairs of plant traits were 

calculated using the individual plants data of the F2 populations. 

3.7.6.1 Phenotypic Correlations 

The phenotypic correlations (rp) between two traits x and y were calculated by using the 

following formula.  

 rp =   PCOV(x,y)/ (PVx . PVy)
1/2

 

Where, 

 PCOV(x,y) is the mean phenotypic covariance of x and y traits.  

 PVx and PVy are the phenotypic variance of the same traits respectively. 

3.7.6.2 Genotypic Correlations 

The genotypic correlations (rg) between two traits x and y were computed by using the 

following formula.  

 rg= GCOV(x,y)/ (GVx . GVy)
1/2

 

Where, 
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 GCOV(x,y) = COV(x,y) F2 – COV(x,y)E  

 COV(x,y)E = (
1
/4)[COV(x,y)P1 + COV(x,y)P2 + 2COV(x,y)F1]  

GCOV(x,y), COV(x,y)E, COV(x,y)P1, COV(x,y)P2, COV(x,y)F1and COV(x,y)F2are 

covariances of x and y associated with genetic effects, non-genetic effects, P1, P2, F1 and 

F2 generations respectively and GV(x) and GV(y) are genetic variances of x and y traits 

respectively. 

Table 3.4 Coefficients of the mean (m), additive (d), dominance (h), additive  

additive (i), additive  dominance (j) and dominance dominance (l) parameters for 

the weighted least squares analysis of generation means (Mather and Jinks, 1982). 

Generations Components of genetic effects 

 m [d] [h] [i] [j] [l] 

P1 1 1.0 0.0 1.00 0.00 0.00 

P2 1 -1.0 0.0 1.00 0.00 0.00 

F1 1 0.0 1.0 0.00 0.00 1.00 

F2 1 0.0 0.5 0.00 0.00 0.25 

BC1 1 0.5 0.5 0.25 0.25 0.25 

BC2 1 -0.5 0.5 0.25 -0.25 0.25 

 

Table 3.5 Coefficients of the D, H, F and E effects for the weighted least squares 

analysis of generation variances (Mather and Jinks, 1982). 

Generation Components of variation 

 D H F E 

P1 0.00 0.00 0.00 1 

P2 0.00 0.00 0.00 1 

F1 0.00 0.00 0.00 1 

F2 0.50 0.25 0.00 1 

BC1 0.25 0.25 -0.5 1 

BC2 0.25 0.25 0.50 1 
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Chapter 4        Results and Discussion 

4.1 Screening of germplasm against heat stress 

Eighty cotton genotypes were grown in field conditions for screening against heat stress 

using relative cell injury percentage. The mean values of all genotypes under heat stress 

were given in the Table 4.1. Analysis of variance (Annex II) revealed the presence of 

significant differences among the genotypes for the trait. Values of RCI% is ranged from 

39.1 to 85.9 in the available germplasm of cotton. In this study two cultivars namely VH-

259 and VH-142 having values 39.1 and 40.3 respectively were identified to be most heat 

tolerant while DNH-40 and VH-282having RCI% of 85.9 and 83.8 respectively were 

identified as most heat susceptible genotypes (Table 4.1). These four genotypes are listed 

in Table 4.2 for the use of hybridization and successive populations using green house 

and filed conditions at the department of Plant Breeding and Genetics. Temperature is a 

physical parameter that influences proteins and membranes structures through simple 

thermodynamic effects. Usually these influences are rapid and every molecule can be 

affected by temperature. It is documented and reported that shifts in climatic temperature 

can be perceived by cells in terms of changes in membrane rigidity (Vigh et al., 2007a; 

Vigh et al., 2007b). High temperatures cause considerable pre- and post-harvest damages 

including scorching and sun burns of leaves, branches, stems, leaf senescence and 

abscission, shoot and root growth inhibition, fruit discoloration and damage, and 

reduction in yield of field crops (Vollenweider and Günthardt Goerg, 2005). Plants 

respond to stress through physiological and biochemical processes resulting in alteration 

of gene expression (Wahid et al., 2007; Chaves et al., 2009; Payton et al., 2011). 

Relative cell injury was suggested as good screening parameter in this study. There are 

some other screening parameters has also been used in cotton. A large number of plant 

traits have been reported and associated with abiotic stress tolerance such as cell 

membrane stability (Rahman et al., 2004; Azhar and Khan, 2005; Rahman et al., 2008; 

Azhar et al., 2009; Amjid et al., 2015; Saleem et al., 2015b), canopy temperature 

(Hatfield et al., 1987; Khan et al., 2014), osmotic potential (Ball and Oosterhuis, 2005), 

excised leaf water loss (Quisenberry et al., 1982; Amjid et al., 2015; Saleem et al., 

2015b), transpiration rates, photosynthesis and stomatal conductance (Leidi et al., 1993; 

Nepomuceno et al., 1998), leaf weight (Lopez et al., 1995), leaf age (Xu et al., 1997; 

Thomas and Turner, 1998; Niinemets, 2007), leaf turgor maintenance (Quisenberry et al., 
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1982), leaf and root osmotic adjustment (Oosterhuis and Wullschleger, 1987), leaf carbon 

isotope discrimination (Yakir et al., 1990; Leidi et al., 1999; Saranga et al., 1999), leaf 

fluorescence (Burke, 2007; Longenberger et al., 2009), accumulation of biomass 

(Quisenberry et al., 1981; Hatfield et al., 1987), boll setting (Lopez et al., 1995), water 

use efficiency (Quisenberry and McMichael, 1991; Saranga et al., 1999), root growth and 

root-to-shoot ratio (Quisenberry et al., 1981; McMichael and Quisenberry, 1991) and leaf 

water contents (Amjid et al., 2015; Saleem et al., 2015b) in other plant species. 

Although adverse temperatures can affect all stages of development, the cotton crop 

seems to be particularly sensitive to adverse temperatures during reproductive phase. It 

was reported that there was no clear consensus about the optimum temperature for growth 

and development of cotton, as plant response varies with plant developmental stage and 

environment in which cultivar was developed (Oosterhuis, 2002; Kumar et al., 2012). 

Relative cell injury has been considered as a reliable parameter for screening against 

abiotic stress tolerance (Shafeeq and Zafar, 2006; Khan et al., 2008; Moussa and Abdel-

Aziz, 2008; Azhar et al., 2009; Brito et al., 2011). Khan et al. (2008) used relative cell 

injury for screening 45 upland cotton accessions which ranged from 44.8 to 79%. It was 

suggested that morphological and physiological plant characters can be exploited to 

develop stress tolerant cultivars. 

4.2 Gene action, Heterosis, Heritability and Genetic advance 

The six generations were planted in field conditions for the collection of observations on 

traits mentioned earlier in chapter 3. Mean values and ANOVA were biometrically 

analyzed using generation mean analysis approach proposed by (Mather and Jinks, 1982). 

Analysis of variance (Annex III-VI) showed highly significant differences (p<0.01) 

among all generations of both crosses except fibre length and fibre strength in heat stress 

in cross-1 and fibre length in normal condition in cross-2 which showed significant 

differences (p<0.05). Frequency distribution of F2 population showed that data was 

normally distributed for all traits (Figure 4.1-4.4). The interpretation of the results of each 

agronomic trait is mentioned in following paragraphs. 
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Table 4.1 Mean values (10 plants) of 80 genotypes of cotton for RCI % in green 

house conditions. 

Sr. No Genotypes RCI Sr. No Genotypes RCI Sr. No Genotypes RCI Sr. No Genotypes RCI 

1 DNH 40 85.9 21 CIM 109 77.2 41 NIAB 71.8 61 VH 281 62.4 

2 VH 282 83.8 22 FH 114 77.2 42 MNH93 71.4 62 MNH 147 61.9 

3 MNH 465 82.5 23 CRWAS 310 77.1 43 CIM 70 70.8 63 VH-250 61.8 

4 CIM 608 82.2 24 C 26 76.7 44 BH 163 70.7 64 MNH 888 61.7 

5 MNH 506 81.7 25 BH 96 76.5 45 NS 131 69.0 65 BP 900 61.1 

6 CIM 534 81.2 26 BH 121 76.1 46 FH 113 68.8 66 RED ACALA 60.7 

7 CIM 499 81.1 27 FH 2015 76.1 47 KZ 191 68.2 67 VH 144 59.3 

8 VH 291 80.6 28 GR 156 76.1 48 DNH29 68.1 68 B  557 58.2 

9 NIAB 86 80.6 29 RIBA B50 76.0 49 FH 682 67.7 69 MNH 554 57.7 

10 AA 802 79.9 30 NF 801/7 75.8 50 BH 160 67.3 70 FH 115 57.6 

11 KZ 181 79.7 31 SV 322 75.7 51 VH 297 66.2 71 MNH 700 57.6 

12 CIM 707 79.7 32 CRWAS 134 75.4 52 BS 1 66.1 72 SLH 257 57.6 

13 NIAB 98 79.5 33 BH 147 74.5 53 CIM 496 65.7 73 CRWAS 379 56.3 

14 FH 87 79.1 34 DPL 70010 74.3 54 DPL2775 65.0 74 BT 701 56.0 

15 NIAB 999 78.9 35 FH 942 74.2 55 DPL 26 64.1 75 VH 141 54.4 

16 IR 3701 78.8 36 CRWAS 5A 73.5 56 DPL 28 63.4 76 BP 630 54.0 

17 SV 857 78.7 37 VH 61 72.5 57 BH 162 63.2 77 VH 300 52.8 

18 VH 268 78.7 38 FH900 72.4 58 VH 255 63.0 78 Marvi 49.1 

19 KZ 189 78.5 39 FH 4243 72.0 59 CRWAS 402 62.7 79 VH 142 40.3 

20 CIM 448 78.1 40 VH 256 72.0 60 MNH 786 62.6 80 VH 259 39.1 

Table 4.2 List of identified heat tolerant and susceptible genotypes of G. hirsutum L. 

Sr. No.  Genotypes  Response 

1 VH-259 High cell membrane stability  

2 VH-142 High cell membrane stability 

3 VH-282   Low cell membrane stability 

4 DNH-40 Low cell membrane stability 
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4.2.1 Plant height 

For plant height under both stress conditions in both crosses, (VH-282 × VH-142 was 

considered as cross-1 while DNH-40 × VH-259 was cross-2) F1 mean value was higher 

than F2, BC1 and BC2 mean values, so heterozygosity could result in taller plants (Table 

4.3 and Figure 4.1). 

In this study plant height ranged from 93.60 to 112.43cm for both crosses under normal 

and heat stress conditions in 12 generations (six from each cross i.e. P1, P2, F1, F2, BC1 

and BC2).Generation mean analysis showed that plant height was controlled by 

polygenes. In cross-1 under normal condition it was controlled by [mdhi], while in heat 

stress conditions, it was controlled by [mdl] (Table 4.5). Here dominant component was 

higher than additive component in normal conditions while in cross-2, this trait was 

controlled by [mdh] in normal condition, but in heat stress condition, it was controlled by 

[mdhj]. Here additive component was more than dominant component in heat stress. 

Dominant component was higher than additive component in normal condition. Epistatic 

components [i], [j] and [l] were also contributing under both conditions. Similar kinds of 

results were presented by Murtaza et al. (2006); Ahmad et al. (2009); Batool et al. (2013) 

while contradicted results were presented by Nadeem and Azhar (2004); Khan and Qasim 

(2012) and Iqbal et al. (2013). 

Generally genotypic correlation was lower than phenotypic correlation that showed the 

importance of environmental × genotypic interaction. Correlation studies revealed that 

number of bolls per plant and seed cotton yield were significantly correlated in cross-2 in 

both normal and stress conditions, while only boll weight in cross-1 in stress condition 

was significantly correlated with plant height (Table 4.10 and 4.11). Similar information 

was presented by Azhar et al. (1999); Naveed et al. (2004); Farooq et al. (2014) while 

contradictory results were presented by Salahuddin et al. (2010). It could be suggested 

that selection for taller plants could result in increased yield.  

Narrow sense heritability (h
2

ns) was moderate and broad sense heritability (h
2

bs) was 

found to be high in both the crosses and range for narrow sense heritability was 0.55 to 

0.67 while broad sense heritability was 0.82 to 0.90 (Table 4.9). Narrow sense heritability 

was lower than broad sense heritability under both crosses showed that environmental 

component was very important in heritability of this trait. Reduction in heritability under 

heat stress in both the crosses showed more evidence regarding environmental component 
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as well as genotypic × environmental interaction. Similar results were presented by 

Batool et al. (2010); Farooq et al. (2014) while Murtaza et al. (2006); Soomro et al. 

(2010) do not find similar results. 

Genetic advance for this trait was positive and higher showed that F2 population has 

enough variation for plant height and could be good source of improving this trait and 

range for genetic advance was 15.34 to 24.50 for both crosses under both normal and heat 

stress conditions (Table 4.9). Similar results were reported by Soomro et al. (2010); 

Farooq et al. (2014); Ahsan et al. (2015). Hybrid vigor generally known as heterosis, 

found non-significant for plant height and this information revealed that heterozygosity 

would not affect this trait. Ranges for heterosis and heterobeltosis were 1.82 to 5.92 and 

0.26 to 4.93 respectively (Table 4.9). Similar results were presented by Baloch et al. 

(2015a). Contradictory results were presented by Abro et al. (2009); Panni et al. (2012). It 

was concluded from results of plant height that genetic advance was high as well as 

heritability was also high for this trait as well as heterosis was also non-significant for this 

trait. This advocated the presence of additive component in the inheritance of this trait. So 

it could also be concluded that selection from F2 population may result in improvement. 

4.2.2 Number of bolls per plant 

For number of bolls per plant inF1generation mean value was higher than F2, BC1 and 

BC2 for cross-1 and cross-2 in normal and heat stress conditions. Heterozygosity could 

result in improvement of this trait (Table 4.3 and Figure 4.1). In this study number of 

bolls per plant was ranged from 7.01 to 21.73 for both crosses under normal and heat 

stress conditions, for 12 generations (six from each cross i.e.P1, P2, F1, F2, BC1 and BC2).  

Generation mean analysis showed that this trait was controlled by polygenes. In cross-1 

under normal condition it was controlled by [mdhjl], while it was controlled by [md] in 

heat stress conditions. Here dominant component was negative, showing that genes 

responsible for decrease of this trait are dominant over the genes increasing the trait. In 

cross-2, this trait was controlled by [mdijl] in normal condition, while it was controlled by 

[mdhi] in heat stress condition. Again additive component was negative and showing the 

same results as noted in cross-1 in normal conditions. The results of cross-1 under normal 

condition revealed that duplicate epistasis existed as [h] and [l] showed the presence of 

opposite signs (Table 4.5). Similar results were presented by Esmail (2007); Ahmad et al. 



53 
 

(2009); Hussain et al. (2009); Batool et al. (2013) and contrasting results were presented 

by Nadeem and Azhar (2004); Khan and Qasim (2012); Iqbal et al. (2013). 

