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ABSTRACT 

 

The primary objective of the present work described in this manuscript was to 
develop some understanding of improving water stress tolerance in upland cotton 
through selection and breeding. Root is an important plant organ related to drought 
stress and significant achievements have been obtained, using rooting technique, 
for other stresses e.g. salinity. 
 
 To achieve the objective, 80 cotton accessions were screened out measuring four 
morphological plant characters including root length, and one physiological 
parameter i.e. cell membrane injury. Water stress imposed for 45 days  
significantly reduced shoot length, root length, shoot fresh weight and shoot dry 
weight of 80 cotton accessions, and these accessions differed to a great extent 
from each other, and sensitivity varied from very tolerant to very sensitive.  Some 
of the accessions like B-557 and DPL-26 showed small leakage of ions due to 
stress, and were revealed as moisture stress tolerant accessions. Cell membrane 
injury showed a positive relationship with moisture stress tolerance. The injury 
was less in tolerant accessions, thus it proved to be a reliable indicator of water 
status. 
 
 Indices of stress tolerance showed a wide range of variability based upon 
parameters measured. The genetic basis of variation in moisture stress tolerance 
was investigated using the diallel technique. Both additive and dominance 
properties of genes appeared to control variation at low and high moisture stress, 
but genes acting cumulatively were more associated with the stress phenomenon.  
 
Due to the additive gene effects, estimates of narrow sense heritabilities for water 
stress tolerance were greater, showing that rapid improvement in the character 
may be made through single plant selection from F2 segregating population, based 
upon final productivity of seed cotton yield.  
 
Physiological mechanisms like cell membrane injury, relative water content and 
excised leaf water loss are also conditioned by polygenes, and thus may be 
improved through selection. The overall conclusion of this work is that cotton 
varies for moisture stress tolerance, and this tolerance has a reasonably good 
additive component, and further breeding work would be valuable for developing 
upland cotton cultivars suitable for moisture deficit area. 
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CHAPTER 1 

INTRODUCTION 

 

The economic development of an agricultural country like Pakistan depends largely 

on the harvest of good crop yields resulting from the successful interaction of 

genotype and environment. The potential of any crop variety is subjected to various 

environmental conditions and a large fraction of the potential yield is not attained. 

According to an estimate, crops attained less than 25 % of the potential yield due to 

the adverse environmental conditions, and low water availability affected crop 

productivity nearly as much as all the other environmental factors combined (Boyer, 

1982; Boyer and westgate, 2004).  Stresses can occur at any stage of plant growth and 

development, thus illustrating the dynamic nature of crop plants and their 

productivity. Amongst the abiotic stresses, deficiency of soil water constitutes a 

primary limitation to crop productivity in many regions of the world (Turner, 1997; 

Sinclair, 2005). Water deficit is not only the cause of differences between actual yield 

and the potential yield, but it also results in yield instability of crops.  

 

Pakistan has the largest single contiguous gravity flow irrigation system in the world. 

The bulk of agriculture production is harvested from the irrigated areas of the Indus 

basin irrigation network that includes major areas of the Punjab and Sindh provinces.  

At present the water resources of Pakistan, both surface and ground water, are 

insufficient to meet the growing demand for irrigation of agricultural crops.  Besides, 

water productivity is far below the achievable targets mainly due to poor conveyance 

and application efficiencies of the irrigation system.  This situation demands the 

government to take immediate action to develop all possible new water resources, and 

conserve and utilize the available water resources more judiously. There is becoming 

awareness among the farmers and the government about the extent of the problem of 

water shortage, and its adverse effects on the society. Many new technologies and 

methods are investigated, developed and promoted for economical use of irrigation 

water. The most successful procedure being adopted by the farmers to reduce water 
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losses is planting crop seeds on raised beds. This method promises to save 35-45% 

water as compared to conventional planting method, and also eliminates the 

formation of crust on the soil surface (Fahong et al., 2003).  In addition, there are 

several other advantages of growing crops on raised beds, for instance, yield of crops 

is increased through better nutrient management and efficient irrigation (Sayre and 

Moreno Ramos, 1997). Bed planting has also been found to show improved water 

distribution and efficiency, fertilizer use efficiency, reduced weed infestation and 

lodging (Hobbs and Gupta, 2003b). Therefore, this technique is becoming popular for 

planting major crops like maize, sugarcane, wheat and cotton, etc.  

 

A further development, ‘the engineering approach’ aims to supply water to 

agricultural crops through ‘drip irrigation system’ and ‘Sprinkler irrigation method’.  

Although these methods have been engineered to ameliorate the problem of water 

shortage, due to higher initial cost these have not been appreciated by the growers. It 

has been predicted that due to burning of fossil fuels, and thus increase in 

atmospheric carbon dioxide, global temperature is increasing, and as a result the 

rainfall patterns are shifting throughout the world (Guido and Paul, 1994).  The 

changing circumstances around the world indicate that due to increasing demand and 

competition from environmental, industrial and domestic sectors, supply of fresh 

water to agriculture sector will be reduced during the coming years, and therefore the 

major challenge for agriculture sector during 21st century is to raise crops with less 

water supply. Further it is reported that future climatic changes are expected to 

increase risks of drought (Rizza et  al., 2004).    

 

An alternate strategy which appears to be feasible and cost-effective to tackle the 

problem of water shortage is the development of crop cultivars by achieving genetic 

modification in the crops endemic to the area, through breeding and selection to 

improve their adaptation to water-stressed conditions. In order to be able to produce 

such new cultivars, two basic requirements must be available.  Firstly, there must be 

variability for water stress tolerance in the crop as a whole, and secondly, this 
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variation must be genetically controlled.   For successful development of potential 

plant material suitable for water deficit areas, the knowledge about these components 

must be obtained.   

 

The availability of adequate amount of variability within a species allows the 

identification of desired genotypes for the character or characters in question. 

Previous work indicated that variation in drought tolerance in crops is not extensive, 

but a few studies have shown that variability in the genotypic responses to water 

stress does occur, for example in wheat (Sadiq et al., 1994, Trethowan et al., 2002, 

Moinuddin et al., 2005), maize (Kamara et al., 2003), triticale (Ozkan et al., 1999), 

common beans (Teran and Singh, 2002), barley (Rizza et al., 2004), peanut 

(Upadhyaya, 2005) and soybean (Hufstetler et al., 2007). These studies revealed that 

varieties/cultivars in each species differed from each other for their responses to water 

stressed conditions, suggesting drought tolerance in these species may be improved 

through breeding.    

 

Drought tolerance is a complex agronomic trait with multigenic components, which 

interact in a holistic manner in plant system (Ingram and Bartels, 1996; Cushman and 

Bohnert, 2000). The development of plant materials showing enhanced tolerance for 

water-stressed conditions, through breeding and selection, becomes easier and 

effective if variation exhibited for the character is genetically affected.  Because of a 

general lack of genetic investigation on drought tolerance, information on the genetic 

basis of drought tolerance is not frequently available in the literature. The evidence 

from the few studies indicates that the phenomenon of water-stress tolerance is 

genetically controlled, and both additive and dominance properties of genes were 

important for the expression of biomass recovery, water use efficiency, total leaf area 

and yield per plant (Singh and Singh, 2004).  

 

Cotton (Gossypium hirsutum L.) originated from prennial plants adapted to semi-and 

subtropical environments, which experience periodic drought and temperature 
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extremes (Kohel, 1974).  The increased temperature causes heat stress and reduces 

the productivity of crop plants.  High day/night temperature (35/27 to 40/32 0C) 

damages photosynthetic activity and even short term exposure to very high 

temperature (>40/320C) at any growth stage has a disproportionately large effect on 

growth, thus drastically reducing final seed cotton yield. For good crop harvest, 

adequate and uniform emergence and recommended plant population are the key 

factors. In many areas, due to rapid soil moisture evaporation, the surface layer of soil 

becomes dry after cotton seeds are sown (Munro, 1987).  Severe drought on cotton 

plants will slow plant development and cause small bolls and squares to shed.  In 

addition, moisture deficit stress results in many phenotypic changes in the plant 

development like stunted growth with reduced leaf area expansion (Turner et al.,  

1986; Ball et al., 1994; Gerik et al., 1996), reduction in shoot growth rate, plant 

height, and yield (McMichael and Quisenberry, 1991). In addition, number of 

different morpho-physiological traits have been suggested as important relative to 

drought tolerance in cotton, and  these include tap root weight, number of lateral 

roots, seedling vigour, rapidity of root system development, root to shoot ratio (Cook, 

1985), longer tap root length (Pace et al., 1999), reduced transpiration (Quisenberry et 

al.,1982), stomatal conductance and photosynthetic rate (Nepo-muceno et al., 1998), 

leaf water content and carbon isotope discrimination (Leidi et al., 1999), and cellular  

membrane thermo stability (Sullivan, 1972). The flowering stage in cotton is found to 

be more critical to moisture stress than vegetative and ripening stages (Kar et al., 

2005). 

In Pakistan, cotton is an important agricultural commodity; being an exporting item it 

fetches a considerable amount of foreign exchange.  In addition within the country 

cotton plant provides raw material to the expanding textile industry.  Clearly the 

cotton crop is of immense importance in the economy of Pakistan. During summer 

season, the crop is extensively grown in the irrigated areas of southern parts of the 

Punjab province (so called “the cotton belt”), and Sindh province.  Production of 

cotton in many areas of both Punjab and Sindh provinces is limited by inadequate 

amounts of water supply or small amount of rainfall during growth and development 
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of cotton crop. Although there are many other reasons for low production levels in of 

cotton, decreasing ground water supplies and high energy costs are also emerging 

problems of cotton cultivation in the country.  Thus, during recent years the cotton 

breeders throughout the world have started to develop cotton materials bringing 

genetic modification in the elite cultivars as parents of new populations, and also 

utilizing new germplasm in their breeding programme.  However, the research work 

is in the initial stages (Basal et al., 2005, Iqbal et al., 2005).  As argued previously, 

variability in drought tolerance can only be of value of it is effected by a significant 

genetic component. The presence of additive gene effects will guarantee rapid 

advance in the development of tolerance to water stressed conditions.  Previous 

information on the genetic control of drought tolerance in                              

Gossypium hirsutum L. is not available in the literature. The present research work 

was carried out with the objective of investigating the potential for breeding 

Gossypium hirsutum L. for conditions with limited water supply, and this work is 

comprised of two components. Firstly, drought tolerance was examined in a wide 

range of germplasm measuring plant characters at the seedling stage. Cellular 

membrane thermo stability has been reported to be a suitable screening/selection 

criterion for drought tolerance (Blum and Ebercon, 1981), and this technique was also 

used for measuring accession responses to water stress. Secondly, a biometric genetic 

technique was used to analyze the data to study genetic controlling mechanisms of 

variation in drought tolerance in order to gain an insight into the potential for 

improving water stress tolerance in this species through selection and breeding. The 

knowledge obtained from these investigations may be of potential use in developing a 

programme for continuing improvement in Gossypium hirsutum plants for water-

stress tolerance.     
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CHAPTER 2 

REVIEW OF LITERATURE 
 

2.1. Impact of water stress on phenotypic traits of cotton 

 

Environmental stresses, both biotic and abiotic, adversely affect plant growth and 

development and result in significant reduction in yield and quality of crops 

worldwide (Boyer, 1982). Burke and Mahony (2001) reported that water stress can 

reduce overall performance of plants. Just like mature plants, germinating seeds and 

seedlings are also subjected to enviournmental stresses. The results of the 

experiments showed that there was poor seedling development under water deficit 

conditions.   

                                                                                                                                                                        

Water deficit affects plant growth significantly if the quantity or quality of water 

supplied is insufficient to meet the basic needs of plants (Seki et al., 2002). Adequate 

soil moisture, supplied at appropriate time through artificial irrigation system or 

through precipitation is essential for good crop harvest (Lee, 1984). It has been 

reported by Yaseen and Ishtiaque (2002) that any subsequent irrigation when skipped 

at any critical growth stage resulted in significant reduction in yield. 

 

Cotton is grown in rainfed and irrigated areas. Like other agricultural crops, the 

growth, development and performance of cotton is adversely affected by moisture 

stress. Cultivars are needed that can endure and recover from drought so as to 

minimize the losses in rainfed areas and to reduce the water needed in irrigated areas. 

Planting early maturing cotton cultivars can decrease the amount of water used, but 

other traits may further decrease the amount of water used. An understanding of the 

response of plants to water stress is important in efforts to model cotton growth, 

estimate irrigation needs and breed drought resistant cultivars (Pace et al., 1999). 

Availability of knowledge about how moisture stress alters cotton reproductive 

growth and yield component may help the researchers to have insight into the 
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problem of current yield stagnation. The timing, duration, severity, and speed of 

development of moisture deficit stress play pivotal roles in determining how a plant 

responds to moisture deficit stress (Pettigrew, 2004 a). 

 

Availability of knowledge regarding identification of the specific traits that determine 

crop performance under water deficit conditions, and which one is amendable either 

through genetic transformation or conventional breeding approaches could help cotton 

breeders to create drought tolerant crop cultivars (Turner, 1997). Ball et al. (1994) 

studied the differential growth response of roots and shoots to water stress and 

reported that root elongation of field plants was less sensitive to drought than leaves. 

Stress reduced root elongation and root volume. Small roots were more sensitive to 

drought than those of medium size. The number of growing roots also reduced by 

water stress. It was concluded that medium roots are more important for continuing 

growth in stress.  

 

The most obvious adverse affect of soil moisture deficit response was found on 

stature of cotton plant. Shorter plants were produced under water stress, because the 

plants under normal irrigation produced more main-stem nodes resulting in taller 

plants. The shorter plants under water stress condition also produced less leaf area 

index (LIA), resultantly, over all vegetative growth was reduced under water stress 

condition. The short stature and reduced leaf area index under water stress resulted in 

less solar radiation interception than canopies of taller plants under normal water 

supply (Pettigrew, 2004 b). Flowering stage in cotton is more critical to moisture 

stress than vegetative and ripening stages   (Kar et al., 2005). Moisture stress 

consistently affects reproductive growth in cotton. The studies showed that plants 

under water stress had higher blooming rates, early in the growing season, than plants 

in the irrigated condition. Early flowering had been observed under water stress. 

Irrigated plants maintain their vegetative growth longer after the initiation of 

reproductive growth than the plants under water stress conditions (Pettigrew, 2004 a). 
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Reduction in lint yield in cotton by moisture deficit was primarily due to reduction in 

the number of bolls. Irrigation resulted in more bolls per square meter. The additional 

bolls produced under irrigated condition were primarily located at higher plant nodes 

and more distal position on sympodial branches. The contribution that these fruiting 

sites made to the higher yield indicated that they were the key to high yield stability. 

The fiber quality response to irrigation was inconsistent. Fiber length was generally 

shortened in response to soil moisture deficits. The plants under well irrigated 

conditions produced more monopodial branches than plants under water stress. The 

distribution of bolls on plants were consistently and significantly affected by 

irrigation (Pettigrew, 2004 a). Grimes et al. (1969) reported that lint percentage 

decreased as the soil moisture level increased, however, Kimball and Mauney (1993) 

found no response in lint percentage to varying soil moisture levels. 

 

Effect of water stress on stem diameter variations (SDV) was studied by Ji-yang et al. 

(2006) in a pot experiment on cotton (Gossypium hirustum L. Meimian 99 B). Water 

restriction was imposed at the flowering stage and was compared with a well-watered 

control treatment. The volumetric soil water content (θv) and SDV were monitored 

continuously. The objective was to determine the feasibility of using the parameters 

derived from stem diameter measurements, including maximum daily stem shrinkage 

(MDS), maximum daily stem diameter (MXSD), and minimum daily stem diameter 

(MNSD) as indicators of plant water stress. The different behavior of SDV was found 

at different growth stages. At stem-maturing stage, MDS increased and MNSD 

decreased in deficit-irrigated plants compared with the control plants, therefore, it 

appeared that MDS and MNSD could be used as available indicators of plant water 

status. At stem growth stage, there were no significant differences in MDS values 

between treatments but MXSD and MNSD responded sharply to soil water deficits. 

Thus, for rapidly growing cotton, the course of MXSD or MNSD with time offered a 

consistent stress indicator. SDV was also closely related to atmospheric factors, solar 

radiation (Rs) and vapor pressure deficit (VPD) were found to be the predominant 
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factors affecting MDS, followed by the relative humidity (RH), while air temperature 

(Ta) and wind velocity had the least effect.  

 

2.2. Impact of water stress on physiological traits 

 

 Leaf photosynthesis is also reduced when plants are grown under moisture deficit 

conditions because of a combination of stomatal and non-stomatal limitations               

(Mc Michael and Hesketh, 1982; Turner et al., 1986). The effect of water deficit 

conditions on photosynthetic rates in cotton revealed that photosynthesis rates were 

reduced  after only 5 days of soil drying, and there was  uniform displacement of the 

diurnal cycle of leaf water potential, and corresponding decreases in transpiration and 

CO2 uptake. The studies on photosynthesis-light response curves indicated that an 

average two-fold reduction in photosynthesis rates occurred for solar radiation greater 

than 250 W/m2 (Parsons et al, 1979). Ennahli and Earl (2005) reported that water 

stress reduced leaf net photosynthetic carbon assimilation (AN) through both stomatal 

effects, which reduced the leaf internal CO2 concentration (Ci), and non stomatal 

effects, which resulted in reduced AN at a given level of Ci. Physiological restrictions 

to photosynthesis in leaves of water stressed cotton (Gossypium hirsutum L.) plants 

revealed that combined leaf gas exchange/chlorophyll fluorescence measurements 

differentiate the treatments more effectively than gas exchange measurements alone. 

Leidi et al. (1993) studied cotton genotypes under drought and observed that net 

photosynthesis, transpiration rate and stomatal conductance decreased as water stress 

was imposed. 

 

The threshold leaf water potential required for initiating stomatal closure became 

progressively more negative when cotton plants were subjected to a series of water 

stress cycles. The shift in the threshold water potential required for induction of 

stomatal closure was reported to be dependent on the number of previous stress cycles 

and leaf age (Ackerson, 1980). Studies on the adaptive response of cotton to various 

irrigation levels  in terms of transpiration, stomatal role in transpiration, leaf 
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temperature (TL) and CO2 assimilation rate (AN) showed that stomatal area decreased 

significantly in response to water stress in cotton. It was concluded that cotton 

adapted to water stress by maintaining higher transpiration rate (Isoda and Inamullah, 

2005). 

 

The effect of water stress on cotton varieties studied at early reproductive stage (40 

days after planting) revealed that leaf water potential (LWP) decreased under water 

stress. Stressed plants had higher stomatal resistance than control. More bolls were 

retained by un-stressed than stressed plants and this retention decreased with increase 

in water stress ( Biswas et al.,1986). 

 

In most plants, leaf water potential is reduced under drought conditions, but cotton 

has the ability to osmotically adjust and maintain a higher leaf turgor potential 

(Turner et al., 1986 and Nepomuceno et al., 1998).The bound water in living tissue is 

more likely to play a major role in tolerance to abiotic stresses in cotton by 

maintaining the structural integrity and/or cell wall extensibility of the leaves, whilst 

an increased amount of free water might be able to enhance solute accumulation, 

leading to better osmotic adjustment and tolerance to water stress, and maintenance of 

the volumes of sub-cellular compartments for expansive leaf growth (Singh et al., 

2006). The basal level of endogenous abscisic acid (ABA) in fully turgid leaves of 

cotton  increased in response to the stressed treatments, whereas the amount 

accumulated in response to a subsequent stress did not differ greatly among plants that  

experience different degrees of stress conditioning (Ackerson,1980). 

 

Water stress also effected proline accumulation. Decreasing water contents resulted in 

progressive increase in free proline in cotton cultivars as well as difference in the 

proline level between the cultivars (De Ronde et al., 2000; Kar et al., 2005). Increases 

in leaf proline contents were revealed to be positively associated with biomass 

recovery and negatively with reduction in yield. Tolerant genotypes accumulated 
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more proline under water stress than the susceptible ones resulting in high biomass 

recovery and stability of seed cotton yield (Singh and Sahay, 1990).  
 

