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Abstract 

Among other environmental components, high temperature during summer is the most 

important constraint of cotton production in Punjab and Sindh provinces. The considerable 

losses to the crop in these areas occur due to heat-induced pollen sterility, shedding of 

squares and flowers, and fall off young bolls during the months of July and August, when the 

temperature rises to 36°-40°C. The local cotton breeders had made a great deal of progress in 

the domain of cotton breeding to minimize the extent of damage to the plant but all these 

efforts were made without the availability of knowledge about genetics of heat stress. The 

present study aims to provide working knowledge about the action and interaction of genes, 

and heritability controlling heat tolerance, to the breeders for effective plant improvement 

exercise. As a first step to accomplish the objective, 70 varieties of G. hirsutum L. were 

screened out at germination and reproductive stages. At advanced phase, data on canopy 

temperature and relative cell injury (RCI %) to the leaves were measured. Data on these three 

parameters were compared in absolute and relative terms, and both the measures categorized 

MNH552, FH1000 and NIAB111 as heat tolerant, and Cedix St 362 (GL), LRA5166 and 4F, 

as heat susceptible varieties. Differences in remaining germplasm were also comparable, 

showing the existence of variation for heat tolerance in the species. For genetic studies three 

sets of crosses involving heat tolerant and non-heat tolerant i.e. MNH552 × Cedix St 362 

(GL), FH100 × LRA5166 and NAIB111 × 4F were attempted in glass house. The F2 seed of 

three F1 hybrids and their back crosses (BC1 and BC2) were developed in the field. Six 

generations (parents, F1, F2. BC1 and BC2) of each cross-combination were grown in the field 

during early April (high temperature) and during early June ( normal temperature) , following 

randomized complete block design with three replications. The segregating and non- 

segregating progenies were allowed to grow to maturity. Data on square and flower 

shedding, canopy temperature and RCI were taken at the dawn of reproductive phase, whilst 

seed-cotton yield and its components, and three fibre traits were measured in the laboratory. 

Preliminary analysis variance revealed that 70 varieties and two temperature regimes were 

significantly different and varieties responded differently to the two temperatures, as 

interaction term, G×T was also significant. Generation means analysis technique was applied 

to investigate the genetic system controlling heat tolerance in the species. Significant χ
2
 

showed the inadequacy of the simple additive-dominance model for analyzing the data sets 

of some plant characters in three crosses, whilst for other characters fitness of data of the 

observed to the expected means was tried following different parameter models of generation 

means. The results revealed that fibre length, fibre strength and fibre fineness, due to the 

involvement of [d] component, appeared to be affected largely by additive genes; whilst the 

remaining traits were inherited by the genes with additive [d] and dominance [h] properties 

involving epistatic component, additive × additive (i) which is fixable in later generations. 

There was also evidence of the presence of additive × dominance (j) and dominance × 

dominance (l) interactions which complicated the genetic system of heat tolerance. 

Generation variance analysis indicated that heat tolerance was predominantly influenced by 

additive genetic variance (D), and consequently high estimates of h
2
ns were observed for 

almost all the characters. This information is encouraging to the cotton breeders, and based 

upon these estimates superior plants from the segregating generations under high temperature 

were selected, and their response was estimated. Appreciable amount of response (R) 

increased the means of the population considerably, suggesting that prompt progress may be 



made to improve heat tolerance in the spp. in later generations. Keeping this information in 

view, from the amount of genetic gain in three crosses, it seems that the cross combination, 

FH1000 × LRA5166 with better improvement in agronomic, and fibre characteristics and 

physiological traits has the potential for further breeding. Further, significantly high 

correlation coefficients (r) calculated using data on under normal and high temperature 

signify that nature of genes was same under both the environments. This knowledge may also 

facilitate the researchers while looking for heat tolerant parents from the breeding material to 

be planted under high heat stress in the cotton growing areas of the cotton belt. 

 

 



CHAPTER 1 

INTRODUCTION 

After the seed is planted in the soil, its germination and productivity is subject to 

numerous biotic and abiotic stresses. High temperature, an important abiotic stress, affects 

all the agricultural crops adversely. The production of crops which are grown during summer 

season is reduced the most for example of cotton, and thus causing significant losses to 

cotton productivity. Since in developing countries like Pakistan about 70% of total 

population depends, directly or indirectly, on crop husbandry for their livelihood and 

therefore for economic prosperity of people, the yields of major crops on unit area basis 

must be increased. 

Accumulation of carbon dioxide (CO2) and other greenhouse gases in the 

atmosphere is increasing rapidly and these gases has detrimental effects on 

growing crops (Shindell et al., 2009). It has been predicted that these gases will increase 

annual temperature to the extent of 2.5 °C to 4.3 °C in important crop-growing 

regions of the world by 2080 to 2099 (Christensen et al., 2007). In some parts of the 

world temperatures is expected to warm more than the annual averages. More 

importantly heat waves are expected to increase in frequency, intensity, and duration 

(Tebaldi et al., 2006; Christensen et al., 2007), and at the end-of-century growing season 

temperature in the tropics and subtropics may exceed even the most extreme seasonal 

temperatures measured to date (Battisti and Naylor, 2009). 

In Pakistan agriculture sector plays a vital role in overall economic and social well-

being of population, and this activity is highly dependent on climatic conditions. It had been 

studied that reproductive phase in agricultural crops was sensitive to high temperature 

(Reddy and Kakani, 2007). Heat stress, singly or in combination with drought, is a limiting 

factor for grain fillings stage in many cereal crops of temperate regions (Wahid, 2007). 

Flower abortion has resulted in decreased number of seeds per plant, and consequently yield 

in wheat, mung, rice and Brassica spp (Angadi et al., 2000), e.g. B. napus (Morrison and 

Stewart, 2002) and B. juncea (Gan et al., 2004), cowpeas (Nielsen and Hall, 1985; 



Ahmed and Hall, 1993; Ehlers and Hall, 1996; Warrag and Hall, 1984a and b; Ahmed et al., 

1992) and mungbean (Tickoo et al., 1996), is reduced. 

Like wheat, mung, rice and brassica, production of cotton (Gossypium hirsutum L.) 

is also subject to fluctuation in day/night temperature. Ideal temperature for cotton 

production ranges from 68 to 86F (20 to 30C) with an optimum for photosynthesis being 

82F (28C) (Burke et al., 1988; Reddy et al., 1991a). However, average maximum 

temperatures during boll development are always well above these optima. Improved 

tolerance of cotton germplasm is obviously needed to stabilize yields. Appropriate 

temperature is an important component of best growth of cotton plant, developmental 

events, and fruit maturation (Baker, 1965). Some square loss at high temperatures, boll 

abscission 3-5 days after bloom, was the major factor for over all reproductive performance 

(Reddy et al., 1992a). 

G. hirsutum L is the most important cash, fiber and oilseed crop of Pakistan. The 

economy of the country depends on successful production of cotton crop. Most of the 

population of Pakistan lives in rural areas, and the economic prosperity of the rural 

population is largely dependent on successful cultivation of cotton. According to the reports 

42% of country's workforce is engaged in agro-based industries. Although cotton has 

originated in hot climates, it appears to greatly suffer due to extreme high day temperature. 

In Pakistan, cotton crop is mostly grown in Sindh and Punjab provinces of the country, 

(Ahmad and Makhdum, 1992). In these areas, temperature during summer reaches up to 

48C - 50C, during planting and germination, and this consequently resulting in low plant 

population, low quality fiber and seed cotton yield (Rehman et al., 2004). The temperature 

above 15°C for more than 180 days is very helpful for vegetative growth but above 36 C 

affects the reproductive phase adversely, causing fruit shedding, pollen sterility, and 

consequently decrease plant yield (Baloch et al., 2000). It has been reported that due to high 

temperature in Pakistan nearly 65-70% of fruiting points shed down, and this occurs due to 

pollen sterility, resulting in poor yield of seed cotton (Taha et al., 1981; Kittock et al., 1988; 

Baloch et al., 2000; Liu et al., 2006). In addition high temperature slows down 

photosynthesis and respiration (Christiansen, 1978). The cotton research group of National 

Agriculture Co-ordination Committee had described that high temperature during fruiting 



period was the basic reason of low yield of cotton in Pakistan (Anonymous, 2005). In the 

month of August and September, the peak fruiting stage of cotton, temperature recedes and 

30-35% of bolls are retained giving plant production. The losses occurring due to high 

shedding percentage suggest the development of cotton cultivars which bear maximum 

fruits under high temperature. Since 1970, in Pakistan commendable efforts had been made 

to date via breeding of early maturing and short statured varieties, and their wider adoption 

in the cotton belt had resulted significant increase in seed cotton yield on unit area basis. 

But changing environmental conditions, due to greenhouse effect and global warming, 

suggest the breeders to further improve the potential of cotton plant under high temperature 

stress. 

Although national production of cotton has increased significantly, the yield on unit 

area basis is still lower than that in other cotton producing countries like USA, Australia and 

Israel etc. There are many constraints of low yield but the prevalence of high temperature on 

reproductive phase is most serious. Heat stress affects the yield potential in many ways. 

Trought (1928) for the first time studied non-dehiscence phenomenon of anthers in upland 

cotton in Pakistan. Thus failure of dehiscence of anther, no fertilization of flowers occurs 

resulting in high drop of unfertilized flowers.  

The success of breeding heat tolerant plant material through bringing genetic 

modifications in crop plants depends upon the availability of variability for heat tolerance in 

different plant species. The studies conducted reveal that ample information on the 

existence of variation for heat tolerance is available on different crops, for example, wheat 

(Shanahan et al., 1990; Ibrahim and Quick, 2001a), rice (Mackill et al., 1982), cowpeas 

(Mutters and Hall, 1992; Ahmed et al., l993a; Ahmed et al., 1993b; El-kholy et al., 1997), 

tomato (Dane et al., 1991; Abdul-Baki and Stommel, 1995) and mung bean (Collins et al., 

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

crop species is well documented, the knowledge on the genetic basis of that variation is not 

frequently available, however, the few genetic studies on wheat (Ibrahim and Quick, 2001a 

and b), tomato (El-Ahmadi and Stevens, 1979), cowpeas (Hall et al., 1992; Marfo and Hall, 

1992; Ismail and Hall, 1998) and cotton (Trolinder and Shang, 1991; Baloch and Laklio, 

2000; Rahman et al., 2004) provided evidence that heat tolerance was genetically 



controlled, suggesting the chances for further improvement in heat tolerance through 

selection and breeding. 

Physiological reactions of plants to extreme temperature have been canvassed 

extensively, for example, cellular membrane stability (CMT) has been identified as vital 

trait of heat tolerance in crop plants (Sullivan, 1972; Blum and Ebercon, 1981; Ismail and 

Hall, 1999; Ibrahim and Quick, 2001b). CMT has been used extensively for screening 

against heat and drought tolerance sorghum and wheat. Very little attempts have been 

made to breed heat tolerant cotton cultivars in cotton growing countries. Although it is dire 

need, no direct and useful attempts have been made towards understanding genetics, 

physiological and morphological basis of heat tolerance in Pakistan.  

Keeping in view the importance of cotton crop in the buildup of the economy of 

Pakistan, development of tolerance against high temperature would be of a value both to 

the farmers and the country. Earlier information about the presence of variation for heat 

tolerance is very scanty, and what does exist in the literature reveal that variability within 

species is available (Trolinder and Shang, 1991; Baloch and Laklio, 2000; Rahman et al., 

2004; Azhar et al., 2009). In addition, from the studies of intergeneric differences in heat 

tolerance (Srinavasan et al., 1996) it is clear that potential for selection and breeding for 

enhanced heat tolerance is existing in the spp. 

The selection of plants for increased heat tolerance may be encouraging if variation 

is genetically controlled. Only few studies have been conducted, and these indicate that 

heat tolerance in upland cotton is heritable (Ashraf et al., 1994; Malik et al., 1999; 

Rahman et al., 2004). Knowledge on the genetic basis of variation in heat tolerance would 

be useful to the breeder in two ways; firstly, it would facilitate the researchers for devising 

effective selection methods for screening genotypes, and secondly, it would help calculate 

estimates of heritability of the character, which may be used to predict progress through 

selection. In wheat, heat tolerance was revealed to be genetically controlled and additive 

gene effects (Sharma and Tandom, 1997; Sharma and Tandom, 1998), non-additive effects 

(Nayeem and Veer, 2000) and both (Souza et al., 2001) were important for the expression 

of heat tolerance. A great proportion of the variation in heat tolerance had been effected by 

non-additive genes (Azhar, 2003), whilst Percy et al., (1996) reported digenic epistasis in 



the inheritance of the character (Trolinder and Shang, 1991; Baloch and Lakho, 2000; 

Rahman et al., 2004).  

Due to the general lack of knowledge on heat tolerance in cotton, the present 

investigations were carried out in the department. The parents were selected and 

hybridized to develop, F1, BC1, BC2 and F2 populations. The genotypic responses to high 

temperature were measured and the data were analyzed following generation means 

analysis (Mather and Jinks, 1982). This biometric method provides estimates of epistatis in 

addition to additive and dominance gene effects. The information reported in this 

manuscript may be useful for the cotton breeders working on improving heat tolerance in 

Gossypium hirsutum L in the cotton belt of Pakistan.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 

REVIEW OF LITERATURE 

For optimum plant growth and development under natural conditions require 

conducive environmental conditions, but they often face extreme environmental conditions 

due to drought, salinity, temperatures, and some other stresses. These stresses do not allow 

the plant to flourish and consequently yield and quality of agricultural crops is affected 

adversely. Jones and Jones (1989) defined the biological stresses as the adverse force that 

tends to restrain normal systems of plants to function, whilst Taiz and Zeiger (1990) said it as 

a peripheral factor that exerts an extreme influence on plant.  

2.1. Greenhouse effect on crop calendar 

Heat stress may be defined as a temperature which persists for sufficient time and 

cause damage to plant functions. This stress arises due to increase in atmospheric 

temperature, human activities, fossil fuel burning, rapid industrialization, deforestation, and 

these activities are considerably increasing the concentrations of atmospheric gases, i.e. 

carbon dioxide, methane, chlorofluorocarbons and nitrous oxides. In the same context, global 

circulation models have predicted that with the increased concentrations of greenhouse gases, 

the average ambient temperature of the world will also increase. According to 

Intergovernmental Panel on Climate Change (IPCC), mean temperature of the world during 

the next century is expected to rise 0.3°C per decade (Jones, 1999), thus reaching 

approximately 1 and 0.3°C above the present temperature by 2025 and 2100, and this change 

will lead to global warming. The occurrence of greenhouse warming has been predicted by 

most of the global circulation models but these models don‟t agree with its magnitude. The 

areas at higher latitudes will face more global warming than those situated in tropics.  

The rise in global temperature may directly change the growing season of agricultural 

crops (Porter, 2005). The rate of photosynthetic activities and respiration of plants moderate 

latitudes will increase with the increase in temperature. The rise in temperature would upset 

growing pattern of crops temperate and tropical areas, however this adverse effect will be of 



only small magnitude and is likely to reduce the period of growing crops where more than 

one crop during a year is grown. In semi-arid areas a little variation in temperature could 

substantially augment the occurrence of losses to crops. High temperature and excess of 

radiation in tropical regimes are most limiting factors reducing plant yield by influencing 

growth and development, for example, canopy temperature is 10 to 15ºC higher in dry land 

cotton than in irrigated cotton; consequently, accumulation of decrease dry matter in dry land 

cotton due to amplified respiration and reduced photosynthesis and cellular energy. 

2.2. Effects of high temperature on crops 

High temperature causes heat stress in arid and semi-arid regions, and this has 

become an alarming agricultural problem all over the world (Hall, 2001). The harvest of 

economic crop yield is the need of the day to feed the increasing mouths. According to the 

researchers, night temperature is the most important factor affecting acre yield, whilst others 

opinioned that both day and night temperatures are of no concern independently, but for 

better plant response to high temperature is the diurnal mean temperature, and day 

temperature has secondary role (Peet and Willits, 1998). According to Paulsen (1994), high 

temperature results in morpho-anatomical, physiological and biochemical changes in plants 

and these have an adverse effect on plant growth and development leading to declined yield. 

During the last two decades, significant progress has been made to develop the knowledge 

about the effect on several crops. 

During the past two decades numerous studies had been carried out on the effect of 

high temperature on different developmental stages and crop yields. This knowledge about 

the responses to high temperature would facilitate the workers to grow crop cultivars for 

more production in the aggressive environments, and harvest sustainable yields of crops 

(Paulsen, 1994; Reddy et al., 2000). 

High temperatures damages growing plants in many ways, for example, pre- and post-

harvest damages, scorching of leaves and twigs, sunburns on leaves, branches and stems, leaf 

senescence and abscission, shoot and root growth inhibition, fruit discoloration and damage, 

and reduced yield in tropics (Ismail and Hall, 1999; Vollenweider and Gunthardt-Goerg, 

2005). In the same way, in temperate regions, high temperature is one of the most important 

file:///E:/fulltext.pdf


constraints of reduced yield of numerous crops (Giaveno and Ferrero, 2003). The crop 

responses to high temperature differ according to phenological stage of that particular crop, 

for example, long-term effects of heat stress on developing seeds may include delayed 

germination or loss of vigor, ultimately leading to reduced emergence and seedling 

establishment. Under diurnally varying temperatures, coleoptile growth in maize reduced at 

40°C and ceased at 45°C (Weaich et al., 1996). High temperatures caused significant decline 

in shoot dry mass, relative growth rate and net assimilation rate in maize, pearl millet and 

sugarcane, though leaf expansion was minimally affected (Ashraf and Hafeez, 2004; Wahid, 

2007).  

Major impact of high temperatures on shoot growth is a severe reduction in the first 

internode length, resulting in premature death of plants (Hall, 1992) for example, sugarcane 

plants grown under high temperatures exhibited smaller internodes, increased tillering, early 

senescence, and reduced total biomass (Ebrahim et al., 1998). Heat stress, singly or in 

combination with drought, is a common constraint during anthesis and grain filling stages in 

many cereal crops. 

2.3. Effect of heat stress on upland cotton 

2.3.1. Effect of heat at early stage of plant development  

Seeds of cotton germinate best at the temperature above 12°C, and seedling grow 

rapidly about 15.5°C, however in some parts of the United States, predominantly across the 

Mississippi states the range of optimum temperature for seed germination and seedling 

development growth is 28°C to 30°C respectively. Low temperature for germination and 

initial growth create problems. Different genotypes of cotton under cool soil temperatures 

behave differently during germination and root development (Mills et al., 2005). Despite 

availability of sufficient moisture and nutrients, prevalence of high temperatures (40/32°C) 

cause shallower roots, whilst roots thrives best in the range of temperature (day/night) 

30/22-35/27°C (Reddy et al., 1997b, c). 

According to Burke (2001) cotton seedlings in most dry land have heat tolerance 

because plants produce seed cotton in moisture conditions. In North India, the soil moisture 

is depleted rapidly on account of high temperature and wind velocity at sowing (Lather 



et al., 2001) resulting poor development of cotton seedling. In an experiment, Burke (2001) 

reported that as soon as seedling temperature becomes higher than optimal levels, 

induction of thermo tolerance system becomes operative which works properly on 37.7-

40°C, but decline rapidly as temperature increases. Bland (1993) found that downward 

extension of cotton root system is affected by high soil temperatures, and growth rate was 

measured in controlled conditions and observed that seedling root depth depends on soil 

temperatures foretelling throughout the life of crop plants.  

2.3.2. Effect of heat on vegetative growth 

Number of flowers/ bolls produced by cotton crop is an important component of final 

yield. Thus more number of bolls is an indication of more of fruit set, and result in more 

seed cotton yield. Number of flowers on a plant depends on the interval between them, and 

their positions on sympodial and monopodial branches occur in acropetal succession (Munro 

and Farbrother, 1969). Reddy et al. (1997c) conducted an experiment to study the 

associations between high temperature and flowering distance. In Uganda, Farbrother 

(1961) established that where temperature remains quite uniform in the field during the 

year, interval in horizontal flowering was approximately 11 days. Upland cotton developed 

sympodial branches and produced squares on them at high temperature, but these could not 

turn out into mature fruits (Reddy et al., 1991b, 1992a). 

In an experiment it was found that number of flowers per meter of row declined 

when temperature exceeded 42°C (Ehlig and LeMert, 1973) but Reddy et al. (1992c) stated 

that when day temperature exceeded 30°C during flowering, fall off squares and flowers 

started, whilst in another experiment they observed, in many cotton varieties, all the squares 

and flowers formed were aborted and dropped when day temperatures was above 40°C 

(Reddy et al., 1991a).  

2.3.3. Effect of heat stress on pollen viability 

Heat stress before and during flowering drastically affects many reproductive 

processes leading to decreased yield of cotton. One adverse effect of high temperature is 

the decreased pollen viability and fertilization, and this effect usually occurred nearly 17 



days prior to flowering (Oosterhuis, 1999; McDonald and Stith, 1972), Fifteen to 

seventeen days prior to anthesis, high temperature of 32ºC, results in the development 

of pollen sterility in heat susceptible lines, whilst male fertile lines produced sterile 

anthers as soon as temperature rose above 38ºC (Meyer, 1969). It is not exactly known 

at which stage of growth sensitivity occurs but Sarvella (1964) and Quintanilha et al. 

(1962) showed that this phenomenon occurs during meiosis. 

If the flowering continues on plants during hot days, high temperature affects all 

the processes of pollination like pollen shed on style, pollen germination, pollen tube 

growth, and fertilization. Characteristically, opening time of cotton flowers is in the 

morning between 07:00 and 11:00 am, depending upon the environmental conditions 

(Pundir, 1972). Although germination of pollen starts within 30 min, fertilization is 

completed within 12 and 24 hours after the release of pollen. Taha et al. (1981) 

observed abnormal pollen and non-dehiscent anthers in hot days of July and August. 

Burke et al. (2004) has shown that optimum temperature for pollen germination was 

28ºC, whilst Suy (1979) had observed the rate of elongation of pollen tube, and found it 

near to zero on less than 19ºC and beyond 45ºC, and up to 37ºC elongation of pollen 

tube rose with the rise of temperature but declined hastily higher than that temperature. 

Kakani et al. (2005) in his experiment studied minimum, optimum, and maximum, 

fundamental temperatures for pollen germination and pollen tube length in 12 cotton 

varieties, and reported 15, 31.8, and 43.3ºC (minimum, optimum, and maximum, 

respectively) for pollen germination and 11.9, 28.6 and 42.9ºC for pollen tube length. 

Weaver and Timm (1988) found that other reproductive organs are more tolerant to 

high temperature than pollen. Pollens are possibly responsible for lack of fertilization 

under high temperature stress. It had been observed that position of flowers on plant 

canopy also influence pollen viability, and Burke (2001) in a study plucked flowers 

from within and outside the canopy of cotton plant in afternoon and found that pollen 

of flowers taken from inside the canopy had normal viability, whilst pollen taken from 

flowers of apical portion showed a drastic reduction in pollen viability. This 

observation led the researchers to conclude that lesser temperature inside the canopy 

may be the reason of reduction in pollen viability. In controlled experiment, Zeiher et 

al. (1995) found that elevated night temperature seems to affect the square growth 



which may be due to suppression of growth of reproductive meristem or by increased 

abortion of squares. Hesketh and Low (1968) recorded more fruit shedding in late 

maturing cultivars when sown in temperature more than 30oC day and 25oC night, 

whilst Powell (1969) reported that plants could not produce viable pollen when they 

were grown at a constant temperature of 29.4oC and similarly fruit setting was not 

observed on plants sown at 32.2ºC although they were pollinated by viable pollen. 

Therefore, it was concluded that night temperature had a more pronounced effect on 

fruit set and boll development. 

 2.3.4. Effect of heat stress on seed cotton yield 

Yield is the most important trait of any crop, and seed cotton yield is affected greatly 

by several environmental conditions (Brown et al., 2003). The crop yield is affected chiefly 

by water scarcity and temperatures stress (Lewis, 2000). Oosterhuis (2002) had noted that 

high temperature during day/night may have detrimental effect on greater variability in final 

yield. Effects of temperature on seed cotton yield are often complex, and crop yield depends 

on photosynthesis, growth, and yield processes, and these values are all different (Conroy et 

al., 1994; Polley, 2002). When temperature is below the optimum for net photosynthesis, a 

little increase in temperature can stimulate crop growth, whilst reverse is true when 

temperature is near to the maximum for yield. It has been experienced that increase in July 

average maximum temperature up to 35ºC, and decreases yields when average maximum 

temperature exceed 35ºC in the month of July (Johnson and Wadleigh, 1939). All these 

findings suggest that there is an optimum temperature for cotton growth and development. 