Genotypic correlation was lower than phenotypic correlation that showed the importance 

of environmental × genotypic interaction. Correlation studies revealed that boll weight 

significantly correlated with number of bolls per plant for both the crosses in normal 

condition. This trait was significantly correlated with seed cotton yield for both the 

crosses while for chlorophyll contents significantly correlated only in heat stress 

condition of cross-1 (Table 4.10 and 4.11). This trait was also significantly correlated 

with number of seeds per boll in normal conditions in same cross. Narrow sense 

heritability was moderate and broad sense heritability was found to be high in both the 

crosses and narrow sense heritability was ranged from 0.54 to 0.62 while broad sense 

heritability was 0.78 to 0.89 respectively for number of bolls per plant. Narrow sense 

heritability was lower than broad sense heritability under both crosses showed the 

involvement of environmental component was important in heritability of this trait. 

Reduction in heritability under heat stress showed more evidence regarding 

environmental component as well as genotypic × environmental interaction (Table 4.9). 

Similar results were observed by Ahmed et al. (2006); Desalegn et al. (2009) while 

opposite results were observed by Murtaza (2006); Soomro et al. (2010); El-Refaey and 

El-Razek (2013). 

Hybrid vigor or heterosis was significant for number of bolls per plant for cross-2under 

both conditions, so it was concluded that heterozygosity could increase this trait. 

Heterosis was ranged from 0.04 to 8.65 whereas heterobeltosis was ranged from 10.79 to 

22.26 for both the crosses under both conditions (Table 4.9). Similar results were 

presented by Abro et al. (2009); Panni et al. (2012); El-Refaey and El-Razek (2013); 

Abro et al. (2014) during their studies. Genetic advance was low for number of bolls per 

plant and ranged from 2.58 to 5.44 for both the crosses under both normal and heat stress 

conditions (Table 4.9). Low genetic advance was also observed for this trait by Ahmed et 

al. (2006); El-Refaey and El-Razek (2013) while opposite and high was observed by 

Soomro et al. (2010); Ahsan et al. (2015). It could be concluded that genetic advance was 

low and heritability was high for this trait. Heterotic effects were significant for this trait 

in various generations of upland cotton. This revealed the presence of non-additive 

component in the inheritance of this trait. 
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4.2.3 Boll weight 

For boll weight of F1generation mean was found higher than F2, BC1 and BC2populations 

for both the crosses in both the conditions so heterozygosity could be important for this 

trait (Table 4.3 and Figure 4.1). In this study average boll weight was ranged from 2.08 to 

4.00g for both the crosses under normal and heat stress conditions in 12 generations (six 

from each cross i.e.P1, P2, F1, F2, BC1 and BC2).  

Generation mean analysis showed that boll weight was controlled by multiple genes. In 

cross-1 under normal condition it was controlled by [mdh], while in heat stress condition, 

it was controlled by [mij]. Here epistatic component [i] was positive. In cross-2, boll 

weight was controlled by [mdhil] in normal condition, while it was controlled by [mdhjl] 

in heat stress conditions. For both crosses dominance component was greater than 

additive component in normal condition, while additive component was more than 

dominant component in heat stress condition in cross-2. These results showed that 

epistatic component also played important role in controlling the inheritance of boll 

weight in cross-1 and cross-2 under heat stress condition and in normal conditions 

respectively (Table 4.5). Similar results were presented by Ahmad et al. (2009); Batool et 

al. (2013); Iqbal et al. (2013) as for as gene action was concerned and opposite results 

were reported by Nadeem and Azhar (2004); Mohamed et al. (2009). 

Genotypic correlation was lower than phenotypic correlation that showed involvement of 

environmental × genotypic interaction. Correlation studies revealed that boll weight was 

significantly correlated with seed cotton yield for both the crosses under normal and 

stress conditions. This trait was also significantly correlated with cell membrane stability 

under heat stress condition for cross-1 (Table 4.10 and 4.11). Similar results were 

presented by Farooq et al. (2014) but contradictory results were presented by Salahuddin 

et al. (2010). 

Narrow sense heritability was moderate whereas broad sense heritability was found high 

in both the crosses. Narrow sense heritability and broad sense heritability were 0.64 to 

0.74 and 0.81 to 0.91 respectively (Table 4.9). Narrow sense heritability was lower than 

broad sense heritability under both crosses showed that environmental component was 

important in heritability of boll weight in filial generations and populations. Reduction in 

heritability under heat stress in both the crosses showed more evidence regarding 

environmental component as well as genotypic × environmental interaction. For narrow 
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sense heritability similar results were presented by Murtaza (2006); Desalegn et al. 

(2009); Batool et al. (2010) while Ahmed et al. (2006); El-Refaey and El-Razek (2013) 

do not agree with results. 

Heterosis was statistically significant for boll weight under heat stress condition for cross-

1 while it was significant for cross-2 in normal conditions. This revealed that 

heterozygosity could increase weight of boll. Heterosis and heterobeltosis were ranged 

from 4.36 to 17.47 and 3.81 to 16.73 respectively for both the crosses under normal and 

heat stress conditions (Table 4.9). Heterobeltosis was significant for cross-1 and cross-2 

in heat stress condition and in normal conditions respectively. These results revealed that 

F1seed produced more boll weight than better parent. Similar results were presented by 

Abd-El-Haleem et al. (2010); Panni et al. (2012); El-Refaey and El-Razek (2013). In this 

study genetic advance was low to moderate for both the crosses under both normal and 

heat stress conditions and ranged from 0.52 to 0.83 (Table 4.9). Similar results were 

presented by Ahmed et al. (2006); Soomro et al. (2010); El-Refaey and El-Razek (2013). 

It is concluded from these results that genetic advance was low and heritability was high 

for boll weight in the presented studies. Heterosis was also found significant for this trait. 

This advocated the presence of non-additive component especially dominance component 

in the inheritance of this trait. 

4.2.4 Boll shedding percentage 

For boll shedding percentage inF1generation was higher than F2, BC1 and BC2 for both 

the crosses under normal and stress conditions and heterozygosity could result in increase 

of boll shedding, so homozygosity should be preferred to decrease boll shedding. Boll 

shedding percentage was ranged from69.97 to 89.20 for cross-1 and 2 under normal and 

heat stress conditions (Table 4.3 and Figure 4.2). 

Generation mean analysis showed that this trait was controlled by polygenes. In cross-1 

under normal condition it was controlled by [mdij], while it was controlled by [mdhij] in 

heat stress condition. Here epistatic component [i] was again positive. In cross-2, boll 

shedding percentage was controlled by [mdi] in normal condition, while [mdhijl] in heat 

stress condition. In heat stress condition for both the crosses dominance component was 

more than additive component. The analysis of cross-2 in heat stress condition revealed 

the presence of duplicate epistasis due to positive and negative signs of [h] and [l] 

respectively. This observation indicated that epistatic component [i] played its role in 
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controlling the boll shedding percentage in normal condition for both the crosses whilst 

for cross 1 in heat stress conditions (Table 4.5). 

Genotypic correlation was lower than phenotypic correlation that showed importance of 

environmental × genotypic interaction. Correlation studies revealed that boll shedding 

percentage significantly correlated with fiber length and fiber strength in normal 

condition for cross-1 while it was negatively correlated for seed cotton yield for cross-1 in 

normal condition. Boll shedding percentage was also significantly correlated with relative 

cell injury percentage for cross-2under heat stress condition (Table 4.10 and 4.11). 

Narrow sense heritability was moderate (0.54 to 0.58) and broad sense heritability was 

found to be high (0.86 to 0.94) in both the crosses. Narrow sense heritability was lower 

than broad sense heritability under both crosses showed that environmental component 

contributed significantly in heritability of boll shedding percentage (Table 4.9). In this 

study heterosis was observed for this character under both conditions and heterosis was 

ranged -1.25 to 17.47. Negative heterobeltosis was observed for boll shedding percentage 

for cross-2 while both positive and negative heterobeltosis was observed for cross-1 under 

normal and heat stress conditions. Heterobeltosis was ranged from -2.64 to -1.25 for both 

the crosses under both conditions except for boll shedding percentage (0.14) under heat 

stress condition for cross-1 (Table 4.9). Low genetic advance was observed for boll 

shedding percentage in current study. Genetic advance was ranged from 5.54 to 6.71 for 

cross-1 and cross-2 under normal and heat stress conditions. 

4.2.5 Gin turn out 

Mean values for gin turn out of F1population was found to be higher than F2, BC1 and 

BC2generations for both the crosses under normal and stress conditions and 

heterozygosity could result in better production of gin turn out in cotton and mean values 

for gin turn-out were ranged from 37.11 to 39 (Table 4.3 and Figure 4.2). Generation 

mean analysis showed that trait was under the influence of multiple genes. It was 

controlled by [mijl] in cross-1 under normal condition, while it was controlled by [mj] in 

heat stress condition. In cross-2, GOT was controlled by [mdhi] and [mdhl] in normal 

condition and heat stress condition respectively. Component of dominance was higher 

than additive component for cross-2 in normal conditions while additive component was 

higher in heat stress conditions.   
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Table 4.3: Generation means for plant height (PH), number of bolls per plant (BP), boll 

weight (BW), boll shedding percentage (BSP), gin turn out (GOT) and fibre length (FL) in 

two crosses VH-282 × VH-142 (1) and DNH-40 × VH-259 (2) under normal (N) and heat 

stress (H) conditions. 

Traits 
Stress 

Levels 

Generation Means 
Pop 

Effect P1 P2 F1 BC1 BC2 F2 

PH 

N1 109.53 107.10 112.43 103.47 107.00 106.36 ** 

H1 101.47 99.57 106.47 101.60 102.33 101.48 ** 

N2 106.93 106.70 108.83 107.50 108.63 107.68 ** 

H2 102.30 94.10 102.03 100.70 93.60 107.38 ** 

BP 

N1 12.97 11.43 12.67 12.20 11.63 11.47 * 

H1 10.13 7.01 8.57 8.57 9.37 7.76 * 

N2 21.73 19.94 19.03 19.08 20.83 18.33 ** 

H2 12.60 11.57 11.23 11.67 11.90 11.40 ** 

BW 

N1 3.50 3.46 3.63 3.56 3.65 3.59 * 

H1 3.43 3.38 4.00 2.08 2.57 3.33 * 

N2 3.14 3.13 3.62 3.12 3.30 3.45 * 

H2 3.40 3.12 3.53 3.32 3.17 3.22 * 

BSP 

N1 81.03 89.10 84.00 83.90 89.20 79.36 ** 

H1 81.20 89.17 85.30 82.70 88.97 79.16 ** 

N2 83.47 86.30 82.70 82.67 82.40 84.09 ** 

H2 69.97 80.20 73.10 70.80 80.03 72.50 ** 

GOT 

N1 39.63 39.78 39.44 38.27 38.23 39.19 ** 

H1 38.25 38.28 38.19 38.31 38.33 38.28 ** 

N2 39.55 38.89 39.11 37.11 38.41 37.98 ** 

H2 38.60 37.33 39.46 37.94 38.35 37.69 ** 

FL 

N1 24.98 24.74 24.71 24.31 25.25 23.31 ** 

H1 26.97 27.51 28.05 26.94 27.30 26.91 ** 

N2 26.91 27.53 27.93 27.10 27.21 26.97 ** 

H2 26.88 26.75 27.77 27.10 27.00 27.18 ** 
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Table 4.4: Generation means for fibre strength (FS), fibre fineness (FF), number of seeds 

per boll (NSB), seed cotton yield (SCY), relative cell injury (RCI) and chlorophyll contents 

(CC) in two crosses VH-282 × VH-142 (1) and DNH-40 × VH-259 (2) under normal (N) and 

heat stress (H) conditions. 

Traits 
Stress 

Levels 

Generation Means 

Pop Effect 

P1 P2 F1 BC1 BC2 F2 

FS 

N1 25.06 24.63 24.92 24.61 25.07 23.19 ** 

H1 25.17 24.55 24.75 23.52 24.22 23.95 ** 

N2 24.70 24.65 24.50 24.55 24.52 24.65 ** 

H2 24.91 24.33 24.67 24.70 24.69 24.56 ** 

FF 

N1 4.30 4.26 4.32 4.33 4.37 4.28 * 

H1 4.24 4.29 4.20 4.68 4.47 4.47 * 

N2 4.30 4.21 4.25 4.40 4.26 4.46 * 

H2 4.27 4.28 4.29 4.49 4.44 4.47 * 

NSB 

N1 26.60 22.83 23.40 24.10 24.93 23.21 ** 

H1 20.56 20.55 19.80 20.15 20.13 20.22 ** 

N2 24.88 24.97 23.23 24.10 24.20 24.16 ** 

H2 24.17 21.50 22.70 22.91 23.53 22.20 * * 

SCY 

N1 50.54 34.50 46.75 35.23 35.08 41.78 ** 

H1 35.49 23.69 35.47 27.98 25.08 25.13 ** 

N2 79.51 59.52 75.22 62.26 59.23 62.05 ** 

H2 43.75 34.82 38.66 36.54 36.86 39.02 ** 

RCI 

N1 28.30 28.45 21.86 26.66 26.57 26.97 ** 

H1 24.27 37.17 25.67 35.23 36.73 32.48 ** 

N2 25.36 25.32 21.47 31.27 29.94 28.34 ** 

H2 24.78 35.02 25.72 33.79 33.93 32.01 ** 

CC 

N1 30.90 30.02 28.44 31.14 30.38 29.94 ** 

H1 16.56 27.80 23.40 22.89 24.54 25.78 ** 

N2 30.72 31.08 30.35 30.95 30.99 30.84 ** 

H2 26.35 29.16 25.53 26.74 25.81 27.43 ** 
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Generation mean analysis of cross-2 in heat stress conditions revealed that duplicate 

epistasis existed as [l] and [h] for GOT showed opposite signs (Table 4.5). Similar results 

were observed by Ahmad et al. (2009); Batool et al. (2013); Iqbal et al. (2013) while 

opposite results were observed by Nadeem and Azhar (2004); Mohamed et al. (2009); 

Abd-El-Haleem et al. (2010). 

Genotypic correlation was lower than phenotypic correlation that showed importance of 

environmental × genotypic interaction. Correlation studies revealed that gin urn out was 

negatively and significantly correlated with relative cell injury under heat stress condition 

for cross-2 (Table 4.10 and 4.11). Similar information was presented by Azhar et al. 

(1999); Farooq et al. (2014). Contradictory results were presented by Rasheed et al. 

(2009). Narrow sense heritability was moderate whilst broad sense heritability was found 

high in both the crosses. Narrow sense heritability and broad sense heritability ranged 

from 0.44 to 0.63 and 0.85 to 0.92 respectively under both conditions. 

Narrow sense heritability was lower as compared to broad sense heritability under both 

crosses showed that environmental component was important in heritability gin turn-out. 

Reduction in heritability under heat stress in both crosses showed more evidence 

regarding environmental component as well as genotypic × environmental interaction 

(Table 4.9). Similar kind of results was presented by Farooq et al. (2014) while 

contradicted results were presented by Ali and Awan (2009); Desalegn et al. (2009); El-

Refaey and El-Razek (2013).  