Chloroplast volume under water stress decreased more rapidly in susceptible cultivars 

in which spongy parenchyma predominated in the leaf tissues, whereas in resistant 

cultivars plastid parenchyma was better developed which was thought to have an 

adaptive significance related to the hereditary xeromorphy of the resistant cultivars 

(Samiev and Marfina,1985). Studies on cotton by Chun-yan et al. (2007) revealed 

that transpiration ability decreased while the leaf temperature increased under water 

stress condition. The studied further showed that although relative leaf water content 

decreases with increases in water stress, but cotton has the ability in maintaining 

water in leaves. The stomatal density increases with an increase in water stress. 
 

Field experiments were conducted by Bajwa and Vories (2006) with three different 

irrigation levels to study cotton response to water stress and the analysis of responses 

of canopy reflectance and temperature to water stress. The results revealed that 

canopy temperature was a good indicator of water stress, but it was directly related to 

vapor pressure deficits and both canopy and leaf temperature showed great potential 

to indicate water stress. 

 

Transient or prolonged drought conditions reduce the amount of water available for 

plant growth. In response to drought stress, physiological and biochemical changes 

may result in alteration of protein synthesis or degradation (Riccardi et al.1998).  

 

2.3. Internal structural organization in cotton under water stress  

 

Studies on cotton at cytological levels revealed that water stress in cotton leaves was 

accompanied by loss of internal structural organization of both chloroplasts and 

mitochondria. Ribosomes disappeared from the chloroplast and thylakoid membrane 

lost their characteristic staining properties .This was paralleled by a detectable 

increase in enzymatic activity (Da Silva et al., 1974). 
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2.4. Studies on the effect of water stress on crops other than cotton 

Jiang and Huang (2000) considered an extensive deep root system as an important 

characteristic of drought resistant plants. Such a root system facilitated water uptake 

and, in turn, affected plant tolerance to drought and heat. These stresses and their 

combined influence reduced root growth in the surface soil layer. Plants under 

drought developed more extensive root systems than plants under normal water 

supply conditions. This extensive root system facilitated water uptake under heat 

stress.  

In another study of Khanzada et al. (2001), yield and relative water content in guar 

genotypes were reduced under different water stressed conditions. The studies 

revealed that the treatment means indicated non-significant differences between pre- 

and post flowering water stresses for yield. The genotypes significantly differed for 

yield and relative water content in response to water stress. Osmotic potential, water 

potential and turger potential also were reduced due to the induction of water stress 

and genotypes also differed in their response to water stress. 

 

The effects of water deficit on plant growth, physiology and dry matter accumulation 

in the egg plant (Solanum melongena L. cv., Teorem F) showed that water deficits 

resulted in significant reduction in electrolyte leakage (EL), leaf relative water 

content (LRWC) and vegetative growth. Severe water stress reduced plant height by 

46%, stem diameter by 51%and total dry weight by 43%. The root to shoot ratio was 

higher in water stressed plants, showing that water stress in eggplants alters the 

pattern of dry matter distribution favoring the roots. Plants grown under high water 

stress had less fruit yield and quality than those in the control treatment. The water 

deficit reduced the growth of each plant component. Plant height, stem diameter and 

dry weights of water-stressed plants were smaller than the equivalent component in 

the well-watered plants. The water stress treatment resulted in significant increases in 

electrolyte leakage. Electrolyte leakage was slightly higher in mature than in 

developing leaves. Fruit yield was reduced by up to 68% in the water stressed plants 
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compared with unstressed plants. There were also significant reductions in fruit 

height, diameter and weight under water stress. These results showed that water 

deficit was main reason in the reduction in fruit weight, diameter, height and fruit 

yield of egg plants (Kirnak et al., 2001). The effect of salt and drought stress in six 

wheat varieties was studied by Bano and Aziz (2003). Water stress was applied at 

three leaf stage by withholding water for 7 days. Various traits like shoot length, 

shoot dry weight, chlorophyll contents of leaves, proline contents in leaves and seeds, 

number of seeds and 100 seed weight were studied and the effect of salt alone and in 

combination with drought was analyzed. It was found that combined effect of salt and 

water was more inhibitory than salt alone on all important traits. 

 

The effect of water stress in barley cultivars were studied by Kocheva and Georgievs 

(2003) and the traits like relative water content (RWC), free proline content and cell 

membrane stability (CMS) were determined in the leaves of the plants after the 

induction of water stress. It was found that the membrane injury for the cultivars 

under water stress was about 20% more than of the control. In chickpea, the role of 

osmotic adjustment in drought tolerance was examined by Moinuddin and Khanna-

Chopra (2004) and they reported that water potential, osmotic potential and relative 

water contents decreased progressively with increasing soil moisture stress. Studies 

on the effect of water stress on the early seedling growth of Prosopis argentina and 

Prosopis alpataco, shrubs adapted to highly stressed environments, revealed that 

water stress produced a detrimental effect on the seedling growth of both the species, 

which was evident from the reduction in leaf area, seedling height, and above-ground 

and root biomass (Villagra and Cavagnaro, 2006).  

Ruiz-Sánchez et al. (2000) reported that the stomatal closure and epinasty in response 

to water stress represented adaptive mechanisms to drought, allowing the plants to 

regulate water loss more effectively and prevent leaf heating. A substantial reduction 

in irrigation water supply combined with a high frequency of application prevented 

severe plant dehydration and leaf abscission due to their greater osmotic adjustment. 
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Such a preconditioning treatment may be valuable for young apricot plants in the 

nursery stage in order to improve their subsequent resistance to drought.  

Leaf cuticular wax constituents were evaluated across a broad selection of soybean 

(Glycine max [L.] Merr.) cultivars and their response to drought stress was studied by 

Kim et al. (2007). Water deficit was imposed on 18 soybean cultivars by withholding 

irrigation for 10 d after the post flowering stage  and the effect on leaf waxes and seed 

yield was assessed by comparison with a well-watered control. The components of 

soybean leaf cuticular waxes were quite similar, but there were quantitative 

differences between the cultivars studied. Compared to well-irrigated plants, almost 

all drought-treated cultivars exhibited a significant increase in wax amount. Drought 

stress caused a large decrease in seed yield but did not affect 100-seed mass, showing 

that soybean responded to post flowering drought by reducing seed numbers but not 

seed size. Seed yield was inversely correlated with wax amount after drought 

treatment, indicating that drought induction of leaf wax deposition does not contribute 

directly to seed set. This study sheds new light on our understanding of the 

relationship between soybean leaf wax induction and seed development in a water-

limiting environment. 

 

Cell membranes are major targets of environmental stresses and lipids are important 

membrane components, and changes in their composition may help maintain 

membrane integrity and preserve cell compartmentation under water stress conditions. 

Studies were conducted to investigate the effects of water stress on membrane lipid 

composition and other aspects of lipid metabolism in the leaves of the model plant, 

Arabidopsis thaliana.  Plants were subjected to progressive drought stress by 

withholding irrigation. It was found that, in response to drought, total leaf lipid 

contents decreased progressively. Lipid contents of extremely dehydrated leaves 

rapidly increased after rehydration. The time-course of the decrease in leaf lipid 

contents correlated well with the increase in lipolytic activities of leaf extracts and 

with the expression of genes involved in lipid degradation. Despite a decrease in total 

lipid content, lipid class distribution remained relatively stable until the stress became 
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very severe.  It was concluded that Arabidopsis leaf membranes appeared to be very 

resistant to water deficit, as shown by their capacity to maintain their polar lipid 

contents and the stability of their lipid composition under severe water loss 

conditions. Moreover, Arabidopsis displayed several characteristics indicative of a so 

far unknown adaptation capacity to drought-stress at the cellular level                

(Gigon et al., 2004). 

 

Physiological changes associated with the synthesis of dehydrin and a cytosolic-heat 

shock protein (HSC 70) in response to drought stress were studied in two tall fescue 

(Festuca arundinacea L.) cultivars. The cultivars were subjected to three treatments 

in growth chambers: well-watered control, drought stress, and drought stress 

following ABA treatment. Turf quality and leaf relative water content (RWC) 

decreased and electrolyte leakage (EL) increased during drought stress for both 

cultivars. The ABA-treated plants maintained higher turf quality and RWC, and lower 

EL than untreated plants under drought stress conditions. Water stress was imposed 

by withholding irrigation for 10 d from plants treated or untreated with ABA. Control 

plants were well-watered by irrigating every other day without ABA application 

(Jiang and Huang, 2002). 

 

2.5. Genotypic variability studies in cotton under water stress  

 

Genetic variation in yield and water use efficiency has been reported for cotton 

subjected to water deficits (McMichael and Quisenberry, 1991). Exotic cotton strains 

were evaluated for plant dry matter accumulation under irrigated and limited water 

conditions to estimate their water use efficiency under water stress. Fifteen exotic 

strains and one commercial cultivar were tested under irrigated and water stressed 

condition. Significant variability was found among the entries for shoot dry matter 

accumulation, water use efficiency and shoot and root growth. It was suggested that 

root morphology and root growth potential were important traits in the adaptation of 
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cotton to conditions where limited water availability is a major constraint for plant 

growth (Quisenberry et al., 1981).  

 

Response of shoot and root growth of cotton cultivars after a short drought and 

subsequent recovery period was studied by Pace et al. (1999). Studies were conducted 

under controlled conditions and 36 days after planting, plants under stressed treatment 

were subjected to 10 days water stress by withholding of water followed by a 

recovery period of 10 days. Plants under control conditions were irrigated normally. 

Various parameters were analyzed and it was observed that all parameters were less 

in water stressed plants than in the control. However, root growth was not decreased 

in the stressed plants, compared with the control. It was observed that tap root length 

was greater in the stressed plants than in the control and it was concluded that tap root 

length after drought may be a common response in cotton and may permit cotton 

plants to survive drought by accessing water from deeper in the soil profile than the 

levels tapped during periods of adequate water supply. 

 

Effect of moisture deficit stress on the physiology of cotton has been documented. A 

field study under dryland and irrigated areas with eight cotton genotypes detected 

genotypic variation for many of the components of photosynthetic process (Pettigrew, 

2004 a). 

 

Ullah et al. (2008) assessed genotypic variability for drought tolerance in cotton using 

physiological attributes with productivity traits under well watered and water stress 

regimes in field experiment and reported that seed cotton yield was markedly affected 

under water stress conditions in all cultivars studied. Substantial genotypic variations 

were found for physiological traits like gas exchange. Burke (2007) identified varietal 

differences in cotton responses to available soil water both under field and green-

house conditions. It was found that varieties differed in their response for the 

physiological traits both under irrigated and water stress treatments. 
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Studies on assessing the responses of five hybrid varieties of cotton to moisture stress 

in the field for their relative tolerance to drought revealed that moisture deficit 

adversely affected the chlorophyll stability index and nitrate reductase activity. It was 

also reported that proline accumulation enhanced under water stress. Yield and its 

attributes decreased conspicuously in all the varieties in response to water stress 

imposed at flowering stage. Amongst the cotton hybrids, PKV Hy-4 and PKV Hy-2 

were noted to be relatively more drought tolerant than others on the basis of 

assessment of their yield performance. The flowering stage in cotton was found to be 

more critical to moisture stress than vegetative and ripening stages (Kar et al., 2005). 

 

Medium fiber cotton cultivars were evaluated for seed germination under water stress 

and it was found that there were differences in seed germination between genotypes 

under different water stress levels (Pereira et al., 1998). Nepomuceno et al. (1998) 

studied tolerant and susceptible cotton genotypes under water deficit conditions and 

the genotypes were characterized for osmotic adjustment, photosynthetic rates, 

relative water contents and other physiological parameters. The results revealed that 

Australian cv.Siokra L23 and wild type T1521 partially tolerated water stress while 

water deficit sensitive American cv.Stoneville and Australian cv.CS50 showed 

sensitivity. 

 

Based upon various morphological and physiological parameters like plant height, 

total leaf area, shoot, root and total plant fresh and dry weights, stomatal resistance 

(SR), water potential (Ψ[w]), and relative water content, cotton variety Siokra L23 

was shown to be the most drought-tolerant variety based on its high SR and Ψ[w], it's 

having the smallest total leaf area, and expression of drought-tolerance-related genes. 

The Greek cotton varieties were ranked from most to least drought tolerant 

(Voloudakis et al., 2002). In another study, based upon the observations on the 

physiological parameters, cotton genotypes were tested for variability under water 

stress at flowering and boll development stage and high level of variability was found 

in almost all the characters studied (Singh et al., 1996). 
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Differences in the photosynthetic rates of two cotton varieties i.e. Chirpan-603 of 

Gossypium hirsutum and C-6037 of Gossypium barbadense were examined under 

severe water stress conditions and differences between them were found to be mainly 

in lower stomatal limitation, higher carboxylating capacity and relatively higher level 

of the substrate limitation in C-6037. The differences between the two cultivars 

suggested that Gossypium barbadense could be used as a doner for fiber quality and 

also for overall performance (Bojinov et al., 2000). 

 

Drought resistance and susceptible cotton genotypes were studied under field 

conditions. It was observed that chloroplast volume fell more under drought stress in 

the genotype named Tashkent 6, in which spongy parenchyma predominated in the 

leaf tissues compared to the other genotype named Tashkent 1, in which the palisade 

parenchyma was better developed. Data suggested that high development of palisade 

tissue was thought to have an adaptive significance related to hereditary xeromorphy 

of the resistant variety (Samiev and Marfina, 1985).  

 
2.6. Genotypic variability in other crops under water deficit conditions 
 
 

Difference in some morpho-physiological characters of wheat genotypes was 

examined in response to drought stress at anthesis and maturity. Of three sets of 

experiments, one set was evaluated under well-irrigated conditions, and other two 

under drought stress conditions. Data were collected by developing terminal drought 

stress at anthesis in one set, and at maturity in the other. Genotypes differed in their 

response to water stress at both stages of plant growth for grain yield, days to 

heading, excised-leaf water loss, leaf membrane stability and relative water content 

under drought stress.  Under irrigated conditions differences in the genotypes for 

water retention traits were not clear. There were significant genotype × environment 

interactions. Terminal drought stress resulted in reduced mean values and variability 

for all characters (Dhanda and Sethi, 2002)  
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Many morphological and physiological traits lead to cultivar differences in rice for 

drought tolerance. Forty five rice cultivars were evaluated in managed stress 

environments to determine cultivar × environment interaction for yield to specific 

putative drought adaptive mechanism. Data on yield, plant height, maturity, leaf area, 

relative water content, epidermal conductance, root pressure, canopy temperature and 

chlorophyll content were collected. Early maturity was found to be advantageous 

under drought. It was concluded that interaction differed with environments for 

spiklet fertility and 1000 grain weight in specific drought related traits (Lafitte and 

Courtois, 2002).  

 

To evaluate barley genotypes for diversity for yield performance under water stress 

conditions, a study was conducted by Rizza et al. (2004). Significant genotypic 

variation existed for grain yield. The superior performing genotypes were identified 

which were endowed with genes for a wide range of adaptability under favorable and 

stress environments. These genotypes could be used to understand better which 

metabolic processes and morphological/ physiological traits are crucial to assure high 

yield performance under different environments. 

 

Upadhyaya (2005) identified peanut (Arachis hypogaea L.) genotypes for water stress 

conditions. The experimental material was evaluated for specific leaf area (SLA) and 

various vegetative, reproductive, and quality traits. Variances due to genotypes were 

significant for SLA and also for other traits, but not for pods per plant, yield per plant, 

haulm (plant stem after crop has been gathered) yield per plot, and protein and oil 

content. The genotypes × season interactions were significant for SLA at 80 days after 

sowing and for all other quantitative traits except number of primary branches and 

pod width. The studies indicated that the selected accessions were diverse compared 

to the control cultivars and can be used in the peanut improvement programs to 

develop cultivars with a broad genetic base. The results of this evaluation of the 

peanut mini core collection revealed a large variation for the traits examined. 

Eighteen diverse accessions were selected which were suggested to be useful in 
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breeding peanut for resistance to drought. Since these accessions had reasonably good 

agronomic value, therefore, these could be used in breeding programs. It was 

suggested that while selecting the exotic germplasm to be used in the breeding 

programs, genetic background and agronomic performance of the lines must be 

considered in view as this will be useful in predicting their behavior in hybrid 

combinations.  

 

Hufstetler et al. (2007) demonstrated that three physiological traits may affect 

soybean performance under water stress conditions i.e. water use efficiency, 

regulation of whole plant water use in response to soil water content, and leaf 

epidermal conductance when stomata are closed. Data showed substantial variability 

among genotypes for the traits investigated. 

Studies were conducted at the International Center for Improvement of Maize and 

Wheat (CIMMYT), Mexico on bread wheat (Triticum aestivum L.) genotypes to study 

the role of osmotic adjustment (OA) in sustaining grain yield and its stability under 

water deficit conditions, and these revealed considerable genetic variation and 

heritability of osmotic adjustment (Moinuddin et al, 2005) 

 2.7. Screening techniques for water stress 

 

Water deficits are often the greatest constraint on crop yield, but a relevant measure of 

plant sensitivity to changing water deficit has remained a challenging problem 

(Sinclair, 2005). Physiological traits associated with stress tolerances have rarely been 

used in plant breeding and this is due to the difficulties associated with measuring 

these traits on large numbers of plants, low heritabilities, and complex relationships 

between the traits and yield (Hall et al., 1994). The effect of drought on a crop can be 

studied at different levels of organization, from yield and its components, to the 

cellular levels. Several morphological and physiological traits related to the main 

adaptive mechanism can be used as screening tests for drought tolerance (Lacape, 

1996). Effective screening methods must evaluate plant performance at critical 
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developmental stages, be completed rapidly, use small amounts of plant material, and 

screen large numbers of plants (Johnson, 1980). Such breeding methods must be 

incorporated into plant breeding programmes for effective genetic improvement. A 

screening method for drought tolerance in crop plants that fulfills all of these 

important requirements has been helpful to researchers. The key to an efficient 

screening method is the ability to screen large amount of plant material in the shortest 

time. The physiological parameters are being identified by the physiologists which 

are correlated with water stress, but these tests are either too tedious or too time 

consuming for plant breeders to evaluate large breeding populations             

(Longenberger et al., 2006). 

 

2.7.1. Cell membrane stability 

 

Cell membrane stability (CMS) to water stress was measured in wheat, measuring the 

electro conductivity of aqueous medium in leaf discs that were previously water 

stressed in vitro by exposure to a solution of polyethylene glycol (PEG-6000). It was 

suggested that the method worked equally well with other crop plants like barley and 

triticale (Blum and Ebercon, 1981). Farooq and Azam (2005) reported that the cell 

membrane stability (CMS) technique has extensively been used for screening of 

germplasm to various abiotic stresses like heat and salinity. They used CMS to screen 

salt tolerance in wheat genotypes. They observed that cellular injury increased with 

an increase in salinity levels. They suggested that this technique appeared to be 

suitable for screening wheat under high salinity levels and for detecting differences 

that may arise due to cumulative effects of salinity and reduced water content. 

 

Durum wheat somaclonal lines were evaluated using electrolyte leakage, stomatal 

conductance and days to heading as physiological and developmental traits to 

compare different lines (Bajji et al., 2004). Leaf segments were exposed either to 

deionized water (control) or to 30% PEG-10000 (stressed). The percentage of 

electrolyte leakage, which represents cell membrane injury, was then calculated. They 
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found that difference in electrolyte leakage, stomatal conductance and days to 

heading were indeed detected between parental cultivars and most of the in vitro 

derived lines in the subsequent generations. They suggested electrolyte leakage as an 

important physiological parameter to screen somaclonal lines, and this may be used 

as a predictive criterion of putative drought stress resistance. 