However, the optimum temperature was not well defined and may be a characteristic of 

variety differences Oosterhuis (2002) found a strong negative correlation between high 

temperature and cotton yield in Arkansas under field conditions, cotton foliage in monsoon 

(rainy season) nights can be warmer by 4-5ºC than foliage during nights of drier times 

(summer season), which significantly decreases vegetative dry matter production, fruit 

retention, and lint yield (Brown et al., 1995). Oosterhuis (1999) reported that there was no 

sharp threshold, but rather a gradual decline to more than 50% decrease in boll development 

at about 32ºC. In addition, the overall result of high temperature was insufficient 

carbohydrate production to satisfy plant‟s needs which is reflected in increased boll 



shedding; malformed bolls e.g. parrot beak, smaller bolls, decreased lint percent, and lower 

yield (Oosterhuis, 1999). Cotton fibre is made predominantly of carbohydrate, and therefore 

decreased availability of carbohydrate can also be manifested in less fibre and lower ginning 

turnout. Excessively high temperature can also decrease seed size, fibres per seed and fibre 

length. The rates of fibre elongation and secondary wall thickening were both influenced by 

temperature. In experiments with constant growth conditions, Grant et al. (1966) found that 

the shortest period between flowering and boll opening (41 days) was at 29.5ºC. Since 

secondary wall development in fibre and other epidermal cells of the same cotton seed are 

synchronous (Berlin, 1977), the temperature dependent rate of cellulose synthesis is probably 

only a part of more general temperature dependence at the level of the cotton boll. Higher 

temperatures shorten the boll maturation period while incomplete boll maturation is due to 

low minimum night temperatures (Yfoulis and Fasoulas, 1978; Gipson and Ray, 1969). It had 

been demonstrated that initial stages of fiber elongation were highly sensitive to high night 

temperatures, whereas the later stages appeared to be less sensitive to temperature Gipson 

and Johan (1969). Smutzer and Berlin (1975) reported that in upland cotton, var. unn, fiber 

elongation was optimal at 15ºC and night temperatures below 22ºC increased the time 

required for fibers to reach the genetic potential for length of fiber. The maximum length of 

fiber was obtained when night temperatures were between 15 and 21°C (Gipson and Johan, 

1969). Lint index, lint percentage, and lint per boll were decreased by either high (37°C) or 

low (13°C) night temperatures (Gipson and Ray, 1976). 

2.4. Breeding for high temperature tolerance 

Little attempts have been made for breeding crop cultivars suitable for growing under 

high temperature. Many crop species are damaged with slightly high temperatures, during 

susceptible stages of plant development, but that is not very well documented. Breeding work 

done to date for heat tolerance on various crops has been found very successful, and heat 

resistant cultivars have been found to give good yields, better quality of economic product 

and more plant survival in harsh field conditions than standard cultivars. A review of various 

steps taken to exploit variability for heat tolerance in cotton is given as under.  



2.4.1. Genetic variability 

 Genetic variation is basic prerequisite for the development of heat-tolerant plant 

material within the species through breeding (Azhar et al., 2009). There is ample information 

in the literature on diversity for heat tolerance in different crop species including wheat 

(Ibrahim and Quick, 2001a, b) rice (Yoshida et al., 1981), cowpeas (El-Kholy et al., 1997), 

tomato (Abdul-Baki and Stommel, 1995), mung beans (Collins et al., 1995) and cotton 

(Rahman et al., 2004). The presence of genetic variability is necessary for improving a trait 

of any crop. Greater the genetic variability, the more improvement can be achieved. Genetic 

variability is present in existing cultivars of cotton. Liu et al. (2006) showed dissimilar 

responses of cotton varieties to temperature. Genetic variation in plant height, number of 

bolls per plant, plant shape, number of seeds was observed. Unfortunately, the available 

commercial cotton cultivars are limited in genetic variability for most of the fiber traits 

(Bradow and Davidonis, 2000).The existence of variability in the cotton germplasm suggest 

that genetic improvement may be made in this species through selection and breeding, 

provided that the variability is effected by significant genetic components (Iqbal et al., 2010). 

Similarly, Akhtar et al. (2008) investigated variation in fibre quality characters and gene 

action in Gossypium hirsutum L. and White et al. (2010) in Brassica oleracea. Availability 

of significant amount of variation for breeding crop plants tolerant to heat stress is necessary 

in the gene pool. From the studies of intergeneric (Srinavasan et al., 1996) and intrageneric 

differences in heat tolerance, it is clear that crop species differ widely in their potential for 

selection and breeding for enhanced heat tolerance (Srinavasan et al., 1996). More 

importantly, diversity in heat tolerance at intraspecific level has been found in a considerable 

number of species, for example, wheat (Galiba et al., 1997; Ibrahim and Quick, 2001a and 

b), soybean (Martineau et al., 1979a and b; Agari et al., 1995), legumes (Srinavasan et al., 

1996), cowpeas (Ismail and Hall, 1999), sorghum (Sullivan and Ross, 1979), tomato (Chen et 

al., 1982) and cotton (Ashraf et al., 1994; Malik et al., 1999; Rahman et al., 2004). 

Differences in heat tolerance are found in Pima cultivars of cotton, which are 

associated with the ability to set bolls at low nodal position to temperatures (Feaster and 

Turcotte, 1985). Selection under hot conditions was found to produce lines that performed 

well in a broader range of environments than selection under cooler conditions (Feaster et al., 



1980). Similar observations have been made on upland cotton. The literature revealed that 

genetic variation for seed germination, seedling establishment, photorespiration, 

photosynthesis, chlorophyll content, chlorophyll fluorescence, CMT, depression in canopy 

temperature, stomatal conductance, and other morphological traits does exist. In addition, 

other studies showed that high genetic variation in pollen shedding, pollen germination, 

pollen tube lengths, and number of bolls is also available in cotton, indicating that chances 

for genetic improvement in heat tolerance are there. Cotton canopy architecture, consisting of 

plant height and branch lengths can be modified by temperature (Bradow and Davidonis, 

2000). The exchanges of energy within plant canopy can be affected by size, shape, and 

orientation of leaves. In addition to normal, leaf shapes are available that range from highly 

cleft (superokra) to only slightly cleft leaves (subokra) (Meredith, 1984) and variation in leaf 

shape can markedly bring changes in plant characteristics, which help in interception of light 

(Wells et al., 1986). However other morphological characters, i.e. deep lobed leaf and 

pubescence did not provide enhanced heat tolerance (Bednarz and Van Iersel, 2001).  

It has been suggested that heat stress is a component of drought stress, since one of 

the principal effects of drought is to reduce evaporative cooling from plant surface (Reynolds 

et al., 2001). Nonetheless all the traits concerning heat tolerance are also related with drought 

tolerance, an elegent example is CMT (Blum, 1988) and cotton differed for CMT. 

Due to the existence in stomatal conductance, it can be successfully exploited to 

develop stable populations of cotton. For example genetic variation in stomatal density, 

aperture size, opening pattern, and sensitivity to changes in internal plant water status and 

soil water status is all related to stomatal conductance (Ludlow, 1980; Markhart, 1985). 

Further, higher photosynthetic rate and stomatal conductance of DP90 leaves were partly 

related to their suntracking ability. It was found that cultivars DP90 and PS6 had wide 

variation in photosynthetic rate, but stomatal conductance was higher in DP90. Moreover, in 

the 25°C-35°C temperature range, photosynthetic rate remained nearly constant in both the 

cultivars. In contrast, stomatal conductance was shown to depend upon temperature. The 

research workers suggested genes for stomatal conductance in upland cotton which may be 

transferred successfully to Pima cotton. 



 Genetic variability in photosynthetic activity on a unit leaf area basis has been 

observed in many crops (Bhagsari and Brown, 1986; Wallace et al., 1972), for example 

Deltapine 90 (DP90) showed 25-35% higher stomatal conductance, 35-50% higher 

photosynthetic rate and 45% smaller leaf area than Pima S6 (PS6) (Lu et al., 1997). 

2.4.2. Screening for heat tolerance  

Successful breeding for heat tolerance depends upon appropriate selection criterion. 

The first and prime prerequisite in any crop-improvement program is to classify the proper 

stock for heat tolerance. Thus, it is essential that cheaper and dependable screening method 

for the identification of eco-physiological, agronomic and reproductive characters must be 

used in breeding programs. Studies at farmer‟s and breeder‟s field conditions are more 

valuable than controlled environment. The conduct of screening at different locations to 

acquire variable temperature should be done to identify the suitable parents for tolerance. In 

addition greenhouses and growth chambers studies have used to evaluate cotton germplasm 

for heat tolerance. 

When pot sown plants are exposed to hot conditions both shoot and roots suffer 

greatly, whilst field sown plants are subjected to high temperatures and shoot is more affected 

than roots due to buffering effect in the field. Nevertheless, controlled environments may be 

used for efficient screening, and assessment in the field conditions is needed prior to their use 

in the breeding programs (Hall, 2004). 

The key purpose of screening cotton germplasm and new breeding lines for high 

temperature tolerance is to stabilize yields for constantly high yields in the current cotton 

producing environment in the coming hotter world. Suitable selection criterion is necessary 

for valuable heat tolerance breeding. In USA, heat-tolerant, visual index and phenotypic 

index has been transferred in pima cotton for improving heat tolerance (Feaster et al., 1967, 

Singh et al., 2007).  

Assessment of heat tolerance by seed germination % is a screening technique in 

cotton. Ashraf et al. (1994) studied the five cultivars of cotton for heat tolerance at 

germination and early growth stage and observed that on 50°C, there was no germination of 

any variety but on 40°C two varieties namely B557 and MNH93 had more germination than 



others and when CMT of these cultivars was measured, those had more CMT. Similarly, 

Khan et al. (2008) reported that higher temperature affected germination and seedling 

growth, some accessions burnt completely at germination stage and death of seedlings was 

observed, in spite of ample moisture supply to root media. In some species whole plant 

screening approaches have been adapted like cow peas (Hall, 1992) and cotton (Feaster and 

Turcotte, 1985). Enhanced heat tolerance (avoidance) in Pima cotton lines might be due to 

smaller leaf size (Liu et al., 1998) but stomatal conductance closely connected with 

photosynthesis which is more important than leaf size for making selection, for heat tolerance 

(Liu et al., 2010). Methodologies evaluating the ability of cotton to tolerate high temperatures 

by measuring photosynthesis and chlorophyll fluorescence may be employed to select thermo 

tolerant cotton cultivars for use in future breeding programs (Constable et al., 2001). 

 Khan et al. (2008) used stomatal conductance in cotton to evaluate heat tolerance 

and concluded that higher the stomatal conductance, the more is heat tolerance, and based on 

this criterion cotton varieties can be differentiated for heat tolerance and susceptibility. 

Increase in yield potential is positively correlated with increase in stomatal conductance 

(Cornish et al., 1991; Lu and Zeiger, 1994). Lu et al. (1994) studied that heat tolerant 

advanced lines of pima cotton also have more stomatal conductance. According to Hall 

(2001) thicker leaves are more important for heat tolerance but okra type leaf were used as 

selection criterion for heat tolerance (Pettigrew, 2004) and earliness (Ehlers and Hall, 1996). 

Whole plant response, particularly at flowering and fruit set, to warmer atmosphere is more 

useful for screening. Successful breeding for heat tolerance depends upon appropriate 

screening for heat tolerance but proper screening environment arc not available often (Ismail 

and Hall, 1999). Consequently, it is necessary to use some indirect selection criterion for 

assaying heat tolerance. There are various methods for assessing thermo tolerance in plants. 

Chlorophyll fluorescence has been used to differentiate heat tolerant cotton lines /varieties in 

Arkansas. This procedure has been a device to screen cotton genotypes for temperature 

tolerance. Screening of entries and advanced breeding lines are being tested by this 

technique in Arkansas (Bourland and Beach, 2012). 

Bibi et al. (2004) studied heat tolerance in four commercial genotypes, ST474, 

FM960BR, Sphinx, DP444BG/RR and a wild type of G. hirsutum L. (race Palmeri) in 

controlled conditions, by using chlorophyll fluorescence and concluded that wild type was 



more heat tolerant. Photosynthesis and chlorophyll fluorescence are well-known screening 

methods for high and low temperature tolerance in cotton in controlled conditions, Brown 

and Oosterhuis (2004) and McDowell et al. (2007) evaluated the methodologies of 

chlorophyll fluorescence and photosynthesis to assess cotton heat stress tolerance under field 

conditions. Photosynthesis and chlorophyll fluorescence in field were measured for two 

cotton cultivars, Sicot 53 and Sicala 45, and cultivar Sicot 53 was found heat tolerant but 

photosynthesis usually declined into control and high temperature treated plants. This 

decrease might be due to increasing the age of leaf (Guinn and Brummett, 1993; Turner et al., 

1986). Techniques to evaluate the capability of cotton to bear heat stress, to measure 

photosynthesis and chlorophyll fluorescence can be used to select thermo tolerant cotton 

cultivars for exploiting in future breeding programs (Constable et al., 2001). Baloch et al. 

(2000) used in vitro gametophytic selection technique to screen cotton genotypes namely 

CRIS-121, CRIS-134, CRJS168 and NIAB-78 for heat tolerance, and reported that there was 

no difference in pollen germination % and pollen tube length in all genotypes at 33°C 

temperature. At 36° and 39°C, varieties CRIS-134 and CRIS-121 showed more heat tolerance 

than CRIS-168 and NIAB-78 because both the varieties gave higher germination percent and 

longer pollen tubes. While control NIAB-78 however, gave drastically lower germination 

percent and smaller pollen tubes at the same temperature, indicating the presences of genetic 

variability in pollen germination and pollen tube length for high temperature.  

Liu et al. (2006) used a screening method based on pollen germination in in vitro 

combination with boll retention testing in the field environment. They quantified 14 cotton 

cultivars for heat tolerance in vitro pollen germination, and pollen tube growth in response to 

temperatures. Different cotton genotypes behaved differently for pollen germination and 

pollen tube length in responses to the diverse temperatures in vitro. Further they observed 

variation in boll retention and number of bolls per plant in the field for 14 cotton cultivars 

and boll retention and bolls per plant varied considerably in different years according to 

weather conditions. Boll retention on 20 August was highly correlated with maximum pollen 

germination, showing the existence of genetic variability for pollen germination, pollen tube 

length, bolls per plant and boll retention in different cotton genotypes. 

In cotton genotypes, pollen germination, pollen tube growth and their response to 

primary temperatures (minimum optimum and maximum temperature) and this method could 



also be used to differentiate high temperature-tolerant genotypes from those that are 

susceptible (Kakani et al., 2005). Pollen germination and pollen tube length of cotton were 

drastically decreased in conditions of high temperature, additional studies on groundnut 

(Kakani et al., 2002), bell pepper (Erickson and Markhart, 2002), and soybeans (Koti, 2004) 

have revealed that there are significant reductions in pollen germination and pollen tube 

length at high temperatures and that pollen germination and pollen tube length differ amongst 

cultivars. Growth and functional aspects of pollen are much vulnerable to high temperatures 

than other parts of flower (Peet et al., 1998). Pollen germination is influenced by high 

temperature at pre-anthesis stage, when growth of anther and pollen grains happen, and 

decline in pollen germination and pollen tube development in anthesis at high temperatures 

outcome in failure of fertilization and a lesser fruit set (Vara Prasad et al. 1999; Young et al. 

2004). These results suggest that pollen plays vital role in crop fruit setting under heat stress 

conditions. Pollen germination and pollen tube growth have been used to classify cultivars 

tolerant to high temperatures in groundnut (Kakani et al., 2002). 

Electrical conductivity (EC) has been used as an important indicator of membrane 

thermo stability to identify heat tolerant genotypes in various crops. Electrical conductivity 

(EC) rises due to breakage of the cell membrane, whilst tissues are exposed to high 

temperature (Blum and Ebercon, 1981). Temperature induction response (TIR) proved 

another successful technique to screen high temperature tolerant lines (Kumar et al., 1999; 

Srikanthbabu et al., 2002), and they adopted this technique for screening heat tolerant lines of 

sunflower which were used to synthesis hybrid BSH-1. 

According to the reports cellular membrane thermo stability (CMT) has been 

described to be appropriate screening criterion for detecting heat tolerance (Blum and 

Ebercon, 1981).The cell membrane is integral part of every living cell, acting as boundary 

between protoplasm of cell and the environment. The cellular membranes help the influx and 

efflux of metabolites of the cells. These membranes work as central place for cellular 

activities and continue functioning even in stress (Raison et al., 1980). High temperature 

weakens the hydrogen bonds of cell membrane which changes composition and structure cell 

membrane and electrostatic interactions amid polar group of proteins in the aqueous phase of 

the membrane, but also induces irreparable denaturation of enzymes. The vital membrane 

proteins remain strongly connected with the lipid phase. The injury of cellular membranes 



due to high temperature modifies its permeability resulting leakage of electrolytes (solutes), 

and eventually influence photosynthesis and respiration (Christiansen, 1978). The electrolyte 

leakage indicates injury of the cellular membranes (McDaniel, 1982). It is clear that static 

cellular membranes with less outflow of electrolytes point out heat tolerance while unstable 

cellular membranes and more leakage of electrolytes exhibits heat sensitivity. Consequently, 

CMT is essayed indirectly by measuring electrolyte leakage adopting heat stress. 

This technique was applied for the first time by Sullivan (1972), for screening heat 

tolerant and susceptible sorghum genotypes. This technique had also been used to ascertain 

the degree of heat tolerance in numerous crop species e.g. wheat (Ibrahim and Quick, 

2001a,b) soybean (Martineau et al., 1979a,b) rice (Agari et al., 1995) legumes (Srinavasan et 

al., 1996) cowpeas (Ismail and Hall, 1999) sorghum (Sullivan and Ross, 1979), tomato (Chen 

et al., 1982) and cotton (Ashraf et al., 1994; Malik et al., 1999; Rahman et al., 2004). Azhar 

et al. (2009) has reported that relative cell injury (RCI %) is a measure of cell membrane 

thermo stability, and may be used to assess heat tolerance in G. hirsutum L. They further 

narrated that heat tolerant accessions had more stable yield and produce more seed cotton 

with better quality fibre than the heat susceptible accessions. 

2.4.3. Square, flower and boll shedding 

Cotton yield depends upon fruit setting, retention and boll weight. At the start fruit 

development appears as a square, then a flower and finally a boll. The square and flower 

abortion is maximum when day/night temperature is 30ºC / 20ºC for 13 hours (Reddy et al. 

1991b). 

 About 65 to 70% of fruiting points of cotton plant shed, and according to a number 

of estimates mostly shedding is in the form of squares, flowers and small boIls, however this 

loss is attributed to high temperatures. The viability of pollen grains is reduced drastically 

above temperature 35°C and as a result unfertilized flowers wilt without forming bolls. 

(Baloch et al., 2000) Although cotton is C3 plant yet it is more heat tolerant than other C3 

plants, while excessive high temperatures (above 36°C) result in severe loss to the plant 

(Bhatt et al., 1972; Fisher, 1973). All existing squares and flowers were aborted in numerous 

upland cotton cultivars at extremely high day temperature i.e. 40°C for 13 h (Reddy et al., 



1992), but Pima cotton was highly susceptible and futile to produce reproductive branches. 

Square losses at high temperature increased when temperature is above 89.6°F (32°C). 

Physiological time affects square and boll growth, incorporating the effects of temperature.  

2.4.4. Number of bolls 

Less number of boll retention due to high temperature as a large daily temperature 

amplitude produced an intermediate number of flowers and the lowest retention percentage. 

Liu et al. (2006) observed variations in boll retention and numbers bolls per plant in field for 

the 14 cotton cultivars, and both boll retention and number of bolls per plant varied 

considerably in different years according to weather condition and genotypes. It has been 

established that young bolls abort when exposed to average daily temperatures above 28°C 

and the more time exposure above-optimum temperature, the maximum abscission frequency 

(Reddy et al., 1992). 

In the Yangtze River valley, cotton-growing areas of China, numerous periodic 

shocks of high temperature, through which the air temperature is more than 35°C, generally 

come about in July and August, a time while cotton flowering and boll loading is in full 

swing, results in the senescence of leaves, abortion of bolls, and a decline in lint yield (Zhou 

et al., 1996; Miao et al., 1998; Liu et al., 2006).  

On a cotton plant, boll retention was very strongly controlled by temperature 

regimens (Reddy et al., 1999). The best temperature for boll maintenance is 28°C and the 

young bolls are dropped whilst the mean daily temperature is more than optimum (Reddy et 

al., 1992, 1999). The lowest retention percentage was observed on very high daily 

temperature (Liakata, 1998). 

The basic influence of high temperature is less fruit retention due to which results in 

low seed cotton yield, late crop maturity and inferior lint quality. Although cotton plant 

originated in hot climates, it does not yield best at excessively high temperatures. Research 

has indicated that high temperature is a main abiotic factor which affects cotton yields badly 

(Oosterhuis, 2002). 



2.5. Lint yield improvement 

2.5.1. Fibre quality 

Breeding for high lint yield is still the primary goal of any breeding program, but 

improving fiber quality has become increasingly important (Meredith et al., 1991). The 

existence of heritable variability and favorable correlation among various characters is 

critical for launching any breeding program aimed at selection of desirable genotypes (Ali et 

al., 2008). Therefore creation and quantification of genetic variability and associated 

response of fiber quality parameters among the prevailing cultivars is vital (Ali et al., 2008). 

Hussain et al. (2010) worked on fibre traits of cotton and found that genotypes differed 

significantly for staple length, fiber strength, fineness and uniformity. Genetic analysis also 

revealed highly significant effects due to general as well as specific combining ability. 

Heat-tolerant cultivars of cotton produce more and stable seed cotton yield with better 

quality fibre than the heat susceptible varieties in four environments (Azhar et al., 2009). 

Cotton is highly responsive to changes in temperature, humidity, and soil moisture, which 

may affect its yield, yield components, and fiber properties (Killi et al., 2005). Lint yield 

improvement through selection needs more number of bolls, high lint %, smaller boll size 

and smaller seed size (Wells et al., 1986). 

Cotton is commonly sown in sizzling environments. High temperature more than 

35
o
C all over the growing season can badly affect plant development and eventually yield 

and quality (Hearn and Constable, 1984). High day temperature increased the fibre length, 

uniformity, strength and micronaire (Liakata, 1998). Cotton fiber has global importance. 

Fiber quality of a particular cotton genotype is a combination of different characters 

including staple length, fiber strength, fineness, and uniformity with extreme importance 

(Poehlman and Sleper, 1995, Ali et al., 2008). In cotton breeding, only improvement of lint 

yield is not the objective rather quality characters like staple length, fiber strength, and 

fineness and maturity etc. are also very important for textile industry. Good staple length, 

fiber strength and high tensile strength of fiber are needed for good spinning. The F1, F2 and 

backcross populations were developed and studied along with the parents. In generation 

means analysis a simple model with additive or additive and dominance parameters were 



found fit to explain inheritance of fiber quality traits. The variance analysis revealed that only 

additive and environmental variance was involved for the traits. High heritability (>0.78) also 

indicated that most of the genetic variance was additive for the traits (Rahman and Malik, 

2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 3 

MATERIALS AND METHODS 

The experiments to study variation in heat tolerance in G. hirsutum L. and its genetic 

basis were conducted in the department of Plant Breeding and Genetics, University of 

Agriculture, Faisalabad (Pakistan) during 2009-2012. Different experiments were 

conducted for the evaluation of the cotton germplasm for assessing variation against heat 

stress. The detail of each of the experiments is given in the following paragraphs. Name of 

each genetic entry is given in Appendix I. 

3.1. Evaluation of germplasm in greenhouse 

3.1.1. Germination  

This experiment was conducted in glasshouse for evaluation of germination 

percentage of 70 cotton varieties at two temperature regimes i.e. optimal (31-34°C) and 

high temperature (40-43°C). These temperatures were maintained in two different 

chambers of glasshouse for both the temperature regimes. One hundred seeds of each 

variety were sown in plastic trays having sand, and were arranged following complete 

randomized layout system with three replications. Thus there were 210 trays for each 

temperature regime. Trays were supplied with sufficient water to keep the sand moist. The 

seeds were soaked in water for eight hours prior to sowing. Germinated seeds of each 

variety were recorded 7 days after sowing, and compared on the basis of percentage.  