In this study, negative heterosis was observed for gin turn-out for both the crosses under 

both conditions except of positive heterosis (3.94) for gin turn-out for cross-2 under heat 

stress conditions. Negative heterosis was ranged from -0.66 to -0.20 for both the crosses 

under both conditions. Negative heterobeltosis was also observed ranging from -0.84 to -

0.24 for both the crosses except gin turn-out for cross-2 under heat stress condition and its 

value was 3.94 (Table 4.9).Similar kind of results were presented by Baloch et al. (2015b) 

but results presented by Abd-El-Haleem et al. (2010); El-Refaey and El-Razek (2013); 

Baloch et al. (2015a) were dissimilar to these findings. In this study, low genetic advance 

ranged from 3.13 to 3.49 was observed for gin turn-out for both crosses under both 

normal and heat stress conditions (Table 4.9). These results were validated by El-Refaey 

and El-Razek (2013); Farooq et al. (2014). Genetic advance was found to be low while 

heritability of GOT was high in this population, heterosis was also non-significant for this 

trait. This advocated the presence of non-additive component in the inheritance of GOT. 
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But non-significant heterosis showed the importance of epistatic component. So selection 

in F2 population may not useful for increase of this trait.  

4.2.6 Fiber length 

For fiber length mean value of F1population was higher than F2, BC1 and BC2 for both the 

crosses under normal and stress conditions and heterozygosity could be important for this 

trait. Mean values for fiber length was ranged from 23.31 to 28.05 for both the crosses 

under both conditions for six generations i.e. P1, P2, F1, F2, BC1 and BC2 (Table 4.3 and 

Figure 4.2). Generation mean analysis showed that inheritance of fibre length was 

governed by polygenes. It was controlled by [md] in cross-1 under normal condition 

while character was controlled by [mdijl] in heat stress conditions. Here epistatic 

component [i] was positive. This trait was controlled by [mdijl] in normal condition in 

cross-2, while it was controlled by [ml] in heat stress condition. Additive component was 

more than dominant component for cross-2 in normal condition. The results for this trait 

for cross-2 in normal condition revealed that duplicate epistasis existed as [l] and [h] 

showed opposite signs i.e. positive and negative respectively. It also revealed that 

epistatic component [i] also played its negative role in controlling the trait in normal 

condition for cross-2 (Table 4.5). Similar results were presented by Nadeem and Azhar 

(2004); Ahmad et al. (2009) and opposite results were presented by Malik (2008); El-

Refaey and El-Razek (2013); Iqbal et al. (2013). 

Genotypic and phenotypic correlation showed that fibre length was positively correlated 

with plant height, fiber strength and seed cotton yield (Table 4.10 and 4.11). Similar kind 

of results was presented by Azhar et al. (2004); Farooq et al. (2014). Contradictory 

results were presented by Baloch et al. (2014). Narrow sense heritability was moderate 

and broad sense heritability was found high in both the crosses and the range for narrow 

sense heritability was 0.49 to 0.58 while the range for broad sense heritability was 0.76 to 

0.89, during this study. Narrow sense heritability was lower as compared to broad sense 

heritability under both crosses showed that environmental component was important in 

heritability of fiber length. Reduction in heritability under heat stress in the crosses 

showed more evidence regarding environmental component as well as genotypic × 

environmental interaction (Table 4.9). Similar results were presented by El-Refaey and 

El-Razek (2013); Farooq et al. (2014) while opposite results were presented for narrow 

sense heritability by Azhar et al. (2004); Desalegn et al. (2009). 
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Fig 4.1 Frequency distribution of F2 population for plant height (PH), number of bolls per 

plant (BP) and boll weight (BW) in two crosses VH-282 × VH-142 (left) and DNH-40 × VH-

259 (right) under heat stress conditions. 
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Fig 4.2 Frequency distribution of F2 population for boll shedding percentage (BSP), gin turn 

out (GOT) and fibre length (FL) in two crosses VH-282 × VH-142 (left) and DNH-40 × VH-

259 (right) under heat stress conditions. 
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Fig 4.3 Frequency distribution of F2 population for fibre strength (FS), fibre fineness (FF) 

and number of seeds per boll (NSB) in two crosses VH-282 × VH-142 (left) and DNH-40 × 

VH-259 (right) under heat stress conditions. 
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Fig 4.4 Frequency distribution of F2 population for seed cotton yield (SCY), relative cell 

injury (RCI) and chlorophyll contents (CC) in two crosses VH-282 × VH-142 (left) and 

DNH-40 × VH-259 (right) under heat stress conditions. 
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Heterosis was ranged from 2.61 to 3.56 for both the crosses under both conditions except 

fiber length (-0.60) for cross-1 in normal condition. The range for heterobeltosis was 1.46 

to 3.31 for both the crosses under both conditions except fiber length (-1.09) in normal 

condition for cross-1 (Table 4.9). Similar results were presented by Baloch et al. (2015b). 

Contradicted results were presented by El-Refaey and El-Razek (2013); Baloch et al. 

(2015a). Low genetic advance was observed for fiber length for both the crosses under 

both conditions and it was ranged from 1.90 to 2.28 (Table 4.9). Similar results were 

presented by El-Refaey and El-Razek (2013); Farooq et al. (2014). Contradictory results 

were presented by Dhivya et al. (2014). It could be concluded from results that genetic 

advance was found low and broad sense heritability was high for this trait. Heterosis was 

also non-significant for this trait. This advocated the presence of non-additive component 

in the inheritance of this trait. But non-significant heterosis showed the importance of 

epistatic component. So selection in this F2 population may not result in increase of this 

trait due to low genetic advance. 

4.2.7 Fiber strength 

For fiber strength mean value in F1population was higher than F2, BC1 and BC2 for both 

the crosses under normal and stress conditions. Range for mean value for fiber strength 

was 23.52 to 25.17 for both the crosses under both conditions from six generations i.e. P1, 

P2, F1, F2, BC1 and BC2 for each cross (Table 4.4 and Figure 4.3). Generation mean 

analysis showed that this trait was controlled by polygenes. It was controlled by [mdhijl] 

in cross-1 under normal condition while [mdil] in heat stress condition. In cross-1 

additive component was more than dominance component in normal condition. In the 

same cross epistatic component [i] was positive under heat stress condition and played its 

role in the inheritance this trait. In cross-2, this trait was affected by [mi] in normal 

condition, while [md] in heat stress condition. Analysis of cross-1in normal condition also 

revealed that duplicate epistasis existed as [h] and [l] showed opposite signs i.e. negative 

and positive respectively (Table 4.6). Similar results were presented by Nadeem and 

Azhar (2004); Ahmad et al. (2009) while opposite results were presented by Malik 

(2008); El-Refaey and El-Razek (2013); Iqbal et al. (2013). 

Correlation studies showed that fibre strength had positive correlation with fiber length in 

cross-1 while in cross-2 non-significant correlation was present between these traits 

(Table 4.10 and 4.11). Similar kind of results was presented by Farooq et al. (2014) but 

Azhar et al. (2004); Baloch et al. (2014) did not agree these results. Narrow sense 
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heritability was moderate and broad sense heritability was found to be high in both the 

crosses for both conditions and narrow sense and broad sense heritability were ranged 

from 0.45 to 0.64 and 0.89 to 0.94 respectively. Narrow sense heritability was lower than 

broad sense heritability under both crosses showed the contribution of environmental 

component and it was very important in heritability of fiber strength. Reduction in 

heritability under heat stress in both the crosses showed more evidence regarding 

environmental component as well as genotypic × environmental interaction (Table 4.9). 

Similar results were presented by El-Refaey and El-Razek (2013); Farooq et al. (2014) 

while opposite results were presented for narrow sense heritability by Azhar et al. (2004); 

Desalegn et al. (2009). 

Positive and negative heterosis was observed for fiber strength in both conditions for two 

crosses and positive and negative heterosis were ranged from 0.19 to 0.28 and -0.72 to -

0.43 respectively. Negative heterobeltosis was also observed for this trait under both 

conditions for the crosses and it was ranged from -1.65 to -0.57 (Table 4.9). Similar kinds 

of results were presented by Ashokkumar et al. (2013). Contrasting results were presented 

by Rauf et al. (2005); El-Refaey and El-Razek (2013). High genetic advance was 

observed for fiber strength under both normal and heat stress conditions for the crosses 

and it was ranged from 3.79 to 4.05 (Table 4.9). Similar kinds of results were presented 

by Malagouda et al. (2014). Contrasting results were presented by El-Refaey and El-

Razek (2013); Farooq et al. (2014). Presence of high genetic advance and heritability 

allow the plant researchers for selection of plants from F2 population for the improvement 

of fibre strength. 

4.2.8 Fiber fineness 

It is interesting to note that mean values for fibre fineness ofF2was greater than mean 

values of F1, BC1 and BC2 for both the crosses under heat stress condition. Homozygosity 

could involve in improvement of this trait. Mean value for fiber fineness was ranged from 

4.21 to 4.68 under normal and heat stress conditions for both the crosses from six 

generations i.e. P1, P2, F1, F2, BC1 and BC2 (Table 4.4 and Fig 4.3). Generation mean 

analysis showed that this trait was governed by multiple genes. It was controlled by [mh] 

in cross-1 under normal condition and [mdhi] under heat stress condition respectively. 
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Table 4.5: Estimates of the best fit model for generation means parameters (±, standard 

error) by weighted least squares analysis in respect for plant height (PH), number of bolls 

per plant (BP), boll weight (BW), boll shedding percentage (BSP), gin turn out (GOT) and 

fibre length (FL) in two crosses VH-282 × VH-142 (1) and DNH-40 × VH-259 (2) under 

normal (N) and heat stress (H) conditions. 

Traits 
Stress 

Condition 

Genetic Effects 
Χ

2
(DF) 

m±S.E. [d]±S.E. [h]±S.E. [i]±S.E. [j]±S.E. [l]±S.E. 

PH 

N1 

H1 

N2 

H2 

94.224±2.045 

100.398±0.368 

106.823±0.527 

98.236±0.276 

1.142±0.537 

0.938±0.432 

0.160±0.528 

4.098±0.282 

18.154±2.568 

-- 

2.025±0.947 

3.864±0.474 

14.063±2.158 

-- 

-- 

-- 

-- 

-- 

-- 

-

36.183±2.904 

-- 

5.992±0.799 

-- 

-- 

0.202(2) 

0.295(3) 

0.206(3) 

0.419(2) 

BP 

N1 

H1 

N2 

H2 

12.200±0.184 

8.560 ±0.107 

19.070±0.267 

12.086±0.479 

0.767±0.184 

1.577±0.176 

0.892±0.175 

0.512±0.141 

-2.449±0.819 

-- 

-- 

-0.857±0.638 

-- 

-- 

1.760±0.336 

-0.005±0.523 

-0.872±0.700 

-- 

3.592±0.853 

-- 

2.916±0.842 

-- 

-0.039±0.357 

-- 

1.226(1) 

0.017(4) 

0.014(1) 

0.006(2) 

BW 

N1 

H1 

N2 

H2 

3.504±0.038 

2.928±0.031 

2.009±0.273 

3.260±0.048 

0.018±0.035 

-- 

0.034±0.030 

0.143±0.048 

0.160±0.070 

-- 

2.845±0.606 

-0.394±0.226 

-- 

0.431±0.062 

1.121±0.272 

-- 

-- 

-1.383±0.128 

-- 

-0.334±0.203 

-- 

-- 

-1.238±0.348 

0.667±0.233 

1.772(3) 

2.623(3) 

1.862(1) 

2.035(1) 

BSP 

N1 

H1 

N2 

H2 

83.973±0.192 

80.957±0.932 

82.698±0.203 

53.211±2.401 

4.033±0.247 

3.982±0.238 

1.475±0.222 

5.116±0.238 

-- 

4.430±1.122 

-- 

50.465±5.537 

1.102±0.331 

4.273±0.982 

2.187±0.342 

21.872±2.389 

27.748±1.053 

29.019±1.271 

-- 

25.293±1.291 

-- 

-- 

-- 

-

30.577±3.271 

0.073(2) 

1.971(1) 

0.267(3) 

0.000(0) 

GOT 

N1 

H1 

N2 

H2 

37.861±0.397 

38.263±0.145 

35.165±0.875 

37.964±0.260 

-- 

-- 

0.349±0.222 

0.631±0.225 

-- 

-- 

3.955±1.174 

-1.341±1.091 

1.840±0.521 

-- 

4.054±0.954 

-- 

-1.906±0.819 

-0.034±0.784 

-- 

-- 

1.577±0.685 

-- 

-- 

2.837±1.113 

0.070(2) 

0.098(4) 

0.045(2) 

0.024(2) 

FL 

N1 

H1 

N2 

H2 

24.188±0.102 

26.567±0.300 

27.790±1.382 

26.813±0.129 

0.931±0.176 

0.268±0.223 

0.116±0.184 

-- 

-- 

-- 

-2.902±3.051 

-- 

-- 

0.672±0.406 

-0.574±1.362 

-- 

-- 

1.303±0.743 

-- 

-- 

-- 

1.483±0.536 

3.041±1.804 

1.065±0.289 

6.264(4) 

0.000(1) 

2.040(1) 

6.196(4) 
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Table 4.6: Estimates of the best fit model for generation means parameters (±, standard 

error) by weighted least squares analysis in respect for fibre strength (FS), fibre fineness 

(FF), number of seeds per boll (NSB), seed cotton yield (SCY), relative cell injury (RCI) and 

chlorophyll contents (CC) in two crosses VH-282 × VH-142 (1) and DNH-40 × VH-259 (2) 

under normal (N) and heat stress (H) conditions. 

Traits 
Stress 

Conditions 

Genetic Effects 
Χ2(DF) 

m±S.E. [d]±S.E. [h]±S.E. [i]±S.E. [j]±S.E. [l]±S.E. 