 

Al-Hamdani et al. (2003) studied the relative resistance of three sorghum varieties 

under water stress conditions during the early stages of vegetative growth. Plants 

were subjected to two soil water levels i.e. control plants were kept at field capacity 

(100% soil water saturation) and the stressed plants received 25% of the control at 

each time of re-watering. After three cycles of drought they observed that leaf relative 

water content and cell membrane stability were lowered while concentration of 

soluble sugar was elevated. They reported that RWC was a major factor in plants 

capability to survive adverse water conditions. Cell membrane stability was observed 

to be an effective technique to differentiate drought tolerant/susceptible genotypes of 

many crops.  

 

2.7.2. Survival percentage 

 

Seedling survival after desiccation has been suggested as the most suitable technique 

for screening large populations (Winter et al.,1988). Longenberger et al. (2006) 

developed a protocol to screen cotton seedlings for drought tolerance. They suggested 

that evaluation under control condition may allow for better identification due to 

reduction in environmental and genotypic interaction. They further suggested that 

additional evaluation of the genotypes by other methods was required to validate the 

credibility of the method used. Twenty-one converted race stocks (CRS) and two 

cultivars were evaluated for seedling drought tolerance (SDT) on an individual plant 

basis. Genotypes were evaluated under controlled conditions. Seedlings were 

subjected to three sequential cycles of drought at 15 d after planting (DAP). After 

each drought cycle, plants were watered to saturation and allowed to drain to field 
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capacity and percent survival recorded after 48 h. Genotypes differed in their percent 

survival following three consecutive drought cycles.  

 

In order to identify tolerant accessions among a wide range of genotypes, screening 

technique, previously used for cereals, was adapted by Penna et al. (1998) for cotton. 

Ninety cotton genotypes were screened on the basis of plant survival after a series of 

drought cycles. Significant genotypic differences were found. However, confirmation 

of these results will be required for screening by this technique. In general, the 

technique is simple and has practical potential for screening a large number of 

genotypes as a preliminary step in breeding for drought tolerance.  

 

2.7.3. Morphological parameters 

 

Cowpea genotypes varying in drought tolerance were evaluated for differences in 

height, collar diameter, leaf area, shoot and root biomass and root: shoot ratio 

(Ogbonnaya et al., 2003). Root growth response to water stress was studied for 

screening upland cotton for drought tolerance (Basal et al., 2005). Kinyua et al. 

(2003) screened wheat cultivars for drought tolerance and studied rooting pattern for 

screening the cultivars. They reported that resistant genotypes had more roots in the 

crown region whereas susceptible cultivars had fewer roots in the crown region. 

Furthermore, tolerant varieties had high absorptive surface area while susceptible 

ones had fewer. Root depth, total root length, relative absorptive surface area, number 

of roots, root spread, length of longest root and root concentration were significantly 

different among the genotypes tested. It was suggested  that root characteristics were 

reliable for screening under water stress. 

 

2.7.4. Physiological parameters 

 

Physiologists had measured different plant characteristics that showed correlation 

with drought tolerance, such as water use efficiency (Quisenberry et al.,1981),  
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detached leaf water loss (Basal et al.,2003;Basal et al.,2005), stomatal characteristics          

(Quisenberry et al., 1982; McDaniel, 2000) and osmotic adjustment (Nepomuceno et 

al., 1998). Physiological monitoring can be an effective tool in germplasm selection 

and improvement and empirical differences in drought tolerance of cotton cultivars 

can be related to measurable physiological parameters (Nepomuceno et al., 1998). 

 

Quisenberry et al. (1985) studied cotton strains under irrigated and dry field 

conditions and observed that photoperiodic strains i.e.T25 and T169 had similar shoot 

biomass under irrigated conditions but under dry field conditions T25 produced more 

shoot biomass than T169. Under glasshouse conditions, T25 produced more shoot 

and root biomass with higher water use efficiency than T169. It was concluded that 

variability in leaf turgidity under dry field conditions may be useful in selecting 

germplasm with enhanced drought tolerance. 

 

Cotton genotypes were screened with higher growth rate under water stressed 

conditions (Quisenberry et al., 1982). Transpiration decline curve (TDC) was used as 

the technique to study stomatal and cuticular transpiration phases. Significant 

genotypic differences for almost all components of TDC were found. It was 

concluded that TDC appeared useful for screening cotton germplasm under water 

stress.  

 

Germplasm of traditional vegetable crops were screened for drought tolerance by 

investigating various physiological, morphological and biochemical traits including 

relative water content, membrane stability, enzymes of the anti-oxidative pathway, 

leaf water potential, osomoprotection (proline), productivity (photosynthesis), rooting 

( root architecture), early drought tolerance and leaf area. Useful traits of drought 

tolerance were identified for applying in a breeding programme to develop tolerant 

genotypes of vegetable and seed crops (Slabbert et al., 2004). 
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Abraham et al. (2004) determined major physiological factors associated with the 

recuperative ability of Kentucky bluegrass (Poa pratensis L.), Texas bluegrass (Poa 

arachnifera Torr.) and their hybrids for drought stress. Plants were exposed to 

drought stress by withholding irrigation. Genotypes were classified into three cluster 

groups of drought resistance based on the responses of relative water content (RWC), 

electrolyte leakage (EL) and photochemical efficiency (FV/FM) to drought stress. 

RWC and FV/FM declined with drought stress while EL increased during drought. It 

was reported that EL was the most sensitive indicator of drought stress. Studies on the 

effect of cotton cultivars and drought condition on physiological traits in field 

condition revealed that carbon isotope discrimination can also be used as a valuable 

tool for selecting drought tolerant cotton genotypes (Leidi et al., 1999). 

 

Kumar and Singh (1998) used various physiological indices as a screening technique 

for drought tolerance in oil seed Brassica species under field conditions. They noted 

that identification of suitable plant characters for screening large number of 

genotypes in a short time at critical stage of crop growth remains a major challenge to 

plant breeders. They identified various physiological characters like leaf water 

potential, leaf relative water content (RWC), leaf osmotic potential, turger potential, 

solute potential, leaf diffusive conductance, the difference between canopy and air 

temperature and water loss from excised leaves. They suggested that these characters 

may be used to screen out large number of genotypes for water stress.  

Winter et al., (1988) used several greenhouse and field screening techniques to 

differentiate drought resistance in wheat. It was suggested that excised leaf water loss 

is a labour intensive but informative screening technique. Water status of intact and 

excised leaves has been reported to be related to drought tolerance. McCaig and 

Romangosa (1989) used excised leaf water loss as screening technique in wheat 

breeding programme. It was observed that those genotypes that exhibited high initial 

water content (IWC) and/or low rate of water loss (RWL) performed well under water 

stress. It was concluded that this parameter may be used effectively for screening 

wheat germplasm in field or under controlled conditions. Low water loss from 
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excised leaves has been proposed as a simple but relatively reliable indicator of 

drought resistance in wheat (Yang et al., 1991), cotton (Quisenberry et al., 1982), and 

sorghum (Jordan et al., 1984). 

Basal et al. (2005) used excised leaf water loss for screening upland cotton genotypes 

for drought tolerance. They reported that IWC (initial water content) and ELWL 

(excised leaf water loss) behaved independently in different genotypes in cotton. The 

genotypes differed for the excised leaf water loss (ELWL). Information from these 

experiments also indicated that genotypic differences for IWC and ELWL existed. 

These results indicated that IWC and ELWL parameters might be used as selection 

criteria in a drought tolerance breeding program. Results suggested initial water 

content (IWC) and ELWL could be used as reliable selection criteria for drought 

tolerance breeding program.  

In order to study the genetics of excised leaf water loss and relative water content in 

wheat, Dhanda and Sethi (1998) studied F1 generation from a half-diallel set of 

crosses involving two drought tolerant, two moderately tolerant and two sensitive 

varieties.The data were collected under glasshouse and field conditions at tillering 

and anthesis stages of plant development. Additive gene action, in general, played a 

major role in determining the inheritance of these two traits. General combining 

ability (GCA) was the main source of genetic variation among crosses, while specific 

combining ability (SCA) was negligible. Strong phenotypic correlations existed 

between per se performance and GCA effects in the majority of cases. Heterosis was 

not important. Genotype-environment interactions and/or differential gene expression 

appeared to account for different results found between environments and growth 

stages, respectively. Selection for relative water content appeared to be more effective 

at anthesis, while for excised-leaf water loss at both stages of plant growth. In 

addition to drought resistance, wide differences for morphological characters and 

relative positions of parental arrays revealed the possibility of obtaining desirable 

segregants for drought stress conditions from the cross Kharchia 65 × WH 147.  



 

27 

Water deficit induces abscisic acid (ABA) accumulation. ABA is a potent molecule 

that certainly modifies stomatal behaviour and plant water loss and acts to modify the 

growth of leaves. The harmone is synthesized both in the leaves and the roots of 

plants and may move freely from plant to soil and vice versa. Water stress modifies 

the flux of ABA around the plant and its accumulation in different compartments and 

tissues (Sauter et al., 2001). Studies in maize revealed that significant increases of 

ABA occur in both roots and shoot tissues. It was further revealed that the initiation 

of ABA accumulation is related to weight loss of tissues. The mechanism is very 

complex and include a series of cellular signaling processes (Jia  et al., 2001). 

 

2.8. Moleculer Studies/DNA Fingerprinting 

 

Iqbal et al. (1997) analyzed 22 varieties of Gossypium hirsutum and one variety of         

G. arboreum by random amplified polymorphic DNA (RAPD) markers. Out of 50 

random decamer primers, 49 primers detected polymorphism in all 23 cotton 

varieties, while one produced monomorphic amplification profiles. A total of 349 

bands were amplified, 89.41% of which were polymorphic. Cluster analysis by 

UPGMA showed that 17 varieties can be placed in two groups with a similarity 

ranging from 81.51 to 93.41%. RAPD revealed the genetic difference among the 

genotypes. 

 

Rahman et al. (2002) conducted a study to estimate the genetic divergence among 

elite cotton cultivars/genotypes by DNA finger printing technology. After screening 

27 cotton genotypes by different diagnostic methods such as field evaluation, 

whitefly-transmission studies, grafting, dot-blot hybridization, and multiplex PCR 

using conserved primers sequences, 20 extremely resistant and moderately resistant 

cultivars were selected for a random amplified polymorphic DNA analysis. The 

genetic similarity of the exotic germplasm with the elite cultivars was in the range of 

81.45 to 90.59%. Similarly, the genetic relatedness among the elite cultivars was in 

the range of 81.58 to 94.90%. The average genetic similarity among all genotypes 
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was 89.55%. They demonstrated that only cultivar VH-137 possessed a diverse 

genetic background. 

 

Linos et al. (2002) attempted the identification and the genetic description of 28 

upland cotton (Gossypium hirsutum L.) cultivars currently cultivated in Greece using 

the RAPD method. The genetic similarity of the cultivars ranged from 0.614 to 0.922, 

indicating a relatively narrow genetic base. Cluster analysis by the unweighted pair 

group method of arithmetic means (UPGMA) showed that 21 of the cultivars could 

be placed into 3 major groups. Punitha and Raveendran (2004) evaluated  11 coloured 

cotton Gossypium hirsutum genotypes and four white linted genotypes of different 

origin by random amplified polymorphic DNA (RAPD) analysis. Cluster analysis 

showed clear-cut separation of the coloured and white linted genotypes and thus 

formed three clusters. 

 

Rana and Bhat (2005) studied the genetic diversity in 59 cotton cultivars with RAPD 

markers. They selected 18 RAPD primers that produced a total of 251 amplicons, 

which generated 97.21% polymorphism. Among 56 cotton cultivars, 36% genetic 

diversity was observed. Genetically distinct cultivars were identified that could be 

potentially important source of germplasm for cotton improvement. It was concluded 

that RAPD markers revealed sufficient genetic diversity and a high level of 

polymorphism. Khan et al. (2000) analyzed 31 Gossypium species to evaluate genetic 

diversity by RAPD. A total of 579 bands were observed, with 12.9 bands per primer, 

of which 99.8% were polymorphic. Six main clusters were observed through cluster 

analysis. It was observed that RAPD is the more efficient marker for construction of 

genetic linkage map. The RAPD technique was employed by Gomez et al. (2005) to 

characterize the interspecific hybrid of G. hirsutum 76 IH × G. anomalum to test its 

hybrid status. Out of 24 random primers screened, 12 generated 182 amplification 

products of which 98 amplicons were polymorphic. 
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Hussain et al. (2006) assessed 21 cotton accessions using 28 RAPD primers.The total 

number of amplicons detected were 323, while the number of polymorphic amplicons 

were 191. Thus the level of polymorphism was 59.1% among the 21 accessions. 

Variability and relationship among eleven cotton genotypes using PCR based markers 

including RAPD was investigated by Hussein et al. (2007). The genetic similarities 

ranged from 63.8 % to 95.9 % for RAPD.The dendogrames clustered the 11 

genotypes into two main cluster groups.The amplification profile of 11 cotton 

genotypes produced by 15 selected primers (PCR through RAPD) revealed a total of  

112 polymorphic bands out of 177 reproduciable products.This corresponds to a 

polymorphism level of 63.2 %.The results confirmed the efficiency of the molecular 

markers in detecting polymorphism among cotton genotypes, estimation of 

relatedness and identifying genotypes and species by unique fingerprints. 

 

Patil et al. (2007)  generated random amplified polymorphic DNA (RAPD) profiles 

for four cotton genotypes with 19 primers. The primers generated 123 RAPD loci, of 

which 97 were polymorphic. Average number of bands per primer were 6.47 The 

genetic distances were found to be 9.68 to 53.29 percent. The genetic distances were  

used for cluster analysis and the dendogramme so constructed grouped the genotypes 

into two major clusters. 

 

2.9. Genetic studies of drought tolerance 

 

McCarty et al. (2007) reported that upland cotton (Gossypium hirsutum L.) is 

cultivated in warmer climates throughout the world. The genetic base of modern 

upland cultivars is narrow. In order to improve yield and fiber quality traits, the 

genetic base should be broadened by incorporating new germplasm into cultivars. In 

this study, 114 day-neutral derived primitive accessions were crossed to two cultivars, 

Stoneville 474 and Sure-Grow 747 (female parents). In a 2 year study, parents and F2 

hybrids were evaluated in field plots where agronomic and fiber traits were measured. 

An extended additive-dominance genetic model was used, and the data were analyzed 
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on the basis of the mixed model approach. Dominance effects were the primary 

genetic effects controlling agronomic and fiber traits, while additive effects were 

small for most of these traits. Consequently, strong heterosis in some F1 and F2 

hybrids for most traits would be expected. The genetic resources from the primitive 

accessions, determined on the basis of cluster analyses, did not show any consistent 

pattern for collection location or taxonomic classification. Even though dominance 

effects were most common for the traits measured. Results indicated that these day-

neutral derived primitive accessions provided genes with significant additive effects 

for fiber quality traits, while the additive effects for yield improvement was not 

significantly decreased. Thus, these derived germplasm accessions can provide 

favorable gene resources for developing high yielding cultivars or hybrids with 

improved fiber quality. 

 

Cotton is grown primarily for its spinable fiber. Inorder to meet the demand of textile 

mills, both fiber quality and yield must be improved. McCarty et al. (2004) 

investigated the genetics of these traits by crossing 14 germplasm exotic derived lines 

with high fiber strength which were crossed as male parents with each of 5 cultivars. 

The parents, F2 and F3 populations were evaluated for yield, yield components and 

fiber quality traits. Genetic components of variance were estimated. Both additive (A) 

and additive × additive (A × A) epistatic effects significantly controlled all agronomic 

and most fiber traits. Significant dominant effects were detected for all traits except 

fiber elongation. Additive × environment and dominance × environment interaction 

effects were detected for most of the traits. 

 

While evaluating cotton germplasm for abiotic stress tolerance using various 

morphological and biochemical mechanism, Liu et al. (1998) reported that resistance 

was under genetic control. They had suggested that germplasm possessing drought 

resistance can be used successfully to extend the growing area into the arid and saline 

conditions. Studies on genetics of drought tolerance in common beans showed that 

although heritability of the trait was dependent on the environment, water stress 
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tolerance was found to be additive in nature (White et al., 1994). The work of Singh 

(1995) indicated that heritability of drought tolerance in common beans varied from 

low to high and expected gain from selection ranged from 10-48%. 

 

2.10. Breeding of crops for limited water conditions 

 

Drought is one of the greatest limitations to crop expansion outside the present day 

agricultural areas. The magnitude of the problem of water stress will become 

increasingly important in regions of the world where, in the past, the problem was 

negligible, due to the recognized changes in global climate.  Therefore, in order to 

tackle the problem, the workers have shown concern on improving cultural practices 

and crop genotypes for drought-prone areas. Understanding the mechanisms 

controlling drought tolerance / resistance and efficient use of water by plants is 

fundamental for the achievement of the objectives (Chaves and Oliveira, 2004). 

 

Plant water deficit is a component of several different stresses including drought, 

salinity and low temperatures, which severely limit plant growth and crop 

productivity. Genetic modification of plants is an important component to the solution 

of problems of environmental stress (Zhang et al., 1999). Future climate changes are 

expected to increase risks of drought and breeding crops for drought resistance is 

therefore required for both mild and severe stress conditions. This implies a need for a 

better characterization of the biodiversity available for drought and a deeper 

comprehension of the physiological mechanisms, which are crucial to assure yield 

when drought occurs (Rizza et al,.2004).  

 

Adu-Dapaah and Oppong-Konadu (2001) reported that drought tolerance is a 

complex genetic trait and thus selection becomes difficult for the plant breeders. 

Various approaches employed by researchers to develop drought tolerant varieties of 

crop plants are reviewed. Screening methods for field evaluation, physiological 

evaluation and use of molecular techniques are outlined. It was suggested that 
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molecular markers are powerful means to identify genetic loci associated with 

drought tolerance. 

 

Difference in physiological water use efficiency parameters are found in the 

experiments which were conducted in dry land and irrigated conditions. It was 

suggested that any improvement in components of water use efficiency would be 

expected to partially reduce adverse affects on yield and fiber quality of cotton.  It 

was concluded that there was potential in cotton for genetic advancement through 

selection (Stiller et al., 2005). Improved water use efficiency (WUA) is expected to 

reduce the adverse effects on yield and quality of cotton. Genetic variability in WUA 

and its association with photosynthetic rate and carbon isotope ratio in cotton was 

reported by Saranga et al. (1998).It was suggested that different cotton cultivars 

might have evolved with different environmental adaptation that effect their WUA 

which is positively correlated with carbon isotop ratio and can be used as a selection 

criteria for improving cotton WUA. 

 

Leaf hairiness, stomatal behaviour in improving water use efficiency, high cuticular 

resistance, photosynthetic rate, stomatal conductance, lower transpiration rate and leaf 

temperature were considered as desirable traits in the context of drought tolerance in 

cotton. It was suggested that stress tolerance in cotton may be improved through 

novel concepts such as manipulation of genes of enzymes like glycoxylate reductase, 

which regulates productivity at suboptimal temperatures or in vitro selection of cells 

and plants. It may be possible to transform cotton with alien genes e.g. one that 

controls the wilting of the leaves under water stress or a bacteria osmogene that 

causes over production of proline (Singh et al., 1992) 

 

Venuprasad (2007) reported that drought was a major cause of yield loss in rain-fed 

rice (Oryza sativa L.), grown on over 40 million ha in Asia. A study was conducted to 

evaluate the effectiveness of direct selection for yield under drought stress in upland 

rice in populations derived from crosses between irrigated high-yielding cultivars and 
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upland-adapted cultivars. Random F2:4 lines from five populations were screened for 

grain yield in fully irrigated lowland fields under non stress conditions and in uplands 

under severe reproductive-stage drought stress. Stress caused mean yield reduction of 

64% across populations. Broad-sense heritability for yield was not consistently lower 

in stress than in non stress trials. Response to selection was evaluated in two crosses 

in subsequent seasons. Stress-selected lines had a yield advantage of 25 to 34% over 

random lines when evaluated at stress levels similar to those in which they were 

selected. Yield gains under very severe stress occurred only in a population derived 

from a highly tolerant parent. Direct selection usually gave greater response to stress 

than indirect selection under non stress conditions. Direct selection under dry-season 

stress also gave response to naturally occurring wet-season stress. These results 

support the hypothesis that selection for yield at reproductive-stage under drought 

stress is effective in rice, and that choice of donor is very important in breeding 

drought-tolerant rice. 