3.1.2. Evaluation of germplasm using relative cell injury (RCI %) and canopy 

temperature 

This experiment was conducted using two temperature regimes: the plants were 

grown at optimum temperature, 31-34/19-21 ± 2°C (day/night) and high temperature, 42-

44º C /24-27±2º C. These temperatures were maintained in two separate growth chambers 

of glasshouse. In one chamber optimal temperature was maintained, while in other 

chamber, the temperature was gradually increased to the desired celsius and maintained for 



rest of the period. Both the experiments were terminated when plants started to flowering 

and showed maximum flush of flowers. 

 The plants were grown in earthen pots measuring 30 cm (high) and 35 cm (upper 

diameter). These pots were filled with 9 kg soil. Soil was analysed before filling in the pots. 

The pH of soil was 8.1, EC 1.2 dS/m, organic matter 1.42 %, saturation percentage 31 %, 

phosphorous 28.9 ppm and potassium 135 ppm. The seeds of 70 varieties were soaked in 

tap water eight hours before sowing. Four seeds of each variety were sown 2 cm deep in 

each pot, and at two true leaf stage these were thinned to one seedling. Each variety was 

grown in 5 pots, having 15 plants in three replications following a complete randomized 

design, thus there were 1050 plants in each temperature regime. The plants were grown 

under day length of 14 hours, natural light (PAR ranged 1400-1600 µmol nf
2
 s at noon) and 

65-80 % humidity in both the chambers. Water was supplied to earthen pots at the rate of 

1400 ml per pot daily during peak flowering period and on alternate days afterwards. All 

other growing conditions in the two chambers were kept uniform and identical.  

At peak flowering stage, 70 varieties were measured for RCI % and canopy 

temperature. For measuring RCI %, leaves were tagged on the day these unfolded, and that 

was designated as day 1. A steel punch of 10 mm inner diameter was used for punching 

leaf discs. Samples were collected in paired sets from both sides of the leaf midrib for heat 

treated and non-treated (control). Leaf discs were excised between 1300 and 1500 hour, 

and were immediately placed in glass vials containing 2 ml deionized water. Vials were 

brought to the laboratory quickly. Leaf discs were thoroughly rinsed thrice with deionized 

water to wash out electrolyte adherent on the surface or those already released into water. 

After final washing, 2 ml deionized water was added to each vial and capped to avoid 

desiccation and evaporation during heat treatment. One set of vials was treated at 50°C for 

1 hour in water bath, whilst other set was kept at 25°C for one hour. After heat treatment, 

10 ml deionized water was added to each vial and held at 10 °C for 24 hours to allow 

diffusion of electrolytes. Vials were brought to 25°C and shaken to mix the contents. Initial 

EC reading was measured using EC meter (Model, 1-11-933300, Harina Instrument, USA). 

Vials were autoclaved for 10 minutes at 0.10 MPa pressure to kill the tissues and release all 

the electrolytes. Vials were again brought to 25°C and final EC reading was recorded. 



Relative cell injury percentage (RC1 %), an indicator of cell membrane thermostability 

(CMT), was calculated using following function (Sullivan, 1972). 

RCI (%) = [1- [{1-(T1/ T2)} / {1-(C1 /C2)}]] x 100 

Where, T and C denote EC of heat treated and controlled vials, and subscripts I and 2 

denote initial and final EC readings, respectively. 

Canopy temperature of 70 varieties was taken between 1300 to 1500 hours by 

infrared thermometer. Measurement of canopy temperature was made at 2 days interval. 

3.1.3. Assessment of heat tolerance 

 Choice of a method which measures the varied response of different varieties to 

high temperature is important for variety comparison and identification of most tolerant 

variety within hirsutum spp. Assessment of a variety on the basis of absolute performance 

offers a useful means of evaluating variation occurring in a plant material. Iqbal et al. 

(2011), Azhar et al. (2003), and Akhtar et al. (2007) had compared a large number of 

cotton germplasm for drought and heat tolerance, and found tolerant and susceptible 

parents. 

The response of different varieties to heat was also examined on the basis of indices 

of heat tolerance (relative heat tolerance) following the method extensively used in the 

study of heavy metal tolerance (McNeilly, 1968), salt tolerance (Ashraf et al., 1986; Azhar 

and McNeilly, 1987), heat tolerance (Azhar et al., 2009), drought tolerance (Iqbal et al., 

2010). In the present investigations the indices of heat tolerance were calculated according 

to the formula given below 

                                                 

                                                   
     

3.1.4. Statistical analysis 

The absolute and relative data (indices of heat tolerance) for germination %, RCI % 

and canopy temperature of 70 cotton varieties were analysed following ordinary analysis of 

variance technique (Steel et al., 1997) to see whether the genotypic differences were 

significant. 



3.2. Selection of parents 

Seventy cotton varieties were compared on the basis of germination %, RCI % and 

canopy temperature. Data showed that three varieties, MNH-552, FH-1000 and NIAB-111 

had greater germination %, low RCI % and low canopy temperature, and were found to be 

heat tolerant and three varieties, LRA-5166, Cedix ST-362 (GL) and 4F, with low 

germination %, higher RCI % and high canopy temperature were heat susceptible 

genotypes. These six varieties were hybrized for the development of plant material to study 

genetic controlling mechanism of heat tolerance.  

3.2.1. Hybridization of parents 

The six cotton varieties identified in previous section 3.2 were sown in earthen pots 

in glasshouse during October 2009, and hybridized tolerant variety with susceptible. There 

were three sets of crosses i.e. MNH-552 × Cedix ST-362 (GL), FH-1000 × LRA 5166 and 

NIAB- 111× 4F. Hereafter these crosses will be referred as to, Cross-1, Cross-2 and Cross-

3 respectively. When the six parents started to flower, these were hand emasculated in the 

evening. The stamens were removed and carpels were covered with soda straw tubes and 

plugged with cotton lint. The flowers/buds to be used as male parents were also covered 

with glassine bags in the same evening to prevent pollen contamination, and the following 

morning emasculated buds were pollinated with respective male parent, and soda straw 

tubes were placed back on the style. In order to develop selfed seed of the parent variety 

self-pollination of parents was effected simply by tying a piece of thread around the buds in 

the evening. At maturity, seed cotton of three crosses were collected and ginned to obtain 

F1 seed. Similarly selfed seed of parents was obtained. 

  Half of the F1 seed was kept in store, whilst other half and their parents were grown 

during May-June 2010. When F1 plants started to flower, these were crossed back with their 

respective parents to develop seeds of BC1 and BC2, whilst some of the F1 plants were also 

selfed to develop F2 seed. At maturity the seed cotton of these genotypes was collected and 

ginned.  



3.2.2. Response of different genotypes to heat stress 

Since development of these two temperature regimes in the field is very difficult 

and uncertain. Therefore growing of plants under normal and high temperature in the field 

is not practicable, however this difficulty may be overcome by planting plant material at 

different sowing dates as had been done in Brassica (Morrison and Stewart, 2002). This 

method was followed by many workers in cotton (Steiner and Jacobsen, 1992; Rahman et 

al., 2004; Azhar et al., 2009). For the assessment of different genotypes, seeds of six 

generations i.e. P1, P2, F1, F2, BC1, BC2 were sown in the field during early April, 2011 (for 

high temperature), and early June (normal temperature). A triplicated randomized complete 

block design was followed for the conduct of this experiment. Each genetic entry was 

planted in a single row plot of 450 cm long having 16 plants spaced 30 cm apart within the 

row and 75 cm between the rows. There was one row of each P1, P2 and F1, three rows of 

BC1 and BC2 and six rows of F2 of each genetic entry in one replication. Two seeds of each 

entry were dibbled 5-6 cm deep per hill, and when seedlings were 15 cm high, these 

thinned to one seedling. The plants were sprayed with suitable insecticide as and when 

needed, to obtain clean and healthy plants. Both the experiments were conducted on the 

same piece of land to minimize possible soil heterogeneity. The experiments were irrigated 

when needed. All general production practices recommended for cotton crop were adopted 

identically for both the experiments. During the development and maturity of plants in six 

generations, data on the following characters were measured.  

3.2.3. RCI % and canopy temperature 

 Methodology of these two parameters has been described in section 3.1.2. 

3.2.4. Square shedding % 

When reproductive stage of plants started, total numbers of squares developed on a 

plant and the number shed down were counted weekly. Shedding percentage in each 

genotype was computed in each temperature regimes for analysis. 



3.2.5. Flowers shedding % 

Total number flowers on a plant developed and dropped during the growing season 

were counted, and percentage was calculated in both normal and high temperature. Means 

were used for genetic analysis. 

3.2.6. Number of bolls  

In total three picks of seed cotton were made of each plant. At the time of each 

picking, number of picked bolls were counted. Total number of bolls picked in three picks 

were summed up to record total number of bolls on a plant. Mean number of bolls in each 

generation under low and high temperature was calculated for further genetic analysis. 

3.2.7. Seed cotton yield (g) 

Yield of seed cotton during each pick was obtained and all of seed cotton obtained 

in three picks was weighed using electronic balance. Average seed cotton yield of each 

generation was calculated for further use. This character was measured in both the 

experiments. 

3.2.8. Average boll weight (g) 

Average boll weight of a plant was obtained by dividing total produce of seed 

cotton by its respective number of picked bolls. Average boll weight of each generation 

under normal and high temperature was measured for statistical analysis. 

3.2.9. Ginning percentage 

Total produce of seed cotton of each genetic entry was cleaned and ginned with a 

single roller electric gin in the laboratory. The lint was weighed on electronic balance and 

divided by total weight of seed cotton ginned, and multiplied by 100. Mean ginning 

percentage of all the generations was calculated for statistical analysis. 



3.2.10. Fibre quality characters 

For measuring staple length, fibre strength and fibre fineness, a sample of 10 g lint 

with 8% moisture was taken of each entry assessed under low and high temperature and 

tested using HVI (High Volume Instrument) available in the department of fibre 

technology. 

3.3. Biometrical analysis 

Absolute data and indices of heat tolerance of all the traits studied were analysed 

using analysis of variance technique (Steel et al., 1997) in order to see the significance of 

genotypic responses to heat stress. Coefficients for partitioning sum of squares of the six 

generations were constructed according to the rules given by Little and Hills (1978). 

Table 3.1 Coefficients for partitioning sum of squares among six generations into 

orthogonal comparisons. 

Comparison 
Generations 

P1 P2 F1 F2 BC1 BC2 

P1 vs P2 1 -1 0 0 0 0 

P‟s vs F1 1 1 -2 0 0 0 

BC1 vs BC2 0 0 0 0 1 -1 

F2 vs BC‟s 0 0 0 2 -1 -1 

P‟s, F1 vs BC‟s, F2 1 1 1 -1 -1 -1 

Sum of squares for these comparisons were calculated using following formula given 

by Little and Hills (1978). 

Where,  

SS = (∑ciYi)
2
/r∑ci

2
 

SS = sum of squares of comparisons 

∑ = Summation 

ci = comparison coefficients 



Yi= generation totals  

r = replicates 

3.4. Genetic basis of variation in genotypic responses to normal and high 

temperature 

The genetic basis of variation in heat tolerance in cotton were investigated analyzing 

the genetic data on six generations tested under two temperature regimes. The biometric 

approach used for the analysis is generation mean analysis (Mather and Jinks, 1982). Means 

and variances of the two parents, BC1, BC2, F1 and F2 generations were calculated on 

individual plant basis pooled over replications. 

Coefficients of genetic components of generation means are presented in Table 3.2. A 

weighted least square analysis suggested by Mather and Jinks (1982) was performed on the 

generation means commencing with the simplest model using parameter „m‟ only. Further 

models of increasing complexity (md, mdh, etc.) were fitted if the sum of squares was 

significant. The best fit model was the one which had significant estimates of all the 

parameters along with non-significant „Chi‟ square value. For each trait, the higher parent 

was always taken as P1 in the model fitting. 

Table 3.2 Coefficients of genetic effects for weighted least squares analysis of generation 

means.  

Generations 
Components of genetic effects 

M [d] [h] [i] [j] [l] 

P1 1 1 0 1 0 0 

P2 1 -1 0 1 0 0 

F1 1 0 1 0 0 1 

F2 1 0 0.5 0 0 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 

 



A weighted least square analysis of variance was also performed as described by 

Mather and Jinks (1982). The coefficients of genetic components i.e. additive (D), 

dominance (H), additive x dominance (F) and environmental variation (E) are presented in 

Table 3.3. Models fitting D, E and D, H, E and D, F, E and D, H, F and E were tried. The 

best fit model was selected when estimate of Chi square was non-significant with all 

parameters. 

Table 3.3 Coefficients of genetic variance components for weighted least squares 

analysis of generation variances.  

Generations 
Components of genetic variances 

D H F E 

P1 0.0 0.0 0.0 1 

P2 0.0 0.0 0.0 1 

F1 0.0 0.0 0.0 1 

F2 0.5 0.25 0.0 1 

BC1 1 0.25 -0.5 1 

BC2 1 0.25 0.5 1 

3.5. Estimation of heritability in narrow sense 

Estimates of narrow-sense heritability (h
2

ns) were computed according to the 

following formula given by Warner (1952); 

h
2
ns= 

                 

    
 

Where; 

σ
2
F2 = variance of F2 generation 

σ
2
B1 = variance of back cross with parent 1 

σ
2
B2 = variance of back cross with parent 2 

3.6. Response to selection 

Response to selection of plants in segregating generation was computed by the 

following formula (Falconer and Mackay, 1996). 



R= S ̅ ×h
2
ns 

Where; 

R = Response to selection 

 ̅0 =  Mean of the original population 

 ̅S =  Mean of the selected plants 

S ̅ = Selection differential ( ̅S- ̅0) 

h
2

ns = Estimate of narrow sense heritability in fraction of the trait 

3.7. Genetic correlation coefficient (rg) 

The correlation coefficient between normal and high temperature conditions for all 

the characters were computed using following formula 

rg = 
        

√              
⁄  

Where; 

rg   = Genetic correlation between X and Y traits  

covXg.Yg   = covariance between X and Y traits 

var Xg and var Yg  = variances of X and Y traits, respectively 

 

 

 

 

 

 

 



CHAPTER 4 

RESULTS 

4.1. Screening of germplasm for heat tolerance 

Screening of the germplasm given in appendix I was done on the basis of 

germination, relative cell injury percentage (RCI %) and canopy temperature (°C) of the 

varieties. The plant material was grown at normal (31-34°C) and high temperature (40-

43°C). Analysis of variance of data collected in each criterion, and responses of the varieties 

to two temperature regimes is desribed in following paragraphs.  

4.1.1. Assessment on the basis of germination percentage 

Absolute data i.e. under normal and high temperature assessed in the present study 

has been previously used to study heat tolerance (Akhter et al., 2008) and drought tolerance 

in cotton (Iqbal et al., 2010), and therefore this method was also used in the present 

investigation. The absolute data on germination percentage of 70 varieties is given in 

Appendix II. 

The results of analysis of variance of absolute values of 70 cotton varieties provided 

in Table 4.1a show highly significant genotypic differences (P ≤ 0.01) for germination 

percentage, whilst difference between two temperature regimes is also significant (P ≤ 

0.01). The interaction component, varieties × temperature regimes also appeared to be 

significant (P ≤ 0.01), revealing that 70 cotton varieties responded differently to two 

temperatures in glasshouse. 

In order to simplify data presentation and interpretation, a sub-sample of 14 varieties 

has been taken for more detailed consideration from the 70 evaluated in Appendix I, and are 

presented in Table 4.2. This group of 14 varieties includes 3 most tolerant i.e. NIAB111 

(No.59), MNH552 (No.32), FH1000 (No.23), eight belong to moderately tolerant group, 

AC134 (No.25), CIM554 (No.53), DPL2775 (No.12), BH126 (No.55), PB899 (No.20), 

NIAB78 (No.61), CIM446 (No.45) and BH147 (No.67), and three least tolerant varieties 

Cedix St 362 (GL) No.14), LRA-5166 (No.7) and 4F (No.18).  



A perusal of Table 4.2 clearly show the considerable differences in variety responses 

to two temperature regimes, whilst there were considerable differences among the total 70 

varieties, thus there appears to be some evidence of two groups according to responses 

among the sub sample of 14. Thus although germination of all the varieties is almost similar 

in control, it varied from 69% in DPL-2775 (No.12) to 74% in NIAB 111(No.59), MNH552 

(No.32) and FH1000 (No.23). Although high temperature had reduced germination 

markedly, differences between the varieties can still be discerned e.g. NIAB111 (No.59), 

MNH552 (No.32) FH1000 (No.23) showing 55%, 54%, and 53% germination respectively 

appear to be more tolerant than DPL-2775 (No.12, 42%), PB899 (No.20, 41%), AC134 

(No.25, 43%), NIAB 78 (No.61, 42%), CIM446 (No.45, 40%), CIM554 (No. 54, 40%), 

BH126 (No. 55, 41%) and BH147 (No. 67, 38%) which are essentially similar in their 

ability to withstand heat stress, and thus may be called moderately tolerant. By contrast, 

germination of LRA-5166 (No. 7, 25%), Cedix St 362 (GL) (No. 14, 27%), and 4F (No. 18, 

26%) was affected considerably by high temperature, and may be called susceptible 

varieties. 

Heat tolerance of 70 varieties may also be evaluated as the reduction in germination 

due to high temperature expressed as percentage of control (indices of heat tolerance). 

Assessment on the basis of relative heat tolerance (indices of heat tolerance) has been useful 

for the identification of heat tolerant and susceptible plant material of cotton. This 

procedure had been adopted by Akhter et al. (2008), for screening material for heat 

tolerance and Iqbal et al. (2010) for drought tolerance in cotton. 

 In order to compare 70 varieties examined in the present study, indices of heat 

tolerance were determined, and are given in Appendix III. Mean squares given in Table 

4.1.2 of relative germination indicate highly significant genetic differences (P ≤ 0.01). A 

sub sample of 14 varieties is given in Table 4.2 These data clearly show the adverse effect 

of high temperature on germination in all the varieties, and also reveal considerable 

differences in relative responses to varieties. The comparison of indices of heat tolerance of 

14 varieties, based upon germination, shows that some of varieties are more tolerant than 

others. The variety NIAB 111 (No.59) gave 75% germination of the control whereas LRA 

5166 (No.7), Cedix St 362 (GL) (No.14) and 4F (No.18) gave 34%, 38% and 35% 

respectively, and seemed to be sensitive varieties. In other varieties germination was 



affected to varying degrees, yet the differences are again striking. Germination of FH 

1000(No.23) and MNH 552(No.32) having 72% germination in both the varieties appear to 

be less affected, whilst in the remaining varieties indices of heat tolerance ranged from 54% 

in BH147 (No.67) to 60% in AC 134 (No.25). 

4.1.2. Assessment on the basis of canopy temperature 

The mean values of absolute canopy temperature i.e. in control and high temperature 

of 70 varieties is given in Appendix IV. Mean squares given in Table 4.1a reveal highly 

significant (P ≤ 0.01) differences among the 70 varieties, and the two temperature regimes. 

Significant interaction (P ≤ 0.01) Var × T show that varieties responded differently to 

increased heat stress. 

 Canopy temperature of sub-sample of 14 varieties is given in Table 4.3 Canopy 

temperature reveal that all the varieties exhibited similar response to control temperature, 

but under high temperature there again appears to be a wide diversity in variety responses, 

and a comparison of the varieties may be useful for the identification of highly tolerant and 

highly susceptible varieties, and an intermediate group. The response of NIAB-111(No. 59), 

MNH552 (No.32) and FH 1000 (No.23) which showed minimum temperature i.e. 32
o
C, 31

 

o
C and 33

o
C respectively may be called most heat tolerant than CIM554 (No.53), DPL-2775 

(No.12) AC134 (No.25) BH126 (No.55), PB899 (No.20), NIAB78 (No. 61), CIM446 

(No.45) and BH147 (No.67) revealed similar tolerance with temperature ranging from 38-

40°C. By contrast Cedix St 362(GL) (No. 14), and LRA 5166 (No. 7) and 4F (No.18) which 

displayed high temperature ranging from 43-44 °C of leaves, and thus seemed to be 

temperature sensitive varieties. 

 The indices of heat tolerance of 14 varieties included in sub-sample are given in 

Table 4.3, and provide further estimate of tolerance of varieties. The sensitivity of some 

varieties to high temperature was markedly decreased, and thus Cedix St 362 (GL) (No. 14), 

LRA -5166 (No. 7) and 4F (No. 18), revealed maximum temperature of leaves, and 

appeared to be temperature sensitive. By contrast, FH1000 (No.23), MNH 552 (No.32) and 

NIAB 111 (No.59) which showed minimum temperature of leaves, and showed superior 



tolerance to increased heat. Other varieties formed an intermediate group of heat tolerance, 

and in these varieties canopy temperature is essentially similar.  

4.1.3. Assessment on the basis of RCI % 

Absolute data recorded in control and high temperature for RCI% of 70 varieties 

given in Appendix V. Analysis of variance of these data is given in the form mean squares 

in Table 4.4 Significant mean squares (P ≤ 0.01) indicate that genotypes differed from each 

other for RCI%. Statistical differences between two temperatures were also significant (P ≤ 

0.01). Significant interaction component (P ≤ 0.01) between varieties and temperature 

indicate that varieties responded differently to two temperatures. 

 A sub-sample of 14 varieties has been extracted from the larger group, and RCI% 

given Table 4.4. Comparison of varieties showed that RCI% differed appreciably in all the 

varieties assessed even under controlled temperature, but magnitude of injury to cells is 

lesser than those due to high temperature. When varieties were treated with high 

temperature NIAB111 (No. 59), MNH552 (No.32) and FH 1000 (No.23) showed minimum 

injury to cells i.e. 27%, 28%, and 29% respectively and were revealed to be most tolerant 

varieties than any of the other variety in the sample. By contrast injury was more in AC134 

(No.25, 61%) NIAB 78 (No.61, 64%), BH126 (No.55, 51%), PB899 (No.20, 68%), DPL-

2775 (No.12, 57%), CIM554 (No.53, 67%), CIM446 (No.45, 85%) and BH147 (No.67, 

87%), revealing similar heat tolerance, and may be regarded as intermediate group. 

The effect of high temperature on the varieties in terms of indices of heat tolerances 

based upon relative values of RCI% of 70 varieties is given in Appendix V, and analysis of 

variance given in Table 4.1b revealed highly significant differences (P ≤ 0.01). Indices of 

heat tolerance of 14 varieties is given in Table 4.4. The indices clearly show the adverse 

effect of high temperature on varieties, and differences in responses to heat were 

distinguishable e.g. NIAB 111(No.59), MNH552 (No.32), FH1000 (No.23) with almost 

similar and minimum RCI% (109%) may be regarded highly tolerant varieties. By contrast, 

injury to the cells of 4F (No.18), Cedix St 362 (GL) and LRA-5166 (No.7) was greater 

(128%) compared with the control, and may be categorized as heat sensitive varieties. In the 

remaining varieties the cell injury was in between the two extremes. 



Table 4.1a  

Mean squares of germination %, canopy temperature and RCI % of 70 varieties of Gossypium hirsutum L. grown in control 

and high temperature 

Sources of Variation DF Germination % Canopy Temperature RCI % 

Varieties (Var) 69 41.57** 10.47** 1234.26** 

Temperature (T) 1 101246.29** 4042.40** 10934.40** 

Var x T 69 36.82** 3.00* 17.99** 

Residual 280 9.65 1.98 2.08 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01)respectively 

Table 4.1b 

 Mean squares of relative germination %, canopy temperature and RCI % of 70 varieties of Gossypium hirsutum L. 

Sources of Variation DF Germination % Canopy Temperature RCI % 

Varieties (Var) 69 136.26** 54.59** 61.65** 

Residual 140 34.42902 43.20 19.78 

** denotes differences highly significant (P< 0.01)  



Table 4.2 Germination:  

Absolute and indices of heat tolerance of 14 varieties of Gossypium hirsutum L. 

  

Code 

No 
Varieties Control 

High 

temperature 

Indices of heat 

tolerance  

59 NIAB 111 74.0 55.3 74.9 

32 MNH552 74.3 53.7 72.2 

23 FH1000 74.0 53.0 71.7 

25 AC134 71.3 43.0 60.3 

12 DPL2775 68.7 40.7 59.2 

61 NIAB 78 71.3 42.0 58.9 

20 PB899 70.0 41.0 58.6 

55 BH126 71.3 41.3 58.0 

53 CIM554 72.0 40.3 56.0 

45 CIM446 71.7 40.0 55.8 

67 BH147 71.0 38.3 54.1 

14 CedixSt362 (GL) 71.0 27.0 38.1 

18 4F 74.7 26.3 35.3 

7 LRA5166 73.7 25.3 34.4 

 LSD 5% 2.88 5.35 8.13 

 

 

 

 

 



Table 4.3 Canopy temperature:  

Absolute and indices of heat tolerance of 14 varieties of Gossypium hirsutum L. 