FS 

N1 

H1 

N2 

H2 

26.762±1.575 

23.296±0.284 

24.526±0.113 

24.642±0.072 

0.212±0.101 

0.303±0.095 

-- 

0.278±0.096 

-6.770±3.603 

-- 

-- 

-- 

-1.916±1.572 

1.564±0.312 

0.149±0.158 

-- 

3.352±0.798 

-- 

-- 

-- 

4.924±2.092 

1.458±0.337 

-- 

-- 

0000(0) 

0.202(2) 

0.305(4) 

0.295(4) 

FF 

N1 

H1 

N2 

H2 

4.341±0.055 

5.177±0.214 

4.457±0.138 

4.277±0.055 

-- 

0.020±0.048 

0.046±0.054 

0.024±0.052 

0.067±0.099 

-0.981±0.256 

-- 

0.058±0.278 

-- 

-0.910±0.230 

-0.199±0.153 

-- 

-- 

-- 

-0.524±0.322 

-- 

-- 

-- 

-0.210±0.172 

-0.017±0.267 

7.116(4) 

0.030(2) 

0.003(1) 

0.190(2) 

NSB 

N1 

H1 

N2 

H2 

24.730±0.165 

20.559±0.221 

24.950±0.148 

22.831±0.102 

1.852±0.163 

-- 

-- 

1.327±0.146 

-1.301±0.298 

-0.750±0.416 

-1.659±0.285 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

0.177(3) 

0.053(4) 

0.272(4) 

0.364(4) 

SCY 

N1 

H1 

N2 

H2 

29.724±4.691 

41.063±5.319 

76.003±7.516 

33.682±6.339 

8.017±0.738 

5.900±0.733 

9.993±0.640 

4.465±0.630 

5.010±10.778 

-46.754±12.252 

-54.178±17.283 

6.451±14.574 

12.796±4.632 

-11.476±5.269 

-6.490±7.488 

5.606±6.308 

-29.442±2.654 

-11.896±2.963 

-25.629±3.951 

-13.256±3.371 

12.016±6.527 

41.164±7.356 

53.395±10.14 

-1.470±8.591 

0000(0) 

0000(0) 

0000(0) 

0000(0) 

RCI 

N1 

H1 

N2 

H2 

71.623±0.499 

66.786±6.226 

66.170±6.812 

66.833±7.166 

-- 

6.451±0.554 

-- 

5.118±0.635 

-- 

-15.613±14.357 

-2.110±16.310 

-9.940±16.839 

-- 

2.496±6.201 

8.490±6.783 

3.266±7.138 

0.821±2.771 

-21.411±3.319 

-3.198±3.941 

-14.078±4.086 

6.513±1.026 

23.157±8.454 

14.471±9.856 

17.384±10.027 

0.019(3) 

0000(0) 

0.121(1) 

0000(0) 

CC 

N1 

H1 

N2 

H2 

33.753±0.356 

20.375±0.140 

30.991±0.123 

27.764±0.148 

0.438±0.126 

9.837±0.136 

-- 

1.436±0.147 

-5.363±0.497 

-0.700±0.264 

-- 

-2.211±0.268 

-3.325±0.394 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-0.575±0.286 

-- 

0.774(2) 

2.374(3) 

2.242(4) 

0.311(3) 
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In cross-1 additive component [d] was higher than dominance component [h] under heat 

stress whilst in cross-2, this trait was controlled by [mdijl] and [mdhl] in normal and heat 

stress condition respectively. Generation mean analysis also revealed the presence of 

duplicate epistasis existed as [h] and [l] showed opposite signs (Table 4.6). Similar results 

were presented by Ahmad et al. (2009) but Malik (2008); El-Refaey and El-Razek 

(2013); Iqbal et al. (2013) presented their opposite results. 

Narrow sense heritability was moderate but broad sense heritability was found to be high 

in both the crosses in both the conditions and it was ranged from0.54 to 0.72 and 0.82 to 

0.96 for narrow sense heritability and broad sense heritability respectively. Narrow sense 

heritability was lower than broad sense heritability in both the crosses showed the 

contribution of environmental component in heritability of fiber fineness. Reduced 

heritability under heat stress in both the crosses showed more clues regarding 

environmental component as well as genotypic × environmental interaction (Table 

4.9).Similar results were presented by El-Refaey and El-Razek (2013); Farooq et al. 

(2014) while opposite results were presented for narrow sense heritability by Azhar et al. 

(2004); Desalegn et al. (2009). 

In present study, positive and negative heterosis was observed for fiber fineness under 

normal and heat stress conditions for both the crosses and it was ranged from 0.36 to 0.94 

and -1.68 to -0.26 respectively. Positive and negative heterobeltosis was also observed for 

fiber fineness under both sets for both the crosses and it was ranged from 0.29 to 0.54 and 

-2.18 to -1.34 respectively (Table 4.9). Similar kinds of results were presented by 

Ashokkumar et al. (2013). Low genetic advance was observed for both the crosses under 

normal and heat stress conditions for fiber fineness and the range for genetic advance was 

1.01 to 1.08 (Table 4.9). Similar results were presented by El-Refaey and El-Razek 

(2013); Farooq et al. (2014). Contradictory results were presented by Malagouda et al. 

(2014). 

4.2.9 Number of seeds per boll 

For number of seeds per boll mean value of F1 was higher than population of F2, BC1 and 

BC2 in both crosses. Heterozygosity could be important for this trait. The range for mean 

value for number of seeds per boll was 19.80 to 26.60 under normal and heat stress 

conditions for cross-1 and cross-2 from six generations i.e.P1, P2, F1, F2, BC1 and BC2 of 

each cross (Table 4.4 and Figure 4.3). Generation mean analysis showed that this trait 
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was controlled by polygenes. It was controlled by [mdh] and [mh] under normal condition 

and heat stress condition in cross-1 respectively. In cross-1, additive component [d] was 

higher than dominance component [h] in normal conditions. In cross-2, this trait was 

controlled by [mh] in normal conditions, while [md]in heat stress condition (Table 4.6). 

Similar results were presented by Khan et al. (2007); Khan et al. (2009) while opposite 

results were presented by Rahman et al. (2005). Genotypic correlation was lower than 

phenotypic correlation that showed importance of environmental × genotypic interaction. 

Correlation studies reveled that number of seeds per boll was significantly correlated with 

seed cotton yield in normal condition for cross-1 while it was negatively and significantly 

correlated with chlorophyll contents for cross-2 under heat stress (Table 4.10 and 4.11). 

Similar kind of results were presented by Akbar (1994); Makhdoom et al. (2010). 

Contradictory results were presented by Karademir et al. (2009). 

Narrow sense heritability was moderate whereas broad sense heritability was found to be 

high in both the crosses under both conditions and the ranges for narrow sense heritability 

and broad sense heritability were 0.39 to 0.50 and 0.77 to 0.91 respectively. Narrow sense 

heritability was lower than broad sense heritability under both crosses showed that 

environmental component was very important in heritability of number of seeds per boll. 

Reduction in heritability under heat stress in both the crosses showed more evidence 

regarding environmental component as well as genotypic × environmental interaction 

(Table 4.9). Similar results were observed by Khan et al. (2009) while opposite results 

were observed by Ali and Awan (2009); Desalegn et al. (2009). 

Positive heterosis was observed for number of seeds per boll for both the crosses under 

normal and heat stress conditions and the range for heterosis was 0.58 to 6.79. 

Heterobeltosis was also observed for both the crosses under both conditions and the range 

for heterobeltosis was 3.70 to 12.06. Heterobeltosis was significant for this trait in cross-1 

in normal condition, which revealed that F1 population produced more number of seeds 

than better parent (Table 4.9). Similar results were presented by Abro et al. (2009); Abd-

El-Haleem et al. (2010); El-Refaey and El-Razek (2013); Abro et al. (2014). Contrasting 

results were presented by Shakeel et al.(2014). Low genetic advance was observed for 

number of seeds per boll under normal and heat stress conditions for both the crosses and 

the range for genetic advance was 1.06 to 4.09 (Table 4.9). 
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Table 4.7: Components of variance D (additive), H (Dominance), F (Additive × Dominance) 

and E (environmental) following weighted analysis of components of variance for plant 

height (PH), number of bolls per plant (BP), boll weight (BW), boll shedding percentage 

(BSP), gin turn out (GOT) and fibre length (FL) in VH-282 × VH-142 (1) and DNH-40 × 

VH-259 (2) under normal (N) and heat stress (H) conditions. 

Traits 
Stress 

Condition 

Genetic Effects 

Χ
2

(DF) 
D±S.E. H±S.E. F±S.E. E±S.E. 

PH 

N1 

H1 

N2 

H2 

829.580±112.861 

392.640±52.254 

312.194±35.623 

201.849±20.925 

-

782.946±120.393 

-393.066±55.367 

-- 

-- 

-

1.430±11.594 

-- 

-- 

-- 

20.086±2.994 

13.176±1.964 

18.352±2.729 

4.642±0.691 

0.144(2) 

0.135(3) 

0.009(4) 

1.453(4) 

BP 

N1 

H1 

N2 

H2 

2.094±0.925 

1.105±1.127 

55.760±7.370 

4.840±1.955 

-- 

-- 

-54.853±7.758 

-3.853±3.195 

-- 

-- 

-0.180±0.647 

-0.020±0.675 

2.014±0.287 

2.771±0.389 

1.543±0.230 

1.603±0.239 

0.308(4) 

2.867(4) 

3.967(2) 

0.413(2) 

BW 

N1 

H1 

N2 

H2 

0.060±0.094 

0.440±0.121 

0.154±0.036 

0.351±0.081 

-0.106±0.177 

-0.586±0.193 

-- 

-- 

-- 

-- 

-- 

-- 

0.116±0.017 

0.136±0.020 

0.063±0.009 

0.138±0.020 

2.125(3) 

2.602(3) 

2.396(4) 

1.471(4) 

BSP 

N1 

H1 

N2 

H2 

52.740±7.963 

25.098±3.447 

44.740±7.657 

19.793±2.984 

-54.266±9.230 

-- 

-43.586±9.511 

-- 

-0.130±1.192 

-- 

-- 

-- 

3.646±0.543 

3.282±0.485 

3.796±0.565 

3.366±0.496 

0.002(2) 

0.605(4) 

0.048(3) 

0.046(4) 

GOT 

N1 

H1 

N2 

H2 

0.442±1.827 

11.520±5.590 

9.540±5.386 

7.300±4.859 

-- 

27.333±10.813 

17.466±10.578 

15.546±9.413 

-- 

-- 

-1.790±2.495 

-- 

4.784±0.666 

3.206±0.478 

4.793±0.714 

4.023±0.599 

0.190(4) 

0.040(3) 

0.001(2) 

0.019(3) 

FL 

N1 

H1 

N2 

H2 

1.405±1.046 

2.072±1.025 

2.3001.013± 

2.478±1.032 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

3.091±0.421 

3.172±0.427 

3.187±0.427 

3.274±0.438 

0.085(4) 

0.342(4) 

0.396(4) 

0.193(4) 
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Table 4.8: Variance components D (additive), H (Dominance), F (Additive × Dominance) 

and E (environmental) following weighted analysis of components of variance for fibre 

strength (FS), fibre fineness (FF), number of seeds per boll (NSB), seed cotton yield (SCY), 

relative cell injury (RCI) and chlorophyll contents (CC) in two crosses VH-282 × VH-142 (1) 

and DNH-40 × VH-259 (2) under normal (N) and heat stress (H) conditions. 

Traits 
Stress 

Condition 

Genetic Effects 
Χ

2
(DF) 

D±S.E. H±S.E. F±S.E. E±S.E. 

FS 

N1 

H1 

N2 

H2 

11.049±1.245 

10.825±1.230 

8.100±3.984 

8.240±3.977 

-- 

-- 

4.733±6.232 

4.600±6.431 

-- 

-2.079±1.087 

-- 

-2.340±1.455 

0.600±0.089 

0.578±0.086 

0.626±0.093 

0.600±0.089 

0.158(4) 

0.404(3) 

0.635(3) 

0.033(2) 

FF 

N1 

H1 

N2 

H2 

1.540±0.610 

1.440±0.593 

1.540±0.625 

0.711±0.145 

4.080±1.180 

3.906±1.144 

3.986±1.212 

-- 

-- 

-- 

0.370±0.298 

-- 

0.160±0.023 

0.153±0.022 

0.183±0.027 

0.227±0.033 

3.130(3) 

1.323(3) 

0.029(2) 

4.039(4) 

NSB 

N1 

H1 

N2 

H2 

12.840±4.009 

5.467±1.811 

17.060±3.432 

8.981±1.401 

-6.546±6.071 

-- 

-14.760±4.573 

-- 

-- 

-- 

-- 

-- 

1.916±0.285 

3.637±0.522 

1.680±0.250 

1.662±0.244 

0.304(3) 

0.575(4) 

0.627(3) 

1.718(4) 

SCY 

N1 

H1 

N2 

H2 

43.900±28.742 

33.276±14.765 

215.876±28.437 

131.683±20.275 

-55.746±51.224 

-- 

-- 

-- 

-2.750±10.689 

-- 

-- 

-- 

32.696±4.874 

32.179±4.590 

24.604±3.644 

23.613±3.479 

0.000(2) 

0.013(4) 

0.001(4) 

0.017(4) 

RCI 

N1 

H1 

N2 

H2 

170.260±65.550 

145.285±19.753 

160.144±23.019 

161.118±23.015 

-

15.986±103.172 

-- 

-- 

-- 

-

34.310±22.707 

-- 

-- 

-- 

21.206±3.161 

18.405±2.723 

23.966±3.540 

23.691±3.500 

0.006(2) 

0.015(4) 

4.638(4) 

4.171(4) 

CC 

N1 

H1 

N2 

H2 

12.560±1.904 

10.160±1.905 

20.420±3.251 

9.867±1.434 

-14.520±2.282 

-11.693±2.592 

-21.000±3.901 

-- 

-- 

0.760±0.435 

± 

-- 

1.280±0.190 

1.513±0.225 

1.660±0.247 

1.523±0.224 

0.518(3) 

0.058(2) 

0.280(3) 

0.092(4) 
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Similar kinds of results were presented by Dhivya et al. (2014) but contradictory results 

were presented by Saleem (2015). It could be concluded from results that genetic advance 

was found to be low but heritability was high. Heterosis was found to be significant for 

this trait. This advocated the presence of non-additive component in the inheritance of 

number of seeds per boll. So hybrid breeding could be practiced for improvement of this 

trait in cotton. 

4.2.10 Seed cotton yield 

For seed cotton yield, mean value of F1 was higher than F2, BC1 and BC2population in 

normal and heat stress condition in both crosses revealed that heterozygosity could be 

amenable for this trait. The range for mean value for seed cotton yield was 23.69 to 79.51 

under normal and heat stress conditions for both crosses from six generations i.e.P1, P2, 

F1, F2, BC1 and BC2 for each cross (Table 4.4 and Figure 4.4).Generation mean analysis 

showed that seed cotton yield was under the influence of multiple genes and controlled by 

[mdhijl] in cross-1 and cross-2 in normal and heat stress conditions. Additive component 

[d] was more than dominant component [h] for cross-1 in both conditions and for cross-2 

only in normal condition. Dominant component [h] was higher than additive component 

[d] for cross-2 under heat stress condition. 

The results for this trait revealed that dominant component [h] and dominant × dominant 

component [l] have same signs, which indicate that complementary epistasis also 

involved in the inheritance of this trait in normal condition for cross-1. The analysis for 

this trait also revealed that duplicate epistasis exists because dominant component [h] and 

dominant × dominant component [l] have opposite signs for cross-2 in normal and heat 

stress condition and cross-1 under heat stress condition (Table 4.6). Similar results were 

presented by Esmail (2007); Mohamed et al. (2009); El-Refaey and El-Razek (2013) 

while Nadeem and Azhar (2004); Abd-El-Haleem et al. (2010); Batool et al. (2013) did 

not agree with results proposed by previous researchers. 

Correlation studies for this trait revealed that significant negative correlation existed 

between relative cell injury and seed cotton yield under heat stress condition for cross-1 

and significantly positive correlation existed between chlorophyll contents and seed 

cotton yield under heat stress condition (Table 4.10 and 4.11). Similar kind of results was 

revealed by Azhar et al. (1999); Naveed et al. (2004); Farooq et al. (2014) but 

contradictory results were presented by Salahuddin et al. (2010). Narrow sense 
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heritability was moderate and broad sense heritability was found high in both the crosses 

under both conditions and the ranges for narrow sense heritability and broad sense 

heritability were 0.41 to 0.65 and 0.75 to 0.89 respectively. Narrow sense heritability was 

lower than broad sense heritability under both crosses showed that environmental 

component was very important in heritability of seed cotton yield (Table 4.9). Similar 

results were presented by Desalegn et al. (2009); Batool et al. (2010) and opposite results 

were presented by Ahmed et al. (2006); El-Refaey and El-Razek (2013). 