 

Information on physiology and molecular genetics was reviewed which may have 

implications in breeding drought resistance rice. It was suggested that the ability of 

root system to meet evapotranspirational demands, and capacity for osmotic 

adjustment were the major drought resistance traits in rice (Nguyen et al., 1997). 

Another very widely adopted approach to breeding plants for drought tolerance might 

be to concentrate on increasing water use efficiency of the crop. Water use efficiency 

can refer to the ratio between yield, biomass or assimilation on the one hand and 

either transpiration or evaporation on the other (Jones, 1993). 

 

Efforts were being made to develop cotton germplasm that showed outstanding 

tolerance to abiotic stresses. Several advanced generation progeny lines as a result of 

interspecific crosses of selected individual plants of original upland Acala type cotton 

and Pima cotton cultivars have exhibited transgressive traits of agronomic value for 

drought tolerance. Initial early generation selection was made on the basis of superior 

germination and stand establishment for drought and heat tolerance. After initial 
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evaluation, promising crosses were made and the progeny were included in the later 

evaluation. After progeny testing under water stress conditions, some strains were 

selected for yield tests under water stress conditions. A number of progenies have 

shown excellent stress tolerance. These studies further revealed that tolerant strains 

have fewer stomata on the upper leaf surface than the normal range for upland cotton 

(McDenial et al., 2000). 

 

Identification of diverse accessions may be useful in breeding for resistance to 

drought. The accessions with good agronomic values can be used in breeding 

programmes. While selecting exotic germplasm, it is important to consider the 

genetic background and agronomic performance of the lines, as this will be useful in 

predicting its behaviour in hybrid combinations with adopted genotypes. The less 

divergent the germplasm line and the adopted lines are, the more likely it will be that 

the adaptive gene effect will play a primary role in inheritance of quantitative traits 

(Isleib and Wynne,1983). 

 

Richards et al. (2002) reported that genetic advance in grain yield for wheat under 

rain fed conditions was achieved by empirical breeding methods. It was reported that 

understanding of the factors limiting and/or regulating yield provided an opportunity 

to identify and then select for physiological and morphological traits that increase the 

efficiency of water use and yield under rainfed conditions. The incorporation of these 

traits into breeder’s populations could broaden their genetic base. This might lead to 

faster selection progress in gains yield. 

 

2.11. Management strategies to cope with water stress conditions 

 

Farmers must combine various management strategies to cope with water deficit 

resulting from soil, weather or limiting irrigation. These strategies can be translated 

into various objectives: 

1. Increasing soil stored water at planting time. 
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2. Increasing soil water extraction. 

3. Reducing the contribution of soil evaporation to total water use. 

4. Optimizing the seasonal water use pattern between pre and post flowering. 

5. Tolerate water stress and recovery after stress alleviation. 

6. Application of irrigation at most sensitive growth phase. 

 

To obtain these objectives, tactical decisions concerning soil tillage, type of crop and 

cultivars, sowing date and density, nitrogen fertilization, irrigation timing have to be 

made (Debaeke and Aboudrare, 2004). 
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CHAPTER 3 

MATERIALS AND METHODS 

The present research work was carried out in the Department of Plant Breeding and 

Genetics, Centre of Agriculture Biochemistry and Biotechnology (CABB) and at Post 

Graduate Agriculture Research Station (PARS), University of Agriculture, 

Faisalabad. The stepwise research work done to achieve the objectives is described 

below. 

3.1. Screening of cotton germplasm for water stress tolerance 
 

In this experiment, responses of 80 cotton accessions to water stress and non-stress        

conditions were examined in glasshouse. Name of the accessions used in these           

investigations are given in the Appendix-I. Seeds of all accessions were obtained 

from the available stock in the department. Seeds of accessions were planted during 

October, 2004 in polythene bags measuring 25 ×15 cm, filled with about 1.15 kg of 

silt mixed with 100 g farm yard manure. All the bags were saturated to field capacity 

before planting seed. Seeds were soaked overnight before seeding in the bags. Four 

holes of one inch deep were made in each bag, and four seeds were sown in one hole. 

After germination, seedlings were thinned to one seedling per hole, and thus there 

were four seedlings per bag. Eighteen polythene bags (each containing four seedlings) 

were divided into two sets. One set was treated as control (T0) and the other as water 

stressed (T1). Bags were arranged following completely randomized design in each 

treatment with three replications. 

 

Seedlings grown under both stress and non-stress condition were watered and 

fertilized  till the development of first true leaf, and thereafter, seedlings grown under 

control condition (T0) were watered daily to keep the soil at field capacity. Water 

stress condition was developed by withholding water supply to the seedlings grown 
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under water stress condition (T1), and the effect of water stress was monitored 

visually and with soil moisture meter (HH2 Theta Probe Type, Delta-T device, 

Cambridge, England).  At initial  wilting stage (observed visually), when soil had 14 

to 16 % soil moisture content, the stressed plants were watered  to relieve the sign of 

wilting but not enough to reach field capacity. The experiment was continued for 45 

days from the date of emergence till the 3rd main stem leaf was fully expanded. The 

plants grown under normal water supply and stressed conditions were measured for 

the following morphological and physiological parameters:  

1. Shoot length (cm) 

2. Root length (cm) 

3. Shoot fresh weight(mg)  

4. Shoot dry weight (mg) 

5. Plasma membrane stability 

3.1.1. Shoot length 
 
Eight plants of each accession in each replication from each treatment were uprooted 

gently avoiding breakage, and shoot was separated by cutting at the junction of root 

and shoot. Shoot length was measured with a measuring tape. Mean shoot length for 

each accession was computed in each treatment. 

 

3.1.2. Root length 

 

The longest root of each plant in each replication was measured with measuring tape. 

Means of each accession was computed for each treatment. 

  

3.1.3. Shoot fresh weigh 

 

Fresh shoot weight of uprooted plants, before measuring the shoot length, was 

obtained with an electronic balance, and means were obtained for each treatment.  
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3.1.4. Shoot dry weight 

 

After recording fresh weight, shoots were placed in kraft paper bags and oven dried 

for 24 hrs at 80o C to get the shoots completely dried. Shoot dry weight of each 

accession was recorded with the help of an electronic balance. Means were computed 

for each treatment. 

3.1.5. Plasma membrane stability test 

  
Electrolyte leakage has been recognized as one of the faster techniques for screening 

a large number of genotypes (Shanahan et al., 1990).This method had been used in 

wheat to study drought and heat tolerance, and works equally well in other crops 

(Blum and Ebercon, 1981). Therefore, it was used here in order to assess the cotton 

germplasm. 

  

Fully expanded leaves of each accession from three different plants grown under well 

watered conditions were excised from each replication and washed 2-3 times with 

distilled water. The discs of one cm diameter were removed from each leaf from both 

sides of the midrib. One disc was placed in test tube containing 10 ml deionized 

water, and was marked ‘C’. The other disc was placed in 50 % w/v solution of 

Polyethylene Glycol (PEG-6000) and was paired with the test tube previously marked 

as ‘C’. Similar samples were prepared from other two replications of 80 accessions. 

Test tubes were placed in an incubator at 10o C. after 12 hours, the samples immersed 

in PEG-6000 were removed and washed with distilled water and reimmersed in 

another test tube containing 10 ml deionized water and was marked ‘T’. These test 

tubes were again placed in the incubator for 24 hours.  

 

After 24 hours of  incubating period, the test tubes marked as ‘C’ were taken out from 

the incubator and equilibrated for one hour to room temperature and the conductivity 

of the medium (C1) was measured by inserting a conductivity meter electrode into 

each test tube. The electrical conductivity of the medium in test tubes marked as ‘T’ 
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was also measured after 24 hours incubation period (T1). The open end of all the 

tubes were plugged  with cotton and placed in an autoclave at 120°C for 15 minutes to 

kill the tissues completely. The autoclaved samples were then placed at room 

temperature to equilibrate and the conductivity of the medium containing killed tissue 

was measured (C2 and T2). Injury index (I) / relative damage to plasma membrane 

was calculated using the following formula: 

                                I = 1− (1– T1/T2)    × 100 
                                          (1– C1/C2) 
Where T1 and T2 are the electrical conductivity values of the samples treated with     

PEG-6000 before and after autoclave treatment and C1 and C2 are the respective 

values for the samples treated as control. 

 

3.2. Assessment of the material using Random amplified polymorphic DNA 

(RAPD)  

 

Ten accessions selected on the basis of seedling morphological traits and plasma 

membrane injury indices were subjected to Random Amplified Polymorphic DNA 

(RAPD) analysis. Accessions tested were B-557,149 F, BOU-1724, DPL-26, BH-

124, MNH-129, FH-1000, NF 801-2, H499-3 and CIM-446. The DNA extraction was 

done following CTAB (Cetyl Trimethyl Ammonium Bromide) method (Iqbal et al., 

1997). The quality of DNA was assessed by running 7µl DNA mixed with 3µl 

Bromophenol blue dye on 0.8% agarose gel prepared on 0.5X TBE (Tris borate 

EDTA) buffer. The DNA samples giving smear in the gel were rejected. DNA 

concentration was quantified through CECIL, CE 2021 Spectrophotometer. 

  

3.2.1. Polymerase chain reaction (PCR) 

 

Eighteen Polymorphic RAPD primers from series (A, B, C and D) were selected to 

amplify the genomic DNA of selected germplasm.  List of RAPD primers used in this 

study and their sequence are given as Appendix-II. 
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PCR was performed in a volume of 25µl containing 2.5 µl 10X PCR Buffer , 3µl 

MgCl2, 2.5 µl Gelatin, 4.0µl dNTPs, 0.2 µl Taq polymerase, 2.0 µl DNA, 2.0 µl 

RAPD primer and 8.3 µl d3 H2O. Concentration of 25 ng / µl was used for 

amplification. Amplification was performed in Eppendorf DNA thermal cycler 9600 

programmed for a first denaturation step of  5 minutes at 94 ° C followed by 40 

cycles of 1 minute at 94° C, 1 minutes at 36 ° C and 2 minutes at 72 ° C. The reaction 

was kept at 72 ° C for 10 minutes for final extension step. 

 

3.2.2. Agarose gel electrophoresis 

 

The amplification products were analyzed by electrophoresis in 1.2% (w/v) agarose 

gel in 0.5 x TBE (Tris Borate EDTA) buffer. Ethidium Bromide (10 ng/100 ml) was 

added to the gel to stain the DNA bands. Before loading PCR product in the gel, 5 µl 

of bromophenol blue dye was added. Only 10 µl of the reaction was loaded on gel. 

DNA ladder (1 kb) was also loaded on both sides of the gel. Samples were analyzed 

by electrophoresis for approximately 2 hours. After electrophoresis, the amplified 

products were viewed under ultraviolet transilluminator and photographed using 

Syngene Gel Documentation System. Amplification profiles for all the 10 cotton 

accessions were compared with each other and the presence of DNA fragments were 

scored as present (1) or absent (0). The data for all the 18 primers were used to 

estimate the similarity on the basis of the number of shared amplification products 

(Nei and Li, 1979). Similarity coefficients were utilized to generate a dendrogram by 

means of unweighted pair group method of arithmetic mean (UPGMA). 

 

3.3. Development of plant material for studies on genetics of drought tolerance 

Eight accessions named below were selected on the basis of morpho-physiological 

characters and DNA fingerprinting. 

Tolerant:  149F, B-557, DPL-26 and BOU 1724-3 

Susceptible:     FH-1000, NF 801-2, CIM-446 and H-499 
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The selected accessions were grown in glasshouse in mud pots filled with fertile soil 

during October, 2005. Two plants per pot were grown. All cultural practices like 

irrigation, fertilization and hoeing were carried out throughout plant development. At 

the start of flowering in February, 2006 few early flowers were selfed to obtain 

genetic purity in the parental stock. Selfing of buds was made by covering with 

glassine bags. 

 

When parents started to flower, they were crossed according to diallel cross method 

to develop F1 seed for studying genetic basis of variation in the breeding material to 

be tested under limited water supply conditions. Emasculation of suitable buds was 

done in the afternoon and covered with soda straw tube and tagged to indicate the 

parentage.  Pollens from the male flowers were collected in the following morning to 

pollinate the emasculated buds, and the buds were recovered with soda straw tube to 

avoid contamination. A complete record of the crosses was made and maximum 

number of pollinations was attempted to produce sufficient quantity of hybrid seeds. 

At maturity, the crossed and selfed bolls were picked and seed cotton ginned to obtain 

seed.  

    

3.4. Assessment of genetic material at seedling stage 

 

The response of genetic material to water stress condition was assessed at seedling 

stage in glasshouse. The detail of experiment is given below: 

 The eight parents and their 56 hybrids were planted in glasshouse to study their 

response to normal and water stressed conditions. The plant material was grown using 

two treatments (control and water stress) each with three replications following 

completely randomized design. Seed of the entries were planted during October, 2006 

in polythene bags in the same manner as followed in section 3.1. The plants grown 

under normal and stressed conditions were measured for the following morphological 

and physiological parameters:  
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1. Shoot Length(cm)  

2. Root length (cm) 

3. Shoot fresh weight(mg) 

4. Shoot dry weight (mg) 

5. Plasma membrane stability  

6. Excised leaf water loss 

7. Leaf relative water content 

 

The measurements for the parameters listed above were made following the method 

explained in sections 3.1.1 to 3.1.5. However, excised leaf water loss and leaf relative 

water contents were measured as follows: 

 

3.4.1. Excised leaf water loss. 

 

Measurements of excised leaf water loss were made following the method used by 

Basel et al.(2005).The detail of the procedure is as follows: 

Three fully expanded leaves were taken randomly from each replication grown under 

control. The leaves were excised at noon. Each leaf was immediately weighed and 

recorded. The leaves were then placed in a growth room under a light bank at 30o C 

and relative humidity 45%, and weighed after 8 hours to see the difference in weight. 

Leaves were then dried in the oven at 70 o C  for 24 hours. Initial water content and 

excised leaf water loss during 8 hours were computed as g H2O g-1 dry weight for 

genetic analysis. 

 

3.4.2. Leaf relative water contents 

 

Three fully expanded leaves were taken randomly from each replicate of the two 

treatments. Fresh weight (FW) of the leaves was measured immediately with an 

electronic balance, and immersed in the distilled water for 12 hours so that they 

became fully turgid. The leaves were dried with blotting paper and turgid weight 
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(TW) was recorded. Afterward, leaves were placed in kraft paper bags and kept in 

oven for 24 hours at 80o C, and dried weight (DW) was recorded. Leaf relative water 

content (RWC) of the leaves was determined using the equation given by Turner 

(1986). 

 RWC = (FW – DW)   x 100 
              (TW – DW)  
 

Where FW is leaf fresh weight, DW is dry weight and TW is the turgid weight of 

leaves. Indices of RWC were used for genetic analysis. 
 

3.5. Assessment of genetic material in field conditions 

 

In this experiment, the genotypic responses to normal and two water stressed 

conditions were assessed in field conditions. All the 64 entries were planted in three 

replications following randomized complete block design. Seeds of the entries were 

planted in rows 75 cm wide each with plants spaced 30 cm within the rows, and there 

were 10 plants in each row. In order to prevent the rainfall from entering the soil, soil 

surface between the rows was covered with polythene sheet during the rainy season 

i.e. July-August as done by Pettigrew (2004 a, b). Plants under control conditions 

were kept at field capacity (T0), while the material to be examined under water stress 

was treated with 50 % less irrigations (T1) and 75% less irrigations (T2) of the control. 

At maturity, data on 10 plants per entry in each replicate was recorded to evaluate the 

genotypic responses to water stress. The characters measured were as follows. 

1. Plant height (cm) 

2. Stem diameter (cm) 

3. No. of bolls per plant 

4. Average boll weight (g) 

5. Seed cotton  per plant (g) 

6. Lint percentage (%) 

7. Fiber length (mm) 

8. Fiber fineness (µg/inch) 
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3.5.1. Plant height  

 

When the epical bud of the main stem ceased to grow, final height of all the plants 

was recorded in cm. with the help of meter rod. The height was recorded from the 1st  

cotyledonary node to the apical bud. Data on ten guarded plants were recorded in 

each replication for each entry and family means were worked out for analysis. 

  

3.5.2. Stem diameter 

 

Stem diameter was measured with the help of a verniare caliper from the middle of 

the lower 1 st and 2 nd node of all the 10 plants. 

 

3.5.3. Number of bolls per plant 

 

The harvest of seed cotton yield was completed in three picks. The number of bolls 

from the three picks was counted and cumulative numbers of bolls were recorded for 

each plant. The average number of bolls for each entry was calculated for each 

replication in the three treatments. 

 

3.5.4. Seed cotton yield per plant 

 

Three pickings of seed cotton yield were performed at regular intervals of three 

weeks. Seed cotton of each plant was picked separately and put in kraft paper bags. 

After completion of three pickings, the total produce of each plant was cleaned and 

weighed using electrical balance, and family means were calculated in each 

replication.  
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3.5.5. Average boll weight  

 

Average boll weight of each family was calculated by dividing total seed cotton yield 

of a plant by respective number of bolls. Average boll weight of family was then 

calculated for the replication.  

 

3.5.6. Lint percentage 

 

Clean and dry samples of seed cotton of each plant were weighed, and ginned with a 

single roller electric gin. Lint percentage was calculated, dividing lint weight by total 

weight of seed cotton in a sample. This character was recorded on percentage basis.  

 

3.5.7. Fiber length and Fiber fineness 

 

Fiber length and fineness of each plant was measured by using spin lab HVI-900.This 

instrument provides a comprehensive profile of raw fiber and measures the most 

important fiber characteristics according to international trading standards. 

3.6. Statistical analysis 

Data on the characters measured above were subjected to analysis of variance 

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

significant. The traits showing significant differences were analyzed following diallel 

cross method developed by Hayman (1954 a, b) and Jinks (1954). Characteristically, 

it provides valid outcome about the genetic behavior of plant characters in early 

generation like F1. This technique is extensively used by plant breeders for analyzing 

of metric characters. 

 

3.6.1. Estimation of variances and covariances 

 

In the simple additive-dominance model, computation of variance of the components 

of each array (Vr), the covariance of all offspring included in each parental array with 
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the non-recurrent parents (Wr), and variance of the parental means (V0L0=Vp ) was 

made. Other second degree statistics include the means of variances (V1L1), the 

variances of mean of arrays (V0L1), the means of array covariances (W0L0) and 

difference between the mean of the parents and the mean of their n2 progeny     (ML1–

ML0). These estimates were involved in the estimation of component of variation 

such as D, an estimate of additive effects; H1 and H2, variation due to dominance 

effects of genes; F, provide an estimate of the relative frequency of dominant to 

recessive alleles in the parental lines, and the variation in the dominance over the loci. 

These were computed as follows: 

 

3.6.1.1. Parental means 

 Parental means═ Sum of all diagonal values 
                  Number of parents 
3.6.1.2. Variance of the parents 

 Variance of the parents=V0L0= 1/n–1 [sum of squares of all diagonal values- 
CF] 

                                           
Where,  CF = (sum of all diagonal elements)2 
                                         Number of diagonal elements 
 
3.6.1.3. Mean variance of array 

 Mean variance of array=V1L1=1 ⁄n ∑Vri 
 
Where, Vri  is the variance of each array, and was computed as follows: 
 
Variance of each array (Vri) = 1 ⁄n–1[sum of squares of the crosses involving a 

particular parent - CF] 
 
Where,  CF ═ Sum of all ‘n’ crosses involving a particular line 
                                                          Number of crosses 
 
 n=Number of parents 
3.6.1.4. Variance of the mean of arrays 

 
Variance of the mean of arrays=V0L1=1 ⁄n–1[Sum of squares of means of array–CF] 
 
Where,  CF ═ Sum of mean of arrays 
                                           Number of crosses 
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3.6.1.5. Mean co-variance between the parents and the arrays 

 
Mean co-variance between the parents and the arrays=W0L0=1 ⁄n∑ Wri 
 
Where, Wri  is the co-variances between parents and their hybrids  
 
 
3.6.1.6. Difference between the mean of the parents and the mean of their n2 

progeny 

 

Difference between the mean of the parents and the mean of their n2 progeny=      
 
 ML1–ML0 =1 ⁄n [{1 ⁄n (Grand Total)} – (Sum of diagonal values)]2 
  
 Where   n = number of parents 
     
 
3.7. Wr Vr graph 
 
 
Parameters of the second degree statistics i.e. Wr and Vr are presented graphically, 

and  pattern of their relationship is examined through the regression of Wr and Vr. 