Code No Varieties Control 
High 

temperature 

Indices of heat 

tolerance  

23 FH1000 31 33 106.5 

32 MNH552 29.0 31 106.9 

59 NIAB 111 33.0 32.33 107.7 

53 CIM554 31.0 37.67 115.3 

12 DPL2775 32.0 38.67 117.3 

25 AC134 32.3 39 118.2 

55 BH126 31.7 39.33 119.3 

61 NIAB 78 34.0 40 120.0 

20 PB899 33.0 38 120.1 

45 CIM446 33.0 39 120.9 

67 BH147 33.0 39.33 123.1 

14 CedixSt362 (GL) 33.3 44 129.5 

18 LRA5166 33.3 44 130.7 

7 4F 30.0 43.33 131.4 

 LSD 5% 1.72 3.87 13.32 

 

 

 

 

 

 



Table 4.4 RCI%: 

 Absolute and indices of heat tolerance of 14 varieties of Gossypium hirsutum L. 

 

Code No Varieties Control 
High 

temperature 

Indices of heat 

tolerance  

59 NIAB 111 25.0 27.3 109.2 

32 MNH552 26.0 28.3 108.8 

23 FH1000 27.0 29.3 108.5 

55 BH126 41.0 51.3 125.1 

12 DPL2775 50.0 57.3 114.6 

25 AC134 52.0 61.3 117.9 

61 NIAB 78 52.3 64.3 122.9 

53 CIM554 53.0 66.7 125.8 

20 PB899 54.3 67.7 124.7 

45 CIM446 71.0 84.7 119.3 

67 BH147 74.7 88.3 118.2 

18 4F 73.0 93.7 128.4 

14 CedixSt362 (GL) 74.0 94.7 128.0 

7 LRA5166 74.3 95.0 127.9 

 LSD 5% 1.81 1.40 5.56 
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4.2. Whole plant response to normal and high temperature 

Six generations i.e. P1, P2, F1, F2, BC1 and BC2 of each of the three crosses i.e. Cross-

1, Cross-2 and Cross-3 were grown in the field during April (high temperature) and early 

June (normal temperature) as has been done in Brassica (Morrison and Stewart, 2002) and 

cotton (Akhter et al., 2008). At plant maturity, data on square shedding %, flower shedding 

%, RCI%, canopy temperature, number of bolls, average boll weight, seed cotton 

yield/plant, ginning out turn, fibre length, fibre strength and fibre fineness were collected. 

Assessment of genotypic responses to high temperature was compared with that of control, 

called indices of heat tolerance. Mean values over the replications of each character are 

given in Appendices VI-XVI. 

Absolute data regarding the characters in the three crosses under consideration 

measured in control and high temperature were subjected to ordinary analysis of variance 

technique (Steel et al., 1997), and the mean squares are given in Table 4.5a, 4.5b and 4.5c 

respectively. The study of the mean squares revealed highly significant differences (P ≤ 

0.001) between the generations of three crosses. Significant mean squares (P ≤ 0.001) due 

to high temperature indicated that temperature during April and June was also different, and 

the varieties responded differently to the two stress conditions, as interaction component, G 

× T were also significant (P ≤ 0.001) except for RCI%, boll weight and gin turn out in 

Cross-1, boll weight in Cross-2 and RCI% and boll weight in Cross-3, where probability 

level reduced to non-significant (P ≥ 0.05). 

The variance for each of the characters in three crosses evaluated under two 

temperature regimes was partitioned further and the mean squares due to normal and high 

temperature regimes are given Table 4.6a, 4.6b, 4.7a, 4.7b, 4.8a and 4.8b respectively. 

Examination of all these mean squares showed that six generations of the crosses differed 

significantly (P ≤ 0.001) except for fibre length in Cross-1 tested under normal conditions 

(Table 4.4a). The variance component due to P1vs P2 appeared to be highly significant (P ≤ 

0.001) for all the characters measured in the three crosses under both the temperature 

conditions, except variance for fibre length which was reduced to non-significant (P ≥ 

0.05).Variance due to P‟S
 
vs F1 was significant (P ≤ 0.01) for canopy temperature and 

number of bolls in Cross-1 under normal conditions, significant for number of bolls, yield 
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of seed cotton and fibre length in Cross-2 under normal conditions, highly significant (P ≤ 

0.001) for number of bolls, fibre strength and fibre fineness in Cross-2 under high 

temperature, and significant (P ≤ 0.05) for number of bolls in Cross-3, whilst for the 

remaining characters tested under both the conditions, magnitude of variances was reduced 

to non–significant (P ≥ 0.05). Magnitude of variances resulting due to interaction, BC1 vs 

BC2 appeared to be significant (P ≤ 0.05 to 0.001) for all the characters measured in both 

the growing conditions, however variance for fibre length in Cross-1 grown under low 

(normal) temperature, gin turn out and fibre length in Cross-2 grown under both the 

conditions, canopy temperature in Cross-3 grown under low temperature were non-

significant (P ≥ 0.05). 

 Significant mean squares (P ≤ 0.05 to 0.001) due to F2 vs BC‟S interaction appeared 

to be pronounced for square shedding %, flower shedding %, canopy temperature, boll 

weight and yield of seed cotton in normal conditions, flower shedding %, boll weight, yield 

of seed cotton and fibre strength in Cross-1 evaluated under high temperature. This 

interaction was significant (P ≤ 0.05-0.001) for square shedding %, flower shedding %, 

canopy temperature, yield of seed cotton, fibre length and fibre strength in Cross-2 

evaluated under normal temperature (Table 4.7a), however when this plant material was 

sown under increased temperature variances for all the characters were significant (P ≤ 

0.05-0.001), except variance for gin turn out which was reduced to non-significant (P ≥ 

0.05, Table 4.7b).  

Mean squares due to interaction resulting from F2 vs BC2 in Cross-3 grown under 

normal temperature appeared to be significant (P ≤ 0.05-0.001) for flower shedding %, 

canopy temperature, boll weight, yield of seed cotton, ginning out turn, fibre length, fibre 

strength and fibre fineness (Table 4.8a), and by contrast mean squares due to this interaction 

were significant only for square shedding % , flower shedding %, boll weight and yield of 

seed cotton in plant material grown under high temperature (Table 4.8b). In four-way 

interaction i.e. P‟s, F1 vs F2, BC‟s mean squares were significant (P ≤ 0.05 to 0.001) for 

flower shedding %, canopy temperature, boll weight and yield of seed cotton in Cross-1 

grown under normal temperature (Table 4.6a), and when this plant material was grown 

under high temperature, Mean squares due to four way interaction was significant only for 

square shedding %, boll weight, yield of seed cotton, fibre strength and fibre fineness 
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(Table 4.6b). In Cross-2 grown under normal temperature (Table 4.7a), four-way interaction 

was significant (P ≤ 0.001) for square shedding %, number of bolls, yield of seed cotton and 

three fibre characteristics, and under high temperature this interaction appeared to be 

significant (P ≤ 0.05-0.001) for all the characters except for boll weight, gin turn out and 

fibre strength. The variance resulting from four way interaction in Cross-3 grown under 

normal temperature was significant for boll weight, yield of seed cotton, gin turn out and 

fibre length (Table4.8a), whilst under high temperature, mean squares due to four-way 

interaction appeared to be significant (P ≤ 0.05 to 0.001) only for number of bolls, boll 

weight, yield of seed cotton, fibre length and fibre fineness. 

The formal analysis of variance of indices of heat tolerance partitioned the total 

variance arising due to different interaction components. The mean squares of the six 

generations and different interaction components in each of three crosses are given in Table 

4.9 to 4.11. Mean squares given in these tables reveal that differences among six 

generations were significant (P ≤ 0.001) for all the characters except gin turn out in Cross-1 

(Table 4.9), and RCI% in Cross-2 (Table 4.10). The interaction due to P1 vs P2 was 

significant (P ≤ 0.05-0.001) for square shedding %, flower shedding %, canopy 

temperature, number of bolls, yield of seed cotton, fibre length and fibre fineness in the 

three crosses, whilst probability level reduced to non-significant (P ≥ 0.05) for RCI%, boll 

weight, gin turn out and fibre strength in Cross-1 and Cross-2, and RCI%, canopy 

temperature and fibre fineness in Cross-3. 

The variance component due to interaction P‟s vs F1 was significant only for canopy 

temperature and number of bolls in Cross-1 (Table 4.9), significant (p ≤0.05) for fibre 

length in Cross-2 (Table 4.10), and highly significant (P ≤ 0.001) for number of bolls and 

gin turn out in Cross-3 (Table 4.11). Magnitude of variances resulting from interaction 

BC1vs BC2 were highly significant for square shedding %, flower shedding %, canopy 

temperature, yield of seed cotton, gin turn out and fibre strength in Cross-2 (Table 4.10). In 

Table 4.9 interaction due to BC1 vs BC2 was significant (P ≤ 0.05-0.001) for all the 

characters except canopy temperature, ginning out turn, fibre strength and fibre fineness. In 

cross Cross-3, the interaction due to BC1 vs BC2 appear to be highly significant (P ≤ 0.001) 

for flowering shedding %, canopy temperature, number of bolls, yield of seed cotton, 

ginning out turn, fibre strength and fibre fineness (Table 4.11). 
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The variance component arising from the interaction F2 vs BC‟s was significant (P ≤ 

0.001) for flower shedding, RCI% and canopy temperature (Table 4.9), and by contrast 

magnitude of variance was highly significant (P ≤ 0.001) for all the characters except gin 

turn out in Cross-2 (Table 4.10), boll weight and fibre fineness in Cross-3 (Table 4.11). The 

four way interaction, P‟s, F1 vs BC‟s, F2 was significant (P ≤ 0.05-0.001) for RCI%, number 

of bolls, yield of seed cotton, fibre strength and fibre fineness in Cross-1. In Cross-2 mean 

squares due to four way interaction appear to be highly significant (P ≤ 0.001) for square 

shedding %, flower shedding %, number of bolls, boll weight, yield of seed cotton, fibre 

length and fibre strength, whilst this interaction in Cross-3 was significant (P ≤ 0.01-0.001) 

only for number of bolls, yield of seed cotton, gin turn out and fibre length.  
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Table 4.5a 

Mean squares due to absolute data for various traits in Cross-1 of Gossypium hirsutum L. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 15.77 32.83 23.4 10.3 10.05 

Generations (G) 5 754.86* 1597.98** 28581.30** 743.30** 4502.11** 

Temperature (T) 1 6760.33** 88468.23** 7280.20** 7210.67** 8120.53** 

G×T 5 110.92** 792.78** 31.60
ns

 53.79** 123.92** 

Error 1336 8.47 11.81 131.3 7.92 18.61 

Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 0.66 324.31 2.71 0.18 13.43 0.32 

Generations (G) 5 20.48** 10863.58** 151.64** 29.29** 152.62** 10.89** 

Temperature (T) 1 19.17** 133023.29** 19.58** 374.26** 247.98** 26.13** 

G×T 5 0.41
ns

 1748.87** 1.33
ns

 15.01** 4.59** 0.40** 

Error 1336 0.27 90.39 1.29 2.02 1.35 0.13 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.5b  

Mean squares due to absolute data for various traits in Cross-2 of Gossypium hirsutum L. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 105.65 237.62 3175.6 136.41 134.44 

Generations (G) 5 588.87** 1928.73** 33211.30** 303.52** 592.53** 

Temperature (T) 1 435.77** 31857.31** 876.80* 13341.88** 5424.03** 

G×T 5 430.89** 686.48** 1119.90** 58.48** 39.09** 

Error 1336 5.67 7.28 165.5 5.84 8.95 

Conti…  

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 5.45 226.58 2.16 0.93 0.32 0.29 

Generations (G) 5 61.91** 31011.75** 38.39** 144.01** 269.62** 7.92** 

Temperature (T) 1 8.00* 94970.61** 3.26
ns

 1096.67** 532.36** 20.29** 

G×T 5 0.99
ns

 658.81** 4.32* 24.40* 67.91** 1.48** 

Error 1336 1.16 94.86 1.4 1.53 0.61 0.03 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.5c  

Mean squares due to absolute data for various traits in Cross-3 of Gossypium hirsutum L. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 285.18 148.94 95.6 15.52 176.42 

Generations (G) 5 483.97** 1359.55** 25633.80** 365.50** 1032.36** 

Temperature (T) 1 5174.41** 45147.59** 6617.90** 9240.76** 4696.54** 

G×T 5 126.01** 426.48** 26.00
ns

 58.86** 84.30** 

Error 1336 12.82 24.8 129.9 9.05 13.61 

Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 0.68 1656.6 59.38 18.5 5.39 0.48 

Generations (G) 5 86.80** 68122.50** 675.12** 560.59** 108.74** 5.76** 

Temperature (T) 1 18.59** 103473.20** 120.67** 2713.40** 789.06** 34.43** 

G×T 5 0.23
ns

 558.00* 43.19** 57.49** 6.69** 0.22** 

Error 1336 0.47 267.6 5.8 4.23 0.93 0.07 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.6a 

Partitioned analysis of variances of various traits in Cross-1 of Gossypium hirsutum L. grown under normal temperature. 

 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 2.80 5.15 73.00 15.80 25.65 

Generations (G) 5 166.86** 109.92** 13793.60** 273.82** 1982.38** 

P1vs P2 1 672.40** 336.40** 40917.00** 705.60** 6468.50** 

P’S vs F1 1 11.61
ns

 0.53
ns

 6.00
ns

 76.80** 171.20* 

BC1 vs BC2 1 126.76** 84.45** 27989.00** 384.01** 2940.30** 

F2 vs BC’S 1 22.80* 102.70** 32.00
ns

 148.30** 4.60
ns

 

P’S, F1 vs BC’S, F2 1 0.80
ns

 25.50* 23.00
ns

 54.30* 327.30** 

Error 12 5.54 5.18 109.31 5.65 17.43 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 1.21 1402.00 4.92 0.16 0.04 0.36 

Generations (G) 5 13.14** 2957.80** 77.80** 1.37
ns

 84.29** 3.98** 

P1vs P2 1 33.86** 9180.90** 198.32** 5.23
ns

 222.65** 10.89** 

P’S vs F1 1 0.04
ns

 1.20
ns

 8.46* 0.06
ns

 0.91
ns

 0.01
ns

 

BC1 vs BC2 1 20.86** 1579.80** 178.28** 1.27
ns

 199.13** 8.78** 

F2 vs BC’S 1 7.22** 3639.00** 3.78
ns

 0.17
ns

 1.00
ns

 0.18
ns

 

P’S, F1 vs BC’S, F2 1 3.70** 388.00* 0.15
ns

 0.14
ns

 1.35
ns

 0.03
ns

 

Error 12 0.32 72.19 1.04 1.68 0.67 0.07 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.6b 

Partitioned analysis of variances of various traits in Cross-1 of Gossypium hirsutum L. grown under high temperature. 

 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 27.15 34.05 7.50 5.70 90.20 

Generations (G) 5 698.92** 2280.84** 14819.40** 523.28** 2643.64** 

P1vs P2 1 2200.28** 6742.70** 46694.00** 1786.68** 7709.90** 

P’S vs F1 1 2.31
ns

 2.00
ns

 0.00
ns

 1.07
ns

 0.30
ns

 

BC1 vs BC2 1 1241.60** 4555.10** 27080.00** 795.67** 5431.60** 

F2 vs BC’S 1 0.70
ns

 99.70* 239.00
ns

 0.10
ns

 51.60
ns

 

P’S, F1 vs BC’S, F2 1 49.60* 4.80
ns

 84.00
ns

 32.90
ns

 24.80
ns

 

Error 12 11.38 18.46 153.54 10.18 19.52 
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Conti… 

 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 0.94 1165.00 0.13 5.70 28.68 0.04 

Generations (G) 5 7.75** 9654.60** 75.17** 42.91** 73.10** 7.31** 

P1vs P2 1 23.00** 22306.70** 171.67** 136.65** 185.47** 20.26** 

P’S vs F1 1 0.01
ns

 258.70
ns

 0.01
ns

 1.60
ns

 1.23
ns

 0.27
ns

 

BC1 vs BC2 1 9.37** 22939.00** 202.97** 75.21** 136.25** 14.33** 

F2 vs BC’S 1 4.93** 644.00* 0.03
ns

 1.08
ns

 8.07* 0.80* 

P’S, F1 vs BC’S, F2 1 1.45* 2124.00** 1.16
ns

 0.02
ns

 34.50** 0.88* 

Error 12 0.21 102.14 1.54 2.36 1.99 0.19 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.7a 

Partitioned analysis of variances of various traits in Cross-2 of Gossypium hirsutum L. grown under normal temperature. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 68.65 175.85 433.00 35.90 42.95 

Generations (G) 5 146.50** 221.70** 15364.00** 70.56** 191.78** 

P1vs P2 1 240.10** 751.11** 49703.00** 202.50** 56.01* 

P’S vs F1 1 12.03
ns

 10.01
ns

 5.00
ns

 2.31
ns

 105.78** 

BC1 vs BC2 1 94.81** 288.30** 26920.00** 91.29** 259.11** 

F2 vs BC’S 1 114.80** 43.90* 178.00
ns

 52.90* 0.20
ns

 

P’S, F1 vs BC’S, F2 1 270.80** 15.10
ns

 15.00
ns

 3.80
ns

 537.80** 

Error 12 5.94 7.68 182.31 5.19 8.95 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 2.26 89.00 4.15 0.89 1.45 0.11 

Generations (G) 5 27.18** 13539.60** 22.78** 67.90** 238.16** 5.49** 

P1vs P2 1 73.62** 52814.00** 105.41** 192.14** 73.08** 22.90** 

P’S vs F1 1 1.63
ns

 1487.00** 0.57
ns

 8.93** 0.01
ns

 0.01
ns

 

BC1 vs BC2 1 52.89** 4130.90** 2.47
ns

 22.13** 824.78** 2.33** 

F2 vs BC’S 1 6.73
ns

 631.00** 0.06
ns

 73.56** 231.94** 0.10
ns

 

P’S, F1 vs BC’S, F2 1 1.02
ns

 8635.00** 5.30
ns

 42.74** 61.02** 2.09** 

Error 12 1.8 77.98 2.01 2.06 0.63 0.03 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.7b  

Partitioned analysis of variances of various traits in Cross-2 of Gossypium hirsutum L. grown under high temperature. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 46.55 74.15 6019.00 110.85 97.75 

Generations (G) 5 873.26** 2393.52** 18967.20** 291.44** 439.84** 

P1vs P2 1 2180.54** 4494.40** 56100.00** 852.54** 340.28** 

P’S vs F1 1 0.63
ns

 2.90
ns

 2.00
ns

 16.63
ns

 100.83** 

BC1 vs BC2 1 938.93** 1642.80** 29894.00** 529.20** 256.18** 

F2 vs BC’S 1 891.90** 4628.80** 6934.00** 29.40* 58.70* 

P’S, F1 vs BC’S, F2 1 354.30** 1198.70** 1907.00** 29.50* 1443.20** 

Error 12 5.38 6.86 139.45 6.48 8.97 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 3.86 355.00 3.24 0.22 0.19 0.23 

Generations (G) 5 35.72** 18131.00** 19.93** 100.51** 99.36** 3.91** 

P1vs P2 1 97.14** 61330.00** 74.71** 317.49** 278.43** 6.94** 

P’S vs F1 1 1.62
ns

 4.00
ns

 0.73
ns

 0.31
ns

 4.56** 0.15** 

BC1 vs BC2 1 69.52** 11293.00** 19.31** 2.62
ns

 204.10** 2.17** 

F2 vs BC’S 1 10.09** 5708.00** 2.54
ns

 19.00** 9.67** 8.02** 

P’S, F1 vs BC’S, F2 1 0.24
ns

 12320.00** 2.37
ns

 163.13** 0.04
ns

 2.29** 

Error 12 0.53 111.37 0.78 1.00 0.59 0.02 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.8a 

Mean squares with partitioned variances for various traits in Cross-3 of Gossypium hirsutum L. grown under normal 

temperature. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 53.00 1.10 255.50 7.85 121.25 

Generations (G) 5 77.96** 195.98** 13119.40** 127.38** 308.16** 

P1vs P2 1 288.01** 700.01** 41003.00** 448.90** 1152.04** 

P’S vs F1 1 3.56
ns

 10.40
ns

 51.00
ns

 9.63
ns

 0.01
ns

 

BC1 vs BC2 1 87.84** 160.20* 24443.60** 5.63
ns

 360.50** 

F2 vs BC’S 1 0.20
ns

 100.50* 58.00
ns

 140.00** 20.40
ns

 

P’S, F1 vs BC’S, F2 1 10.20
ns

 8.70
ns

 42.00
ns

 32.70
ns

 7.80
ns

 

Error 12 7.28 19.01 109.94 10.14 12.42 

 

 

 

 

 



57 
 

Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 0.09 1063.00 10.00 15.18 4.86 0.56 

Generations (G) 5 41.83** 31973.40** 405.08** 342.19** 33.92** 2.14** 

P1vs P2 1 94.25** 101183.00** 1054.73** 942.19** 73.98** 6.78** 

P’S vs F1 1 0.10
ns

 197.00
ns

 16.88
ns

 1.07
ns

 0.02
ns

 0.08
ns

 

BC1 vs BC2 1 95.05** 53580.00** 594.67** 119.60** 89.79** 3.05** 

F2 vs BC’S 1 14.54** 3695.00** 98.60** 633.10** 4.61* 0.72* 

P’S, F1 vs BC’S, F2 1 5.23* 1212.00* 260.50** 15.00* 1.18
ns

 0.05
ns

 

Error 12 0.54 292.19 5.16 3.86 0.79 0.07 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.8b 

Partitioned analysis of variances of various traits in Cross-3 of Gossypium hirsutum L. grown under high temperature. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 324.15 334.15 89.50 25.40 131.75 

Generations (G) 5 532.02** 1590.06** 12540.60** 296.98** 808.50** 

P1vs P2 1 2240.01** 4737.90** 42034.00** 1054.04** 2073.60** 

P’S vs F1 1 2.31
ns

 5.60
ns

 4.00
ns

 28.68
ns

 66.50* 

BC1 vs BC2 1 114.10* 2904.10** 20593.00** 386.40** 1796.70** 

F2 vs BC’S 1 302.30** 237.30* 28.00
ns

 7.40
ns

 2.80
ns

 

P’S, F1 vs BC’S, F2 1 1.40
ns

 65.30
ns

 44.00
ns

 8.40
ns

 102.90* 

Error 12 18.12 30.10 149.50 7.94 14.74 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 0.85 2085.50 59.55 10.09 1.48 0.46 

Generations (G) 5 45.20** 36707.00** 318.00** 275.88** 81.51** 3.85** 

P1vs P2 1 105.63** 95043.00** 607.36** 1214.40** 199.51** 10.68** 

P’S vs F1 1 1.47
ns

 352.00
ns

 3.84
ns

 0.01
ns

 0.06
ns

 0.00
ns

 

BC1 vs BC2 1 105.66** 85508.00** 946.20** 113.69** 206.81** 8.15** 

F2 vs BC’S 1 8.19** 1197.00* 12.80
ns

 14.30
ns

 0.99
ns

 0.07
ns

 

P’S, F1 vs BC’S, F2 1 5.06** 1436.00* 19.70
ns

 37.00* 0.18
ns

 0.33* 

Error 12 0.39 243.43 6.43 4.59 1.07 0.06 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.9 

Relative mean squares with partitioned variances for various traits in Cross-1 of Gossypium hirsutum L. 