Positive heterosis was observed for seed cotton yield for both crosses under both 

conditions except for seed cotton yield under heat stress condition for cross-2, where 

negative heterosis (-1.59) was observed. Positive heterosis was ranged from 8.21 to 

19.90. Hetebeltosis was also negative with range from -7.49 to -0.04 for both the crosses 

under both conditions except for seed cotton yield in normal condition for cross-2 with 

value of 8.21 (Table 4.9). Similar results were presented by Abro et al. (2009); Abd-El-

Haleem et al. (2010); El-Refaey and El-Razek (2013); Abro et al. (2014) but contrasting 

results were presented by Shakeel et al. (2014). Genetic advance was high under both the 

conditions for cross-1 and cross-2 which indicated that F2 population can be used as 

source population for breeding program and genetic advance was ranged from 8.42 to 

17.02 (Table 4.9). Similar results were presented by Soomro et al. (2010); Ahsan et al. 

(2015) and opposite results were presented by Ahmed et al. (2006); El-Refaey and El-

Razek (2013). The presence of additive component for inheritance of seed cotton yield 

offers the opportunity to cotton breeders for the selection in F2 generation to make 

improvement in the trait. 

4.2.11 Relative Cell Injury 

Mean values of relative cell injury of F1 generation was higher than mean values obtained 

from population ofF2, BC1 and BC2 in normal and heat stress conditions for both the 

crosses of cotton indicated that heterozygosity could be exploited for decrease of this 

trait. Mean value for relative cell injury was ranged from 62.83 to 78.53 in this study 

from six generations i.e. P1, P2, F1, F2, BC1 and BC2 for each cross (Table 4.4 and 

Figure4.4). Analysis of the data by generation mean analysis showed that relative cell 

injury was under the influence of multiple genes. This trait was controlled by [mjl] in 

cross-1 in normal conditions while under heat stress condition it was controlled by 

[mdhijl]. Additive component [d] was more than dominant component [h] for cross-1 

under heat stress conditions. Analysis of the data also revealed that duplicate epistasis 
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existed under heat stress conditions because dominant component [h] and dominant × 

dominant component [l] have opposite signs. Relative cell injury was controlled by 

[mhijl] and revealed that for cross-2 in normal condition duplicate epistasis existed 

because dominant component [h] and dominant × dominant component [l] have opposite 

signs in normal condition for cross-2 whereas heat stress condition of cross-2 it was 

controlled by [mdhijl]. Additive component [d] was higher than dominant component [h] 

and duplicate epistasis also plays its role to control this trait under heat stress condition 

(Table 4.6). Same kind of results were suggested by Yildirim et al. (2009); Ullah et al. 

(2010); Saleem et al. (2015a) while contradiction was presented by Rahman (2006); 

Farooq et al. (2011). 

Narrow sense heritability was moderate and broad sense heritability was found to be high 

in both the crosses in both conditions and it was ranged from 0.43 to 0.58 and 0.80 to 0.95 

for narrow sense heritability and broad sense heritability respectively. Narrow sense 

heritability was lower as compared to broad sense heritability under both crosses showed 

that environmental component was very important in heritability of relative cell injury. 

Reduction in heritability under heat stress in both the crosses showed more evidence 

regarding environmental component as well as genotypic × environmental interaction 

(Table 4.9). 

Similar results were also shown by Ullah et al. (2014) while contradictory results were 

presented by Ibrahim and Quick (2001a); Rahman (2006). Heterosis was significant for 

this trait for cross-1 in normal and heat stress condition, so it was concluded that 

heterozygosity could improve this trait. Heterobeltosis was also significant for cross-1 in 

normal condition and indicated that F1could reduce relative cell injury than better parent 

in normal condition for cross-1. Positive heterosis and heterobeltosis were ranged from 

5.18 to 9.09 and 1.25 to 8.98 respectively for both the crosses under both conditions. 

Heterobeltosis for cross-1 was found to be negative (-1.85) under heat stress condition 

(Table 4.9). Similar kinds of results were presented by Farooq et al. (2013). Contrasting 

findings were presented by Lal et al. (2013). 

Genetic advance for relative cell injury was high under both the conditions, for cross-1 

and cross-2, which indicates that F2 population can be used as source for breeding 

program and ranged from 13.75 to 16.91 (Table 4.9). Contradictory results were 

presented by Ali et al.(2009); El-Rawy and Youssef(2014). 
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Table 4.9: Narrow sense heritability (h
2

ns), broad sense heritability (h
2

bs), Genetic Advance 

(GA), Heterosis (Ht) and Better parent heterosis (Hbt) for plant height (PH), number of 

bolls per plant (BP), boll weight (BW), boll shedding percentage (BSP), gin turn out (GOT), 

fibre length (FL), fibre strength (FS), fibre fineness (FF), number of seeds per boll (NSB), 

seed cotton yield (SCY), relative cell injury (RCI) and chlorophyll contents (CC) in VH-282 

× VH-142 (1) and DNH-40 × VH-259 (2) under normal (N) and heat stress (H) conditions in 

the field. 

Traits 
Stress 

Conditions 

Cross 1 Cross 2 

h
2

nb h
2
bs GA Ht Hbt h

2
nb h

2
bs GA Ht Hbt 

PH 
N 0.55 0.90 24.50 3.80 2.65 0.56 0.88 20.45 1.89 1.78 

H 0.63 0.85 15.78 5.92 4.93 0.67 0.82 15.34 3.90 -0.26 

BP 
N 0.59 0.83 2.58 3.83 10.79 0.54 0.78 5.44 8.65 12.40 

H 0.62 0.89 2.77 -0.04 22.26 0.58 0.86 2.65 7.03 10.85 

BW 
N 0.66 0.86 0.52 4.36 3.81 0.64 0.91 0.60 15.30 15.18 

H 0.71 0.81 0.65 17.47 16.73 0.74 0.82 0.83 8.38 3.82 

BSP 
N 0.54 0.94 6.71 -1.25 -5.72 0.58 0.89 6.12 -2.57 -4.17 

H 0.55 0.94 6.71 0.14 -4.34 0.55 0.86 5.54 -2.64 -8.85 

GOT 
N 0.62 0.89 3.49 -0.66 -0.84 0.63 0.85 3.13 -0.28 -1.11 

H 0.51 0.92 3.35 -0.20 -0.24 0.44 0.90 3.27 3.94 2.24 

FL 
N 0.49 0.84 2.27 -0.60 -1.09 0.57 0.76 1.90 2.61 1.46 

H 0.57 0.89 2.28 2.98 1.97 0.58 0.82 2.05 3.56 3.31 

FS 
N 0.56 0.93 4.05 0.28 -0.57 0.45 0.89 3.79 -0.72 -0.83 

H 0.64 0.94 4.01 -0.43 -1.65 0.61 0.93 3.97 0.19 -0.98 

FF 
N 0.72 0.91 1.02 0.94 0.54 0.69 0.90 1.01 -0.26 -1.34 

H 0.54 0.96 1.08 -1.68 -2.18 0.59 0.82 1.06 0.36 0.29 

NSB 
N 0.50 0.89 4.05 5.33 12.03 0.48 0.91 4.09 6.79 6.94 

H 0.39 0.88 3.97 3.67 3.70 0.41 0.77 3.44 0.58 6.07 

SCY 
N 0.47 0.75 8.42 9.95 -7.49 0.65 0.84 17.02 8.21 -5.39 

H 0.41 0.76 9.37 19.90 -0.04 0.49 0.89 14.85 -1.59 6.63 

RCI 
N 0.52 0.95 16.91 9.09 8.98 0.43 0.83 14.39 5.18 5.16 

H 0.56 0.91 15.30 7.28 -1.85 0.58 0.80 13.75 5.96 1.25 

CC 
N 0.57 0.89 3.10 6.62 7.95 0.57 0.84 3.80 1.79 2.36 

H 0.45 0.86 2.90 5.49 4.83 0.45 0.83 3.73 8.00 12.44 
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Table 4.10: Phenotypic (lower diagonal) and genetic correlation (upper diagonal) matrix for plant height (PH), number of bolls per plant (BP), boll 

weight (BW), boll shedding percentage (BSP), gin turn out (GOT), fibre length (FL), fibre strength (FS), fibre fineness (FF), number of seeds per 

boll (NSB), seed cotton yield (SCY), relative cell injury (RCI) and chlorophyll contents (CC) in cross VH-282 × VH-142 (1) under normal (N) and 

heat stress (H) conditions in the field. 

TRAITS 
Stress 

Conditions 
PH BP BW BSP GOT FL FS FF NSB SCY RCI CC 

PH 
N1 

 
-0.041 0.004 -0.093 0.22 0.026 -0.082 0.37 -0.18 0.019 0.196 -0.238 

H1 
 

-0.179 0.364 -0.088 -0.067 0.376 0.013 0.092 -0.151 -0.403 0.311 -0.016 

BP 
N1 -0.014 

 
0.225 0.053 0.064 -0.011 -0.102 -0.037 0.577 0.432 -0.165 -0.455 

H1 -0.006 
 

0.135 -0.108 0.081 -0.362 -0.102 -0.146 0.211 0.791 -0.291 -0.112 

BW 
N1 0.041 0.357** 

 
-0.073 0.205 -0.394 -0.029 -0.22 -0.006 0.896 -0.034 0.242 

H1 0.204* -0.063 
 

-0.225 0.077 0.374 0.026 0.11 -0.258 0.298 -0.129 -0.138 

BSP 
N1 0.004 0.003 -0.008 

 
-0.01 0.016 0.081 -0.021 -0.076 -0.072 0.13 -0.165 

H1 0.017 0.068 -0.123 
 

0.072 -0.063 0.081 0.064 -0.019 -0.253 0.009 -0.076 

GOT 
N1 0.041 0.083 -0.068 -0.042 

 
0.382 0.016 -0.015 0.423 0.037 0.1 -0.365 

H1 -0.004 0.016 -0.034 0.016 
 

-0.092 -0.029 0.269 0.059 0.1 -0.25 -0.009 

FL 
N1 0.046 0.128 0.031 0.285** 0.103 

 
-0.175 -0.107 0.289 -0.243 -0.155 -0.191 

H1 0.005 -0.009 0.019 0.15 0.092 
 

0.038 0.385 -0.181 0.004 -0.088 -0.165 

FS 
N1 -0.038 0.118 -0.013 0.280** -0.073 0.156 

 
-0.254 0.157 -0.145 -0.029 0.314 

H1 0.012 0.068 0.082 0.11 -0.048 -0.045 
 

-0.212 -0.201 -0.078 0.07 0.108 

FF 
N1 0.126 -0.054 0.132 0.039 0.013 0.026 0.009 

 
-0.009 -0.278 -0.057 -0.097 

H1 0.005 -0.02 -0.042 -0.03 -0.075 -0.082 -0.113 
 

0.305 -0.051 -0.228 -0.119 

NSB 
N1 0.01 0.223* 0.042 0.105 0.001 0.138 0.098 0.032 

 
0.493 -0.046 -0.284 

H1 0.026 -0.063 0.003 0.066 0.059 0.103 -0.066 0.073 
 

0.027 -0.121 0.009 

SCY 
N1 0.063 0.629** 0.248* -0.291** 0.089 0.026 0.029 -0.005 0.232* 

 
-0.116 0.227 

H1 0.142 0.813** 0.391** 0.02 -0.012 -0.014 0.073 -0.005 -0.068 
 

-0.287 0.157 

RCI 
N1 -0.033 -0.025 -0.096 0.01 0.043 -0.005 -0.051 0.049 0.012 -0.099 

 
-0.393 

H1 0.106 -0.212 -0.266** 0.127 0.034 -0.01 -0.039 -0.02 -0.017 -0.340** 
 

-0.239 

CC 
N1 -0.116 0.014 -0.039 -0.03 -0.014 0.063 0.103 -0.07 0.071 0.082 -0.196* 

 
H1 -0.012 -0.340** -0.023 0.075 -0.068 0.04 -0.068 0.05 -0.011 0.414** -0.300** 
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Table 4.11: Phenotypic (lower diagonal) and genetic correlation (upper diagonal) matrix for plant height (PH), number of bolls per plant (BP), boll 

weight (BW), boll shedding percentage (BSP), gin turn out (GOT), fibre length (FL), fibre strength (FS), fibre fineness (FF), number of seeds per 

boll (NSB), seed cotton yield (SCY), relative cell injury (RCI) and chlorophyll contents (CC) in cross DNH-40 × VH-259 (2) under normal (N) and 

heat stress (H) conditions. 

TRAITS 
Stress 

Conditions 
PH BP BW BSP GOT FL FS FF NSB SCY RCI CC 

PH 
N2 

 
0.256 -0.254 -0.304 0.062 -0.179 0.073 0.144 -0.061 0.875 0.072 0.264 

H2 
 

0.835 0.236 0.515 -0.02 -0.049 -0.106 0.066 -0.08 0.604 0.012 -0.17 

BP 
N2 0.706** 

 
0.291 -0.188 0.019 -0.11 0.01 0.033 0.017 0.766 0.08 0.107 

H2 0.428** 
 

0.598 0.194 0.299 0.061 0.141 0.028 0.103 0.056 0.154 -0.002 

BW 
N2 -0.11 0.327** 

 
-0.128 0.159 -0.124 -0.127 0.092 0.023 0.438 -0.242 0.074 

H2 0.108 0.085 
 

0.123 0.234 -0.02 0.177 0.18 0.155 0.077 -0.048 0.162 

BSP 
N2 -0.033 -0.073 -0.026 

 
-0.125 0.022 0.069 -0.386 -0.149 -0.184 -0.109 -0.079 

H2 -0.038 0.181 -0.042 
 

0.152 -0.029 0.053 -0.1 0.157 0.189 -0.173 -0.142 

GOT 
N2 0.042 0.061 -0.011 -0.029 

 
-0.191 0 -0.205 -0.091 0.082 -0.072 0.061 

H2 -0.003 0.059 -0.056 -0.037 
 

0.059 -0.031 -0.103 0.174 0.022 -0.068 0.11 

FL 
N2 -0.013 -0.01 0.039 0.02 0.013 

 
-0.213 0.41 0.415 -0.134 -0.34 0.167 

H2 0.052 0.031 0.001 -0.02 0.123 
 

-0.13 0.073 -0.036 -0.013 -0.489 0.1 

FS 
N2 -0.044 -0.028 0.054 0.011 -0.065 -0.03 

 
-0.173 0.081 -0.039 -0.092 -0.259 

H2 -0.092 -0.006 0.026 0.02 -0.003 -0.01 
 

-0.272 -0.198 0.196 -0.165 -0.078 

FF 
N2 0.052 -0.044 0.11 -0.166 -0.01 -0.079 -0.011 

 
-0.264 0.058 -0.167 -0.437 

H2 0.108 0.15 -0.144 0.051 0.056 -0.024 -0.027 
 

-0.089 0.053 -0.015 -0.146 

NSB 
N2 -0.003 0.035 -0.143 0.053 0.062 -0.117 0.003 -0.013 

 
-0.047 -0.006 0.003 

H2 -0.091 -0.013 0.024 -0.029 0.071 0.071 -0.041 -0.093 
 

0.077 -0.115 0.275 

SCY 
N2 0.506** 0.669** 0.250** -0.099 0.121 0.034 -0.008 0.022 -0.047 

 
-0.014 0.134 

H2 0.410** 0.631** 0.718** 0.022 -0.013 0.039 0.037 0.001 0.03 
 

-0.071 0.107 

RCI 
N2 0.014 0.01 -0.088 0.086 -0.124 -0.043 -0.081 0.035 -0.012 -0.101 

 
-0.111 

H2 0.01 -0.026 -0.067 0.187* -0.197* -0.007 -0.084 0.035 -0.039 -0.063 
 

-0.145 

CC 
N2 0.115 0.091 -0.024 -0.007 0.043 -0.109 -0.029 0.045 -0.08 0.026 -0.03 

 
H2 -0.017 -0.022 -0.023 0.047 -0.052 -0.146 -0.088 0.019 0.209* 0.014 -0.051 
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It could be concluded from results that genetic advance was high as well as heritability 

was also high for this trait. This advocated the presence of additive component in the 

inheritance of this trait. So it could be concluded that selection from F2 population may 

result in decrease of relative cell injury. 