From the property of the regression line, some information about genetic 

phenomenon may be drawn such as:- 

 

Complete dominance: When the line passes through the origin. 

Partial Dominance: When the intercept is positive. 

Over Dominance: When intercept is negative.  

No Dominance: When the regression line touches the parabola limits. 

 

Further, the position of array points along with the regression line throws light on the 

distribution of dominant and recessive genes among the parents. The parents with 

most dominant genes had their points nearest to the origin, whereas the parents 

carrying maximum number of recessive genes are found away from the origin, whilst 

the parents with equal frequencies of dominant and recessive genes fall between these 
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two extremes. The distance between the array points is measure of genetic diversity 

among the parents.  

         

3.8. Estimation of components of variation 
 
 
The genetic components of variations i.e. D, H1, H2, h2 and E were calculated using 

the technique derived by Hayman (1954 a).  

 

The genetic parameters and their formulae are given below: 

 
3.8.1. Additive component of variation (D) 
 
   D=V0L0– E 
Where, V0L0   is the variance of the parents and E is the environmental variance 
 
 
3.8.2. Estimation of relative frequency of dominant and recessive alleles in the 

parents 
 
 
  F=2 V0L0 -4W0L0-2(n-2)E/n 
 
 
3.8.3. Variation due to dominance effects of genes (H1) 
 
 
   H1=V0L0-4W0L0+4V1L1-(3n-2)/n 
 
 
3.8.4. Variation due to dominant effects of genes correlated with gene 

distribution (H2) 
 
  H2=4V1L1-4 V0L1-2E 
3.8.5. Overall dominance effects of heterozygous loci (h) 
 
 
  h=4 (ML1–ML0)2-4(n-1)E/n2 
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3.8.6. Expected environmental component of variation (E) 
 
 
 E= (Error SS+ Rep SS/ Error df + Rep df  ) 
        No. of replications 
 
 
3.8.7. Mean degree of dominance 
 
 
Mean degree of dominance= (H1/D)1/2 
 
 
3.8.8. Proportion of increaser (positive) and decreaser (negative) genes in the 

parents (H2/4H1) 
 
 
H2/4H1 measures average value of uv over all loci. In case of unequal allelic 

frequencies, the mean of uv over all loci estimated from the ratio ¼ H2/H1 is less than 

its maximum value i.e. 0.25, which happens when u=v=0.5 at all loci 

 
3.8.9. Proportion of dominant and recessive genes in the parents 
 
 
Proportion of dominant and recessive genes in the parent 
 
     =[(4DH1)1/2+F)/(4DH1)1/2-F] 
 
 
3.8.10. Estimation of heritabilities 
 
 
Narrow sense heritabilities for each of characters were calculated according to the 
formulae given by Mather and Jinks (1982). 
 
 
 Heritability (ns) =    0.5D+0.5H1-0.5H2-0.5F 
      0.5D+0.5H1-0.25H2-0.5F+E 
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CHAPTER 4 

Results 

 

4.1. Screening of germplasm on the basis of seedling traits 

 

Means of shoot length, root length, shoot fresh weight and shoot dry weight of 80 

cotton accessions measured under control and water stressed conditions are given 

in appendices III and IV. 

 

Results of analysis of variance of four seedling traits are presented in table 4.1. 

The results indicated that the accessions differed significantly (P ≤ 0.01) for all 

the traits measured in control and water stressed conditions. The difference 

between the two water treatments was also significant (P ≤ 0.01). The highly 

significant interaction term (P ≤ 0.01), accessions (A) × treatment (T), for all the 

traits indicated that the accessions responded differently to the two moisture 

conditions. 

 

 In order to examine the responses of the accessions to water stress conditions, a 

sample of 34 accessions was taken, for detailed description, on the basis of the 

performance of 80 accessions under stressed and non- stressed conditions. These 

34 accessions were more consistent in their performance under stress than others 

for all the traits under study. Absolute and relative water stress tolerance of 34 

accessions measured for four seedling traits are presented in table 4.2 and Fig 4.1 

to 4.4. The comparison of accessions based upon the measurements of the 

characters under the two conditions is presented here: 

 

4.1.1. Assessment of germplasm on absolute basis 

 

It is evident from table 4.2 and Fig.4.1 that shoot lengths of 34 accessions 

measured under control conditions differed from each other, and ranged from 14.2 
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Table.4.1. Analysis of variance of four seedling traits of 80 Gossypium hirsutum L. accessions measured under control 

and water stressed conditions 

 

       

**, denotes differences significant at 1% probability level 

 

 

 

 

 

 

 

 

Source of  variation 

 

Df 

 

Shoot length 

 

Root length 

 

Shoot fresh weight 

 

Shoot dry weight 

 

Accessions(A) 

 

79 

 

20.10** 

 

21.40** 

 

1010228.37** 

 

37645.16** 

 

Treatments(T) 

 

1 

 

4079.37** 

 

1096.93** 

 

33559022.97** 

 

1631793.70** 

 

A  x  T 

 

79 

 

4.38** 

 

4.35** 

 

57439.38** 

 

2454.50** 

 

Error 

 

320 

 

0.10 

 

0.06 

 

6272.91 

 

358.04 
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Table 4.2. Absolute and Relative water stress tolerance of 34 Gossypium hirsutum L. accessions grown in control and water stress conditions 

Accession  
Accession 
name Shoot length Root length Shoot fresh weight Shoot dry weight Membrane 

No. name Control Stress 
Relative 
value Control Stress 

Relative 
value Control Stress 

Relative 
value Control Stress 

Relative 
value damage(%) 

1 CIM473 14.2 10.6 75.2 8.0 5.4 67.1 1431.4 1197.2 83.7 306.7 202.7 66.2 29.8 
2 CIM1100 16.8 12.5 74.5 8.1 5.6 69.8 2120.9 1852.4 87.4 395.0 243.3 61.6 37.3 
3 CIM70 15.2 11.7 77.1 8.6 6.4 74.5 2613.8 1532.4 67.7 318.3 242.4 76.1 29.0 
4 CIM-446 16.3 7.9 48.7 7.7 3.7 48.7 1604.6 962.2 60.0 306.8 131.1 42.6 66.3 
5 BOU-1724 14.5 12.0 83.2 8.2 7.9 97.1 1606.5 1367.7 85.3 387.2 327.0 85.3 21.9 
6 CIM497 16.3 12.2 75.3 8.3 8.0 96 1424.3 962.2 67.7 296.2 205.1 69.9 31.3 
7 NF801-2 14.9 8.3 55.6 7.4 2.9 39.5 2207.6 1190.6 54.0 253.2 119.3 47.1 61.3 
8 VH57 16.9 11.8 69.6 9.2 8.9 96.3 1531.9 1092.6 71.6 294.8 216.3 73.8 27.9 
9 VH37 16.9 13.2 77.8 10.1 6.5 64.5 1691.3 1173.9 69.6 332.5 247.1 75.4 31.7 
10 FH679 17.3 9.6 55.5 9.4 4.9 52.4 1367.3 937.3 68.6 425.0 246.9 58.4 29.2 
11 FH-1000 16.8 8.6 51.2 9.2 3.5 38.2 2015.3 1124.7 55.8 419.1 173.3 41.6 69.9 
12 FH950 16.9 12.2 72 9.1 5.0 54.8 2096.9 1452.1 69.3 439.9 243.1 55.5 31.0 
13 FH925 18.6 13.5 72.4 9.1 5.3 58.7 2083.8 1381.5 66.4 449.3 236.5 53.1 48.0 
14 MNH-147 20.5 13.1 63.8 10.0 7.5 75.2 1374.0 753.5 54.9 218.7 122.9 56.5 37.1 
15 MNH93 19.8 14.1 71 9.0 6.3 69.7 1403.4 735.2 52.4 209.7 117.0 56.3 29.8 
16 MNH-129 19.4 11.4 58.8 11.8 8.8 74.2 1380.7 673.9 48.9 224.8 156.4 70.2 52.2 
17 MNH554 19.2 13.2 68.5 9.5 7.5 79.5 1385.3 853.7 61.7 224.5 123.8 55.4 37.0 
18 NIAB228 19.7 15.3 77.4 11.6 8.5 72.8 962.3 556.3 57.9 265.8 142.2 53.7 39.8 
19 BH121 21.0 14.5 69.3 13.0 7.3 56.2 1778.8 1266.9 71.3 353.1 179.6 51.2 38.7 
20 149F 15.7 14.0 89 8.0 7.7 96.9 2114.9 1810.7 85.7 454.4 366.5 80.8 18.8 
21 COKER 4601 14.6 9.1 62.5 10.5 7.6 72.5 2315.0 1419.9 61.4 389.5 240.4 62.1 31.4 
22 BH-124 16.0 12.7 79.2 12.7 12.1 95.3 1669.3 1381.7 82.8 313.8 253.1 81.4 20.8 
23 BH36 21.7 12.9 59.3 14.0 7.5 53.8 2119.4 1307.3 61.9 406.5 253.8 62.8 30.4 
24 BH162 22.9 13.5 59 12.7 6.6 51.8 2077.6 1361.3 65.5 431.5 240.4 55.8 31.3 
25 H499-3 16.0 8.7 54.7 10.6 5.1 47.8 1532.0 619.1 40.4 313.5 143.3 45.8 61.8 
26 199F 22.8 14.8 64.8 13.0 11.1 85.7 2191.5 1748.7 79.8 451.5 340.1 75.6 28.4 
27 268F 21.0 14.1 67.1 13.1 11.8 90 2524.7 1835.3 72.7 503.7 393.0 79.5 34.8 
28 BH-125 21.8 14.2 65.3 6.4 5.7 88.5 2413.2 1865.1 77.3 457.3 343.5 75.2 29.2 
29 B557 17.2 14.5 84.7 14.0 13.7 98.4 2209.1 2034.9 92.1 477.2 380.4 79.8 17.3 
30 DPL 26 18.0 15.4 85.4 14.0 13.7 98.4 2404.0 2180.9 90.7 501.7 389.9 77.8 10.7 
31 SLH257 16.3 10.9 66.8 10.9 9.7 89 2258.9 1730.5 76.6 423.9 327.1 77.2 38.4 
32 1118 18.7 9.9 53.1 10.0 7.9 79.1 1726.9 1303.9 75.5 323.2 217.7 67.5 49.9 
33 DIXI-KING 17.5 11.5 65.8 10.9 5.2 47.6 1689.6 1265.6 74.9 335.7 219.7 65.6 48.2 
34 VH-53 16.4 12.0 73 7.9 7.0 88.2 2100.4 1709.8 81.5 448.9 323.0 72.5 41.7 
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cm for CIM-473 (No.1) to 22.9 cm for BH-162 (No.24). Under water stressed 

conditions, shoot lengths were markedly reduced and ranged from 7.9 cm for CIM 

446 (No.4) to 15.4 cm for DPL-26 (No.30). Data on absolute shoot length revealed 

that accessions have differing responses to the two moisture conditions. Accessions 

BH-162 (No.24) and 199F (No.26) had the tallest shoot length under control 

measuring 22.9 and 22.8 cm respectively, whilst DPL-26 (No.30) and NIAB-228 

(No.18) gave maximum shoot length under water stress. In contrast, accessions CIM-

473 (No.1), BOU-1724 (No.5) and Coker-4601 (No.21) had shorter shoot lengths 

under control measuring 14.2, 14.5 and 14.6 cm respectively, whilst under stressed 

condition, CIM-446 (No.4) developed shortest shoot length. It is further evident that 

some accessions like 149F (No.20), DPL-26 (No.30), B-557 (No.29) and BOU-1724 

(No.5) appeared to have similar shoot length under the two moisture conditions, thus 

displaying better tolerance to moisture stress. In contrast, CIM-446 (No.4), FH-1000 

(No.11), 1118 (No.32) and H499-3 (No.25) showed varied responses to the two 

moisture conditions, e.g. shoot length of these accessions were 16.3, 16.8, 18.7 and 

16.0 cm, respectively under non-stress, whilst under stress these measured 7.9, 8.6, 

9.9 and 8.7 cm, respectively. Due to drastic reduction in shoot lengths in water 

stressed condition, these accessions may be rated as susceptible to water stress.  

 

Based upon root length data in table 4.2 and fig.4.2, 34 accessions again appeared to 

respond differently to non-stressed and stressed conditions. The root length under 

control ranged from 6.4 cm for BH-125 (No.28) to 14.0 cm for BH-36 (No.23), DPL-

26 (No.30) and B-557 (No.29). Root lengths under water stress were markedly 

reduced and varied from 2.9 cm for NF801-2 (No.7) to 4.9 cm for FH-679 (No.10) 

and similar differences were recorded among other accessions. Accessions B-557 

(No.29),     DPL-26 (No.30) and BH-36 (No.23) had the longest root length under 

control, each measuring 14.0 cm, against root length of BH-36 which was only 7.5 

cm. Under water stress, DPL-26 (No.30) and B-557 (No.29) had the longest root 

length i.e. 13.7 cm, and appeared to show high tolerance. Similarly, accession BOU-

1724 (No.5) and VH-57 (No.8) with little reduction in root length due to water stress 

revealed better tolerance, these measured 8.2 and 9.2 cm under control, and 7.9 and 
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8.9 cm under stress, respectively. In contrast, root lengths of NF801-2 (No.7), FH-

1000 (No.11), H499-3 (No.25) and CIM-446 (No.4) were drastically reduced under 

water stress with 2.9, 3.5, 5.1 and 3.7 cm, respectively, under stress, compared with  

7.4, 9.2, 10.6 and 7.8 cm, respectively under control, and thus exhibited their 

susceptibility to water stress conditions. 

 

Fresh shoot weight of 34 accessions under control conditions differed significantly 

and ranged from 962.3 mg for NIAB-228 (No.18) to 2613.8 mg for CIM-70 (No.3), 

as is evident from table 4.2 and figure 4.3. Under stressed conditions, it ranged from 

556.3 mg for NIAB-228 (No.28) to 2180.9 mg for DPL-26 (No.30). The accession 

NIAB-228 (No.18) produced the lowest shoot fresh weight under both control and 

moisture stress. The majority of the accessions showed differing responses to the two 

moisture conditions. Accessions CIM-70 (No.3), 268F (No.27) and BH-125 (No.28) 

had fairly high shoot fresh weight under control i.e. 2613.8, 2524.7 and 2413.2 mg, 

respectively. Under stress conditions, DPL-26 (No.30), B-557 (No.29) and CIM-1100 

(No.2) had greater shoot fresh weight, i.e. 2180.9, 2034.9 and 1852.4 mg, 

respectively. Some of the accessions were affected less due to water stress e.g. B-557 

(No.29) with 2209.1 mg under control, which reduced to 2034.9 mg under stress, and 

similarly DPL-26 (No.30), CIM-1100 (No.2), BH-121 (No.19) and BOU-1724 (No.5) 

with 2180.9, 1852.4 and 1367.7 mg shoot fresh weight under stress, which did not 

differ markedly from 2404.0, 2120.9 and 1606.5 mg, respectively, under control. 

 

Thus these accessions may be categorized as stress tolerant. In contrast, accessions 

H499-3 (No.25), MNH-129 (No.16), MNH-93 (No.15) and NF801-2 (No.7) with 

greater reduction in shoot fresh weight under water stressed conditions may be called 

susceptible accessions. Shoot fresh weight of these accessions were 619.1, 673.9, 

735.2 and 1190.6 mg under stress, as against 1532.0, 1380.7, 1403.4 and 2207.6 mg, 

respectively, under control.  
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  Fig.4.1. Absolute shoot lengths of 34 Gossypium hirsutum L. accessions under 

control and water stress conditions 
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Fig.4.2. Absolute root lengths of 34 Gossypium hirsutum L. accessions under 

           control and water stress conditions 
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Fig.4.3. Absolute shoot fresh weight of 34 Gossypium hirsutum L. accessions 

under control and water stress conditions 
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Fig.4.4. Absolute shoot dry weight of 34 Gossypium hirsutum L. accessions    

under control and water stress conditions 
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Data on absolute values of shoot dry weight revealed that accessions had differential 

responses to non-stressed and stressed conditions (Table 4.2 and Fig.4.4). For 

example, accessions 268F (No.27), DPL-26 (No.30) and B-557 (No.29) had high 

shoot dry weight of 503.7, 501.7 and 477.2 mg, respectively, whilst under stressed 

condition, 268F (No.27), DPL-26 (No.30) and B-557 (No.29) appeared to have 

greater shoot dry weight i.e. 393.0, 389.9 and 380.4 mg, respectively. In contrast, 

affect of water stress on other accessions was less drastic, for example, shoot dry 

weight of accessions BOU-1724 (No.5), BH-124 (No.22) and 149F (No.20) were 

327.0, 253.1 and 366.5 mg, as against 387.2, 313.8 and 454.4 mg, respectively, under  

Control conditions.  

 

As these accessions showed consistent performance under stressed and non-stressed 

conditions, thus may be called stress tolerant accessions. In contrast, accessions FH-

1000 (No.11), CIM-446 (No.4), H499-3 (No.25) and NF801-2 (No.7) appeared to 

have been reduced markedly under stress, for example shoot dry weight of FH-1000 

reduced from 419.1 to 173.3 mg, and that for CIM-446, H499-3 and NF801-2 

reduced from 306.8, 313.5 and 253.2 mg, respectively to 131.1, 143.3 and 119.3 mg, 

respectively. On the basis of these data, these accessions may be called as susceptible 

to stress conditions. 

 

 4.1.2. Assessment of germplasm on relative water stress tolerance basis 

 

Water stress tolerance of 80 accessions was also compared for reduction in growth 

under stress as a percentage of the growth under control conditions, and this might be 

called relative or indices of water stress tolerance. Indices of water stress tolerance for 

80 accessions based upon shoot length, root length, fresh weight and shoot dry weight 

are given in appendix V. Indices of water stress tolerance of 80 accessions were 

analyzed statistically using simple analysis of variance technique, and the mean 

squares derived from the analysis are given in table 4.3. Mean squares showed that 

accessions differed significantly (P ≤ 0.01) for relative water stress tolerance. The 

detailed comparisons of 34 accessions are given in table 4.2. 
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The comparison of indices of water stress tolerance based upon shoot length showed 

that some of the accessions were more tolerant than others (Table 4.2). Accession 149 

F (No.20) appeared most tolerant, giving  89.0 % shoot length of the control, and this 

was followed closely by DPL-26 (No.30), B-557 (No.29) and   BOU-1724 (No.5) 

with indices ranging from 83 to 85%. These accessions appeared to be less affected 

by stress conditions. In contrast, CIM-446 (No.4) with 49% shoot length showed 

susceptibility to water stress, and was closely followed by FH-1000 (No.11), 1118 

(No.32), H499-3 (No.25), FH-679 (No.10) and NF801-2 (No.7) with indices ranging 

from 51 to 56%. 