Replications D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 114.00
ns

 31.50
ns

 3911.50
ns

 425.50
ns

 2396.00* 

Generations (G) 5 866.00** 38232.80** 4348.80* 960.00** 7470.60** 

P1vs P2 1 1599.01** 78929.00** 207.50
ns

 1420.40* 11378.50** 

P’S vs F1 1 187.78
ns

 5.00
ns

 73.99
ns

 1084.80* 3148.90* 

BC1 vs BC2 1 2239.20** 79998.00** 6357.00* 70.00
ns

 10552.00** 

F2 vs BC’S 1 217.00
ns

 30716.00** 9022.00* 2206.00** 364.00
ns

 

P’S, F1 vs BC’S, F2 1 87.00
ns

 1516.00
ns

 6083.00* 18.00
ns

 11910.00** 

Error 12 78.82 1060.24 1558.84 186.22 431.33 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 296.00
ns

 4954.00** 28.85
ns

 12.30
ns

 575.00** 102.50
ns

 

Generations (G) 5 2190.80* 7190.20** 18.96
ns

 419.94** 177.40* 267.60* 

P1vs P2 1 563.84
ns

 9400.00** 5.91
ns

 1223.53** 6.38
ns

 436.51* 

P’S vs F1 1 36.90
ns

 616.30
ns

 52.80
ns

 25.68
ns

 38.55
ns

 147.23
ns

 

BC1 vs BC2 1 9739.00** 22638.00** 11.10
ns

 813.50** 61.50
ns

 68.80
ns

 

F2 vs BC’S 1 343.00
ns

 361.00
ns

 19.70
ns

 24.10
ns

 187.00
ns

 67.00
ns

 

P’S, F1 vs BC’S, F2 1 271.00
ns

 2936.00** 5.30
ns

 13.00
ns

 594.00** 619.00* 

Error 12 615.93 201.77 14.71 45.71 49.61 92.41 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.10 

Relative mean squares with partitioned variances for various traits in Cross-2 of Gossypium hirsutum L. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 93.50
ns

 3339.00* 36800.00** 107.50
ns

 366.00
ns

 

Generations (G) 5 4748.40** 20579.80** 1163.60
ns

 1016.20** 2345.40** 

P1vs P2 1 4300.20** 13455.00** 355.12
ns

 1758.30** 2777.40** 

P’S vs F1 1 109.10
ns

 587.80
ns

 4.00
ns

 65.00
ns

 64.70
ns

 

BC1 vs BC2 1 2079.00** 4295.00* 1790.00
ns

 1521.40** 41.50
ns

 

F2 vs BC’S 1 10608.00** 73238.00* 2978.00* 1703.00** 2007.00** 

P’S, F1 vs BC’S, F2 1 6646.00** 11324.00** 691.00
ns

 33.00
ns

 6837.00** 

Error 12 53.52 516.66 642.47 132.42 173.03 
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Conti… 

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 8097.50
ns

 424.00
ns

 70.55* 4.75
ns

 46.05
ns

 58.30
ns

 

Generations (G) 5 28945.00** 3814.40** 54.72* 579.22** 2629.44** 1796.88** 

P1vs P2 1 1284.90
ns

 6498.70** 16.88
ns

 287.13* 1346.80** 3556.50** 

P’S vs F1 1 3965.30
ns

 457.90
ns

 18.03
ns

 163.30* 64.30
ns

 57.00
ns

 

BC1 vs BC2 1 882.00
ns

 3354.30** 225.13** 109.40
ns

 4036.00** 14.40
ns

 

F2 vs BC’S 1 95332.00** 5418.00** 4.80
ns

 1892.90** 6390.20** 5335.60** 

P’S, F1 vs BC’S, F2 1 43260.00* 3343.00** 8.80
ns

 443.40** 1309.80** 20.80
ns

 

Error 12 5287.29 147.92 13.98 29.89 23.09 23.86 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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Table 4.11 

Relative mean squares with partitioned variances for various traits in Cross-3 of Gossypium hirsutum L. 

Sources of Variation D.F. Square shedding % Flower shedding % RCI% 
Canopy 

temperature 
Number of bolls 

Replications 2 982.00* 11591.00** 4118.00
ns

 459.50* 1670.00* 

Generations (G) 5 1448.20** 14522.20** 8695.20** 1007.20** 7760.40** 

P1vs P2 1 5563.10** 17518.30** 3075.00
ns

 509.70
ns

 9570.40** 

P’S vs F1 1 0.90
ns

 13.60
ns

 1308.80
ns

 23.30
ns

 2479.90* 

BC1 vs BC2 1 1.50
ns

 28123.00** 2245.00
ns

 3420.60** 17262.00** 

F2 vs BC’S 1 1336.00* 26946.00** 33993.00** 596.00* 5690.00** 

P’S, F1 vs BC’S, F2 1 340.00
ns

 11.00
ns

 2854.00
ns

 486.00
ns

 3800.00** 

Error 12 151.29 909.44 1827.79 141.4 354.27* 
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Conti…  

Sources of Variation D.F. 
Average boll 

weight 
Yield of seed cotton Gin turn out Fibre length Fibre strength Fibre fineness 

Replications 2 642.00
ns

 577.00
ns

 154.10** 143.50
ns

 35.35
ns

 503.50** 

Generations (G) 5 1300.00** 10265.40** 799.38** 1038.80** 307.92** 135.60** 

P1vs P2 1 1822.90* 14497.70** 603.35** 610.17* 766.86** 113.60
ns

 

P’S vs F1 1 1130.90
ns

 5164.90* 56.63
ns

 28.95
ns

 1.22
ns

 39.42
ns

 

BC1 vs BC2 1 986.80
ns

 23650.00** 330.10** 4.00
ns

 626.40** 270.00* 

F2 vs BC’S 1 1298.00
ns

 3250.00* 1777.60** 3819.00** 118.30* 135.00
ns

 

P’S, F1 vs BC’S, F2 1 1261.00
ns

 4765.00** 1229.20** 732.00* 26.80
ns

 120.00
ns

 

Error 12 350.13 499.06 21.07 93.3 21.26 56.33 

* and ** denotes differences significant (P<0.05) and highly significant (P<0.01) respectively, whilst ns, reveals differences non-

significant (P≥0.05) 
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4.3. Generation mean analysis 

Significant genotypic differences for square shedding%, flower shedding %, RCI %, 

canopy temperature, number of bolls, average boll weight, seed cotton yield, gin turn out, 

fibre length, fibre strength and fibre fineness were observed by analyzing the data using 

analysis of variance technique. There are three components of variation in polygenic traits 

i.e, additive, non-additive (dominance) and epistasis which is due to interaction between 

additive × additive (i), additive × dominance (j), and dominance × dominance (l). 

Cumulative effect of genes is the average effect of both the parents, dominance effect is 

resulted from the allelic interaction and epistasis is the interaction of non-allelic genes. In 

the present investigation, gene action controlling different plant characters has been studied 

by using generation means analysis and through analysis of variances of different 

populations (parents, F1, F2, and back crosses generations) by the method described by 

Mather and Jinks (1982). In this analysis, different genetic models showed fitness of the 

observed to the expected generation means for different traits examined under normal and 

high temperature. Results of the fitness of the data to different models is given in 

Appendices XVII to XVII, and have been consolidated in Table 12 to 14 for normal, high 

temperature and indices of heat tolerance respectively.  

4.3.1. Two parameter genetic model 

Under normal conditions two parameter model m, [d] was best fit for fibre length, 

fibre strength and fineness of Cross-1, and fibre strength of Cross-3 (Table 4.12), whilst 

under high temperature it was best fit for flower shedding %, RCI %, number of bolls and 

gin turn out of Cross-1, and fibre strength of Cross-3 (Table 4.13). For indices of heat 

tolerance m, [d] genetic model was best fit for fibre strength of Cross-3 (Table 4.14).  

4.3.2. Three parameter genetic model  

Under normal temperature three parameter genetic model m, [d], [h] was best fit for 

square shedding % and RCI % in Cross-1, for RCI % and boll weight of Cross-2, and m, [d], 

[j] was best fit for square shedding % of Cross-3 (Table 4.12). Under high temperature m, 

[d], [h] genetic model was best fit for average boll weight in Cross-2 and canopy temperature 
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in Cross-3 (Table 4.13). Using indices of heat tolerance three parameter genetic model m, 

[d], [h] was found appropriate only for square shedding% in Cross-1 (Table 4.14). 

4.3.3. Four parameter genetic model 

Under normal temperature conditions, four parameter genetic model m, [d], [h], [i] 

was appropriate for analyzing data on flower shedding %, canopy temperature for Cross-2, 

RCI % of Cross-3 and m, [d], [i], [j] was found best fit for fibre fineness of Cross-2, and 

flower shedding % of Cross-3. Four parameter genetic model m, [d], [j], [l] was best fit for 

gin turn out of Cross-2 (Table 4.12). Under high temperature conditions four parameter 

genetic model, m, [d], [h], [i] was appropriate for square shedding % and fibre strength of 

Cross-1, canopy temperature of Cross-2, and flowering shedding %, number of bolls and 

fibre fineness of Cross-3, and m, [d], [i], [j] showed its best fitness for seed cotton yield and 

gin turn out of Cross-3 (Table 4.13). When four parameter genetic model m, [d], [h], [i] was 

tested for indices of heat tolerance, it was found suitable for canopy temperature, fibre 

strength and fibre fineness for Cross-1, m, [h], [i], [l] for fibre length of Cross-2, and m, [d], 

[i], [j] for RCI % of Cross-3 (Table 4.14). 

4.3.4. Five parameter genetic model 

For data collected under normal temperature conditions, five parameter genetic model 

m, [d], [h], [i], [j] was best fit for canopy temperature of Cross-1, square shedding % of 

Cross-2, and canopy temperature, number of bolls, boll weight, seed cotton yield and fibre 

fineness of Cross-3. Model m, [d], [h], [i], [l] was shown its fitness for boll weight of Cross-

1, gin turn out of Cross-3. Another combination of five parameter m, [d], [i], [j], [l] was 

found appropriate for gin turn out of Cross-1, and m, [d], [h], [j], [l] for number of bolls of 

Cross-2 (Table 4.12). Under high temperature, data was found fit for analyzing five 

parameter genetic model m, [d], [h], [i], [j] for canopy temperature, seed cotton yield and 

fibre fineness of Cross-1, gin turn out, fibre length and fibre strength of Cross-2, boll weight 

and fibre length of Cross-3 (Table 4.13).  

For indices of heat tolerance (Table 4.14) five parameter genetic model m, [d], [h], 

[i], [j] was best fit for data regarding RCI % of Cross-1, square shedding %, canopy 

temperature, number of bolls, seed cotton yield and fibre length of Cross-3. Five parameter 
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genetic model m, [d], [h], [i], [l] was best fit for flower shedding % of Cross-1, square 

shedding %, flower shedding %, RCI %, canopy temperature, boll weight and seed cotton of 

Cross-2, flower shedding % and fibre fineness of Cross-3. Five parameter genetic model m, 

[d], [h], [j], [l] was best fit for number of bolls, boll weight and seed cotton yield of Cross-1, 

and m, [d], [i], [j] [l], has shown its fitness for number of bolls of Cross-2  

4.3.5. Six parameter genetic model 

In Table 4.12, six parameter genetic model m, [d], [h], [i], [j] [l] has shown its 

adequacy to the data sets and provided its fitness of the observed to the expected generation 

means for flowering shedding %, number of bolls and seed cotton yield of Cross-1, seed 

cotton yield, fibre length and fibre strength of Cross-2, fibre length of Cross-3 grown under 

normal temperature. The model was best fit for boll weight of Cross-1, square shedding %, 

flower shedding %, RCI %, number of bolls, seed cotton yield and fibre fineness of Cross-2, 

square shedding % and RCI% of Cross-3 under heat stress (Table 4.13). 

The data on indices of heat tolerance showed its appropriateness for analysis using six 

parameter genetic m, [d], [h], [i], [j] [l]. Significant χ
2
 showed involvement of higher order 

interaction of the genes, and provided the best fit of the observed to the expected generation 

means for fibre strength and fibre fineness of Cross-2, and ginning out turn of Cross-3 (Table 

4.14). 

Significant χ
2
 on square shedding % in Cross-2 and Cross-3 under high temperature, 

flower shedding in Cross-1 and Cross-2 under normal and high temperature, RCI % in Cross-

2 and Cross-3 assessed under high temperature, number of bolls in Cross-2 and boll weight in 

Cross-1 under high temperature, seed cotton yield in Cross-1 and Cross-2 under normal, and 

in Cross-2 under high temperature, relative gin turn out in Cross-3, fibre length in Cross-2 

and Cross-3 under normal temperature, fibre strength in Cross-2 under normal and relative 

fibre strength in Cross-2 and fibre fibre fineness in Cross-2 under high temperature and 

relative fibre fineness in Cross-2 (Table 4.12- 4.14) . 
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Table 4.12 

Genetic models fitted to different plant characters in three crosses assessed under normal temperature 

Traits 

Absolute data 

Cross-1 Cross-2 Cross-3 

Square shedding % mdh  mdhij mdj 

Flower shedding % mdhijl  mdhi mdij 

RCI% mdh  mdh mdhij 

Canopy temperature mdhij  mdhil mdhij 

Number of bolls mdhjl  mdhjl mdhij 

Boll weight mdhil  mdh mdhij 

Seed cotton yield mdhijl  mdhijl mdhij 

Gin turn out mdijl  mdjl mdhil 

Fiber length md   mdhijl mdhijl 

Fiber strength md   mdhijl md 

Fiber fineness md   mdij mdhij 
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Table 4.13 

Genetic models fitted to different plant characters in three crosses assessed under high temperature 

Traits 

Absolute data 

Cross-1 Cross-2 Cross-3 

Square shedding % mdhi  mdhijl mdhijl 

Flower shedding % md  mdhijl mdhi 

RCI% md  mdhijl mdhijl 

Canopy temperature mdhij mdhi mdh 

Number of bolls md  mdhijl mdhi 

Boll weight mdhijl  mdh mdhij 

Seed cotton yield mdhij  mdhijl mdij 

Gin turn out md  mdhij mdij 

Fiber length md  mdhij mdhij 

Fiber strength mdhi  mdhij md 

Fiber fineness mdhij  mdhijl mdhi 
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Table 4.14 

Genetic models fitted to different plant characters in three crosses assessed for indices of heat tolerance 

Traits 

Indices of heat tolerance 

Cross-1 Cross-2 Cross-3 

Square shedding % mdh  mdhil mdhij 

Flower shedding % mdhil  mdhil mdhil 

RCI% mdhij  mdhil mdij 

Canopy temperature mdhi  mdhil mdhij 

Number of bolls mdhjl  mdijl mdhij 

Boll weight mdhjl  mdhil mdi 

Seed cotton yield mdhjl  mdhil mdhij 

Gin out turn md  mhj mdhijl 

Fiber length md  mhil mdhij 

Fiber strength mdhi  mdhijl md 

Fiber fineness mdhi  mdhijl mdhil 
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4.4. Estimation of generation variance  

Genetic variance analysis of Mather and Jinks (1982) partitioned the total variance in 

to additive D, dominance H, environments E and interaction F. Genetic and environmental 

variances can be measured from an experiment using pure lines, inbred lines, F1 and 

segregating generations i.e, backcrosses and F2. In the present investigation, a model 

consisting of all these four components was generally found to be adequate to account for 

variation in the three crosses. Table 4.15 to 4.17 present different genetic models found fit to 

the data sets.  

4.4.1. Two parameter genetic model 

Under normal temperature conditions (Table 4.15), two parameter genetic model 

consisting of D and E appeared to show its best fitness for square shedding %, number of 

number of bolls and fibre strength of Cross-1, flower shedding % and boll weight of Cross-2, 

and square shedding %, RCI %, canopy temperature, number of bolls, boll weight, seed 

cotton yield and fibre length of Cross-3. Under high temperature it showed its fitness for 

square shedding %, flower shedding %, RCI%, canopy temperature, number of bolls and 

seed cotton yield of Cross-1, square shedding %, flower shedding %, RCI %, number of bolls 

, boll weight, seed cotton yield, fibre length and fibre strength of Cross-2, and square 

shedding %, flower shedding %, RCI %, number of bolls, boll weight, seed cotton yield, 

ginning turn out, fibre strength and fineness of Cross-3 (Table 4.16). 

For indices of heat tolerance two parameter genetic model D, E was appropriate for 

analyzing data on square shedding %, flower shedding %, boll weight of Cross-1, square 

shedding %, flower shedding %, RCI %, canopy temperature, number of bolls, boll weight, 

seed cotton yield, ginning turn out, fibre length, fibre strength and fibre fineness of Cross-2, 

and for flower shedding % and fibre length of Cross-3 (Table 4.17). 

4.4.2. Three parameter genetic model  

Three parameter genetic model DFE, has shown its appropriateness for data set on 

flower shedding %, canopy temperature, boll weight, gin turn out and fibre length of Cross-1, 

fibre length of Cross-2, and fibre fineness of Cross-3 (Table 4.15) under normal conditions. 

Under high temperature, the model showed its fitness for boll weight, ginning out turn, fibre 
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length, strength and fineness of Cross-1, canopy temperature and fibre fineness of Cross-2, 

and fibre length of Cross-3 (Table 4.16). Data on indices of heat tolerance was suitable for 

analysis using three parameter genetic model DFE for RCI %, canopy temperature, number 

of bolls, gin turn out, fibre strength and fibre fineness of Cross-1, and RCI %, canopy 

temperature, number of bolls, seed cotton yield, ginning turn out, and fibre fineness of Cross-

3 (Table 4.17).  

Under normal conditions, three parameter model DHE (Table 4.15) was found fit for 

analyzing the data on RCI %, seed cotton yield, and fibre fineness of Cross-1, square 

shedding % of Cross-2, and flower shedding %, gin turn out and fibre strength of Cross-3. 

Data collected under high temperature for gin turn out of Cross-2, and canopy temperature of 

Cross-3 (Table 4.16) showed its adequacy for DHE model. For indices of heat tolerance three 

parameter genetic model DHE showed it‟s fitness for seed cotton yield and fibre length of 

Cross-1, and squaring shedding % of Cross-3 (Table 4.17).  

Significant χ
2
 indicated higher order interaction of genes in RCI %, canopy 

temperature, number of bolls, seed cotton yield, gin turn out, fibre strength and fibre fineness 

of Cross-2 (Table 4.15) under normal temperature and relative fibre strength in Cross-3 

(Table 4.16). In case of heat stress D and E model appeared to show its best fitness for square 

shedding % Cross-1, Cross-2 and Cross-3. For indices of heat tolerance based upon square 

shedding %, D and E model appeared to show its best fitness for Cross-1, and Cross-2, while 

D, H and E genetic model appeared to show its best fitness in Cross-3. The variance 

component for all the characters have been appended from Appendix XXVIII to XXXVIII 

and consolidated in Tables 15 to 17 respectively.  

  

 

 

.
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Table 4.15 

Variance genetic model for three crosses of G. hirsutum L. grown under normal temperature 

Traits Cross-1 Cross-2 Cross-3 

Square shedding % DE DHE DE 

Flower shedding % DFE DE DHE 

RCI % DHE DHFE DE 

Canopy temperature DFE DHFE DE 

Number of bolls  DE DHFE DE 

Boll weight DFE DE DE 

Seed cotton yield DHE DHFE DE 

Gin turn out DFE DHFE DHE 

Fiber length DFE DFE DE 

Fiber strength DE DHFE DHE 

Fiber fineness DHE DHFE DFE 
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Table 4.16 

Variance genetic model for three crosses of G. hirsutum L. grown under high temperature 

Traits Cross-1 Cross-2 Cross-3 

Square shedding % DE DE DE 

Flower shedding % DE DE DE 

RCI % DE DE DE 

Canopy temperature DE DFE DHE 

Number of bolls DE DE DE 

Boll weight DFE DE DE 

Seed cotton yield DE DE DE 

Gin turn out DFE DHE DE 

Fiber length DFE DE DFE 

Fiber strength DFE DE DE 

Fiber fineness DFE DFE DE 
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Table 4.17 

Variance genetic model for indices of heat tolerance in three crosses of G. hirsutum L.  

 Traits Cross-1 Cross-2 Cross-3 

Square shedding % DE DE DHE 

Flower shedding % DE DE DE 

RCI % DFE DE DFE 

Canopy temperature DFE DE DFE 

Number of bolls  DFE DE DFE 

Boll weight DE DE DFE 

Seed cotton yield DHE DE DFE 

Gin turn out DFE DE DFE 

Fiber length DHE DE DE 

Fiber strength DFE DE DHFE 

Fiber fineness DFE DE DFE 
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4.5. Estimation of heritability at maturity 

The estimates of heritability in narrow sense were calculated using mean 

components under normal and high temperature, and using indices of heat tolerance based 

on plant characters examined. These estimates have been given in Table 4.18. These 

estimates varied in each character measured in the three Crosses. 

Under normal temperature, the estimates for square shedding % were 0.81, 0.79 and 

0.84 in Cross-1, Cross-2 and Cross-3 respectively, whilst under high temperature the 

estimates were 0.73, 0.79 and 0.80. When indices of heat tolerance were used the 

estimation of h
2
ns was 0.81, 0.82 and 0.84, respectively.  

Under normal temperature, Cross-1 revealed that estimate of h
2
ns for canopy 

temperature is low (0.36) and high (0.87) for fibre finesses. In Cross-2 these estimates were 

0.36 for gin turn out and 0.80 for seed cotton yield. For Cross-3, these were again low for 

canopy temperature (0.40) and gin turn out (0.41). When the estimates of h
2
ns were 

calculated in three crosses evaluated under high temperature, these generally appeared to be 

inflated as compared with those under normal temperature, for example in Cross-1, these 

ranged from 0.71 for fiber finesse to 0.92 for number of bolls, in Cross-2, these varied from 

0.64 for canopy temperature to 0.94 for number of boll per plant. In Cross-3, these ranged 

from 0.72 for numbers of bolls to 0.96 for fiber length. 

Using indices of heat tolerance in Cross-1 these estimates ranged from 0.54 for fiber 

length to 0.95 for fiber fineness. For Cross-2, these were 0.50 for fiber length, and 0.97 for 

number of bolls, and in Cross-3, these estimates differed from 0.57 for fiber length to 0.90 

for both RCI % and fiber fineness. 
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Table 4.18 

Estimates of heritability (ns) using mean components of various characters in three crosses of G. hirsutum L. 

Crosses 
Square 

shedding % 

Flower 

shedding % 
RCI% 

Canopy 

temperature 

Bolls per 

plant 

Boll 

weight 

Yield 

per plant 

Gin 

turn out 

Fibre 

length 

Fibre 

strength 

Fibre 

fineness 

Normal temperature 

Cross-1 0.81 0.82 0.65 0.36 0.85 0.87 0.83 0.43 0.52 0.79 0.87 

Cross-2 0.79 0.75 0.73 0.42 0.61 0.73 0.80 0.36 0.47 0.77 0.70 

Cross-3 0.84 0.67 0.80 0.40 0.73 0.77 0.81 0.41 0.59 0.69 0.68 

High temperature 

Cross-1 0.73 0.83 0.91 0.79 0.92 0.74 0.76 0.74 0.77 0.79 0.71 

Cross-2 0.79 0.77 0.90 0.64 0.94 0.97 0.71 0.73 0.83 0.89 0.67 

Cross-3 0.80 0.82 0.93 0.74 0.72 0.87 0.87 0.95 0.96 0.90 0.81 

Index of heat tolerance  

Cross-1 0.81 0.82 0.77 0.93 0.82 0.86 0.91 0.75 0.54 0.74 0.95 

Cross-2 0.84 0.93 0.91 0.86 0.97 0.81 0.93 0.68 0.50 0.69 0.90 

Cross-3 0.82 0.74 0.90 0.77 0.79 0.78 0.85 0.81 0.57 0.75 0.90 
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4.6. Response to Selection  

Selection of superior plants were made under high temperature from the segregating 

generations of the three crosses, and expected means of next generation of each of 11 

characters were calculated. Since for square shedding %, flower shedding %, RCI %, canopy 

temperature and fibre fineness, lower values are desirable and therefore, these values were 

considered superior. The values of  ̅0,  ̅S, R, and  ̅F3 are given in Table 4.19. 

Cross-1, in Table 4.19 revealed that selection of the desirable plants showed 

appreciable response and consequently means of next generation was increased/decreased. 

The means of square shedding has decreased from 43.71 to 41.12, flower shedding 32.76 to 

28.60, RCI% 52.46 to 40.04, canopy temperature 35.53 to 33.03 and fibre fineness 5.53 to 

5.22. Number of bolls per plants has increased from 21.90 to 26.04, boll weight 3.06 to 3.44, 

seed cotton yield 65.93 to 74.03, gin turn out 38.17 to 39.13, fibre length 26.15 to 27.13 and 

fibre strength 22.13 to 23.15 in one cycle of selection. Similarly, genetic gain in plant traits 

appeared to be of similar magnitude in Cross-2 and Cross-3. 