4.2.12 Chlorophyll contents  

Mean values for chlorophyll contents of F2was higher than F1, BC1 and BC2in both the 

crosses in normal as well as heat stress conditions, so homozygosity could result in 

improvement of this trait. Chlorophyll contents were ranged from 16.56 to 31.14 in this 

study conducted in field conditions for both crosses having six generations i.e. P1, P2, F1, 

F2, BC1 and BC2 (Table 4.4 and Figure 4.4). Generation mean analysis showed that 

chlorophyll contents were controlled by polygenes. This trait was controlled by [mdhi] 

and [mdh] in normal conditions and under heat stress condition respectively in cross-1. 

Additive component [d] was higher than dominant component [h] in normal and under 

heat stress conditions. Chlorophyll contents were controlled by [ml] and [mdh] in normal 

conditions and under heat stress conditions respectively in cross-2. Additive component 

[d] again was higher than dominant component [h] for this trait under heat stress 

conditions (Table 4.6). Similar results were presented by Farshadfar et al. (2011); Naroui 

Rad et al. (2012) and contradictory results were shown by Farshadfar et al. (2001). 

Correlation studies showed that chlorophyll contents were negatively correlated with 

relative cell injury and positively correlated with seed cotton yield (Table 4.10 and 4.11). 

Similar information was presented by Gillani et al. (2015) whereas Ghobadi et al. (2011) 

was not able to find similar results in wheat. 

Narrow sense heritability was moderate and broad sense heritability was found to be high 

in both the crosses in both conditions and it was ranged for narrow sense heritability 0.45 

to 0.57 and broad sense heritability was 0.83 to 0.89. Narrow sense heritability was lower 

than broad sense heritability showed that environmental component was very important in 

heritability of chlorophyll contents. Low heritability of chlorophyll contents under heat 

stress in both the crosses indicated the involvement of environmental component as well 

as genotypic × environmental interaction (Table 4.9). Similar results were shown by 

Naroui Rad et al. (2012). Low heterosis for this trait was observed for both the crosses 

under normal as well as heat stress conditions and it was ranged from 0.45 to 0.57. 

Similarly, heterobeltosis was also low and ranged from 2.36 to 7.95 except high 

heterobeltosis for chlorophyll contents under heat stress conditions only for cross-2 with 
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value of 12.44 (Table 4.9). Similar findings were revealed by Lal et al. (2013) and 

contrasting results were presented by Said (2014). Low genetic advance with range of 

2.90 to 3.80 was observed for the trait under both normal and heat stress conditions for 

both combinations (Table 4.9). It could be concluded from results that genetic advance 

was found low and heritability was high for this trait. Heterosis was found significant for 

this trait. This advocated the presence of non-additive component in the inheritance of 

this trait. So hybrid breeding may be started for the improvement in this trait. 

4.3 Generation variance analysis 

Variation was the dispersion from mean values for any parameter. It was mainly present 

in population due to genetic, environmental component and interaction of these two 

components. Generation variance analysis revealed genetic components (additive, 

dominance and cross product of additive and dominance) and environmental components 

were generally found suitable for explaining variation in both crosses under both 

conditions (Table 4.7 and 4.8). Generation variance analysis calculates only cumulative 

interactions while generation means analysis calculates all the components of interaction 

that was why, generation means analysis was more robust than generation variance 

analysis. Broad sense heritability was constantly higher than narrow sense heritability for 

all the traits. Similar results were presented in cotton by Mukhtar et al. (2000); Bertini et 

al. (2001); Ahmad et al. (2009); Shakoor et al. (2010). 

4.4 Transcriptomic Analysis of resistant genotypes 

The purpose of this experiment was to identify potential heat shock proteins in G. 

hirsutum and to see how they express at different temperatures. For this purpose 

heterologous approach was adopted which aims to use reported sequences of certain 

proteins in related species and find them in target species. Here we selected sequences 

from G. raimondii and found them in G. hirsutum. We identified different HSPs using 

internet browser. Sequences were retrieved from NCBI Then these protein sequences 

were blasted using TBLASTN on Phytozome. Sequences matching with G. raimondii 

were selected. Duplicated sequences were removed using Microsoft excel. Then final 55 

sequences of HSPs were aligned on a dendrogram using Omega 5 on the basis of 

distinctiveness and relatedness (Figure 4.5 and Table 4.14-4.15). These were grouped into 

5 main groups; in group 1, 4 protein sequences were present, in group 2, 18 protein 

sequences, in group 3, 15, in group 4, 3 and in group 5, 15 protein sequences were 
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grouped. To identify these sequences and check their expression in G. hirsutum, 10 HSP 

primers were designed from these sequences taking care that each main group should 

have a representation. Out of ten; six primers got optimized and showed the presence in 

G. hirsutum. A representative gel picture of optimization of primers is given in Figure 

4.6. Two of these six primers were belonged to group 1 and all remaining four groups 

contain one primer each (Table 4.13). For expression analysis, two tolerant varieties VH-

259 and VH-142 were selected based upon the data generated through screening 

experiment. As revealed by diversity and pedigree analysis, both the varieties were better 

performer under heat stress conditions, but these had different pedigree and background.  

It could be suggested that tolerance mechanism in these two lines could also be different; 

therefore, it should be informative to study the expression of selected HSPs at molecular 

level in these two genotypes.  

As mentioned in the previous chapter of this manuscript, 4 different temperatures were 

used for this experiment. The results shown in table 4.12 indicate that all the six primers 

were amplified for VH-142 at 12ºC and no primer was amplified for VH-259 at this 

temperature. At 24ºC, only three primers namely; 003G138100.1CDS, 

006G036600.1CDS, 009G090800.1CDS amplified their respective gene fragments in 

VH-142 and remaining 3 primers did not show any PCR product. Again any primer did 

not provide amplification in VH-259 like previous results at 12ºC. Housekeeping gene 

(ubiquitin) produced positive results in all four samples. 

In the second part of this experiment, which was kept in glass house, any primer did not 

produce amplification in VH-259 at 36C but one primer pair namely 

(009G090800.1CDS) produces amplification in VH-142 at the same temperature. It was 

also interesting to note that at this temperature 2 genes did not show any response. At 

48C, four primers namely (1, 003G138100.1CDS, 2, 006G036600.1CDS, 3, 

009G090800.1CDS, 4, 013G139100.1CDS) were showed amplification for VH-259 and 

three primers namely; 003G138100.1CDS, 006G036600.1CDS, 009G090800.1CDS for 

VH-142.It was noted that 2 more genes activated in VH-142 as compared to 36ºC. In VH-

259 four genes were activated at 48ºC. 

As described earlier in this manuscript we found two cotton genotypes (VH-142 and VH-

259) from our germplasm which were resistant to high temperatures compared to others. 

Gene sequences in G. hirsutum, identified to be highly similar to heat shock proteins gene 

sequences from G. raimondii were explored in these two genotypes through RT-PCR.   
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Table 4.12 Scoring of six HSPs genes of G. raimondii in G. hirsutumL. 

Primers number with details 
R1 R2 R1 R2 R1 R2 R1 R2 

12
o
C 24

o
C 36

o
C 48

o
C 

003G138100.1CDS 

Arabidopsis protein of unknown function 
- + - + - - + + 

006G036600.1CDS 

HSP20, Transferase family. 

Transferring acyl group 

- + - + - - + + 

009G090800.1CDS 

No functional annotation for this locus 
- + - + - + + + 

011G033600.1CDS 

Lipase containing protein. 

C,X phospholipase domain 

- + - - - - - - 

012G174100.1CDS 

HSP20, small heat protein. Alpha crystal family 
- + - - - - - - 

013G139100.1CDS 

HSP20, small heat protein. Alpha crystal family 
- + - - - - + - 

(+) = HSP gene amplification + housekeeping gene amplification,(-) = No HSP gene amplification, BUT housekeeping gene 

amplification, (R1) = VH-259 (39.13 CMT) and (R2) = VH-142 (40.29 CMT) 

Table 4.13 List of optimized primers used in study 

Accession number Forward Primer Reverse Primer 

Gorai.003G138100.1CDS GCAATGATTCCTACCATCT ATCCGTTGAAATCTCTGGTTAA 

Gorai.006G036600.1CDS GCTCTCATCTCCCAATT TTGAGGAGATCAAGGGTTGA 

Gorai.009G090800.1CDS GCTTCATCTCTAGCT AAGGAGGAGAGGAATGATGTGA 

Gorai.011G033600.1CDS ATGGGAACACGATGCATTTCT AGGTATGGTCCAAAAAGAAGAT 

Gorai.012G174100.1CDS ATGGCTCAAGCGTTTTCAAATCT TTTGGATATTAATGTAGAATGA 

Gorai.013G139100.1CDS ATGAGGCTCTTGCTGTTGCT ATGCCAAGCAGGAGCTTTAA 
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Figure 4.5 Dendrogram of HSP related genes in G. raimondii showing different groups 

on the basis of relatedness and distinctiveness. 

Out of 55 sequences identified to be similar with G. raimondii, 10 were selected by 

considering the dendrogram devised. Representative sequences were taken from each 

from each cluster of the dendrogram. Off the 10 sequences, only 6 could be found from 

our genotypes, and their expression pattern was absolutely different in both the 

genotypes. VH-259 when kept at 12 ºC for 3 hours; it did not any one of the six genes 

tested, while VH-142 showed expression of all the six genes at 12 ºC. When we raised the 

temperature to 24 ºC VH-259 showed the same trend and did not express any gene while 

VH-142 expressed three genes out of six, at 36 ºC no gene expressed in VH-259 while 

only one gene expressed in VH-142 and others were not expressed. The temperature was 

raised further to 48 ºC and now 4 genes were expressed in VH-259 and 3 out of six in 

VH-142 (Table 4.12). 
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Table 4.14 Description of all 55 sequences selected in this study using phytozome 

database (I) 

Gorai.011G055600.1CDS 
(M=11) 2.7.1.150 - 1-phosphatidylinositol-3-phosphate 5-kinase / Type III 

PIP kinase 

Gorai.002G180000.1CDS 
(M=2) PTHR11353:SF101 - 1-PHOSPHATIDYLINOSITOL-3-

PHOSPHATE 5-KINASE FAB1C-RELATED 

Gorai.006G132400.1CDS 
(M=2) PTHR11353:SF107 - 1-PHOSPHATIDYLINOSITOL-3-

PHOSPHATE 5-KINASE FAB1D-RELATED 

Gorai.003G089000.1CDS 
(M=3) PTHR23086:SF37 - PHOSPHATIDYLINOSITOL 4-PHOSPHATE 5-

KINASE 4-RELATED 

Gorai.012G161300.1CDS 
(M=2) PTHR23086:SF25 - PHOSPHATIDYLINOSITOL 4-PHOSPHATE 5-

KINASE 7-RELATE 

Gorai.001G018100.1CDS 
(M=11) 2.7.1.150 - 1-phosphatidylinositol-3-phosphate 5-kinase / Type III 

PIP kinase 

Gorai.009G090800.1CDS no information 

Gorai.009G319000.1CDS 
(M=1) PTHR33981:SF2 - GENOMIC DNA, CHROMOSOME 3, BAC 

CLONE: T16H11 

Gorai.006G004700.1CDS (M=1) PTHR11527:SF134 - HEAT SHOCK PROTEIN 42 

Gorai.006G214800.4CDS (M=6) PTHR23084:SF156 - RADIAL SPOKE HEAD 10 HOMOLOG B2 

Gorai.008G110800.1CDS (M=6) PTHR23084:SF156 - RADIAL SPOKE HEAD 10 HOMOLOG B2 

Gorai.013G170900.1CDS (M=22) PF01479 - S4 domain (S4) 

Gorai.010G097900.1CDS 
(M=4) PTHR11527:SF93 - 17.6 KDA CLASS II HEAT SHOCK PROTEIN-

RELATED 

Gorai.004G188600.1CDS 
(M=20) PTHR11527:SF158 - 17.6 KDA CLASS I HEAT SHOCK PROTEIN 

1-RELATED 

Gorai.003G138100.1CDS 
(M=20) PTHR11527:SF158 - 17.6 KDA CLASS I HEAT SHOCK PROTEIN 

1-RELATED 

Gorai.001G113100.1CDS 
(M=20) PTHR11527:SF158 - 17.6 KDA CLASS I HEAT SHOCK PROTEIN 

1-RELATED 

Gorai.009G099900.1CDS 
(M=20) PTHR11527:SF158 - 17.6 KDA CLASS I HEAT SHOCK PROTEIN 

1-RELATED 

Gorai.006G036600.1CDS 
(M=1) PTHR11527//PTHR11527:SF126 - SMALL HEAT-SHOCK 

PROTEIN HSP20 FAMILY 

Gorai.004G042800.1CDS 
(M=20) PTHR11527:SF158 - 17.6 KDA CLASS I HEAT SHOCK PROTEIN 

1-RELATED 

Gorai.013G139100.1CDS (M=2) PTHR11527:SF135 - 22.0 KDA HEAT SHOCK PROTEIN 

Gorai.013G141400.1CDS (M=2) PTHR11527:SF135 - 22.0 KDA HEAT SHOCK PROTEIN 

Gorai.012G174100.1CDS 
(M=1) PTHR11527//PTHR11527:SF137 - SMALL HEAT-SHOCK 

PROTEIN HSP20 FAMILY 

Gorai.008G216100.1CDS 
(M=1) PTHR11527:SF95 - 23.5 KDA HEAT SHOCK PROTEIN, 

MITOCHONDRIAL-RELATED 

Gorai.013G164300.1CDS (M=2) PTHR11527:SF5 - 21.7 KDA CLASS VI HEAT SHOCK PROTEIN 

Gorai.002G258500.1CDS 
(M=8) PTHR19375:SF232 - MEDIATOR OF RNA POLYMERASE II 

TRANSCRIPTION SUBUNIT 37E-RELATED 

Gorai.009G100400.1CDS 
(M=8) PTHR19375:SF232 - MEDIATOR OF RNA POLYMERASE II 

TRANSCRIPTION SUBUNIT 37E-RELATED 

Gorai.011G256600.1CDS 
(M=8) PTHR19375:SF232 - MEDIATOR OF RNA POLYMERASE II 

TRANSCRIPTION SUBUNIT 37E-RELATED 

Gorai.003G133700.1CDS 
(M=8) PTHR19375:SF232 - MEDIATOR OF RNA POLYMERASE II 

TRANSCRIPTION SUBUNIT 37E-RELATED 

 