 

Indices of water stress tolerance based upon root length data provided further 

estimates of stress tolerance of the accessions (Table 4.2). The root lengths of some 

accessions were markedly reduced due to water stress. For example, FH-1000 

(No.11) was affected the most with stress tolerance index of 38.2 %, and in contrast 

B-557 (No.29) and DPL-26 (No.30), both had the highest tolerance index (98.4 %). In 

addition to B-557 (No.29) and DPL-26 (No.30), the accessions BOU-1724 (No.5) 

with index of 97 %, 149F (No.20), VH-57 (No.8), CIM-497 (No.6) and BH-124 

(No.22) with indices ranging from 95 % to 97 % also seem to be the tolerant 

accessions. The accessions NF 801-2 (No.7), Dixi-king (No.33) and H499-3 (No.25) 

are other very susceptible accessions in addition to FH-1000 (No.11) with indices 

ranging from 40 % to 48 %. 

 

The adverse effects of water stress are also evident in tolerance indices for shoot fresh 

weight (Table 4.2). It is evident that accessions differed in their relative shoot fresh 

weight, the B-557 (No.29), DPL-26 (No.30), CIM-1100 (No.2), 149F (No.20) and 

BOU-1724 (No.5) had the highest relative values ranging from   85 % to 92 %,  and 

therefore are more tolerant than others. In contrast, H 499-3 (No.25), MNH-129 

(No.16), MNH-93 (No.15), NF 801-2 (No.7), MNH-147 (No.14) and FH-1000 

(No.11) had indices ranging from 40 % to 56 % and seem to be more affected by 

moisture stress. 
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Table 4.3. Mean squares of indices of tolerance based upon four seedling traits and cell membrane injury of 80 

Gossypium hirsutum L. accessions  

   

  **, denotes significant differences at 1% probability level 

 

Sources of  variation 

 

Df 

 

Shoot length 

 

Root length  

 

Shoot fresh 

weight 

 

Shoot dry 

weight 

 

Cell membrane 

injury  

 

Accessions 

 

79 

 

178.45 ** 

 

673.96 ** 

 

303.31 ** 

 

275.17 ** 

 

290.0 ** 

 

Error 

 

160 

 

5.98 

 

9.05 

 

9.69 

 

32.54 

 

39.9 
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The differential responses of accessions to water stress for dry matter production is 

obvious from their indices of water stress tolerance (Table 4.2). It is evident that 

BOU-1724 (No.5) is the most tolerant with tolerance index of 85 % followed by   

BH-124 (No.22), 149F (No.20), B-557 (No.29), 268F (No.27) and   DPL-26 (No.30) 

with indices ranging from 78 % to 81 %. In contrast, the most sensitive accession is 

FH-1000 (No.11) with 42 % index and is closely followed by CIM-446 (No.4),  

H499-3 (No.25) and NF801-2 (No.7) with tolerance indices of 43, 46 and 47 %, 

respectively. 

 

4.1.3. Estimates of heritability ( h2
BS ) of water stress tolerance  

 

The water stress produced a range of responses on the seedling traits measured. It is 

evident from the table 4.4 that the mean squares between the accessions for all the 

traits were highly significant under normal and moisture stress conditions (P≤ 0.01). 

Due to the significant adverse effects of water stress on the traits under study, the 

variances under stress conditions were reduced between accessions as compared with 

those under control for shoot length, shoot fresh weight and shoot dry weight     

(Table 4.4).  

The estimates of variances and heritability in table 4.5 revealed that the estimated 

genetic variances for shoot length, root length, shoot fresh and dry weight under 

control were 5.25, 4.09, 194047.6 and 7722.8 with the estimates of h2
BS of 0.98, 0.98, 

0.82 and 0.91 respectively, and under water stress, the estimates of genetic variances 

were 2.90, 4.49, 160355.08 and 5607.81 respectively. The estimates of h2
BS for these 

characters were 0.96, 0.98, 0.99 and 0.95 respectively.  

 

4.2. Assessment of germplasm on the basis of cell membrane stability  

 

The estimates of cell membrane injury indices of 80 accessions are given in appendix 

V. Analysis of variance shows that accessions differed significantly for indices of cell 

membrane injury (Table 4.3). Comparisons of the accessions in table 4.2 showed that 

DPL-26 (No.30) with only 10 % damage is the most tolerant accession,  whilst     
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Table 4.4. Mean squares due to four seedling traits of 80 accessions of Gossypium hirsutum L.  

 

Table 4.5. Components of variance and estimates of h2 BS of water stress tolerance using four traits of Gossypium hirsutum L. 

 

Shoot length Root length Shoot fresh weight Shoot dry weight Components 

Control Stress Control Stress Control Stress Control Stress 

σ2
b=Vg 5.25 2.90 4.09 4.49 194047.6 160355.08 7722.8 5607.81 

σ2
b+ σ2

w= Vp 5.35 3.02 4.16 4.57 236522.95 162478.18 8489.86 5920.31 

h2
BS=Vg/ Vp 0.98 0.96 0.98 0.98 0.82 0.99 0.91 0.95 

Shoot length Root length Shoot fresh weight Shoot dry weight 
 

 
Items 

Between 
accessions 

Within 
accessions 

Between 
accessions 

Within 
accessions 

Between 
accessions 

Within 
accessions 

Between 
accessions 

Within 
accessions 

 
Df 79 2320 79 2320 79 2320 79 2320 

 
Control 157.59** 0.10 122.83** 0.07 5863901.98** 42475.40 232449.82** 767.10 

 
Stress 87.19** 0.12 134.66** 0.08 4812775.52** 2123.10 168546.68** 312.50 

 



 

 61

FH-1000 (No.11) with injury index of 70 % is the most susceptible to water stress. 

Other accessions like B-557 (No.30), 149F (No.20), BOU-1724 (No.5) and VH-57 

(No.8) showed high tolerance to water stress due to low injury to plasma membrane, 

with indices ranging from 17 % to 28 %. In contrast, accessions CIM-446 (No.4),     

H 499-3 (No.25), NF 801-2 (No.7) and MNH-129 (No.16) with injury indices ranging 

from 52% to 66% were revealed to be susceptible to water stress. 

 

It is evident from the relative water stress tolerance of the accessions based upon the 

four seedling traits and cell membrane injury that the accessions had diverse 

responses to water stress. On the basis of the water stress tolerance, the 10 accessions 

showing high tolerance are marked ‘green’ and the 10 accessions with high 

susceptibility are marked ‘tan’. The other accessions that showed intermediate 

responses have been marked ‘yellow’ (Table 4.2).  

 

It is very clear that a few accessions have shown very consistent performance for all 

the traits studied. Accessions DPL-26 (No.30), B-557 (No.29), BH-124 (No.22), 

149F (No.20) and BOU-1724 (No.5) have shown high water stress tolerance. In 

contrast, the accessions CIM-446 (No.4), FH-1000 (No.11), NF 801-3 (No.7) and H 

499-3 (No.25) may be considered susceptible accessions. MNH-129 (No.16), 

however, showed intermediate response to water stress based upon root length and 

shoot dry weight. 

 

4.3. Divergence among accessions at molecular level 

 

Ten cotton accessions selected on morpho-physiological basis in section 4.1.1, 4.1.2 

and 4.2 were analyzed through RAPD analysis in order to examine genetic 

dissimilarities and relatedness. In total, 18 primers were used to amplify the genomic 

DNA. List of primers used is given in appendix II. The primers generated 80 DNA 

fragments/loci with an average of 4.6 loci per primer. Minimum number of bands/ 

loci produced by a primer were two, whereas maximum number of bands amplified 

by a single primer was 8. All the primers were scored manually on the basis of 
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presence and absence of fragments to assess the molecular distinction among the 

genotypes. The amplification profile of all the accessions were polymorphic, 

however, level of polymorphism among different genotypes differed with different 

primers.  

 

The amplification profiles of the ten accessions in figures 4.5-4.8 revealed 

polymorphism among the parents. It is evident from figure 4.5 that RAPD primer 

GLC-15 showed two polymorphic fragments of 900bp and 1300bp among the 

Parents. Accessions FH-1000, MNH-129, CIM-446, BH-124 and H499-3 were 

missing a DNA fragment of 1300bp size as compared to other accessions. Similarly, 

DNA fragment of 900bp size was missing in CIM-446, NF801-2, 149F, H499-3 and 

BOU-1724.  

 

The amplification profile of the ten accessions with primer GLC-09 in figure 4.6 

indicated polymorphic DNA band of 950bp was missing in CIM-446, NF801-2 and 

BOU-1724. Primer GLA-13 amplified two polymorphic fragments among parents as 

is evident in figure 4.7, with size of polymorphic DNA fragments as 1100bp and 

1375bp. DNA fragment of 1100bp size was present in  DPL-26, MNH-129, NF801-2, 

149F, BH-24 and BOU-1724, while absent in others. The DNA fragment of 1375 was 

missing in H499-3 only. Amplification profile of primer GLD-02 in figure 4.8 

distinguished the accessions with amplification of 850bp DNA fragment in MNH-

129, and  this fragment was missing in all other accessions. 

 

 Nei and Li’s genetic similarity matrix showed that the similarity values ranged from 

0.4000 to 0.8750 (Table 4.6). These values represented an average genetic similarity 

of 63.70%. Cultivars BH-124 and B-557 with 87.5 % similarity were found to be 

most closely related, whilst FH-1000 and CIM 446 with 40 % similarity were least 

similar. 
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Fig.4.5.RAPD amplification profile of 10 cotton accessions with 
oligonucleotide primer GLC-15. M= 1kb ladder , 1 =FH-
1000, 2 =DPL-26,  3 =MNH-129,  4 =CIM-446, 5=NF-
801-2, 6=149F,  7= B-557,  8= BH-124, 9=H499-3 and 
10=BOU-1724, M=1 kb ladder. 

 

 

 

Fig.4.6. RAPD amplification profile of 10 cotton genotypes with  
oligonucleotide primer GLC-09. M= 1 kb ladder, 1= FH-
1000, 2 = DP-26, 3 = MNH-129, 4 = CIM-446, 5 = NF-
801-2, 6 = F-149), 7 = B-557, 8 = BH-124, 9 = H499-3, 
10=BOU-1724.M=1 kb ladder. 
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Fig.4.7 RAPD amplification profile of 10 cotton genotypes with 
oligonucleotide primer GLA-13. M= 1 kb ladder, 1= FH-
1000, 2= DP-26, 3= MNH-129, 4= CIM-446, 5= NF-801-2, 
6= F-149), 7= B-557, 8= BH-124, 9= H499-3, 10=BOU-
1724.M=1 kb ladder.    

 

 

Fig.4.8. RAPD amplification profile of 10 cotton genotypes with 
oligonucleotide primer GLD-02. M= 1 kb ladder, 1= FH-
1000, 2= DP-26, 3= MNH-129, 4= CIM-446, 5= NF-801-2, 
6= F-149), 7= B-557, 8= BH-124, 9= H499-3, 10=BOU-
1724.M=1 kb ladder. 
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The genetic relatedness among the resistant accessions was in the range of 56.25 to    

87.50 % and for susceptible accessions; it ranged from 40 to 75 %. The similarity of 

different genotypes with others is given as follows: 

Genotype Similarity Range Genotype Similarity Range 

FH-1000 40.0  to 62.5% DPL-26 51.25 to 77.5% 

CIM-446 40.0 to 73.75% 149 F 45.0 to76.25% 

NF 801-2 46.25 to 75.0% B-557 43.75 to 87.5% 

H499-3 43.75 to 85.0% BOU 1724 50.0 to 73.75% 

MNH-129 52.5 to 71.25% BH-124 51.25 to 87.5% 

 

The molecular data of 10 cotton accessions were subjected to cluster analysis. A 

dendogram, produced using unweighted pair group method using arithmetic averages 

(UPGMA), grouped the cultivars into two main clusters (Figure 4.9). In cluster I, two 

accessions FH-1000 and MNH-129 (both susceptible) were genetically distinct from 

all the other accessions. The second cluster contained eight accessions and comprised 

subclusters. In the 1st subcluster, the genotypes DPL-26 (tolerant), NF-801-2 and 

H499-3 (both susceptible) were genetically dissimilar to each other, while B-557 and 

BH-124 (both tolerant) had the same genetic distance and had a genetic relatedness of 

87.50%.  In the 2nd sub cluster, accessions CIM-466, 149F and BOU-1724 were 

genetically dissimilar, and were significantly distinct from all the other accessions. 

  

Information on the genetic dissimilarity and relatedness among the accessions studied 

proved to be helpful in the final selection of germplasm for the development of 

breeding programme for limited water conditions. In order to develop promising plant 

material through crossing the parental material to be involved in crossing must be 

genetically diverse to bring about maximum gene recombination. Accessions with the 

least diversity may be restricted to proceed further in the breeding programme.  
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Table 4.6. Similarity matrix for Nei’s and Li’s coefficient of 10 cotton accessions. Numbers both in first column and row represent the 

cotton genotypes of the table 

 1 2 3 4 5 6 7 8 9 10 

1 ****          

2 0.5125 ****         

3 0.6250 0.6375 ****        

4 0.4000 0.6875 0.6000 ****       

5 0.4625 0.7500 0.7125 0.7375 ****      

6 0.4500 0.5875 0.6000 0.5500 0.6625 ****     

7 0.4375 0.6750 0.5875 0.6375 0.7500 0.7625 ****    

8 0.5125 0.7750 0.6875 0.6625 0.8000 0.7125 0.8750 ****   

9 0.4375 0.6750 0.6375 0.6625 0.7750 0.6625 0.7750 0.8500 ****  

10 0.5000 0.5625 0.5250 0.6250 0.6875 0.6500 0.6875 0.6875 0.7375 **** 

 

1=FH1000, 2=DPL-26, 3=MNH-129, 4=CIM-446, 5=NF801-2, 6=149F, 7=B-557, 8=BH-124, 9=H499-3,10=BOU-1724 
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Fig.4.9. Dendogram of 10 cotton accessions developed from RAPD data using the 

unweighted pair group method of arithmetic means (UPGMA). 
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4.4. The genetic basis of variation for water stress tolerance in upland cotton at 

seedling stage 

 

The analysis of variance for water stress tolerance based upon relative shoot length, root 

length, shoot fresh and dry weight, plasma membrane stability, relative water content and 

excised leaf water loss revealed highly significant (P≤0.01) differences among 64 

families (Table 4.7). These results validated the data for genetic analysis for studying 

genetic mechanism controlling water stress tolerance in upland cotton following the 

simple additive-dominance model (Hayman, 1954 a,b and Jinks,1954). The mean 

absolute and relative data of the traits mentioned above are given in appendices VI - X. 

 

4.4.1. Analysis of variance of data following Hayman-Jinks method 

 

Mean squares from analysis of variance of the four traits show that differences among 8 

males and 8 females were significant (P≤0.01), indicating the presence of additive 

variation in the traits measured under water stress (Table 4.8). The presence of significant 

male × female interaction (P≤0.01) revealed that some variation was also effected by 

non-additive gene effects. The magnitude of mean squares resulting due to male × female 

interaction was lesser than those due to males and females, suggesting the presence of 

maternal effects in the inheritance of water stress tolerance. 

 

4.4.2. Adequacy of additive-dominance model to the F1 data sets  

 

In order to assess the accuracy of the data for genetic interpretation, it was necessary to 

test the adequacy of the genetic model in accounting for the pattern of variation existing 

in the four traits. The adequacy of the additive-dominance model and the validity of the 

assumptions underlying the genetic model were tested by two scaling tests i.e. joint 

regression analysis and the analysis of variance of (Wr+Vr) and (Wr-Vr).
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Table 4.7. Mean squares from ordinary analysis of indices of water stress tolerance in 64 families of Gossypium hirsutum L. 

 

 

**, denotes significant differences at P≤0.01 

Sources of variation DF Shoot 

length 

Root 

length 

Shoot fresh 

weight 

Shoot dry 

weight 

Cell 

membrane 

injury  

Leaf  water 

contents 

Excised leaf 

water loss 

Families 63 0.06 ** 0.09 ** 0.04 ** 0.04 ** 929.7  ** 362.9 ** 

 

472.9 ** 

 

Error 128 0.001 0.001 0.00005 0.0008 7547.9 5.0 

 

20.8 
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Table 4.8. Mean squares from partitioned analysis of indices of water stress tolerance in 64 families of Gossypium hirsutum L.  

 

 

**, denotes significant difference at P≤0.01 

Sources of variation DF Shoot 

length 

Root 

length 

Shoot fresh 

weight 

Shoot dry 

weight 

Plasma 

membrane 

injury 

indices 

Leaf  water 

content 

Excised leaf 

water loss 

Males 7 0.25 ** 0.39 ** 0.19 ** 0.13 ** 3504.7 ** 1428.5 ** 1342.0 ** 

Females 7 0.22 ** 0.26 ** 0.16 ** 0.13 ** 2228.2 ** 838.6 **  1514.1 **  

Males×Females 49 0.01 **  0.02 ** 0.005 ** 0.01 **  376.3 **  142.7 ** 200.0 **  

Error 128      0.001         0.001 0.00005 0.0008       58.97         5.0 20.8 ** 

Reciprocals 28 0.003 * 0.008 ** 0.0006 ** 0.01 ** 517.7 ** 285.3 ** 230.7 ** 



 

 71

The results of the two tests are presented in table 4.9. The regression coefficients (b) for 

all the traits deviated significantly from zero but not from unity, hence all the 

assumptions have been met as suggested by Hayman (1954 a). The second test of 

adequacy of the model revealed the significant difference (P≤0.01-0.05) between the 

arrays (Wr+Vr) for all the traits except shoot fresh weight, thus indicating the presence of 

dominance effect of genes. Differences within arrays (Wr-Vr) were significant for shoot 

and root length, and relative leaf water content. Based upon the results of the two tests, 

the simple genetic model was found fully adequate for all the traits for estimation of 

genetic components of variation. 

 

4.4.3. Estimation of genetic components of variation in seedling traits 

 

Second degree statistics were calculated using indices of water stress tolerance, and these 

statistics were used to calculate genetic components of variation in the seedling traits 

following Azhar and McNeilly (1988). The second degree statistics and the estimates of 

genetic component of variation are given in the respective tables. 

 

4.4.3.1. Shoot length 

 

The estimates of five components of variation, D, H1, H2, F and h and their standard errors 

are presented in Table 4.10. It is evident that D, H1 and H2 are positive and significant. 

The magnitude of D and H1 are  almost equal, indicating that genes with both additive 

and non-additive effects are important in controlling variation in shoot length. The degree 

of dominance (√H1/D) is less than 1, showing the presence of partial dominance of genes 

in the expression of the trait and this was verified by the slope of regression line which 

intercepted the Wr  axis above the origin (Figure 4.10). Negative and non-significant 

estimate of F indicated that recessive genes were more frequent in the parents, and low 

ratio (0.62) of √4DH1+F/√4DH1–F also confirmed this claim. Positive value of h 

suggested that dominance was directional towards an increase in shoot length. As 

magnitude of H1 is greater than H2, indicating that negative and positive alleles were not  
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Table 4.9. Scaling tests for adequacy of additive-dominance model for analyzing 

data of 64 families of Gossypium hirsutum L.  