4.7. Estimation of genetic correlation coefficients (rg) 

It has been suggested that a character measured in two different environments may be 

regarded as two characters rather than one (Falconer, 1952). A low genetic correlation would 

signify the involvement of different genes, and a high correlation would indicate the presence 

of same gene or genes (Shannon, 1984). Based upon this assumption, genetic correlation 

coefficients (rg) for the characters measured in normal and high temperature were computed 

in the three crosses, and are given in Table 4.20. The rg for square shedding % in three 

crosses are 0.980, 0.568, 0.993, for flower shedding % 0.990, 0.957, 0.970, for RCI% 0.998, 

0.995, 0.989, for canopy temperature 0.929, 0.998, 0.958, for number of bolls 0.971, 0.997, 

0.988, for boll weight 0.988, 0.978, 0.999, for seed cotton yield 0.954, 0.984, 0.992, for gin 

turn out 0.987, 0.939, 0.931, for fibre length 0.818, 0.907, 0.946, for fibre strength 0.992, 

0.657, 0.993, and for fibre fineness 0.989, 0.863, 0.996. These coefficients (rg) suggest that 

heat tolerance of the families grown under normal and high temperature were highly 

correlated. 
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Table 4.19 

 Response to selection under high temperature 

 

Square 

shedding 

% 

Flower 

shedding 

% 

Bolls 

per 

plant 

Boll 

weight 

(g) 

Yield per 

plant 

(g) 

Gin 

turn out 
RCI% 

Canopy 

temperature 

(
0
C) 

Fibre 

length 

(mm) 

Fibre 

strength 

(g/tax) 

Fibre 

fineness 

(micronair) 

Cross –1 

 ̅0  43.71 32.76 21.9 3.06 65.93 38.17 52.46 35.52 26.15 22.13 5.53 

 ̅S 40.16 27.75 26.4 3.58 76.59 39.46 38.81 32.37 27.42 23.43 5.07 

R= S ̅×h
2
n 2.59 4.16 4.14 0.38 8.1 0.96 12.42 2.49 0.97 1.03 0.33 

 ̅F3 41.12 28.6 26.04 3.44 74.03 39.13 40.04 33.03 27.13 23.15 5.21 

Cross –2 

 ̅0  40.29 28.72 22.86 3.48 77.82 39.53 48.82 35.31 25.25 21.85 4.48 

 ̅S 37.99 25.01 25.59 4.27 88.04 40.39 31.72 33.02 26.14 22.66 4.3 

R= S ̅×h
2
n 1.68 3.08 2.52 0.58 7.77 0.63 15.56 1.81 0.68 0.64 0.13 

 ̅F3 38.61 25.64 25.38 4.06 85.58 40.17 33.26 33.5 25.93 22.49 4.35 

Cross –3 

 ̅0  42.42 31.71 17.23 3.5 60.55 35.07 50.09 35.62 24.51 20.57 5.01 

 ̅S 38.06 25.31 21.35 4.22 79.74 37.9 37.53 32.63 26.29 21.76 4.79 

R= S ̅×h
2
n 3.18 5.31 3.8 0.54 14.58 2.09 11.43 2.36 1.37 0.94 0.15 

 ̅F3 39.24 26.4 21.02 4.04 75.13 37.16 38.66 33.26 25.88 21.51 4.85 

 ̅0: mean of original segregating population;  ̅S, mean of plants selected for the population; R, response to selection;  ̅F3, expected 

mean of next segregating population.
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Table 4.20  

Genetic correlation coefficient (rg) between normal and high temperature 

 

Plant characters Cross-1 Cross-2 Cross-3 

Square shedding % 0.980 0.568 0.993 

Flower shedding % 0.990 0.957 0.970 

RCI% 0.998
 
 0.995

 
 0.989

 
 

Canopy temperature 0.929 0.998 0.958 

Number of bolls 0.971 0.997 0.988 

Boll weight 0.988 0.978
 
 0.999 

Seed cotton yield/plant  0.954 0.984 0.992 

Gin turn out 0.987 0.939
 
 0.931 

Fibre length 0.818 0.907 0.946 

Fibre strength 0.992 0.657 0.993 

Fibre fineness 0.989 0.863 0.996 
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CHAPTER 5 

DISCUSSION 

Exceedingly high temperature (>36 ºC) during summer has disproportionately large 

effect on crop growth and development. Significant losses to cotton crop occur due to fall off 

squares, shedding off flowers and bolls, and consequently crop production is reduced 

considerably (Hodges et al., 1993). Thus higher temperature throughout the growing season 

is the main environmental constraint in cotton production (Oosterhuis, 1994). Clearly, the 

development of cotton varieties tolerant to high temperature, through selection and breeding, 

is a possible and viable solution to mitigate the losses to cotton production. As a first step to 

achieve the objective, availability of efficient and dependable screening technique which 

could measure variation in heat tolerance of a large number of germplasm is essential. 

In the present investigations, assessment of variation in heat tolerance was made at 

early stage and at the commencement of reproductive stage. The entries were compared on 

the basis of differences and similarities in absolute and relative terms (indices of heat 

tolerance). The two measures of assessing plant material under stress conditions had been 

previously used by a number of researchers working for salt tolerance and drought tolerance 

studied in various crop species e.g. sorghum (Azhar and McNeilly, 1988), rice (Azhar et al., 

2007), wheat (Ashraf et al., 1994; Ali et al., 2007), maize (Khan and McNeilly, 2000), lucern 

(Al-Khatib et al., 1993) and cotton (Ashraf and Ahmad, 1999; Azhar and Ahmad, 2000; 

Iqbal et al., 2011). Therefore, in present investigation adoption of these two measures for 

comparing heat tolerance in cotton is justified. 

Analysis of variance revealed that the two temperature conditions in the glasshouse 

were different and varieties exhibited differential responses to heat stress for seed 

germination, canopy temperature and RCI%, as the interaction term was significant (Var × T) 

(Table 4.1a), and therefore 70 varieties differed significantly from each other for the three 

traits studied. 

 Germination of 14 varieties in a subsample was suppressed even at optimum 

temperature 32 ºC, but at higher temperature the effect was drastic, and the varieties appeared 
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to differ. On absolute basis NIAB111, MNH 552, and FH 1000 showed maximum 

germination % (53-55.3) and were lowest (25-27) in Cedix St 362 (GL), 4F and LRA 5166, 

thus the varieties in these two groups may be called as heat tolerant and heat susceptible 

respectively. However in the remaining varieties germination did not differ much, and 

formed moderately tolerant group. On the basis of indices of heat tolerance, seed germination 

of these three groups was found to be in consistent with that of found on absolute basis. 

Burke (2001) had emphasized the importance of evaluation of cotton varieties for heat 

tolerance at seedling stage for production in most of the dry land areas. The existence of 

variation in heat tolerance had been studied by Ashraf et al. (1994), who assessed five 

varieties of upland cotton under optimum (30 ºC) and higher temperature (48 ºC). Clearly, 

the present data on seed germination showing differing responses to heat stress is in 

agreement with the previous workers. 

Canopy temperature had been used successfully for screening germplasm in a number 

of plant species, for example, sorghum, soybeans, alfalfa and tomatoes (Hatfield et al., 1984), 

wheat (Winter et al., 1988; Rashid et al., 1999; Ayeneh et al., 2002), and cotton and corn 

(Wanjura et al., 2004). Drought sensitive genotypes which had warmer canopies during 

middays suffered relatively greater yield loss under heat stress (Blum, 1989). In the present 

work canopy temperature measured at midday was found to be useful to differentiate 70 

cotton varieties for heat susceptibility. At optimum temperature 14 varieties included in the 

sub-sample did not differ for canopy temperature, however when the plants were measured at 

higher temperature differences among the varieties were discernible e.g. FH 1000, MNH 552, 

and NIAB 111 with 31-33 °C emerged as heat tolerant, and by contrast Cedix St 362 (GL), 

LRA 5166 and 4F with temperature of 43-44 °C formed a sensitive group, whilst in other 

eight varieties canopy temperature ranged from 38-40 °C, and thus may be called moderately 

heat tolerant varieties. The variation examined here for canopy temperature is similar to that 

reported in other crops. 

Relative cell injury is a measure of high cellular membrane stability, and is indicator 

of cellular or tissue heat stress. RCI % had been used by various workers for the 

identification of temperature sensitive and temperature tolerant cotton varieties (Ashraf et al., 

1994; Rehman et al., 2004; Azhar et al., 2005, 2009; Khan et al., 2008). Ashraf et al. (1994) 

evaluated five varieties for RCI % after three weeks of initial growth at 30 ºC, and found that 
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MNH 93 with lower relative injury had higher dry mass production than the other three 

varieties studied. In another study, Khan et al. (2008) evaluated 45 varieties for RCI % which 

ranged from 44.8 to 79% and reported NIAB 111 as tolerant variety. In the present study 

NIAB 111 with minimum injury to cell i.e. 27 % reflected it‟s greater tolerance to heat. 

Clearly the present data appeared to agree with that of previous work. Similarly high heat 

tolerance of MNH 552 has been studied by Rehman et al. (2004) and Azhar et al. (2009), and 

its superiority has been substantiated in the present studies, whilst 4F, an old and obsolete 

cultivar of this region has been found susceptible (Azhar et al., 2009). According to the 

suggestion of Bibi et al. (2003) that obsolete cultivar suffered more due to heat stress than 

new ones has been substantiated by 4F which revealed it‟s heat susceptibility. Similar 

observations on heat tolerance had been reported in wheat (Galiba et al., 1997; Ibrahim and 

Quick et al., 2001a and 2001b; Ali et al., 2007), soybeans (Martineau et al., 1979a and 

1979b), rice (Agari et al., 1995), legumes (Srinavasan et al., 1996), cowpeas (Ismail and 

Hall, 1999), sorghum (Sullivan and Ross, 1979), tomato (Chen et al., 1982), and the 

existence of intraspecific variation for heat tolerance reported in various crop species is in 

agreement with the variation examined in cotton here. 

The data presented for germination percentage, canopy temperature and RCI% 

suggest that there is considerable variability for heat tolerance in G. hirsutum L. Both 

absolute and indices of heat tolerance, allowed the identification of three tolerant groups in 

the cotton germplasm. Examination of the data for total number of varieties examined for 

three parameters (Appendix II- IV) reveals general patterns of responses to optimum and 

high temperature, and these are almost very similar to those reported for the 14 varieties 

examined in sub-sample, showing a diverse range in responses to heat. Clearly the present 

data suggest that workable variability for heat tolerance is available in the material and may 

be exploited through selection and breeding. The previous reports also show sufficient 

variation in heat tolerance in cotton (Ashraf et al., 1994, Malik et al., 1999, Rehman et al., 

2004, and Azhar et al., 2009).  

When such a potential plant material is available for exploitation through selection 

and breeding, the adoption of a biometric method which could partition the genetic variation 

into different components is important. The generation means analysis which uses the 

segregating and non-segregating generation provides information on genetic effects i.e. 



85 
 
 

additive and dominance. This genetic approach had been used previously for aluminum and 

salinity tolerance in wheat (Chempell and Lafever, 1979, Ahsan et al., 1996; Khatab et al., 

2001; and Ali et al., 2004) and drought tolerance in cotton (Shakoor et al., 2010; Serwer et 

al., 2012). Significant χ
2
 indicated the inadequacy of additive-dominance model (generation 

means as well variances), and suggests the breeders to grow further generations of the crosses 

to study the inheritance mechanism of heat tolerance in G. hirsutum L., as has been suggested 

by Ali et al. (2004). The present genetic investigation revealed that two parameter model 

with m, [d] was suitable for fibre length, fibre strength and fibre fineness, and provided the 

best fit for absolute and relative data, showing that genes with cumulative effect were 

important for controlling heat tolerance in cotton. Innes et al. (1975) and Pavasia et al. (1999) 

reported that fibre fineness was mainly controlled by additive gene action. Ahmad et al. 

(2003), Phogat and Singh (2000), Singh et al. (2008) and Singh (2010) reported genes acting 

additively for fiber fineness and strength. The present studies agreed with the previous 

workers. 

The presence of additive gene effect has been suggested as being of major importance 

in plant characters which are less complex in inheritance (Gamble, 1962 a, b, Liang and 

Watter, 1968; Azhar and McNailly, 1988; and Ali et al., 2004). The component [d] was 

higher under high temperature than that in normal temperature for fibre length and strength, 

indicating the presence of hidden variation for increased heat tolerance, but negative [i] 

component may have reduced the additive variance in these characters. 

The expression of heat tolerance in crop species is a complex phenomenon; both 

genetic and environmental factors are involved in the manifestation of heat tolerance (Bibi et 

al., 2003). In the current study, different agronomic traits i.e. seed-cotton yield and it‟s 

various components, flower and square shedding, and two physiological traits, canopy 

temperature and RCI % were used to study genetic controlling system in the plant material. 

The partitioning of genetic variance was examined in five independent comparisons. 

Significant comparison suggested that the generations in one group are different from that in 

second group, for example, significant P1 vs P2 means that P1 is significantly superior to P2, 

and this difference contributed to total variance. Generation means analysis revealed additive 

and non-additive gene effects (Appendies XVII-XXVII). The genetic analysis of data at plant 
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maturity indicated that mostly additive [d], and non-additive [h] were present in the 

inheritance of the characters under normal and high temperature and the same trend of 

inheritance was shown by the relative data. The negative [h] indicated that dominance is 

directional towards lower parent and this information is useful for lowering square and 

flower shedding, canopy temperature and RCI %, in selected plants. 

The presence of additive × additive [i] interaction was evidenced in the inheritance of 

almost all the characters, and this epistatic component suggests that fixation of additive 

alleles is possible in later generation (Singh et al., 2000; Ali et al,. 2004). The positive sign of 

[i] shows that effect of increasing alleles for heat tolerance and vice versa. Genetic 

mechanism controlling heat tolerance appeared to be complicated by additive × dominance 

[j] and dominance × dominance [l] interactions and these epistatic components warrants the 

breeders to be careful while looking for heat tolerant plants in segregating generations  

Genetic variance analysis has been widely adopted by the research workers to 

partition the total variance into additive (D), dominance (H), environments (E) and 

interaction (F). The analysis has shown different results about the inheritance of the 

characters. In the present study inheritance of most of the characters was affected by D 

(additive) component under normal and high temperature and indices of heat tolerance. 

However, for square shedding %, flower shedding %, RCI %, canopy temperature, number of 

bolls, seed cotton yield, gin turn out, fibre length, fibre strength and fibre fineness, 

dominance component (H) appeared to be important. Similarly, presence of F component 

(interaction) complicated the inheritance few characters. These results indicated that both 

additive and non-additive variance was important for the genetic control of all the characters. 

However pronounced effect of D was present in majority of the characters. The presence of 

significant and larger D component in the characters indicated the dispersion of positive and 

negative alleles in the two parents. Bary et al. (1975), Singh and Singh (1981), Singh (1982), 

Randhawa et al. (1986), Shokry et al. (1986), Yadava and Yadava (1987) Kohel (1987) and 

Rahman and Malik (2008) observed additive component in the genetic variation of different 

plant traits. The presence of non-allelic interaction due to [i], [j], [l] observed in generation 

means analysis has not been detected through generation variance and therefore suggestion of 

Malik et al. (1999), Shakoor et al. (2010) and Sarwar et al. (2012) was substantiated here.  
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Estimates of narrow sense heritability for most of the traits appeared to be little 

inflated under high temperature, whilst these were low for some traits. The larger estimates 

of narrow sense heritability under stress condition were due to larger additive component 

(Nabi et al., 2010). The higher estimates of heritability of agronomic characters might be 

due to better additive genetic dissimilarity due to appearance of genes related to stress 

tolerance or other environmental variation (Saranga et al., 1992). It has been suggested that 

unseen variation could be exposed under moderate stress, and thus presenting the chances 

of increasing heritability estimates in plants (Bradshaw and Hardwick, 1989). Low and 

high estimates of h
2
n in cotton had been reported for various plant characters (Ali and 

Khan, 2007; Singh and Singh, 1981; Gupta et al., 1987; Ulloa, 2006; Shakoor et al., 2010; 

Saravanam et al., 2003; Ahuja 2004; Irshad et al., 2012). These estimates of h
2
n appeared 

to be inspiring to cotton breeders, suggesting that selection of plants with enhanced heat 

tolerance in the progenies is possible using seed cotton yield, number of bolls, boll weight 

and physiological traits RCI %, canopy temperature at the time of maturity. However, 

Falconer and Mackey (1996) had suggested that the estimates are subject to environmental 

variation, and therefore before making selection these estimates must be substantiated 

under differing temperature regimes.  

Estimates of h
2
ns of each of characters, calculated under high temperature seems to 

be encouraging to a cotton breeder, and therefore may be used to predict response to 

selection and possible genetic gain in subsequent segregating generations. The values of the 

response, R for the plant material are encouraging, indicating significant increases in 

coming progenies over original population. Due to high estimates of h
2
ns significant 

response to selection had been observed in lucerne, Medicago sativa L. (Dobrenz et al., 

1981), and Noble et al. (1984) working with the same spp. made significant improvement 

after two generations of selection. Due to the genetic basis of salt tolerance of seven grass 

and four forage species (Ashraf et al., 1986, 1987) and wheat (Ali et al., 2004) variation in 

increased salt tolerance appears to be possible. The previous information on genetic 

progress in heat tolerance in cotton had not been reported in the literature, however the few 

studies on salt tolerance were found appropriate to support the present work. 

Significant and positive genetic correlation coefficients rg revealed the presence of 

same gene or genes in square and flower shedding %, seed cotton yield and its components, 
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and fibre characters and canopy temperature under normal and high temperature as suggested 

by (Shannon, 1984). This information is advantageous to the breeders since breeding material 

exposed to high temperature, using strong selection pressure would identify highly tolerant 

genotypes in segregating generations. Similar positive correlations between low and high 

salinities had been reported in sorghum (Azhar et al., 1988) and wheat (Ali et al., 2004). 

From the foregoing discussion it is concluded that two physiological parameters 

namely canopy temperature and RCI % proved to be reliable indicators for assessing heat 

tolerance in G. hirsutum L. and since the variation in these two parameters appears to be 

heritable, and therefore chances of development of heat tolerance in the spp. are there. 

Inheritance of seed cotton yield and it‟s components, and fibre properties assessed under 

two environments was controlled by additive and non-additive properties of genes, but 

component “D” (additive) was revealed to be important in effecting these characters under 

high temperature. Due to involvement of additive variance (D), estimates of h
2
ns were of 

larger magnitude for most of the characters, and therefore appreciable amount of genetic 

progress has been demonstrated. Further, same gene/genes seem to be operating under 

normal and high temperature, and this information suggests the breeder to make selection 

of plants with reduced percentage of flower and square shedding, and with low canopy 

temperature and RCI% under heat stress. Comparison of the three crosses for genetic gains 

in physiological and agronomic characters showed that Cross-2 (FH1000 × LRA5166), 

exhibited its genetic potential for heat tolerance, and thus may be exploited through 

selection and breeding. The knowledge obtained here about the genetic controlling system 

of heat tolerance may be of some value to the cotton breeders working in the cotton belt of 

Pakistan. 
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Chapter 6 

Summary 

Although G. hirsutum L is a“Sun Loving” spp., its production potential is affected 

badly by exceedingly high temperature in the cotton belt of Punjab and Sindh provinces. 

The major losses to cotton plant occur at fruiting stage when a considerable proportion of 

squares, flowers and young bolls fall off the plant during July and August when 

temperature in these areas is high. This phenomenon had been important in local obsolete 

varieties. Although cotton breeders exploited local and exotic germplasm for the 

development of heat tolerant varieties, scientific knowing about the genetics of heat 

tolerance is generally lacking in the literature. Therefore the work reported in this 

dissertation is a step forward in this direction. The basic concept underlying the 

investigation carried out was to develop some understanding of the genes and their 

interactions controlling heat tolerance in upland cotton for the development of increased 

tolerance for high temperature of the cotton belt of Pakistan. 

As a first step to achieve the objective, the availability of a technique/method which 

could efficiently and readily identify tolerant and non-tolerant parents is important. The three 

methods/techniques were used in the present study. Firstly, germination of 70 varieties was 

made, and the data helped study the pattern of variability in diverse germplasm, and screened 

out the potential parents. In general it had been found that seedling stage is most sensitive 

phase of plant development, and almost all the work on stress tolerance in different crop 

species i.e. maize (Riley, 1981), wheat (Al-Khatib and Paulsen, 1984) and lettuce (Gray, 

1975) had been carried out at this stage. Secondly, assessment of germplasm based upon 

canopy temperature and RCI% at reproductive stage has been useful to examine the 

similarities and differences among the cotton germplasm. Based upon absolute and indices of 

heat tolerance, the three methods identified three most heat tolerant varieties namely NIAB 

III, MNH 552 and FH 1000, eight moderately tolerant varieties i.e. AC134, CIM 554, DPL-

2775, BH 126, PB-899, NIAB-78, CIM-446 and BH-147, and three most sensitive, Cedix 

St.362 (GL). LRA 5166 and 4 F. Statistically genotypic differences between the 70 varieties 
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were highly significant, thus showing the existence of variation for germination, canopy 

temperature and RCI %.  

Breeding programs are an essential part of any program for the successful 

development of highly heat tolerant plant material, and the data for genetic studies was 

developed by crossing highly tolerant, MNH 552, FH1000 and NIAB111 with highly 

susceptible Cedix St 362 (GL), LRA5166 and 4F, and their back crosses and growing of F2, 

provided working knowledge about the genetic basis of variation for heat tolerance. These 

data sets were found suitable to different genetic models consisting two, three, four, five and 

six parameters for analyzing plant characters evaluated under normal and high temperature. 

The characters measured at maturity were square shedding %, flower shedding %, RCI %, 

canopy temperature, number of bolls, average boll weight, seed cotton yield, gin turn out, 

fibre length, fibre strength and fibre fineness. Components of generation means i.e. m, [d], 

[h], [i], [j], [l] revealed differential responses of six generations to heat. The results revealed 

that all the characters were affected by both additive and non-additive genes, involving 

epistasis in some of the characters. The three types of epistasis, additive × additive [i], 

additive × dominance [j] and dominance × dominance [l] was important in almost all the 

characters examined under normal and high temperature. However genetic variance analysis 

did not reveal the presence of epistasis. It was revealed that D and H components of variance 

appeared to control the characters but predominantly by the genes acting additively were 

important, and therefore estimate of narrow sense heritability were generally high. 

Further it was revealed that the estimates of h
2
 ns, due to the presence of additive 

variance for some of the characters examined in three crosses under normal and high 

temperature were inflated. These estimates provide hope to the cotton breeders that rapid 

improvement in heat tolerance, based upon agronomic and physiological characters is 

possible. Estimates of heritability of RCI % and canopy temperature, under higher 

temperature is comparatively greater than those measured under normal temperature, 

suggesting that selection of desirable plants in F2 under heat stress may be made. The 

estimates of h
2
ns of the characters assessed in the present investigations are subject to 

environmental variation as suggested by Falconer and Mackey (1996), therefore these may 

be interpreted with great care and caution. 
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Based upon the h
2
ns estimates response to selection (R) was demonstrated as the 

product of selection differentiated (S ̅) and h
2
ns. In all the characters, the means of each of 

11 characters have increased considerably, suggesting that rapid progress in heat tolerance of 

G. hirsutum may be possible through selection and breeding. Due to the marked decrease in 

flower and square shedding %, canopy temperature and RCI % in F3 generation, it is 

suggested that these characters may be used as reliable indicators of the responses to heat 

stress. 