  



85 
 

Table 4.15 Description of all 55 sequences selected in this study using phytozome 

database (II) 

Gorai.003G074

600.7CDS 
(M=4) PTHR19375//PTHR19375:SF228 - HEAT SHOCK PROTEIN 70KDA 

Gorai.007G020

600.3CDS 
(M=4) PTHR19375//PTHR19375:SF228 - HEAT SHOCK PROTEIN 70KDA 

Gorai.004G131

400.1CDS 
(M=4) PTHR19375//PTHR19375:SF228 - HEAT SHOCK PROTEIN 70KDA 

Gorai.003G133

800.1CDS 
(M=1) PTHR19375:SF218 - HEAT SHOCK 70 KDA PROTEIN 18 

Gorai.005G009

100.1CDS 
(M=2) PTHR19375//PTHR19375:SF147 - HEAT SHOCK PROTEIN 70KDA 

Gorai.006G232

400.1CDS 
(M=1) PTHR19375//PTHR19375:SF211 - HEAT SHOCK PROTEIN 70KDA 

Gorai.008G018

400.1CDS 

(M=3) PTHR19375:SF179 - HEAT SHOCK 70 KDA PROTEIN 10, 

MITOCHONDRIAL 

Gorai.011G014

900.4CDS 
(M=1) PTHR19375:SF149 - HEAT SHOCK 70 KDA PROTEIN 16 

Gorai.006G098

500.1CDS 
(M=2) PTHR19375//PTHR19375:SF190 - HEAT SHOCK PROTEIN 70KDA 

Gorai.006G238

500.1CDS 
(M=3) PTHR19375:SF101 - HEAT SHOCK 70 KDA PROTEIN 8 

Gorai.001G118

100.5CDS 

(M=2) 2.5.1.84 - All-trans-nonaprenyl-diphosphate synthase (geranyl-diphosphate 

specific) / Solanesyl-diphosphate synthase 

Gorai.012G005

500.1CDS 
(M=24) PF08137 - DVL family (DVL) 

Gorai.009G097

500.1CDS 
(M=2) PTHR33102:SF3 - DVL13-RELATED 

Gorai.001G204

800.1CDS 

(M=1) PTHR21493//PTHR21493:SF128 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.004G158

500.1CDS 

(M=1) PTHR21493//PTHR21493:SF150 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.008G276

100.4CDS 

(M=2) PTHR21493//PTHR21493:SF152 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.004G220

100.3CDS 

(M=1) PTHR21493:SF4 - ALPHA/BETA-HYDROLASES SUPERFAMILY 

PROTEIN 

Gorai.007G144

700.1CDS 
no information 

Gorai.005G017

800.1CDS 

(M=1) PTHR21493//PTHR21493:SF110 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.011G215

900.3CDS 

(M=3) PTHR21493//PTHR21493:SF124 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.005G017

700.1CDS 
(M=3) 3.1.1.26//3.1.1.32 - Phospholipase A(1) / Phospholipase A1 

Gorai.008G108

900.1CDS 
(M=3) PTHR31403:SF8 - PHOSPHOLIPASE A(1) DAD1, CHLOROPLASTIC 

Gorai.011G033

600.1CDS 
(M=4) PTHR31828:SF1 - PHOSPHOLIPASE A1-IIALPHA-RELATE 

Gorai.005G102

200.1CDS 

(M=3) PTHR21493//PTHR21493:SF104 - CGI-141-RELATED/LIPASE 

CONTAINING PROTEIN 

Gorai.006G090

900.1CDS 
(M=2) PTHR21493:SF131 - ALPHA/BETA-HYDROLASES 

Gorai.003G029

600.6CDS 
no information 

Gorai.011G101

000.6CDS 
(M=1) PTHR11649:SF3 - GTPASE ERA, MITOCHONDRIAL 
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Figure 4.6 A representative gel picture showing optimization of primers using VH-

259 (1 = Ladder, 2,3 = MTAS-4 (47,50C), 4,5 = MTAS-6 (47,50), 6,7 = MTAS-9 (47,50), 8,9 = MTAS-10 (47,50), 

10,11 = MTAS-14 (47,50), 12,13 = MTAS-16 (47,50) 14 = +ve control, 15 = -ve control, 16 = Ladder)  

This suggests; though both the genotypes are heat resistant but the genes controlling the 

trait are expressing differently, meaning the genetic base of resistance is different in both 

genotypes. It looks like, for VH-142, 12ºC is a stress (May be cold stress) and all the six 

genes tested are perhaps acting as general chaperons to address this stress. VH-259 is not 

sensing 12 ºC as stress (whether heat or cold) and resultantly there is not expression of 

any gene under study. 

At 24 ºC VH-142 showed expression of three genes out of six, while VH-259 did not 

show any expression which means VH-142 is sensing some sort of stress, 2 out the three 

genes are of unknown function and the third is HSP-20 which is a small heat shock 

protein and plays role in maintaining the general cell homeostasis (Vabulas et al., 2001). 

36 ºC is thought to be a normal condition for cotton growth and it is seen that none of the 

genes showed expression on both genotypes at this temperature except gene with 

unknown function expressed itself in VH-142 which may be due to any unknown reason 

but not due to temperature stress. At 48 ºC which is clearly a temperature stress for cotton 

growth, both the genotypes showed expression of first three genes which include two 

genes with unknown function and one characterized as HSP-20 (Lee et al., 1995). VH-

259 showed expression of an additional gene which is again HSP-20. It also proves that 

of the six genes tested, three are chaperones which express at low temperature in VH-142 

but not VH-259. Two genes (4
th

and 5
th

) may be having role in cold tolerance too though 

both of them are characterized to be Lipase containing protein and HSP-20 respectively 

(Nover et al., 2001). It is interesting that in VH-142 the tested genes which are putatively 

heat shock protein and being used both under heat and cold stress while in VH-259 only 4 

out of 6 are being used under heat stress and none under cold stress (Wang et al., 2005). 
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There may be present some transcription factors which are transcribing these genes for 

multiple purposes (Vinocur and Altman, 2005). In future it will be of worth to clone 

these/this transcription factor(s) and use for genetically modified crops to tackle various 

stresses or to simply use these in breeding by taking VH-142 as one of the parent lines. 

It is noted that heat shock proteins usually do not work alone, they coordinate with other 

proteins, e.g., many of them are interact with pattern recognition receptors (PRRs) and 

other HSPs such as toll-like receptors (TLRs) recognizing pathogen-derived conserved 

microbial signatures called pathogen-associated molecular patterns (PAMPs) in animal 

(Chisholm et al., 2006). Now a day, HSPs in plants have received special attention due to 

their novel function of innate immunity in plants (Li et al., 2009; Nekrasov et al., 2009; 

Liu and Howell, 2010). Small heat shock proteins (sHSPs) are molecular chaperons 

ubiquitously distributed in many species from bacteria to humans and have molecular 

weight ranging between 15-42 kDa. Chaperons/ sHSPs are those proteins which differ 

from other class of HSPs by molecular weight, ATP independence, binding to large 

oligomers and have less conserved structure than higher molecular weight HSPs except 

alpha crystalline domain (Bozaykut et al., 2014). These specific HSPs are able to exert 

their protective role against abiotic stresses in ways that have not been observed in rest of 

the members of this protein family (Aghdam et al., 2013). In addition catalytic activity of 

26S proteasome is increased by sHSPs, thus inducing the degradation of ubiquitinated 

proteins under heat stress (Lanneau et al., 2010).  These have also been detected in 

mitochondria where they can protect NADH: ubiquinone oxidoreductase and NADH 

dehydrogenase activity in sub-mitochondrial vesicles during heat stress (Zeng et al., 

2013). 

G. raimondii contains only D genome (diploid) so all the amplified genes should be 

present on D genome of G. hirsutum. Comparisons between diploid cotton species and 

their molecular studies have revealed Gossypium as a genus with extraordinary genome 

dynamics. It is observed that there is nearly three-fold variation in genome sizes among 

diploids (Wendel et al., 2012) with the A-genome (1.7 Gbp) being nearly twice the size of 

the D-genome (0.9 Gbp), largely because of the proliferation of retrotransposons 

(Hawkins et al., 2006). Despite this size difference, comparative mapping studies have 

indicated that co-linearity and gene order  have been largely conserved between the 

diploid A-genomes and D-genomes with the corollary that most genome size diversity 

reflects variation in the rates of proliferation and deletion of repetitive elements (Hawkins 
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et al., 2009; Grover and Wendel, 2010). Molecular phylogenetic studies indicated that the 

A-genomes and D-genomes diverged approximately 5–10 million years ago. Recently 

publication of the genome sequence of the D-genome diploid (Gossypium raimondii) 

have allowed the development of new analytical and comparative approaches for the 

genomics of both diploid and polyploid cotton (Paterson et al., 2012). For example, a tool 

was created to assign the sequence reads of allopolyploid cotton to their respective 

genome after mapping reads from A-diploids and AD-polyploids to the G. raimondii (D5) 

reference sequence (Page et al., 2013a). In combination with the rapid increase in 

available sequence data, these new genomic approaches can facilitate molecular and 

traditional improvement efforts for cotton varietal (Page et al., 2013b). 

Conclusion 

The additive, dominance and epistatic type of gene action for the plant 

developmental/yield and heat stress resistant traits revealed that the selection of plants 

may be carried out at later segregation population in cotton. Narrow sense heritability 

estimates of the traits show that the traits are highly heritable so considerable progress 

may be made in breeding for heat stress tolerance. Negative correlation of chlorophyll 

contents with relative cell injury reveals that the genes which help maintain chlorophyll 

contents in plant are also indirectly involved in reducing relative cell injury. Negative 

correlation of relative cell injury with plant developmental/yield and fibre quality related 

traits revealed that traits may be used as screening criterion to develop heat stress resistant 

cotton cultivar. Genetic advance studies showed that F2 population could be used for 

selection in order to improve these traits because additive component of variance was 

involved in the inheritance of plant height, fibre strength, seed cotton yield and relative 

cell injury percentage. In traits like, number of boll per plant, boll weight, boll shedding 

percentage, gin turn out, fibre length, fibre fineness, number of seeds per bolls and 

chlorophyll contents were at most controlled by dominance component of variance and 

hybrid breeding could be suggested in order to improve these traits. Variable expression 

of G. raimondii based HSPs is examined in Upland cotton at various temperatures in two 

cotton varieties already identified to be heat tolerant. 
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Future Research 

Presence of high heritability of RCI and CC is effective for development of potential 

genotypes against heat stress. Significant amount of genetic advance could be gained for 

PH and RCI%. Identified HSPs could be cloned, sequence and report in the database for 

the use of plant researchers, which will be subsequently transformed for the development 

of heat tolerant genotypes. 
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Chapter  5             Summary  

Temperature of the earth is increasing day by day mainly due to global warming. Though 

Upland cotton is sun loving plant but its production is affected badly by increase in 

temperature not only in the whole world but also in Pakistan. In cotton major losses takes 

place at the time of fruit baring stage, when a large amount of flowers and bolls fall down 

from the plant usually during the months of June, July and August, when temperature is 

high in this country. This phenomenon is common in local varieties. In literature, 

knowledge about the genetics of heat tolerance is not much available, though cotton 

breeders exploited exotic and local material for development of heat tolerant varieties. 

That is why our work of heat tolerance in cotton is a step forward, which will facilitate 

upcoming cotton breeders.  The basic concept behind this study was to develop some 

understanding of heat tolerant genes and their interactions in upland cotton.  

The most important step for any good research is the identification of tolerant and 

susceptible parents that was done in the present study with the help of a reliable technique 

i.e. RCI %. This technique is being frequently used in other crops e.g. wheat, rice, maize, 

sorghum. Based upon absolute and indices of heat tolerance, two most heat tolerant 

varieties namely VH-259 and VH-142 and two most heat susceptible varieties namely 

VH-282 and DNH-40 were selected. 

For the successful development of highly heat tolerant plant material, breeding programs 

are essential. The data for genetic studies was developed by crossing highly tolerant 

varieties VH-259 and VH-142 were crossed with highly susceptible varieties VH-282 and 

DNH-40, and their back crosses and growing of F2, provided knowledge about the genetic 

basis of variation for heat tolerance. The data sets were found suitable for different 

genetic models i.e. two, three, four, five and six parameter models for analyzing plant 

characters evaluated under high and normal temperatures. The character studied at 

maturity were RCI %, chlorophyll contents, plant height, boll shedding %, number of 

bolls per plant, number of seeds per boll, boll weight, yield of seed cotton, gin turn out, 

fiber length, fiber strength and fiber fineness. Generation mean components i.e. m, [d], 

[h], [i], [j], and [l] revealed different responses of all six generations for heat stress. The 

results revealed that all the characters were affected by both additive and non-additive 

type of gene action including epistasis in some of the characters. Three types of epistasis 

i.e. additive into additive [i], additive into dominance [j] and dominance into dominance 

[l] were important in almost all the characters studied during normal and high temperature 
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conditions but genetic variance analysis did not reveal the presence of epistasis. It was 

revealed that D and H components of variance control the characters predominantly by 

the genes acting additively. 

Genetic advance studies showed that F2 population could be used for selection in order to 

improve these traits because additive component of variance was involved in the 

inheritance of plant height, fibre strength, seed cotton yield and relative cell injury 

percentage. In traits like, number of boll per plant, boll weight, boll shedding percentage, 

gin turn out, fibre length, fibre fineness, number of seeds per bolls and chlorophyll 

contents were at most controlled by dominance component of variance and hybrid 

breeding could be suggested in order to improve these traits. 

Transcriptomic analysis was done using two heat stress tolerant genotypes VH-259 and 

VH-142. The purpose of this experiment was to identify potential heat shock proteins in 

G. hirsutum and to see how they express at different temperatures. For this purpose 

hetrologous approach was adopted which aims to use reported sequences of certain 

proteins in related species and find them in target species. Here we selected sequences 

from G. raimondii and found them in G. hirsutum. Certain HSP genes were identified in 

both genotypes using this experiment. Both these genotypes exhibited different pattern of 

heat stress tolerance based on differential expression of genes in this experiment. 
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Annexure-I 

Meteorological data recorded at University of Agriculture Faisalabad, during the cotton crop season 2015. 