 

 

 

 

 

 

 

 

 

 

 

 

Regression co-efficient Mean squares due to  Traits 

b0 b1 Wr+Vr Wr-Vr 

Remarks 

Shoot length 4.50 * 1.14 ns 3×10-4 ** 2×10-5 * Model is partially 
adequate 

Root length 6.90 * -0.05 ns 8×10-4 ** 2×10-6 ** Model is partially 
adequate 

Shoot fresh 

weight 

6.91 * -0.46 ns 8×10-6 ns 3 ×10-7 ns Model is partially 
adequate 

Shoot dry 

weight 

23.13 * 0.89 ns 3×10-4 ** 1×10-7 ns Model is fully 
adequate 

Plasma 

membrane 

injury indices 

5.09 * 1.68 ns 48083 ** 18090 ns Model is fully 
adequate 

Leaf relative 

water content 

8.08 * -0.46 ns 6584.5 ** 144.17 ** Model is partially  
adequate 

Excised leaf 

water loss  

12.4 * -0.01 ns 39319 ** 408.1 ns Model is fully 
adequate 
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Table 4.10. Second degree statistics and estimates of components of variation in 

shoot length in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 2×10-2 

V0L1=Variance of mean arrays 9×10-3 

V1L1=Mean variance of arrays 1×10-2 

W0L0=Mean co-variance between the parents and the arrays 1×10-2 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

4×10-4 

D=additive variance 2×10-2±2×10-3*  

H1=dominance variance 1.9×10-2±4×10-3*  

H2=proportion of positive and negative genes in the parents 1.5×10-2±4×10-3*  

F=relative frequency of dominant and recessive alleles in the parents -1×10-2±5×10-3ns 

h=dominance effect(overall loci in heterozygous phase) 1×10-3±3×10-3 ns  

E=enviournmental variance 5×10-4±7×10-4 ns 

√H1/D=mean degree of dominance 0.92 

H2/4H1=proportion of genes with positive and negative effects in the 

parents 

0.19 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

0.62 

Heritability in narrow sense 0.82 
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Figure 4.10.Wr / Vr  graph for shoot length 
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equally distributed in the parents and the ratio of H2/4H1 (0.19) provided further evidence 

of un-equal distribution of alleles over loci. The upper limit of H2/4H1 ratio is 0.25, which 

arises when H1= H2, i.e. increasing and decreasing alleles at the loci are in equal 

proportion in the parents. The estimate of narrow sense heritability is 0.82. 

 

Distribution of  accession points along with the regression line in figure 4.10 reveals that 

cultivars FH-1000, B-557, 149F and DPL-26 being away from the origin carried the 

maximum number of recessive genes for shoot length, and in contrast H-499 contained 

maximum number of  dominant genes. The accessions which occupied middle positions 

possessed both dominant and recessive genes.  

 

4.4.3.2. Root length 

 

Comparison of the estimates of components of variation in root length revealed that 

magnitude of D and H1are equal, which revealed that both additive and non-additive 

genes were important in the inheritance of the character (Table 4.11). Degree of 

dominance was less than 1, which indicated the presence of partial dominance of the 

genes controlling the character, and the claim is verified by the slope of the regression 

line that intercepted Wr  axis above the origin (Figure 4.11). Equal magnitude of H1 and 

H2 items indicated equal distribution of genes in the parents. The ratio of H2/4H1 (0.24) is 

almost equal to the maximum value (0.25), which provided further evidence for the equal 

distribution of genes in the parents. The positive value of F indicated that there were 

more dominant alleles for high water stress tolerance than those for low tolerance, and 

the higher ratio of √4DH1+F/√4DH1–F (1.10) strengthened this claim. Positive sign of h 

revealed the trend of dominance being towards the parents showing high water stress 

tolerance. Due to the presence of additive genes effects, the estimate of narrow sense 

heritability was 0.82. 

Relative distribution of array points along with the regression line in figure 4.11 indicates 

that B-557 and H 499-3 being closer to the origin had maximum number of dominant 

genes, whilst BOU 1724 and 149F being away from the origin carried the maximum 

number of recessive genes for root length. Accessions which occupied intermediate  
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Table 4.11. Second degree statistics and estimates of components of variation in root 

length in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 6×10-2 

V0L1=Variance of mean arrays 1×10-2 

V1L1=Mean variance of arrays 0.02 

W0L0=Mean co-variance between the parents and the arrays 0.03 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

0.0006 

D=additive variance 6×10-2±2×10-3* 

H1=dominance variance 2×10-2±5×10-3 * 

H2=proportion of positive and negative genes in the parents 2×10-2±4×10-3 * 

F=relative frequency of dominant and recessive alleles in the 

parents 

4×10-3±5×10-3 ns 

h=dominance effect(overall loci in heterozygous phase) 2×10-3 ±3×10-3 ns 

E=enviournmental variance 3×10-4 ±3×10-4ns 

√H1/D=mean degree of dominance 0.65 

H2/4H1=proportion of genes with positive and negative effects in 

the parents 

0.24 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

1.10 

Heritability in narrow sense 0.82 
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Figure 4.11.Wr / Vr  graph for root length 
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positions between the two groups had both dominant and recessive genes. 

 

4.4.3.3. Shoot fresh weight 

 

Positive and significant items D, H1 and H2 were found for shoot fresh weight (Table 

4.12). The magnitude of D was higher than that of H1, showing pronounced effects of 

cumulative genes in the inheritance of shoot fresh weight under water stress. As degree of 

dominance is less than 1, prevalence of partial dominance is evident, and intercept of the 

regression line above the origin further proved this observation (Figure 4.12). As the 

magnitude of H1 is greater than H2, suggesting positive and negative alleles were not 

equally distributed in the parents, and this was further evidenced by the low ratio of 

H2/4H1 (0.17). The positive estimate of F indicated that there were more dominant alleles 

for high water stress tolerance than for low tolerance in the parents, and the same was 

strengthened by the high ratio of √4DH1+F/√4DH1–F (1.29). Positive sign of h revealed 

the trend of dominance being towards the parents with high water stress tolerance. The 

narrow sense heritability was 0.91. 

 

A perusal of the distribution of array points along the regression line (Figure 4.12) 

indicates that DPL-26, CIM-446, BOU-1724, B-557, 149F, NF801-2 and FH-1000 which 

occupied the intermediate position possessed the dominant and recessive genes, and in 

contrast, H 499-3 contained greatest numbers of recessive genes for shoot fresh weight.  

 

4.4.3.4. Shoot dry weight 

 

Although magnitude of D, H1 and H2 are positive and significant, higher magnitude of D 

revealed that the genes acting additively were more important in controlling variation in 

shoot dry weight (Table 4.13). Due to small ratio of √H1/D (0.71), degree of dominance 

was partial and slope of regression line in figure 4.13 also showed the presence of partial 

dominance. Equal estimates of H1 and H2 revealed equal distribution of genes in the 

parents. The ratio of H2/4H1 (0.24) is very close to the upper limit (0.25), and therefore 
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Table 4.12. Second degree statistic and estimates of components of variation in shoot 

fresh weight in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 3×10-2 

V0L1=Variance of mean arrays 7×10-3 

V1L1=Mean variance of arrays 9×10-2 

W0L0=Mean co-variance between the parents and the arrays 1×10-2 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

3×10-5 

D=additive variance 3×10-2±7×10-4* 

H1=dominance variance 8×10-3±2×10-3*  

H2=proportion of positive and negative genes in the parents 5×10-3±1×10-3 *  

F=relative frequency of dominant and recessive alleles in the 

parents 

4×10-3±2×10-2*  

h=dominance effect(overall loci in heterozygous phase) 1×10-4±9×10-4ns  

E= enviournmental variance 2×10-5±2×10-4 ns 

√H1/D=mean degree of dominance 0.50 

H2/4H1=proportion of genes with positive and negative effects in 

the parents 

0.17 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

1.29 

Heritability in narrow sense 0.91 
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Figure 4.12.Wr / Vr  graph for shoot fresh weight 
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substantiated the claim of equal distribution of genes. The negative value of F indicated 

that recessive genes were more frequent in the parents and low ratio of 

√4DH1+F/√4DH1–F (0.90) confirmed this conclusion. The positive sign of h suggested 

that dominance was directional towards more shoot dry weight. The estimate of narrow 

sense heritability was 0.80. 

An examination of figure 4.13 reveals high diversity among the parents for the genes 

controlling shoot dry weight, for example, B-557, BOU-1724 and 149F contained 

maximum number of dominant genes as they are positioned near the origin, whereas H 

499-3 and NF 801-2 being away from the origin appeared to carry maximum number of 

recessive genes for the trait.  

 

4.4.3.5. Cell membrane injury 

 

Components of variation in cell membrane injury showed that magnitude of D was 

greater than H1 and H2 indicating the pronounced effects of additive genes in the genetic 

mechanism controlling the character (Table 4.14). Partial dominance is evident as degree 

of dominance is less than 1 and regression line intercepting Wr axis above the origin 

provided further evidence of this situation (Figure 4.14). Value of H1 is almost equal to  

H2, indicating that positive and negative alleles were equally distributed in the parents, 

and the ratio of H2/4H1  i.e 0.24 also confirmed this claim. Positive value of F indicated 

that dominant genes were more frequent in the parents, and the high ratio (1.29) of 

√4DH1+F/√4DH1–F also substantiated this claim. The negative sign of h suggested that 

dominance was directional towards a decrease in plasma membrane stability. An estimate 

of narrow sense heritability for the character was 0.83. 

 

Relative distribution of variety point along with the regression line in figure 4.14 

indicates that 149 F and  FH-1000 being closer to the origin had maximum number of 

dominant genes, whereas H 499-3 being away from the origin carried the maximum  

number of recessive genes for this character. The other accessions which occupied points 

between the two groups possessed both dominant and recessive genes.  
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Table 4.13.  Second degree statistic and estimates of components of variation in shoot 

dry weight in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 2×10-2 

V0L1=Variance of mean arrays 5×10-3 

V1L1=Mean variance of arrays 8×10-3 

W0L0=Mean co-variance between the parents and the arrays 1×10-2 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

1×10-3 

D=additive variance 2×10-2±4×10-4 * 

H1=dominance variance 1×10-2±1×10-3 * 

H2=proportion of positive and negative genes in the parents 1×10-2±9×10-4 * 

F=relative frequency of dominant and recessive alleles in the 

parents 

-1×10-3±1×10-3 ns 

h=dominance effect(overall loci in heterozygous phase) 5×10-3±6×10-4 * 

E=enviournmental variance 3×10-4±1×10-4 ns 

√H1/D=mean degree of dominance 0.71 

H2/4H1=proportion of genes with positive and negative effects in 

the parents 

0.24 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

0.90 

Heritability in narrow sense 0.80 
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Figure 4.13.Wr / Vr  graph for shoot dry weight 
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Table 4.14. Second degree statistics and estimates of components of variation in 

plasma membrane injury indices in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 522.4 

V0L1=Variance of mean arrays 113.0 

V1L1=Mean variance of arrays 149.4 

W0L0=Mean co-variance between the parents and the arrays 238.9 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

0.94 

D=additive variance 502.2±23.6 * 

H1=dominance variance 108.8±54.5 * 

H2=proportion of positive and negative genes in the parents 105.0±47.4 * 

F=relative frequency of dominant and recessive alleles in the parents 59.0±56.0 ns 

h=dominance effect(overall loci in heterozygous phase) -5.1±31.7 ns 

E=enviournmental variance 20.2±7.9 * 

√H1/D=mean degree of dominance 0.46 

H2/4H1=proportion of genes with positive and negative effects in the 

parents 

0.24 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

1.29 

Heritability in narrow sense 0.83 
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Figure 4.14.Wr / Vr  graph for indices of cell membrane injury 
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4.4.3.6. Relative water contents 

 

Although magnitudes of D, H1 and H2 are positive and significant, higher magnitude of D 

revealed that genes with additive effects were more important in controlling variation in 

relative water content (Table 4.15). Due to greater magnitude of D, degree of dominance 

was partial in the inheritance of the character, and this is further evident from the 

regression line which intercepted the Wr axis above the origin (Figure 4.15). Estimates of 

H1 and H2 are almost equal, which provided evidence of equal distribution of increasing 

and decreasing alleles in the parents, and ratio of H2/4H1 (0.22) being closer to the upper 

limit i.e. 0.25 also confirmed this claim. Positive value of F indicated that dominant genes 

were more frequent, and high ratio of √4DH1+F/√4DH1–F (1.45) also substantiated that 

dominant genes were more frequent in the parents. The positive sign of h suggested that 

dominance was directional towards more relative water content. An estimate of narrow 

sense heritability was 0.86. 

 

A perusal of the distribution of points along the regression line in figure 4.15 revealed 

that BOU 1724 possessed the greatest number of dominant genes, while 149F, CIM-446 

and B-557 being away from the origin contained maximum numbers of recessive genes 

for the character. Other accessions appeared to contain varying number of dominant and 

recessive genes for the character examined.  

 

4.4.3.7. Excised leaf water loss 

 

Higher magnitude of D than H1 item indicated that genes with cumulative effects were 

more important in controlling variation in excised leaf water loss (Table 4.16), and 

therefore the genes controlling this character showed partial dominance. The partial 

dominance is also evident from figure 4.16, as the interception of regression line to Wr  

axis is above the origin. Higher magnitude of H1 than H2 revealed unequal distribution of 

positive and negative alleles in the parents, and low ratio of H2/4H1  i.e. 0.19 confirmed  
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Table 4.15. Second degree statistics and estimates of components of variation in leaf 

relative water content in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 184.0 

V0L1=Variance of mean arrays 38.4 

V1L1=Mean variance of arrays 50.1 

W0L0=Mean co-variance between the parents and the arrays 82.7 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

0.35 

D=additive variance 182.3±5.4 * 

H1=dominance variance 48.8±12.5 * 

H2=proportion of positive and negative genes in the parents 43.4±10.9 * 

F=relative frequency of dominant and recessive alleles in the 

parents 

34.5±12.8 * 

h=dominance effect(overall loci in heterozygous phase) 0.66±7.3 ns 

E=enviournmental variance 1.7±1.8 ns 

√H1/D=mean degree of dominance 0.52 

H2/4H1=proportion of genes with positive and negative effects in 

the parents 

0.22 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

1.45 

Heritability in narrow sense 0.86 
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 Figure 4.15.Wr / Vr  graph for indices of relative water contents 
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this claim. The F value is positive which indicated that dominant genes were more 

frequent, and high ratio of √4DH1+F/√4DH1–F (1.46) also confirmed this situation. The 

positive sign of h suggested that dominance was directional towards increase in excised 

leaf water loss. The estimate of narrow sense heritability was calculated as 0.80. 

 

A perusal of the distribution of variety points along the regression line (Figure 4.16) 

depicts greater differences in the parents for excised leaf water loss. The relative position 

of accession points showed that H 499-3, FH-1000, CIM-446 and NF 801-2 possessed 

the greatest number of dominant genes, and in contrast BOU 1724 being away from the 

origin contained maximum number of recessive genes for the character. The other 

accessions i.e. 149 F, B-557 and DPL-26 formed another group containing varying 

number of dominant and recessive genes for the character examined.  

 

4.5. The genetic basis of water stress tolerance at plant  maturity  

 

The results of analysis of variance of indices of water stress tolerance revealed highly 

significant (P≤0.01) differences among the 64 families measured (Table 4.17). The 

differences among water treatments were also highly significant (P ≤ 0.01). Highly 

significant interaction term, families × treatment, for all the traits indicated that the 

accessions responded differently to increasing moisture stress. These results validated the 

data for genetic analysis of the genetic mechanism controlling water stress tolerance 

following the simple additive-dominance model (Hayman, 1954 a,b and Jinks,1954). The 

absolute and relative data for the characters measured at plant maturity are given in 

appendices XI – XVIII.   

 

4.5.1. Analysis of variance of  F1 data following Hayman-Jinks  method 

 

Mean squares from analysis of variance of the traits measured showed that differences 

among 8 males and 8 females were highly significant (P≤0.01), indicating the presence of 

additive variation in these traits (Table 4.18-4.25). Mean squares due to males was non- 
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Table 4.16. Second degree statistics and estimates of components of variation in 

excised leaf water loss in 64 families of Gossypium hirsutum L. 

 

Statistics/Components of variation Estimates 

V0L0=Variance of parents 271.9 

V0L1=Variance of mean arrays 57.0 

V1L1=Mean variance of arrays 81.9 

W0L0=Mean co-variance between the parents and the arrays 117.2 

(ML1-ML0)2=Difference between the means of the parents and the 

means of their n2 

11.0 

D=additive variance 264.9±8.7 *  

H1=dominance variance 111.3±20.2 *   

H2=proportion of positive and negative genes in the parents 85.2±17.5 *  

F=relative frequency of dominant and recessive alleles in the 

parents 

64.6±20.7 * 

h=dominance effect(overall loci in heterozygous phase) 40.8±11.7 *  

E= enviournmental variance 7.0±2.9 * 

√H1/D=mean degree of dominance 0.65 

H2/4H1=proportion of genes with positive and negative effects in 

the parents 

0.19 

√4DH1+F/√4DH1–F=proportion of dominant and recessive genes in 

the parents 

1.46 

Heritability in narrow sense 0.80 
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Figure 4.16.Wr / Vr  graph for excised leaf water loss 
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significant for mike value at low water stress. Significant male × female interaction 

(P≤0.01) for plant height, stem diameter, number of bolls, lint percentage and mike value 

under the two moisture stress regimes revealed that some of the variation was also 

affected by non-additive gene effects. However, male × female interaction was non 

significant (P≥0.05) for fiber length under the two stress conditions. Interaction at low 

moisture stress (50%) appeared to be non- significant for seed cotton yield and boll 

weight. The magnitude of mean squares resulting due to male × female interaction was 

less than those due to only males and females under both the stress conditions for all the 

traits except for mike value at 50% moisture stress, suggesting the presence of maternal 

effects in the inheritance of water stress tolerance based upon these traits. 

 

4.5.2. Adequacy of additive-dominance model to the F1 data sets  

 

Adequacy of the genetic model in accounting for the pattern of variation in the traits 

measured at plant maturity, and validity of the assumptions underlying the genetic model 

were tested by two scaling tests, i.e. joint regression analysis and the analysis of variance 

of (Wr+Vr) and (Wr-Vr), as in section 4.4.3. Results of the two tests are presented in table 

4.26 and 4.27, and are described here: 

 

The regression co-efficients (b) for all the traits at 50% water stress condition deviated 

significantly from zero but not from unity, hence all the assumptions have been met, as 

suggested by Hayman (1954 a). The second test of adequacy of the model revealed 

significant differences (P≤0.01-0.05) between the arrays (Wr+Vr) for plant height and 

lint percentage, showing the presence of dominance effect of genes. However, differences 

within arrays (Wr-Vr) were non significant for these traits. Non significant difference 

(P≤0.01-0.05) between the arrays (Wr+Vr) and within arrays (Wr-Vr) for stem diameter, 

boll weight, seed cotton yield and mike vale were observed. Non significant difference 

(P≤0.01-0.05) between the arrays (Wr+Vr) and significant difference within arrays    

(Wr-Vr) was found for number of bolls. Based upon the results of the two tests, the 

simple genetic model was found fully adequate for analyzing the data on plant height and  
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Table 4.17. Ordinary analysis of variance of indices of water stress tolerance for various traits measured in 64 families 

  of Gossypium hirsutum L. under field conditions 

  

** ,denotes that differences are significant at p≤ 0.01 

Sources of variation Df Plant 

height

Stem 

diameter

No.of  

bolls 

Boll 

weight 

Seed 

cotton 

yield 

Lint % Fiber 

length 

Mike value

Replication 2 0.013 * 0.002 ns 0.011 ns 0.012 * 0.005 ns 0.0005 ns 0.003 ** 0.004 ns 

Treatments 1 6.399 ** 2.145 ** 6.832 ** 1.502 ** 8.513 ** 0.982 ** 0.075 ** 0.927 ** 

Families 63 0.037 ** 0.031 ** 0.094 ** 0.013 ** 0.071 ** 0.02 ** 0.002 ** 0.039 ** 

Treatments×Families 63 0.01 ** 0.003 ns 0.017 ** 0.007** 0.007 ns 0.003 ** 0.0005 ns 0.019** 

Error 254 0.004 0.003 0.006 0.003 0.005 0.002 0.0007 0.005 
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Table 4.18. Mean squares from partitioned analysis of variance of indices of   

plant height under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 4.19. Mean squares from partitioned analysis of variance of indices of   

stem diameter under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source of variation DF 50% stress 75% stress 