Positive and significant genetic correlation co-efficient (rg) for various characters, 

measured under low and high temperature suggest that same gene/genes are responsible for 

the inheritance of heat tolerance based upon the agronomic and physiological parameters 

(Shannon, 1984). The occurrence of this genetic phenomenon is important, since 

identification of the desired plants is facilitated by exposing the segregating progenies to high 

temperature stress, resulting rapid development of heat tolerant plant material of upland 

cotton suitable for local environmental conditions.  
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Appendix I  

List of cotton varieties examined for heat tolerance  

Code No Varieties Code No Varieties 

1 Greg 25V 36 MNH706 

2 Royal S. Okra 37 MNH765 

3 YEP5 38 MNH738 

4 Coker 310 39 S12 

5 Linea 100 40 FH 114 

6 Barb XL1 41 NIBGE1524 

7 LRA5166 42 NIBGE601 

8 Acala1517C 43 CRISS403 

9 Riba 50 44 CRISS134 

10 TH 4183 45 CIM446 

11 Frego 46 CIM448 

12 DPL2775 47 CIM1100 

13 DPL61 48 CIM473 

14 CedixSt 362 (GL) 49 CIM240 

15 GFS 50 CIM511 

16 CP/15/2 51 CIM557 

17 Tidewater 52 CIM541 

18 4F 53 CIM554 

19 SLH41 54 BH118 

20 PB899 55 BH126 

21 PB900 56 BH121 

22 VH144 57 BH160 

23 FH1000 58 BH162 

24 FH900 59 NIAB 111 

25 AC134 60 NIAB KARISHMA 

26 CIM 443 61 NIAB 78 

27 MNH424 62 B557 

28 MNH129 63 NIAB 884 

29 MNH440 64 NIAB 999 

30 MNH394 65 FH 113 

31 NIBGE3701 66 CIM 499 

32 MNH552 67 BH147 

33 MNH786 68 VH142 

34 MNH789 69 MNH 93 

35 MNH633 70 CIM707 
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Appendix II 

Meteorological data of the year, 2011  

(a) 

Months 
Average of maximum 

temperature (
o
C) 

Average of minimum 

temperature 

Maximum relative 

humidity (%) 

Minimum relative 

humidity (%) 

January 13 5.7 93.5 50.5 

February 17.5 11 91.5 58.5 

March 25.3 12.5 91.5 45.5 

April 32 18.3 60 30 

May 37.8 27.3 53 34 

June 36 24 80 43 

July 34.3 25.3 85.5 55 

August 33.8 24.5 86.5 61 

September 31.8 22.3 92 60.5 

October 29 20 68 49 

November 24.5 16 71 51 

December 18 8.5 67 49 
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(b) 

Months Maximum temperature (
o
C) Minimum temperature (

o
C) 

Maximum relative 

humidity (%) 

Minimum relative 

humidity (%) 

January 20.5 0.5 97 58 

February 24 5 91.5 58.5 

March 31 8 91.5 45.5 

April 40 10.5 74.5 30 

May 46.5 20 61.5 33.5 

June 44 18 80 39 

July 39 19 85.5 55 

August 38.5 19 89 61 

September 36.5 20 98 60.5 

October 35.5 11 72 45.5 

November 32 10 71 50 

December 28 0.5 68 49 
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Appendix III  

Absolute and relative values of germination of 70 varieties of Gossypium hirsutum L. 

Code No Varieties Control Heat Relative 

1 Greg 25V 72.3 41.0 56.7 

2 Royal S. Okra 71.7 40.0 55.9 

3 YEP5 72.7 41.0 56.4 

4 Coker 310 72.3 45.0 62.4 

5 Linea 100 71.7 41.3 57.6 

6 Barb XL1 71.7 41.0 57.2 

7 LRA5166 73.7 25.3 34.4 

8 Acala1517C 69.7 35.0 50.2 

9 Riba 50 69.7 40.3 57.9 

10 TH 4183 69.7 42.3 60.7 

11 Frego 69.7 40.7 58.5 

12 DPL2775 68.7 40.7 59.2 

13 DPL61 70.0 37.3 53.4 

14 Cedix St 362 (GL) 71.0 27.0 38.1 

15 GFS 69.0 41.3 59.9 

16 CP/15/2 69.3 38.3 55.2 

17 Tidewater 69.3 38.0 55.0 

18 4F 74.7 26.3 35.3 

19 SLH41 70.0 39.7 56.6 

20 PB899 70.0 41.0 58.6 

21 PB900 72.7 38.3 52.6 

22 VH144 71.3 40.7 57.0 

23 FH1000 74.0 53.0 71.7 

24 FH900 70.0 42.0 60.1 

25 AC134 71.3 43.0 60.3 

26 CIM 443 70.0 36.0 51.4 

27 MNH424 71.0 39.7 55.9 

28 MNH129 70.7 39.3 55.7 

29 MNH440 70.3 39.3 56.1 

30 MNH394 70.3 42.7 60.7 

31 NIBGE3701 68.3 43.7 64.0 

32 MNH552 74.3 53.7 72.2 

33 MNH786 72.7 43.0 59.2 

34 MNH789 72.3 41.0 56.7 

35 MNH633 71.3 40.7 56.9 
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36 MNH706 71.7 41.0 57.2 

37 MNH765 71.3 40.7 57.1 

38 MNH738 72.7 41.3 56.8 

39 S12 72.3 40.0 55.3 

40 FH 114 72.0 41.3 57.4 

41 NIBGE1524 71.0 42.7 60.3 

42 NIBGE601 71.0 41.3 58.3 

43 CRISS403 71.0 41.3 58.2 

44 CRISS134 72.0 42.7 59.3 

45 CIM446 71.7 40.0 55.8 

46 CIM448 71.7 41.0 57.2 

47 CIM1100 71.7 41.3 57.8 

48 CIM473 72.3 41.0 56.7 

49 CIM240 73.0 50.3 68.9 

50 CIM511 71.7 35.7 49.8 

51 CIM557 72.0 33.0 45.9 

52 CIM541 70.7 41.7 59.0 

53 CIM554 72.0 40.3 56.0 

54 BH118 71.3 38.3 53.8 

55 BH126 71.3 41.3 58.0 

56 BH121 72.3 39.0 53.9 

57 BH160 72.3 36.7 50.7 

58 BH162 72.0 35.0 48.7 

59 NIAB 111 74.0 55.3 74.9 

60 NIAB KARISHMA 72.0 47.7 66.2 

61 NIAB 78 71.3 42.0 58.9 

62 B557 71.7 40.3 56.3 

63 NIAB 884 72.0 40.0 55.6 

64 NIAB 999 71.3 38.0 53.2 

65 FH 113 72.3 38.0 52.5 

66 CIM 499 71.7 39.3 54.9 

67 BH147 71.0 38.3 54.1 

68 VH142 71.7 35.0 48.8 

69 MNH 93 71.0 47.0 66.2 

70 CIM707 71.3 39.3 55.1 

 LSD 5% 2.69 6.56 9.47 
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Appendix IV 

Absolute and relative values of canopy temperature of 70 varieties of Gossypium hirsutum 

L. 

Code No Varieties Control Heat Relative 

1 Greg 25V 34.0 40.7 119.6 

2 Royal S. Okra 32.7 37.0 113.4 

3 YEP5 35.0 40.0 114.4 

4 Coker 310 33.7 40.7 122.1 

5 Linea 100 34.0 39.0 114.8 

6 Barb XL1 34.7 39.7 115.0 

7 LRA5166 33.7 44.0 130.7 

8 Acala1517C 32.0 39.0 122.5 

9 Riba 50 32.7 39.7 121.8 

10 TH 4183 31.0 38.7 124.7 

11 Frego 33.0 39.3 119.4 

12 DPL2775 33.0 38.7 117.3 

13 DPL61 32.7 37.7 115.3 

14 Cedix St 362 (GL) 34.0 44.0 129.5 

15 GFS 32.3 38.0 117.5 

16 CP/15/2 32.3 38.0 117.5 

17 Tidewater 33.3 38.3 115.1 

18 4F 33.0 43.3 131.4 

19 SLH41 32.3 38.7 119.6 

20 PB899 31.7 38.0 120.1 

21 PB900 32.0 38.0 118.9 

22 VH144 32.0 39.3 123.0 

23 FH1000 31.0 33.0 106.5 

24 FH900 33.0 39.3 119.2 

25 AC134 33.0 39.0 118.2 

26 CIM 443 32.7 39.0 119.4 

27 MNH424 33.7 40.0 118.8 

28 MNH129 33.7 39.0 115.9 

29 MNH440 33.7 39.7 117.9 

30 MNH394 33.0 39.7 120.2 

31 NIBGE3701 33.7 40.0 118.9 

32 MNH552 29.0 31.0 106.9 

33 MNH786 33.3 39.0 117.1 

34 MNH789 33.3 39.7 119.0 

35 MNH633 33.3 39.3 118.3 
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36 MNH706 32.7 40.0 122.5 

37 MNH765 32.7 39.7 121.5 

38 MNH738 33.3 39.7 119.0 

39 S12 33.7 39.0 115.8 

40 FH 114 33.0 39.7 120.2 

41 NIBGE1524 32.7 39.3 120.5 

42 NIBGE601 33.0 39.7 120.2 

43 CRISS403 32.7 39.0 119.4 

44 CRISS134 32.7 39.0 119.4 

45 CIM446 32.3 39.0 120.9 

46 CIM448 32.7 39.3 120.5 

47 CIM1100 33.3 39.7 119.0 

48 CIM473 33.3 37.7 113.1 

49 CIM240 32.7 38.7 118.4 

50 CIM511 33.3 40.0 120.1 

51 CIM557 33.3 39.7 119.1 

52 CIM541 33.7 39.0 116.0 

53 CIM554 32.7 37.7 115.3 

54 BH118 33.3 39.3 118.1 

55 BH126 33.0 39.3 119.3 

56 BH121 32.7 39.3 120.4 

57 BH160 32.7 40.0 122.5 

58 BH162 32.7 39.7 121.5 

59 NIAB 111 30.0 32.3 107.7 

60 NIAB KARISHMA 33.7 40.0 118.9 

61 NIAB 78 33.3 40.0 120.0 

62 B557 33.0 39.7 120.3 

63 NIAB 884 32.7 39.0 119.4 

64 NIAB 999 32.3 39.7 122.7 

65 FH 113 33.0 39.7 120.3 

66 CIM 499 33.0 39.3 119.2 

67 BH147 32.0 39.3 123.1 

68 VH142 33.7 38.7 114.8 

69 MNH 93 33.3 38.0 114.3 

70 CIM707 33.3 40.7 122.2 

 LSD 5% 1.82 2.64 10.61 
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Appendix V 

Absolute and relative values of RCI % of 70 varieties of Gossypium hirsutum L. 

Code No Varieties Control Heat Relative 

1 Greg 25V 45.0 53.3 118.6 

2 Royal S. Okra 69.7 81.0 116.3 

3 YEP5 63.3 72.3 114.2 

4 Coker 310 61.0 69.7 114.2 

5 Linea 100 57.0 67.3 118.2 

6 Barb XL1 58.7 69.0 117.6 

7 LRA5166 74.3 95.0 127.8 

8 Acala1517C 55.0 62.3 113.3 

9 Riba 50 52.0 59.3 114.1 

10 TH 4183 50.7 58.0 114.5 

11 Frego 50.3 57.3 113.9 

12 DPL2775 50.0 57.3 114.7 

13 DPL61 49.3 56.0 113.5 

14 Cedix St 362 (GL) 74.0 94.7 127.9 

15 GFS 36.0 44.0 122.3 

16 CP/15/2 45.3 55.3 122.1 

17 Tidewater 48.0 57.3 119.4 

18 4F 73.0 93.7 128.3 

19 SLH41 65.7 77.7 118.3 

20 PB899 54.3 67.7 124.6 

21 PB900 52.7 66.3 126.0 

22 VH144 43.7 53.7 122.9 

23 FH1000 27.0 29.3 108.7 

24 FH900 70.7 83.0 117.5 

25 AC134 52.0 61.3 118.0 

26 CIM 443 64.3 77.0 119.7 

27 MNH424 51.3 62.7 122.1 

28 MNH129 78.0 88.0 112.8 

29 MNH440 46.0 55.7 121.0 

30 MNH394 43.7 54.3 124.5 

31 NIBGE3701 53.3 62.0 116.3 

32 MNH552 26.0 28.3 109.0 

33 MNH786 43.0 50.3 117.4 

34 MNH789 48.0 57.0 118.8 

35 MNH633 59.7 66.3 111.4 

36 MNH706 53.3 64.0 120.2 

37 MNH765 40.7 50.3 124.2 

38 MNH738 47.0 58.3 124.1 

39 S12 71.3 84.0 117.8 

40 FH 114 46.0 56.0 122.0 
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41 NIBGE1524 47.3 57.3 121.2 

42 NIBGE601 44.7 53.7 120.3 

43 CRISS403 56.7 66.0 116.6 

44 CRISS134 47.3 58.0 122.8 

45 CIM446 71.0 84.7 119.3 

46 CIM448 58.7 71.3 121.6 

47 CIM1100 41.3 47.7 116.5 

48 CIM473 43.0 50.3 117.1 

49 CIM240 70.7 83.7 118.4 

50 CIM511 57.0 68.3 119.9 

51 CIM557 39.7 49.3 124.5 

52 CIM541 41.7 49.7 119.5 

53 CIM554 53.0 66.7 125.8 

54 BH118 68.7 79.0 115.1 

55 BH126 41.0 51.3 125.2 

56 BH121 45.7 55.7 121.9 

57 BH160 54.7 65.3 119.6 

58 BH162 32.3 37.7 116.5 

59 NIAB 111 25.0 27.3 109.5 

60 NIAB KARISHMA 47.7 59.0 124.1 

61 NIAB 78 52.3 64.3 123.0 

62 B557 35.0 44.0 125.8 

63 NIAB 884 53.3 60.3 113.5 

64 NIAB 999 44.0 52.7 119.8 

65 FH 113 59.0 68.0 115.3 

66 CIM 499 74.3 88.3 118.8 

67 BH147 74.7 88.3 118.3 

68 VH142 79.0 91.3 115.6 

69 MNH 93 73.7 86.7 117.7 

70 CIM707 72.3 87.0 120.3 

 LSD 5% 2.54 2.08 7.18 
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Appendix VI 

Means of absolute and indices of heat tolerance for square shedding % in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 36.51 38.00 104.08 36.82 37.22 101.15 36.82 37.22 101.15 

P2 41.98 47.89 114.08 40.09 47.07 117.45 40.40 47.20 116.87 

F1 38.62 43.22 111.91 37.82 42.00 111.15 38.96 42.49 109.18 

F2 39.33 43.68 111.07 40.29 39.00 97.34 38.44 41.67 109.27 

BC1 38.23 41.61 108.84 38.77 39.71 102.67 37.83 42.52 112.34 

BC2 39.60 45.90 115.90 39.96 43.44 108.89 38.97 43.82 112.49 



124 
 
 

Appendix VII  

Means of absolute and indices of heat tolerance for flower shedding % in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 14.24 24.40 171.29 16.89 25.09 149.00 17.09 25.09 147.21 

P2 18.11 41.71 230.31 22.67 39.22 173.45 22.67 39.60 175.11 

F1 16.31 32.80 201.09 20.36 31.84 156.80 20.47 32.78 160.49 

F2 17.14 32.33 188.57 19.31 25.79 137.86 20.79 31.05 153.56 

BC1 15.71 29.08 185.08 18.85 29.18 157.17 19.16 29.09 157.48 

BC2 16.83 37.30 221.59 20.91 34.11 165.14 20.70 35.65 177.89 
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Appendix VIII 

Means of absolute and indices of heat tolerance for RCI % in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 25.80 28.78 111.54 24.98 27.98 112.25 24.51 29.24 119.59 

P2 68.44 74.33 108.60 71.98 77.91 108.27 67.20 72.47 107.90 

F1 47.58 51.64 108.55 48.09 53.18 110.62 47.16 50.49 107.14 

F2 47.98 53.13 110.73 48.55 45.24 110.56 45.34 49.87 124.62 

BC1 37.31 41.79 111.99 37.41 41.88 117.83 36.48 41.59 111.63 

BC2 57.67 61.81 107.18 57.39 62.93 112.68 55.51 59.05 105.86 
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Appendix IX  

Means of absolute and indices of heat tolerance for canopy temperature in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 27.96 30.58 109.38 27.96 32.80 117.66 27.69 32.51 117.66 

P2 33.56 39.49 117.68 32.42 39.64 122.42 30.69 38.67 126.50 

F1 29.16 34.84 119.51 29.62 35.24 119.16 29.47 36.33 123.56 

F2 31.46 35.51 112.89 31.06 35.73 116.58 29.41 35.08 120.24 

BC1 29.21 33.82 115.75 29.90 34.30 115.12 28.20 34.15 121.42 

BC2 31.60 37.25 117.88 30.19 36.70 122.24 29.36 36.95 126.17 
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Appendix X 

Means of absolute and indices of heat tolerance for number of bolls in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 37.38 30.64 81.99 24.51 20.53 83.98 24.13 20.56 85.35 

P2 20.42 12.13 59.41 22.93 16.64 72.87 16.98 10.96 64.73 

F1 26.51 21.49 81.06 25.60 20.42 79.89 20.53 17.24 84.13 

F2 26.46 21.59 81.62 26.60 23.19 88.80 20.62 17.30 87.25 

BC1 29.57 26.70 90.28 25.58 21.55 84.55 22.17 19.74 88.75 

BC2 22.97 17.73 77.17 27.54 23.50 85.34 19.86 14.58 72.76 
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Appendix XI 

Means of absolute and indices of heat tolerance for average boll weight in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 2.50 2.44 97.25 4.38 4.55 104.06 4.52 4.29 94.99 

P2 3.73 3.45 92.38 2.57 2.47 96.50 2.47 2.13 85.99 

F1 3.16 2.96 93.80 3.70 3.28 88.78 3.55 3.43 96.63 

F2 3.43 3.16 92.07 3.76 3.62 129.75 3.90 3.62 97.51 

BC1 2.92 2.78 95.20 3.98 3.85 104.98 4.16 4.00 96.32 

BC2 3.48 3.15 90.69 3.09 2.84 101.37 2.98 2.75 92.49 
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Appendix XII 

Means of absolute and indices of heat tolerance for seed cotton yield of three crosses of Gossypium hirsutum L. 

 
Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 93.42 76.26 81.69 107.18 93.36 87.24 109.04 88.26 81.06 

P2 73.22 44.78 61.25 58.73 41.15 70.25 41.98 23.27 55.67 

F1 83.52 63.46 76.00 90.00 66.91 74.84 72.95 59.19 81.48 

F2 87.87 67.02 77.38 95.33 81.07 86.18 80.62 62.04 81.83 

BC1 85.10 74.06 88.17 97.08 81.04 83.37 89.47 76.86 86.29 

BC2 80.26 55.62 69.86 89.25 68.10 76.32 61.30 41.27 67.57 
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Appendix XIII 

Means of absolute and indices of heat tolerance for gin turn out in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 39.67 39.44 99.43 38.52 38.82 100.82 109.04 88.26 81.06 

P2 36.70 36.68 99.95 40.68 40.64 99.96 41.98 23.27 55.67 

F1 38.72 38.08 98.36 39.74 39.58 99.62 72.95 59.19 81.48 

F2 38.48 38.18 99.21 39.41 39.46 100.32 80.62 62.04 81.83 

BC1 39.13 39.03 99.75 39.53 39.33 99.60 89.47 76.86 86.29 

BC2 37.50 37.30 99.45 39.33 39.87 101.43 61.30 41.27 67.57 
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Appendix XIV 

Means of absolute and indices of heat tolerance for fibre length in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 27.46 27.45 99.96 29.45 28.33 96.25 30.46 28.76 94.49 

P2 26.98 24.98 92.61 26.53 24.57 92.67 23.99 21.41 89.28 

F1 27.26 25.98 95.31 27.44 26.55 96.79 27.04 25.10 92.87 

F2 27.21 26.11 95.94 27.55 25.07 91.34 28.62 24.67 86.95 

BC1 27.25 26.73 98.09 27.09 25.54 94.45 27.12 24.99 92.39 

BC2 27.11 25.67 94.69 26.52 25.34 95.72 25.79 23.70 92.15 
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Appendix XV 

Means of absolute and indices of heat tolerance for fibre strength in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 24.38 23.06 94.62 24.61 23.72 96.44 22.92 22.11 96.51 

P2 21.24 20.19 95.09 22.81 20.20 88.71 21.11 19.14 90.67 

F1 22.85 21.43 93.76 23.69 21.57 91.11 22.04 20.58 93.39 

F2 22.87 22.25 97.26 23.61 21.72 92.13 22.22 20.53 92.56 

BC1 23.75 22.71 95.65 24.04 22.85 95.14 22.61 21.49 95.02 

BC2 22.03 21.29 96.64 20.55 21.11 102.88 21.46 19.74 91.97 
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Appendix XVI 

Means of absolute and indices of heat tolerance for fibre fineness in three crosses of Gossypium hirsutum L. 

 Cross-1 Cross-2 Cross-3 

Generations 
Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

Normal 

temperature 

High 

temperature 

Relative 

values 

P1 4.91 4.94 100.59 4.61 4.59 99.68 4.40 4.61 104.78 

P2 5.60 5.89 105.04 3.60 4.04 112.25 4.95 5.30 107.02 

F1 5.24 5.51 105.04 4.09 4.38 107.34 4.62 4.95 107.05 

F2 5.25 5.57 106.09 4.25 4.36 102.84 4.72 5.02 106.84 

BC1 5.04 5.27 104.56 4.32 4.69 108.90 4.54 4.82 106.84 

BC2 5.40 5.73 106.11 4.13 4.51 109.36 4.75 5.17 108.84 
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Appendix XVII 

Components of generation means, m, [d], [h], [i], [j] and [l] for square shedding% in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 42.99±0.14 4.93±0.13 1.45±0.27    2.11 3 0.90-0.100 

Cross-2 42.21±0.13 4.99±0.13 -13.02±0.64 -6.51±0.69 13.65±0.63  0.9145 1 0.90-0.100 

Cross-3 38.60±0.071 1.79±0.096   -1.41±0.65  5.9245 3 0.90-0.100 

High temperature 

Cross-1 44.39 ± 0.52 4.85 ± 0.14 -1.08 ± 0.69 - 1.40 ± 0.55   4.3999 2 0.90-0.100 

Cross-2 35.98 ± 0.77 1.78 ± 0.094 15.95 ± 1.74 2.62 ± 0.77 -6.38 ± 0.38 14.66 ± 1.02 0.0000 0 Significant 

Cross-3 36.21± 1.67 4.99 ± 0.13 15.56 ± 4.06 6.00 ± 1.66 -7.38 ± 1.05 -9.28 ± 2.46 0.0000 0 Significant 

Indices of heat tolerance  

Cross-1 91.72±0.31 4.44±0.31 -2.63±0.58    6.9122 3 0.90-0.100 

Cross-2 127.86±0.48 6.71±0.35 -58.72±7.41 -35.82±3.01  21.08±4.67 1.8775 1 0.90-0.100 

Cross-3 37.73±0.42 1.79±0.096 1.18±0.54 0.86±0.43 -1.38±0.65  1.1969 1 0.90-0.100 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms
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Appendix XVIII 

Components of generation means, m, [d], [h], [i], [j] and [l] for flower shedding % in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 19.26± 0.81 1.90 ± 0.17 -5.86 ± 1.92 -3.16 ± 0.79 -1.08 ± 0.53 2.84 ± 1.20 0.0000 0 Significant 

Cross-2 18.43±0.40 2.81±0.11 1.95±0.48 1.35±0.42   5.6275 2 0.10-0.050 

Cross-3 20.46±0.13 2.79±0.11  -0.60±0.17 -2.65±1.28  2.4059 2 0.90-0.100 

High temperature 

Cross-1 32.96 ± 0.10 8.65±0.13     6.1981 4 0.90-0.100 

Cross-2 35.98 ± 0.77 1.78 ± 0.094 15.95 ± 1.74 2.62 ± 0.77 -6.38 ± 0.38 14.66 ± 1.02 0.0000 0 Significant 

Cross-3 29.92±0.73 7.24±0.088 2.87±0.77 2.43±0.74   2.7864 2 0.90-0.100 

Indices of heat tolerance 

Cross-1 142.54±11.63 30.93±1.98 135.06±29.33 60.32±11.40  -75.37±18.69 1.1730 1 0.90-0.100 

Cross-2 67.47±9.26 11.77±0.89 192.22±22.29 93.72±9.21  -102.91±13.56 2.1642 1 0.90-0.100 

Cross-3 109.13± 10.66 14.34 ± 0.89 126.32 ± 26.28 52.03 ± 10.62  -74.97± 16.15 2.9554 1 0.100-0.050 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms
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Appendix XIX 

Components of generation means, m, [d], [h], [i], [j] and [l] for RCI % in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 47.13 ± 0.067 21.31 ±0.067 0.45 ± 0.10    1.7641 3 0.90-0.100 

Cross-2 48.45±0.14 23.47±0.14 -0.39±0.22    6.4889 3 0.100-0.050 

Cross-3 43.61±0.75 21.35±0.14 3.54± 0.85 2.24±0.78 -4.64±1.29  0.0367 1 . 0.90-0.100 

High temperature 

Cross-1 51.58 ± 0.08 22.77±0.09     6.6625 4 0.90-0.100 

Cross-2 24.32 ± 4.28 24.96 ±0.15 84.84 ± 8.61 28.62 ± 4.27 -2.95 ± 0.47 -25.99± 4.35 0.0000 0 Significant 