 

Parameter 
Month 

May June July August September October November 

Mean Max. Temp. (°C) 38.7 38 34.9 35.9 35.4 32.2 27.1 

Mean Min. Temp. (°C) 24.9 25.6 27 26.7 24.4 19.1 12.1 

Average Temp. (°C) 31.8 31.8 31 31.3 29.9 25.4 19.6 

Mean Relative  Humidity (%) 27.5 39 61.1 60.4 51.6 52.9 61.5 

Rain fall (mm) 17 11.6 128 48.4 75.2 14.5 8.8 
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    Annexure-II 

Analysis of Variance for 80 genotypes of cotton for RCI (%) in field 

conditions using RCBD. 

 

 

Source DF SS MS F 

Replication 2 262.6 131.288  

Genotype 79 23840.3 301.775 2.01** 

Error 158 23677.8 149.859  

Total 239 47780.6   

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
 

 

Annexure-III 

 

Analysis of variance of generation means for different traits in the cross VH-282 × VH-

142 in field under normal conditions using RCBD. 

Randomized Complete Block AOV Table for BP   

 

Source   DF        SS        MS      F        P 

REP       2   0.24271   0.12136 

GEN       5   6.38578   1.27716   5.80   0.0090 

Error    10   2.20022   0.22002 

Total    17   8.82871 

 

 

Randomized Complete Block AOV Table for BSP   

 

Source   DF        SS        MS         F        P 

REP       2     0.001    0.0006 

GEN       5   246.809   49.3619   88851.4   0.0000 

Error    10     0.006    0.0006 

Total    17   246.816 

 

Randomized Complete Block AOV Table for BW   

 

Source   DF        SS        MS      F        P 

REP       2   0.00066   0.00033 

GEN       5   0.07901   0.01580   6.68   0.0055 

Error    10   0.02366   0.00237 

Total    17   0.10333 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for CC   

 

Source   DF        SS        MS        F        P 

REP       2    0.0487   0.02436 

GEN       5   13.7193   2.74386   141.05   0.0000 

Error    10    0.1945   0.01945 

Total    17   13.9625 

 

 

Randomized Complete Block AOV Table for CMS   

 

Source   DF        SS        MS       F        P 

REP       2     0.729    0.3645 

GEN       5    86.354   17.2707   12.40   0.0005 

Error    10    13.931    1.3931 

Total    17   101.014 

 

 

Randomized Complete Block AOV Table for FF   

 

Source   DF        SS        MS       F        P 

REP       2   0.00551   0.00276 

GEN       5   0.22336   0.05467    15.18   0.0000 

Error    10   0.03974   0.00397 

Total    17   0.16862 

 

 

Randomized Complete Block AOV Table for FL   

 

Source   DF        SS        MS       F        P 

REP       2   0.41441   0.20721 

GEN       5   6.94396   1.38879   13.53   0.0004 

Error    10   1.02614   0.10261 

Total    17   8.38451 

 

 

Randomized Complete Block AOV Table for FS   

 

Source   DF        SS        MS      F        P 

REP       2   0.07895   0.03948 

GEN       5   7.60226   1.52045   7.81   0.0031 

Error    10   1.94769   0.19477 

Total    17   9.62890 

 

 

Randomized Complete Block AOV Table for GOT   

 

Source   DF        SS        MS       F        P 

REP       2   0.00911   0.00456 

GEN       5   6.93390   1.38678   27.93   0.0000 

Error    10   0.49659   0.04966 

Total    17   7.43961 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for NOSPB   

 

Source   DF        SS        MS       F        P 

REP       2    0.3292   0.16460 

GEN       5   29.3600   5.87200   60.04   0.0000 

Error    10    0.9780   0.09780 

Total    17   30.6672 

 

 

Randomized Complete Block AOV Table for PH   

 

Source   DF        SS        MS        F        P 

REP       2     0.242    0.1211 

GEN       5   138.950   27.7900   153.35   0.0000 

Error    10     1.812    0.1812 

Total    17   141.004 

 

 

Randomized Complete Block AOV Table for SCY   

 

Source   DF        SS        MS        F        P 

REP       2     0.927     0.464 

GEN       5   703.179   140.636   174.04   0.0000 

Error    10     8.081     0.808 

Total    17   712.186 

Annexure-IV 

 

Analysis of variance of generation means for different traits in the cross VH-282 × VH-

142 in field under heat stress using RCBD. 

Randomized Complete Block AOV Table for BP   

 

Source   DF        SS        MS       F        P 

REP       2    0.0126   0.00630 

GEN       5   18.5363   3.70726   28.21   0.0000 

Error    10    1.3142   0.13142 

Total    17   19.8631 

  

 

Randomized Complete Block AOV Table for BSP   

 

Source   DF        SS        MS         F        P 

REP       2     0.008    0.0039 

GEN       5   254.915   50.9830   1322.33   0.0000 

Error    10     0.386    0.0386 

Total    17   255.308 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for BW   

 

Source   DF        SS        MS        F        P 

REP       2   0.01412   0.00706 

GEN       5   7.08326   1.41665   257.19   0.0000 

Error    10   0.05508   0.00551 

Total    17   7.15245 

 

 

Randomized Complete Block AOV Table for CC   

 

Source   DF        SS        MS         F        P 

REP       2     0.118    0.0588 

GEN       5   232.576   46.5152   1101.41   0.0000 

Error    10     0.422    0.0422 

Total    17   233.116 

 

 

Randomized Complete Block AOV Table for CMS   

 

Source   DF        SS        MS        F        P 

REP       2    10.605    5.3023 

GEN       5   478.948   95.7897   251.80   0.0000 

Error    10     3.804    0.3804 

Total    17   493.357 

 

 

 

Randomized Complete Block AOV Table for FF   

 

Source   DF        SS        MS       F        P 

REP       2   0.02374   0.01187 

GEN       5   0.49313   0.09863   14.83   0.0002 

Error    10   0.06648   0.00665 

Total    17   0.58335 

 

Randomized Complete Block AOV Table for FL   

 

Source   DF        SS        MS      F        P 

REP       2   0.60383   0.30192 

GEN       5   2.97185   0.59437   4.55   0.0200 

Error    10   1.30527   0.13053 

Total    17   4.88096 

 

Randomized Complete Block AOV Table for FS   

 

Source   DF        SS        MS      F        P 

REP       2   0.28133   0.14066 

GEN       5   5.22267   1.04453   4.65   0.0187 

Error    10   2.24414   0.22441 

Total    17   7.74813 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for GOT   

 

Source   DF        SS        MS      F        P 

REP       2   0.0119    0.00059 

GEN       5   0.49806   0.09761   3.22   0.0201 

Error    10   0.35297   0.03530 

Total    17   0.77222 

 

Randomized Complete Block AOV Table for NOSPB   

 

Source   DF        SS        MS       F        P 

REP       2   0.01991   0.00996 

GEN       5   1.23764   0.24753   33.96   0.0000 

Error    10   0.07289   0.00729 

Total    17   1.33044 

 

 

Randomized Complete Block AOV Table for PH   

 

Source   DF        SS        MS        F        P 

REP       2    0.3374    0.1687 

GEN       5   79.6774   15.9355   107.75   0.0000 

Error    10    1.4789    0.1479 

Total    17   81.4937 

 

Randomized Complete Block AOV Table for SCY   

 

Source   DF        SS        MS        F        P 

REP       2     0.783    0.3914 

GEN       5   429.995   85.9989   230.63   0.0000 

Error    10     3.729    0.3729 

Total    17   434.507 

 

Annexure-V 

 

Analysis of variance of generation means for different traits in the cross DNH-40 × VH-

259 in field under normal using RCBD. 

Randomized Complete Block AOV Table for BP   

 

Source   DF        SS        MS        F        P 

REP       2    0.0197   0.00987 

GEN       5   24.1617   4.83234   274.56   0.0000 

Error    10    0.1760   0.01760 

Total    17   24.3574 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for BSP   

 

Source   DF        SS        MS         F        P 

REP       2    0.0016   0.00082 

GEN       5   32.0164   6.40329   1040.25   0.0000 

Error    10    0.0616   0.00616 

Total    17   32.0796 

 

Randomized Complete Block AOV Table for BW   

 

Source   DF        SS        MS       F        P 

REP       2   0.00816   0.00408 

GEN       5   0.62133   0.12427   44.43   0.0000 

Error    10   0.02797   0.00280 

Total    17   0.65746 

 

 

Randomized Complete Block AOV Table for CC   

 

Source   DF        SS        MS       F        P 

REP       2   0.00288   0.00144 

GEN       5   1.03831   0.20766   17.98   0.0001 

Error    10   0.11551   0.01155 

Total    17   1.15670 

 

 

 

Randomized Complete Block AOV Table for CMS   

 

Source   DF        SS        MS        F        P 

REP       2     0.011    0.0057 

GEN       5   194.329   38.8658   248.52   0.0000 

Error    10     1.564    0.1564 

Total    17   195.904 

 

Randomized Complete Block AOV Table for FF   

 

Source   DF        SS        MS      F        P 

REP       2   0.00445   0.00223 

GEN       5   0.19434   0.03887   3.69   0.0260 

Error    10   0.10738   0.01074 

Total    17   0.27617 

 

Randomized Complete Block AOV Table for FL   

 

Source   DF        SS        MS      F        P 

REP       2   0.38542   0.19271 

GEN       5   2.27308   0.45462   4.55   0.0201 

Error    10   0.99916   0.09992 

Total    17   3.65767 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for FS   

 

Source   DF        SS        MS      F        P 

REP       2   0.04674   0.02337 

GEN       5   0.60030   0.12006   2.12   0.0304 

Error    10   0.64802   0.06480 

Total    17   1.29507 

 

Randomized Complete Block AOV Table for GOT   

 

Source   DF        SS        MS        F        P 

REP       2    0.0184   0.00919 

GEN       5   11.5235   2.30471   263.28   0.0000 

Error    10    0.0875   0.00875 

Total    17   11.6295 

 

 

Randomized Complete Block AOV Table for NOSPB   

 

Source   DF        SS        MS        F        P 

REP       2   0.01084   0.00542 

GEN       5   5.94336   1.18867   119.40   0.0000 

Error    10   0.09956   0.00996 

Total    17   6.05376 

 

 

Randomized Complete Block AOV Table for PH   

 

Source   DF        SS        MS      F        P 

REP       2    2.3365   1.16827 

GEN       5   11.3480   2.36960   3.26   0.0240 

Error    10    7.9387   0.69387 

Total    17   21.6232 

 

 

Randomized Complete Block AOV Table for SCY   

 

Source   DF        SS        MS        F        P 

REP       2     10.15     5.073 

GEN       5   1152.84   230.569   146.27   0.0000 

Error    10     15.76     1.576 

Total    17   1178.75 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Annexure-VI 

 

Analysis of variance of generation means for different traits in the cross DNH-40 × VH-

259 in field under heat stress using RCBD. 

Randomized Complete Block AOV Table for BP   

 

Source   DF        SS        MS       F        P 

REP       2   0.42898   0.21449 

GEN       5   3.51269   0.70254   10.26   0.0011 

Error    10   0.68489   0.06849 

Total    17   4.62656 

 

 

Randomized Complete Block AOV Table for BSP   

 

Source   DF        SS        MS        F        P 

REP       2     0.305    0.1527 

GEN       5   309.808   61.9616   433.84   0.0000 

Error    10     1.428    0.1428 

Total    17   311.542 

 

 

Randomized Complete Block AOV Table for BW   

 

Source   DF        SS        MS       F        P 

REP       2   0.07420   0.03710 

GEN       5   0.36810   0.07362   11.93   0.0006 

Error    10   0.06169   0.00617 

Total    17   0.50400 

 

 

Randomized Complete Block AOV Table for CC   

 

Source   DF        SS        MS        F        P 

REP       2    0.0503   0.02514 

GEN       5   26.2863   5.25727   501.70   0.0000 

Error    10    0.1048   0.01048 

Total    17   26.4414 

 

 

Randomized Complete Block AOV Table for CMS   

 

Source   DF        SS        MS        F        P 

REP       2     0.222    0.1112 

GEN       5   299.983   59.9967   370.41   0.0000 

Error    10     1.620    0.1620 

Total    17   301.826 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for FF   

 

Source   DF        SS        MS      F        P 

REP       2   0.04656   0.02328 

GEN       5   0.21502   0.04300   2.96   0.0246 

Error    10   0.06013   0.00601 

Total    17   0.37172 

 

Randomized Complete Block AOV Table for FL   

 

Source   DF        SS        MS      F        P 

REP       2   0.40447   0.20224 

GEN       5   1.90241   0.38048   5.71   0.0096 

Error    10   0.66599   0.06660 

Total    17   2.97288 

 

Randomized Complete Block AOV Table for FS   

 

Source   DF        SS        MS      F        P 

REP       2   0.17688   0.08844 

GEN       5   1.54918   0.20984   2.58   0.0282 

Error    10   0.88194   0.08819 

Total    17   2.60800 

 

 

Randomized Complete Block AOV Table for GOT   

 

Source   DF        SS        MS        F        P 

REP       2   0.11276   0.05638 

GEN       5   8.51897   1.70379   196.44   0.0000 

Error    10   0.08674   0.00867 

Total    17   8.71846 

 

 

Randomized Complete Block AOV Table for NOSPB   

 

Source   DF        SS        MS        F        P 

REP       2    0.0460   0.02302 

GEN       5   13.3998   2.67995   205.80   0.0000 

Error    10    0.1302   0.01302 

Total    17   13.5760 

 

 

Randomized Complete Block AOV Table for PH   

 

Source   DF        SS        MS       F        P 

REP       2     2.867    1.4337 

GEN       5   420.440   84.0880   38.37   0.0000 

Error    10    21.913    2.1913 

Total    17   445.220 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 
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Randomized Complete Block AOV Table for SCY   

 

Source   DF        SS        MS       F        P 

REP       2    26.078   13.0392 

GEN       5   142.945   28.5890   11.42   0.0007 

Error    10    25.037    2.5037 

Total    17   194.061 

 

*  = Significant (p<0.05),  

 **  = Highly significant (p<0.01) 

Annexure-VII 

List of chemicals/reagents used in PCR 

Chemicals Concentration Volume (1X) 

DD H2O  17.5 ul 

PCR Buffer 10 X 2.50 ul 

Mgcl2  2.0 ul 

dNTP‘s 10 Mm 0.5 ul 

Taq Polymerase 5 units/ul 0.5 ul 

Primer 60 ng 1.0 ul 

DNA Template (cDNA) 15 ng 1.0 ul 

 

Annexure-VIII 

6X gel loading dye solution 

Before loading on the gel each RNA sample was mixed with an appropriate loading dye 

solution.  

X loading dye solution contains: 

i) Glycerol to ensure that the sample easily sinks into the well  

ii)  EDTA, which binds divalent metal ions that can interfere with electrophoresis 

iii)  The electrophoresis tracking dye (Bromophenol blue, Xylene cyanol FF and/or 

Orange G etc.) to monitor electrophoresis process with the migration of dyes. 

 