Cross-3 59.59±3.81 21.61±0.12 -29.81±7.68 -8.74±3.81 -7.40±0.44 20.70±3.90 0.0000 0 Significant 

Indices of heat tolerance 

Cross-1 130.80±5.16 1.51±0.37 -22.26±5.20 -20.69±5.18 20.59±7.25  0.6830 1 0.90-0.100 

Cross-2 92.33±6.81 2.19±0.51 54.63±16.33 18.07±6.80  -36.34±9.79 2.3119 1 0.90-0.100 

Cross-3 117.80 ± 0.47 2.38 ±0.75  2.25 ± 0.98 8.43 ± 2.22  3.0889 2 0.90-0.100 
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Appendix XX 

Components of generation means, m, [d], [h], [i], [j] and [l] for canopy temperature in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 33.71± 0.43 2.82 ± 0.20 - 4.74 ± 0.65 -3.04 ± 0.47 -1.40 ±0.62  2.5594 1 0.90-0.100 

Cross-2 31.66± 0.86 1.40 ± 0.15 -6.83± 2.17 -2.50 ± 0.84  4.63±1.40 1.0640 1 0.90-0.100 

Cross-3 32.15±0.45 2.24±0.14 -2.59±0.55 - 2.00±0.48 -3.91±0.85  3.3214 1 0.10-0.050 

High temperature 

Cross-1 36.47±0.46 4.45±0.14 -1.59 ±0.56 -1.42 ±0.49 -2.06 ± 0.79  1.8535 1 . 0.90-0.100 

Cross-2 33.82±0.44 3.02±0.14 2.50±0.62 1.75±0.47   0.6641 2 0.90-0.100 

Cross-3 36.17±0.13 3.31±0.14 - 0.96±0.27    3.8521 3 0.90-0.100 

Indices of heat tolerance 

Cross-1 107.91±2.21 3.52±0.79 12.84±3.18 6.51±2.41   5.6550 2 0.10-0.050 

Cross-2 107.83± 4.94 4.50 ± 0.78 33.91± 12.33 14.28 ± 4.85  -18.19±7.84 0.0333 1 0.90-0.100 

Cross-3 114.07±1.60 2.34±0.74 5.51±2.44 6.17±1.76 9.03±2.31  0.8706 1 0.90-0.100 
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Appendix XXI 

Components of generation means, m, [d], [h], [i], [j] and [l] for number of bolls in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 28.90 ±0.18 8.48 ± 0.17 -7.85 ± 0.94  -3.75 ± 1.02 5.47± .93 0.2068 1 0.90-0.100 

Cross-2 23.72±0.15 0.79±0.15 14.52±0.73  -5.48±0.78 -17.64±0.7 0.0311 1 0.90-0.100 

Cross-3 21.15 ± 0.49 3.57±0.11 - 0.58±0.56 -0.58±0.50 -2.61±0.87  2.9055 1 0.10-0.050 

High temperature 

Cross-1 21.50 ± 0.08 9.31 ± 0.096     9.23 4 0.10-0.050 

Cross-2 18.39 ± 0.99 4.80 ± 0.096 20.28 ± 2.14 -2.66 ± 0.99 -14.62 ± 0.39 -21.36 ± 1.19 0.0000 0 Significant 

Cross-3 17.62.±0.51 4.81±0.090 -0.37±0.56 -1.86±0.53   1.3726 2 0.90-0.100 

Indices of heat tolerance 

Cross-1 70.91±0.53 11.25±0.53 46.07±4.33  3.25±5.15 -35.83±4.32 0.6639 1 . 0.90-0.100 

Cross-2 90.35±0.84 5.59±0.65  -12.11±1.20 -13.80±2.07 -10.55±1.35 0.2911 1 0.90-0.100 

Cross-3 85.41 ± 2.13 10.08 ± 0.62 -1.54 ± 2.67 -10.77 ± 2.33 8.72 ± 2.15  2.9725 1 0.10-0.050 

 

 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms


139 
 
 

Appendix XXII 

Components of generation means, m, [d], [h], [i], [j] and [l] for average boll weight in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 4.16 ± 0.19 0.61 ±0.013 -1.90 ± 0.42 -1.04 ± 0.19  0.90 ± 0.23 0.9530 1 0.90-0.100 

Cross-2 3.47±0.011 0.91±0.12 0.24±0.033    3.2476 3 0.90-0.100 

Cross-3 4.83±0.28 1.02±0.009 -2.43±0.70 -1.33±0.28 -1.16±0.42  3.2383 1 0.10-0.050 

High temperature 

Cross-1 3.68± 0.18 0.51± 0.011 -1.38 ± 0.44 -0.74 ± 0.18 -0.27 ± 0.11 0.67 ± 0.28 0.0000 0 Significant 

Cross-2 3.47±0.02 0.91±0.02 0.24±0.033    3.2476 3 0.90-0.100 

Cross-3 3.70±0.10 1.08±0.014 -2.27±0.11 - 0.49±0.11 0.35±0.18  3.0057 1 0.10-0.050 

Indices of heat tolerance 

Cross-1 70.91±0.53 11.25±0.53 46.07±4.33  3.25±5.15 -35.83±4.32 0.6639 1 . 0.90-0.100 

Cross-2 206.58±10.67 3.77±0.38 -189.56±25.74 -106.30±10.67  71.76±15.54 0.0023 1 0.90-0.100 

Cross-3 96.55±0.41 4.39±0.37  -6.11±0.58   4.2832 3 0.90-0.100 
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Appendix XXIII 

Components of generation means, m, [d], [h], [i], [j] and [l] for seed cotton yield in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses M [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 
103.38 ± 2.78 10.10 ± -0.20 -42.18 ± 5.92 -20.06±2.77 -13.38± 0.95 22.32±3.24 0.0000 0 Significant 

Cross-2 
83.64 ± 2.83 32.04 ± 0.34 56.96± 6.24 -8.50±2.81 -51.70± 1.29 -67.20±3.58 0.0000 0 Significant 

Cross-3 
83.74±1.92 31.46±0.316 -10.90±2.00 -9.03±1.97 -26.32±2.12  1.5680 1 0.90-0.100 

High temperature 

Cross-1 
70.93±1.43 15.74±1.66 -7.44± 1.66 -10.41±1.45 5.35 ± 2.46  0.2089 1 0.90-0.100 

Cross-2 
80.75± 3.04 33.19± 0.37 15.35± 6.52 -20.56 ± 3.02 -44.51 ± 1.21 -34.77 ±3.58 0.0000 0 Significant 

Cross-3 
59.81± 0.48 32.51±0.41  -4.03±0.65 6.12±2.86  4.0121 1 0.050-0.025 

Indices of heat tolerance 

Cross-1 
71.47±0.33 10.22±0.33 22.83±3.01  15.76±3.72 -18.30±3.07 1.3558 1 0.90-0.100 

Cross-2 
104.39±5.08 8.27±0.58 -43.35±12.12 -25.64±5.04  13.79±7.59 0.8159 1 0.90-0.100 

Cross-3 
81.12±2.56 12.69±0.63 -0.10±3.48 -12.85±2.66 11.19±3.81  1.6039 1 0.90-0.100 
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Appendix XXIV 

Components of generation means, m, [d], [h], [i], [j] and [l] for gin turn out in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses M [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 38.31±0.082 1.48 ±0.042  - 0.13 ± 0.96 -0.51± 0.20 0.39 ± 0.12 2.0914 1 0.90-0.100 

Cross-2 39.47±0.06 1.05±0.079   -1.65±0.39 0.22±0.1 5.5191 2 0.10-0.050 

Cross-3 30.64± 1.08 3.42±.043 15.10±2.70 3.45±1.08  -10.91± 1.67 1.5775 1 0.90-0.100 

High temperature 

Cross-1 38.05 ±0.03 1.41 ±0.04      7.8086 4 0.10-0.050 

Cross-2 39.36±0.16 0.91±0.06 0.25±0.23 0.38±0.17 -2.90 ±0.23  0.3186 1 0.90-0.100 

Cross-3 50.42 ±0.22 21.61±0.13  0.42±0.23 -8.48 ± 2.75  0.5153 2 0.90-0.100 

Indices of heat tolerance 

Cross-1 99.68±0.12     -1.24±0.29 4.6426 4 0.10-0.050 

Cross-2 100.67±0.22  -0.84±0.36  -3.69±0.97  4.8642 3 0.90-0.100 

Cross-3 104.82±1.65 0.46±0.20 -16.66±3.65 -5.32±1.64 7.76±0.75 12.04±2.18 0.0000 0 Significant 
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Appendix XXV 

Components of generation means, m, [d], [h], [i], [j] and [l] for fibre length in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 27.21±0.041 0.23 ± 0.059     0.6629 4 0.975-0.950 

Cross-2 30.94± 0.44 1.46 ± 0.066 -10.10± 0.97 -2.96± 0.43 -2.40±0.21 6.60 ±0.55 0.0000 0 Significant 

Cross-3 35.86±0.67 3.24±0.068 -20.17±1.50 -8.64±0.67 -4.48±0.32 11.34±0.85 0.0000 0 Significant 

High temperature 

Cross-1 26.17±0.041 1.23± 0.052     4.6582 2 0.10-0.050 

Cross-2 24.48±0.07 1.87±0.06 1.94±0.11 -3.61±0.21 2.05±0.15  1.9845 1 0.90-0.100 

Cross-3 25.08±0.067 3.68±0.067 -2.57±0.44 -4.56±0.48 2.59±0.43  2.7566 1 0.10-0.050 

Indices of heat tolerance 

Cross-1 96.24±0.21 3.64±0.30     3.3205 4 0.90-0.100 

Cross-2 78.06± 3.14  33.08± 8.78 15.81± 2.96  -14.39±6.64 3.0398 2 0.90-0.100 

Cross-3 89.69±0.54 2.98±0.13 7.75±1.40 3.92±0.48 - 4.05±0.93  0.0787 1 0.90-0.100 
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Appendix XXVI 

Components of generation means, m, [d], [h], [i], [j] and [l] for fibre strength in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 22.83 ± 0.024 1.55 ± 0.03     4.7621 4 0.90-0.100 

Cross-2 4.21 ± 0.053 0.505 ±-.009 0.275±0.116 -0.120±0.05 -0.650±0.03 -0.410±0.07 0.0000 0 Significant 

Cross-3 22.04±0.022 0.93±0.029     9.0075 4 0.10-0.050 

High temperature 

Cross-1 23.13±0.25 1.41±0.06 -1.64±0.37 -1.48±0.26   1.6308 2 0.90-0.100 

Cross-2 21.84±0.14 1.75±0.06 -.20±0.24 0.14±0.15 0.43±0.23  1.6246 1 0.90-0.100 

Cross-3 20.6±0.011 1.51±0.037     5.8454 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 101.54±1.12 0.48±0.31 -7.63±1.12 -6.46±1.20   1.6215 2 0.90-0.100 

Cross-2 67.85 ± 3.55 3.91 ±0.95 73.39±9.86 24.64±3.42 -20.97±3.37 -50.19±7.24 0.0000 0 Significant 

Cross-3 93.49±0.06 3.01±0.11     8.9447 4 0.10-0.050 
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Appendix XXVII 

 Components of generation means, m, [d], [h], [i], [j] and [l] for fibre fineness in three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-1 5.24±0.007 0.34±0.011     4.9081 4 0.90-0.100 

Cross-2 4.31±0.01 0.50±0.009  -0.67±0.037 -0.23±0.025  2-1134 1 0.90-0.100 

Cross-3 4.76±0.038 0.27±0.010 -0.15±0.044 -0.098±0.04 -0.20±0.44  3.4933 1 0.10-0.050 

High temperature 

Cross-1 m [d] [h] [i] [j] [l] χ
2
 DF Probability 

Cross-2 5.65±0.06 0.32±0.019 -0.15±0.065 -0.40±0.061 0.31±0.073  0.2739 1 0.90-0.100 

Cross-3 3.33 ±0.063 0.27±0.009 3.05± 0.162 0.98± 0.062 -0.25±0.048 -2.010±0.103 0.0000 0 Significant 

Cross-1 5.11±0.033 0.34±0.008 -0.17±0.37 -0.16±0.035   0.2586 2 0.90-0.100 

Indices of heat tolerance 

Cross-1 107.58±1.07 2.07±0.40 -2.51±1.33 -4.67±1.20   0.7425 2 0.90-0.100 

Cross-2 80.82±1.20 6.29±3.45 61.56±4.86 25.14±1.97 -13.52±1.36 -35.04±3.05 0.000 0 Significant 

Cross-3 105.89 ±0.31 1.13±0.31 5.20±1.70 2.40±1.76  - 4.06±1.64 1.9653 1 0.90-0.100 
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Appendix XXVIII 

Variance components, D, H, F and E following weighted analysis of components of variance for square shedding % in three 

crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 71.48±4.76   1.97±0.24 2.9298 4 0.90-0.100 

Cross-2 6.38±3.63 16.28±5.38  0.95±0.12 3.3690 3 0.90-0.100 

Cross-3 20.82±1.54   1.22±0.15 3.3109 4 0.90-0.100 

High temperature 

Cross-1 30.54±2.43   2.40±0. 1.2194 4 0.90-0.100 

Cross-2 10.99±1.32   2.26±0.29 3.2226 4 0.90-0.100 

Cross-3 59.71±3.93   1.43±0.17 1.8463 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 230.28±16.34   10.57±1.28 7.1953 4 0.90-0.100 

Cross-2 154.65±14.18   18.75±2.25 3.1551 4 0.90-0.100 

Cross-3 272.5±38.95 -191.52±46  18.08±2.2 2.7150 3 0.90-0.100 
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Appendix XXIX  

Variance components, D, H, F and E following weighted analysis of components of variance for flower shedding % in three 

crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 9.87±1.21  -3.90±0.71 2.18±0.26 0.7073 3 0.90-0.100 

Cross-2 24.56±1.74   1.13±0.14 7.1258 4 0.90-0.100 

Cross-3 16.50±14.12 86.72±21.37  1.07±0.13 1.4393 3 0.90-0.100 

High temperature 

Cross-1 55.06±3.82   2.16±0.26 5.5751 4 0.90-0.100 

Cross-2 21.71±1.49   0.81±0.097 7.272 4 0.90-0.100 

Cross-3 100.87±6.68   0.76±0.093 1.0958 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 1787.33±212.71   379.72±44.76 1.6203 4 0.90-0.100 

Cross-2 1684.01±119.45   77.14±9.36 0.7636 4 0.90-0.100 

Cross-3 2320.25±156.55   73.05±8.88 9.8020 4 0.100-0.050 
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Appendix XXX  

Variance components, D, H, F and E following weighted analysis of components of variance for RCI % in three crosses of 

Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 687.84±78.25 -489.92±83.69  0.33±0.04 1.6640 3 0.90-0.100 

Cross-2 916.02±109.95 -620.24±123.84 -100.43±16.41 1.86± 0.23 2 0.90-0.100 

Cross-3 96.76±6.26   1.84±0.22 0.7090 4 0.975-0.950 

High temperature 

Cross-1 512.64±31.35   0.83±0.10 8.078 4 0.100-0.050 

Cross-2 626.58±38.42   1.54±0.19 5.4231 4 0.90-0.100 

Cross-3 494.12±30.44   1.98±0.24 3.0864 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 5474.54±350.41  -1270.71±215.57 8.48±1.03 0.4259 3 0.950-0.900 

Cross-2 993.30±63.92   17.44±2.12 1.8946 4 0.90-0.100 

Cross-3 893.99±61.90  -219.45±38.79 24.79±3.01 0.4490 3 0.950-0.900 
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Appendix XXXI 

Variance components, D, H, F and E following weighted analysis of components of variance for canopy temperature in three 

crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 6.42±1.48  -6.97±0.72 3.73±0.43 0.262 3 0.975-0.950 

Cross-2 55.20±6.70 -93.76±13.95 -25.44±3.15 2.48±0.30 0.00 2 Significant 

Cross-3 29.62±2.18   1.67±0.20 9.6538 4 0.050-0.025 

High temperature 

Cross-1 28.78±2.11   1.59±0.93 0.6000 4 0.975-0.950 

Cross-2 14.36±1..56  -3.63±0.99 2.51±0.99 0.4068 3 0.950-0.900 

Cross-3 2.76±4.59 24.36±7.19  2.30±0.28 0.7350 3 0.90-0.100 

Indices of heat tolerance 

Cross-1 367.98±44.12  -119.52±27.05 78.10±9.23 6.2729 3 0.100-0.050 

Cross-2 352.24±39.58   67.1±7.94 2.6883 4 0.90-0.100 

Cross-3 82.72±18.69  64.87±10.0 46.72±5.31 4.1145 3 0.90-0.100 
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Appendix XXXII 

 Variance components, D, H, F and E following weighted analysis of components of variance for number of bolls in three 

crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 50.81±3.59   2.27±0.28 0.2706 4 0.950-0.900 

Cross-2 45.96±6.52 -46.68±11.09 -17.52±2.40 1.51±0.18 0.00 2 Signature 

Cross-3 40.30±2.65   0.98±0.12 3.3879 4 0.90-0.100 

High temperature 

Cross-1 61.35±4.01   1.38 6.0971 4 0.90-0.100 

Cross-2 27.11±1.86   1.05±0.13 0.0717 4 >0.995 

Cross-3 48.92±3.12   0.73±0.089 3.5269 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 1420.89±92.60  179.94±63.58 25.02±3.04 4.2720 3 0.90-0.100 

Cross-2 677.52±48.32   32.098±3.89 0.2550 4 0.995-0.990 

Cross-3 216.70±21.15  57.02±13.44 29.72±3.56 0.6525 3 0.90-0.100 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms
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Appendix XXXIII 

Variance components, D, H, F and E following weighted analysis of components of variance for average boll weight in three 

crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 1.028±0.074  -0.45±0.038 0.02±0.002 0.2699 3 0.975-0.950 

Cross-2 5.95±0.38   0.029±0.004 10.5317 4 0.050-0.025 

Cross-3 1.88±0.12   0.01±0.001 10.3657 4 0.050-0.025 

High temperature 

Cross-1 0.66±0.041  -0.2±0.028 0.02±0.0024 4.4754 3 0.90-0.100 

Cross-2 1.071±0.11   0.02±0.0024 5.4705 4 0.90-0.100 

Cross-3 2.03±0.13   0.02±0.0024 1.0529 4 0.950-0.900 

Indices of heat tolerance 

Cross-1 1041.15±69.21   28.31±3.44 4.2827 4 0.90-0.100 

Cross-2 2424.96±153.46   30.26±3.68 1.6571 4 0.90-0.100 

Cross-3 239.32±19.51  58.26±12.54 19±2.3 0.3919 3 0.950-0.90 
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Appendix XXXIV 

 Variance components, D, H, F and E following weighted analysis of components of variance for seed cotton yield per plant in 

three crosses of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 -205.46±24.51 458.04±47.96  5.83±0.71 4.2269 3 0.90-0.100 

Cross-2 922.42±100.92 -154.2±207.53 -375.33±46.59 37.07±4.51 0.00 2 Significant 

Cross-3 206.21±15.11   11.34±1.38 0.8756 4 0.950-0.90 

High temperature 

Cross-1 388.73±21.88   6.35±0.77 2.1502 4 0.90-0.100 

Cross-2 328.52±23.46   15.68±1.90 5.5790 4 0.90-0.100 

Cross-3 961.33±61.71   16.17±1.97 6.1538 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 320.32±131.08 536.92±188.16  11.88±1.45 3.3989 3 0.90-0.100 

Cross-2 444.04±38.09   44.72±5.38 2.2286 4 0.90-0.100 

Cross-3 367.98±44.12  -119.52±27.04 78.1±9.23 6.2729 3 0.100-0.050 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms
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Appendix XXXV 

Variance components, D, H, F and E following weighted analysis of components of variance for GOT in three crosses of 

Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 2.96±0.24  -1.56±0.12 0.16±0.02 1.001 3 0.90-0.100 

Cross-2 9.22±1.03 -15.56±2.13 -3.99±0.48 0.38±0.05 0.00 2 Significant 

Cross-3 9.13±4.87 23.98±7.2  0.44±0.054 0.1641 3 0.90-0.100 

High temperature 

Cross-1 4.26±0.34  -2.00±0.18 0.25±0.031 0.9291 3 0.90-0.100 

Cross-2 1.92±1.17 5.00±1.75  0.42±0.051 2.9906 3 0.90-0.100 

Cross-3 51.18±3.15   0.18±0.022 1.1437 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 40.59±3.30  -18.79±1.74 2.60±0.32 6.1081 3 0.90-0.100 

Cross-2 44.12±3.91   4.87±0.59 0.1877 4 >0.995 

Cross-3 30.20±3.21  8.12±2.03 5.05±0.61 0.0315 3 >0.995 
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Appendix XXXVI 

Variance components, D, H, F and E following weighted analysis of components of variance for fibre length in three crosses of 

Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 3.85±0.38  -0.90±0.25 0.54±0.064 2.5652 3 0.90-0.100 

Cross-2 4.59±0.43  -3.44±0.56 0.27±0.026 10.4234 3 0.050-0.025 

Cross-3 12.18±0.79   0.25±0.03 0.5708 4 0.90-0.100 

High temperature 

Cross-1 6.20±0.51  -1.37±0.33 0.51±0.062 0.3257 3 0.975-0.950 

Cross-2 1.99±0.23   0.39±0.046 5.7950 4 0.90-0.100 

Cross-3 14.38±0.95  -2.55±0.63 0.27±0.033 0.00 3  

Indices of heat tolerance 

Cross-1 67.3±26.7 70.44±38.58  11.34±1.38 7.0560 3 0.100-0.050 

Cross-2 92.85±8.39   10.82±1.3 4.1736 4 0.90-0.100 

Cross-3 186.11±12.78   6.82±0.83 10.0998 4 0.050-0.025 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms
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Appendix XXXVII 

Variance components, D, H, F and E following weighted analysis of components of variance for fibre strength in three crosses 

of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 1.53±0.15   0.22±0.026 0.4798 3 0.950-0.900 

Cross-2 10.08±1.12 -18.56±2.40 -4.46±0.54 0.44±0.05 0.00 2 Significant 

Cross-3 0.60±0.48 2.64±0.72  0.09±0.01 1.6667 3 0.90-0.100 

High temperature 

Cross-1 4.62±0.48  -2.38±0.26 0.70±0.083 0.02225 3 >0.995 

Cross-2 1.31±0.22   0.48±0.055 4.7422 4 0.90-0.100 

Cross-3 3.35±0.22   0.07±0.009 0.9521 4 0.950-0.900 

Indices of heat tolerance 

Cross-1 127.73±11.32  -43.58±6.77 12.97±1.56 0.3531 3 0.950-0.900 

Cross-2 21.67±6.40   17.33±1.92 0.1112 4 >0.995 

Cross-3 3.86±1.13± -10.92±2.34 2.65±0.36 3.36±0.41 0.00 2 Significant 
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Appendix XXXVIII 

Variance components, D, H, F and E following weighted analysis of components of variance for fibre fineness in three crosses 

of Gossypium hirsutum L. 

Normal temperature 

Crosses D H F E χ
2
 D.F PROBABILITY 

Cross-1 0.00±0.05 0.4±0.085  0.01±0.001 0.00 3 Significant 

Cross-2 0.24±0.03 -0.36±0.06 -0.14±0.013 0.01±0.0012 0.00 2 Significant 

Cross-3 0.23±0.018  -0.11±0.009 0.01±0.001 4.6875 3 0.90-0.100 

High temperature 

Cross-1 0.55±0.042  -0.30±0.02 0.02±0.002 5.9544 3 0.90-0.100 

Cross-2 0.04±0.005  -0.021±0.003 0.009±0.001 0.1622 3 0.990-0.975 

Cross-3 8.10±0.76   1.06±0.13 2.5754 4 0.90-0.100 

Indices of heat tolerance 

Cross-1 186.11±15.24  -81.18±8.22 12.71±1.54 0.2076 3 0.990-0.975 

Cross-2 60.40±6.24   9.67±1.15 3.7936 4 0.90-0.100 

Cross-3 169.46±12.19  -44.41±7.59 6.59±0.8 0.0312 3 >0.995 

 

http://www.google.com.pk/url?sa=t&rct=j&q=gossypium%20hirsutum&source=web&cd=1&cad=rja&sqi=2&ved=0CC0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FGossypium_hirsutum&ei=In51UcSvMM7ktQbG0YG4AQ&usg=AFQjCNE6jBFp4G152sLF3xkk2G36595oRQ&bvm=bv.45512109,d.Yms