Replication 2 1×10-2 * 8×10-3 ns 

Males 7 3×10-2  ** 5×10-2  ** 

Females 7 5×10-2  ** 9×10-2  ** 

Males×Females 49 1×10-2  ** 2×10-2  ** 

Error 126 4×10-3 4×10-3 

Total 191   

Reciprocals 28 2×10-2 ** 1×10-2  ** 

Source of variation DF 50% stress 75% stress 

Replication 2 9×10-4 ns 1×10-3 ns 

Males 7 4×10-2 ** 8×10-2  ** 

Females 7 4×10-2  ** 7×10-2  **  

Males×Females 49 7×10-3 ** 4×10-3 ** 

Error 126 3×10-3 3×10-3 

Total 191   

Reciprocals 28 7×10-3 ** 3×10-3 ns  
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Table 4.20. Mean squares from partitioned analysis of variance of indices of   

seed cotton yield under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.21. Mean squares from partitioned analysis of variance of indices of   

number of bolls under two levels of induced water stress  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Source of variation DF 50% stress 75% stress 

Replication 2 2×10-3 ns 1×10-2  ns 

Males 7 1.3×10-1  ** 2.2×10-1  ** 

Females 7 9×10-2  ** 1.6×10-1 **  

Males×Females 49 6×10-3 ns 1×10-2  ** 

Error 126 6×10-3 4×10-3 

Total 191   

Reciprocals 28 1×10-2  ** 1×10-2  **  

Source of variation DF 50% stress 75% stress 

Replication 2 3×10-3 ns       1×10-2  ns 

Males 7 9×10-2  ** 2.6×10-1** 

Females 7 1.3×10-1  ** 2×10-1 **  

Males×Females 49 3×10-2  ** 2×10-2  ** 

Error 126 7×10-3 5×10-3 

Total 191   

Reciprocals 28 5×10-2  ** 2×10-2  **  
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Table 4.22. Mean squares from partitioned analysis of variance of indices of   

boll weight under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

Table 4..23. Mean squares from partitioned analysis of variance of indices of   

lint percentage under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source of variation DF 50% stress 75% stress 

Replication 2 6×10-3 ns 6×10-3 ns 

Males 7 1×10-2 ** 4×10-2  ** 

Females 7 2×10-2 ** 4×10-2  ** 

Males×Females 49 3×10-3 8×10-3 ** 

Error 126 3×10-3 4×10-3 

Total 191   

Reciprocals 28 4×10-3 9×10-3 ** 

Source of variation DF 50% stress 75% stress 

Replication 2 1×10-5 ns 8×10-4 ns 

Males 7 2×10-2 ** 4×10-2  ** 

Females 7 3×10-2 ** 6×10-2  ** 

Males×Females 49 3×10-3* 4×10-3 ** 

Error 126 2×10-3 1×10-3 

Total 191   

Reciprocals 28 2×10-3 ns 6×10-3 ** 
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Table 4.24. Mean squares from partitioned analysis of variance of indices of   

fiber length under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.25 . Mean squares from partitioned analysis of variance of indices of   

mike value under two levels of induced water stress  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source of variation DF 50% stress 75% stress 

Replication 2 5×10-3 ** 8×10-5 ns 

Males 7 1×10-3* 4×10-3** 

Females 7 1×10-3* 2×10-3 ** 

Males×Females 49 6×10-4 ns 1×10-3 ** 

Error 126 6×10-4 7×10-4 

Total 191   

Reciprocals 28 5×10-5 6×10-4 ns 

Source of variation DF 50% stres 75% stress 

Replication 2 1.2×10-3  ns 2.6×10-3  ns 

Males 7 9.6×10-3 ns 0.12 ** 

Females 7 2.9×10-2** 0.18 ** 

Males×Females 49 1.4×10-2  ** 1.0×10-2  ** 

Error 126 6×10-3 2.4×10-3 

Total 191   

Reciprocals 28 9×10-3  ns    5.9×10-3  ** 
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Table 4.26. Scaling test for adequacy of additive-dominance model for various traits 
under 50% water stress condition in field  

 

Table 4.27. Scaling test for adequacy of additive-dominance model for various traits 
under 75% water stress condition in field 

 

 
 

Deviation of ‘b’  Mean squares Traits 

b0 b1 Wr+Vr Wr-Vr 

Remarks 

Plant height 7.22 * 0.70 ns 6×10-4** 2×10-6ns Model is fully adequate 
Stem 
Diameter 

6.75 * -0.44 ns 2×10-5 ns 8×10-8 ns Model is fully adequate 

Seed Cotton 
Yield 

7.16 * 0.25 ns 6×10-5 ns 4×10-7 ns Model is fully adequate 

No. of bolls 3.29 * 0.80 ns 8×10-5 ns 2×10-6 * Model is fully adequate 
Boll weight 4.54 * 0.75 ns 3×10-6 ns 1×10-6 ns Model is fully adequate 
Lint 
percentage 

10.0 * 0.08 ns 3×10-6 ** 1×10-7 ns Model is fully adequate 

Fiber length 7.69 * -0.25 ns 2×10-7 ns 8×10-7 ns Model is fully adequate 
 
Mike value 

3.12 * 1.02 ns 1.4×10-3 
ns 

1.3×10-5 ns Model is fully adequate 

Deviation of ‘b’ Mean squares Traits 

b0 b1 Wr+Vr Wr-Vr 

Remarks 

Plant 
height 

8.51* 0.66 ns 4×10-5 ns 2×10-7  ns Model is fully adequate 

Stem 
Diameter 

6.92 * -0.81ns 3×10-5 ns 2×10-7  ns Model is fully adequate 

Seed 
Cotton 
Yield 

14.3 * -0.108 ns 7×10-5 ns 2×10-5 ns Model is fully adequate 

No. of bolls 6.42 * 1.26 ns 1×10-4 * 5×10-7  ns Model is fully adequate 
Boll weight 4.01 * 0.95 ns 3×10-7 ns 1×10-7 ns Model is fully adequate 
Lint 
percentage 

7.03 * -0.31 ns 1×10-6  ** 2×10-6 ns  Model is fully adequate 

Fiber 
length 

2.60 *  0.72 ns 1×10-6 ** 7×10-7 ns Model is fully adequate 

Mike value 12..1 * 0.08 ns 8.7×10-4  ** 7.1×10-6 ns Model is fully adequate 
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lint percentage and partially adequate for stem diameter, seed cotton yield, number of 

bolls, boll weight, fiber length, and mike value measured under low moisture level. 

 

At 75% water stress condition, the regression co-efficients (b) also deviated significantly 

from zero but not from unity for all the traits (Table 4.27), again showing that all the 

assumptions have been met (Hayman 1954 a). The second test of adequacy of the model 

revealed highly significant differences (P≤0.05) between the arrays (Wr+Vr) for lint 

percentage, number of bolls and mike value showing the presence of dominance effect of 

genes, but differences within arrays (Wr-Vr) were non significant for these traits. Non 

significant differences (P≤0.01-0.05) between the arrays (Wr+Vr) and within arrays (Wr-

Vr) were found at 75% moisture stress for all other characters. Based upon the results of 

these two tests, the simple genetic model was found fully adequate at 75 % moisture 

stress for analyzing of data on number of bolls, lint percentage and mike value, but 

partially adequate for plant height, stem diameter, seed cotton yield, boll weight and fiber 

length. 

 

4.5.3. Estimation of genetic components of variation 

 

Second degree statistics were calculated using indices calculated for all the traits 

measured in the two levels of induced water stress, and these statistics were used to 

calculate genetic components of variation in these traits. The second degree statistics and 

the estimates of genetic component of variation are given in the tables 4.28- 4.34. 

 

4.5.3.1. Plant height 

 

Significant estimates of component of variation i.e. D, H1 and H2 under two stress 

conditions revealed the presence of both additive and non-additive properties of genes 

controlling plant height under stress  (Table 4.28). Higher magnitude of D than H1 under 

50% moisture stress indicated that genes with cumulative effects were more important in 

controlling variation in plant height. However, under increased water stress (75%), both 

additive and non-additive genes seemed to be important. The estimates of F were positive  
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Table 4.28. Second degree statistic and estimates of components of variation in   plant 
height under two water stress conditions. 

 

Statistics/Components of variation  50% stress  75% stress 

V0L0=Variance of parents 1×10-2 2×10-2 

V0L1=Variance of mean arrays 1×10-3 3×10-3 

V1L1=Mean variance of arrays 3×10-3 7×10-3 

W0L0=Mean co-variance between the parents 

and the arrays 

4×10-3 6×10-3 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

6×10-4 2×10-3 

D=additive variance 9×10-23±4×10-4 

* 

2×10-2 ±2×10-3 * 

H1=dominance variance 2×10-3±1×10-3* 2×10-2 ±4×10-3 * 

H2=proportion of positive and negative genes 

in the parents 

2×10-3±8×10-4* 1×10-2 ±3×10-3 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

2×10-3±1×10-3* 9×10-3±4×10-3* 

h=dominance effect(overall loci in 

heterozygous phase) 

2×10-3±6×10-4* 8×10-3±2×10-3  * 

E=enviournmental variance 1×10-4±1×10-4 * 1×10-3 ±5×10-4 * 

√H1/D=mean degree of dominance 0.52 0.98 

H2/4H1=proportion of genes with positive and 

negative effects in the parents 

0.21 0.20 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

2.80 1.79 

Heritability in narrow sense 0.56 0.53 
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 Figure 4.17. Wr / Vr  graph for plant height at 50% water stress 
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                   Figure 4.18. Wr / Vr  graph for plant height at 75% water stress 
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in the two stress conditions, indicating that there were more dominant alleles controlling 

high water stress tolerance. The greater magnitudes of √4DH1+F/√4DH1–F ratio under 

low and high stress conditions also confirmed the greater frequency of dominant genes 

for plant height. Due to varied magnitude of D and H1 components under the two water 

conditions and the degree of dominance also differed; at 50% moisture stress conditions, 

it is partial and at 75% stress it is complete. The same situation is apparent in figures 4.17 

and 4.18.  The estimates of H1 and H2 under 50 % moisture stress are equal indicating the 

genes for plant height were equally distributed in the parents, while magnitude of H1 is 

greater than H2 at 75% moisture stress which revealed unequal distribution of positive 

and negative alleles. The positive sign of h under low and high water stress conditions 

suggested that dominance was directional towards taller plants. Estimates of narrow sense 

heritabilities for two moisture stress conditions are 0.56 and 0.53. 

 

The relative distribution of array points along the regression line indicates that at low 

moisture stress, 149F being away from the origin contained the maximum number  of 

recessive genes, and NF 801-2, CIM-446, FH-1000, DPL-26, B-557 and H499-3 

contained maximum number of dominant genes (Figure 4.17). At 75% moisture stress, 

almost similar pattern of distribution of array points was observed (Figure 4.18). 

 

4.5.3.2. Stem diameter 

 

Positive and significant components of variation i.e. D and H1 under 50% moisture stress 

indicated the importance of both additive and non-additive properties of genes controlling 

expression of stem diameter. The higher magnitude of D than H1 under moisture stress 

revealed the importance of additive genes for the character. At 75% moisture stress, D 

was significant, indicating the presence of additive gene affects, but H1 was non-

significant (Table 4.28). As the mean degree of freedom was less than 1 at 50% and 75% 

moisture stress, therefore presence of partial dominance for stem diameter was indicated 

under the two moisture conditions. The intercept of regression line to Wr axis above the 

origin in figures 4.19 and 4.20 support this situation. Since values of H1 and H2 are equal 

at 50% moisture stress condition, therefore equal distribution of positive and negative 
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Table 4.29. Second degree statistic and estimates of components of variation in       

stem diameter under two water stress conditions. 

 

 

Statistics/Components of variation 50% stress 75% water  

V0L0=Variance of parents 9×10-3 1×10-2 

V0L1=Variance of mean arrays 2×10-3 3×10-3 

V1L1=Mean variance of arrays 3×10-3 4×10-3 

W0L0=Mean co-variance between the parents 

and the arrays 

4×10-3 6×10-3 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

1×10-4 5×10-5 

D=additive variance 8×10-3±3×10-4 * 1×10-2 ±2×10-4 * 

H1=dominance variance 2×10-3 ±8×10-4 * 6×10-4 ±6×10-4 ns 

H2=proportion of positive and negative genes 

in the parents 

2×10-3±7×10-4 * 9×10-4±5×10-4 ns 

F=relative frequency of dominant and 

recessive alleles in the parents 

1×10-3±8×10-4 ns 2×10-4±6×10-4 ns 

h=dominance effect(overall loci in 

heterozygous phase) 

5×10-5±0.0004 ns -1×10-4±3×10-4 ns 

E=enviournmental variance 1×10-3±1×10-4  * 8×10-4±8×10-5  * 

√H1/D=mean degree of dominance 0.56 0.22 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.24 0.35 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

1.33 1.09 

Heritability in narrow sense 0.68 0.85 
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 Figure 4.19.Wr / Vr   graph for stem diameter at 50% water stress 
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                               Figure 4.20. Wr / Vr   graph for stem diameter at 75 % water stress 
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alleles at the loci were evident, but this was not noted at increased water stress. The ratio 

of H2/4H1 i.e. 0.24 at low moisture stress confirmed the claim of equal gene distribution 

as this is very close to the upper value of 0.25. The F value is positive under the two 

stress conditions, indicating that dominant genes were more frequent for high water stress 

tolerance and this claim is substantiated by high ratio  of √4DH1+F/√4DH1–F, i.e 1.33 at 

50% and 1.07 at 75% water stress. The positive sign of h at 50% moisture stress 

suggested that dominance was directional towards an increase in stem diameter, whilst at 

increased moisture stress, negative sign of h revealed that dominance appeared to be 

directional towards reduction in the character. Estimate of narrow sense heritability at 

50% moisture stress is 0.86, and 0.88 at 75% moisture stress condition. 

 

An examination of variety points in figures 4.19 and 4.20 indicates that CIM-446, NF 

801-2 and BOU 1724 being away from the origin contained maximum number of 

recessive genes at low moisture stress for stem diameter, whereas DPL-26, 149F, H 499-

3, FH-1000 and B-557 being closer to the origin contained maximum number of 

dominant genes. The situation is however, different under increased water stress as all 

accessions occupy position along the regression line quite distant from the origin 

indicating that recessive genes were more in the parents.  

 

4.5.3.3. Seed cotton yield 

 

Positive and significant estimates of D under low and high moisture stress conditions 

revealed that genes acted cumulatively in the inheritance of seed cotton yield under 

stressed conditions, but the magnitude of D is greater at 75% moisture stress             

(Table 4.29). Magnitudes of H1 and H2 appeared to be non-significant. Mean degree of 

dominance under the two conditions is less than 1, showing prevalence of partial 

dominance for seed cotton yield, and this is supported by the intercept of regression line 

on Wr axis (Figures 4.21 and 4.22). The F values were negative under both moisture 

stress conditions which indicated that recessive genes were more frequent in the parents, 

and the low ratios  of √4DH1+F/√4DH1–F  (0.67) at 50% and 0.66 at 75% water stress 

also confirmed this claim. The negative sign of h at both moisture stress conditions  
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Table 4.30. Second degree statistic and estimates of components of variation in seed 
cotton yield under two water stress conditions 

  

Statistics/Components of variation 50% stress 75% stress 

V0L0=Variance of parents 2×10-2 3×10-2 

V0L1=Variance of mean arrays 4×10-3 8×10-3 

V1L1=Mean variance of arrays 4×10-3 9×10-3 

W0L0=Mean co-variance between the parents 

and the arrays 

8×10-3 1×10-2 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

1×10-5 3×10-5 

D=additive variance 1×10-2 ±4×10-4 * 3×10-2±5×10-4 * 

H1=dominance variance -4×10-3±4×10-4 ns 1×10-3±1×10-3 ns 

H2=proportion of positive and negative genes 

in the parents 

-3×10-3±3×10-4 ns 2×10-3±1×10-3 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

-3×10-3±3×10-4 ns -3×10-3±1×10-3 ns

h=dominance effect(overall loci in 

heterozygous phase) 

-8×10-4±2×10-4  ns -5×10-4±7×10-4 ns

E=enviournmental variance 2×10-3 ±5×10-5 * 1×10-3±2×10-4 * 

√H1/D=mean degree of dominance 0.55 0.22 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.17 0.40 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

0.67 0.66 

Heritability in narrow sense 0.86 0.88 
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               Figure 4.21. Wr / Vr  graph for seed cotton yield at 50 % water stress 
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                                                 Figure 4.22.Wr / Vr  graph for seed cotton yield at 75 % water stress 
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suggested that dominance was directional towards decrease of seed cotton yield under 

moisture stress. Estimates of narrow sense heritability were calculated as 0.86 at 50% and 

0.88 at 75% moisture stress. 

 

Distribution of variety points along the regression line gave a picture of distribution of 

dominant and recessive genes among the accessions (Figure 4.21 and 4.22). The 

accessions NF 801-2, DPL-26 and BOU 1724 contained maximum number of recessive 

genes at low moisture stress, whilst H499-3, B-557, CIM-446 and FH-1000 carried both 

dominant and recessive genes. At high moisture stress, almost a similar situation 

occurred.  

 

4.5.3.4. Number of bolls 

 

The estimate of D is significant and greater than H1 under the two moisture stress 

conditions, suggesting action of the genes to be cumulative in controlling number of bolls 

(Table 4.30). At 50% moisture, H1 is greater than H2 and, ratio of H2/4H1  (0.01) is low, 

indicating that positive and negative alleles were not equally distributed in the parents. 

However, at 75% moisture condition, H1 and H2 were almost equal, therefore equal 

distribution of genes is evident at high water stress. The genes controlling number of 

bolls showed partial dominance under the two moisture conditions, as the mean degree of 

dominance is less than 1, and the same was verified by the slope of the regression line in 

figures 4.23 and 4.24. The value of F was negative under both stress conditions, therefore 

recessive genes appeared to be more frequent under the two stress conditions, and the 

ratio of √4DH1+F/√4DH1–F ( 0.48) at low  and 0.77 at high water stress also confirmed 

this information. The negative sign of h at 50% and 75% moisture stress conditions 

suggested that dominance was directional towards decrease in boll number due to water 

stress. Estimates of narrow sense heritability are 0.76 at 50% and 0.85 at 75% moisture 

stress. 

 

A perusal of the distribution of variety points along the regression line indicates that at 

low moisture stress (Figure 4.23), DPL-26 contained greater number of dominant genes, 
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Table 4.31. Second degree statistic and estimates of components of variation in 

number of bolls under two water stress conditions 

 

Statistics/Components of variation 50%  stress 75% water  

V0L0=Variance of parents 2×10-2 4×10-2 

V0L1=Variance of mean arrays 4×10-3 9×10-3 

V1L1=Mean variance of arrays 5×10-3 1×10-2 

W0L0=Mean co-variance between the 

parents and the arrays 

8×10-3 2×10-2 

(ML1-ML0)2=Difference between the 

means of the parents and the means of their 

n2 

5×10-5 7×10-5 

D=additive variance 1×10-2 ±7×10-4 * 3×10-2 ±1×10-3 * 

H1=dominance variance -1×10-3±2×10-3 ns 6×10-3±3×10-3 ns 

H2=proportion of positive and negative 

genes in the parents 

-5×10-5±1×10-3 ns 7×10-3±3×10-3 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

-3×10-3±2×10-3 ns -4×10-3±3×10-3 ns 

h=dominance effect(overall loci in 

heterozygous phase) 

-8×10-4±1×10-3 ns -4×10-4±2×10-3 ns 

E=enviournmental variance 2×10-3±2×10-4 * 2×10-3±5×10-4 * 

√H1/D=mean degree of dominance            0.30 0.41 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.01 0.29 

√4DH1+F/√4DH1–F=proportion of 

dominant and recessive genes in the parents

0.48 0.77 

Heritability in narrow sense 0.76 0.85 
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Figure 4.23.Wr / Vr  graph for number of bolls at 50 % water stress 
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Figure 4.24.Wr / Vr  graph for number of bolls at 75 % water stress 
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whilst FH-1000 and H 499-3 being away from the origin contained maximum number of 

recessive genes. Other accessions differed for dominant and recessive genes due to wide 

dispersion along the regression line. At high water stress, accessions dispersed along the 

regression line. NF801-2, FH-1000, CIM-446 contained recessive genes for the trait, 

whilst the remaining accessions contained both dominant and recessive genes for the 

character.   

 

4.5.3.5. Boll weight 

 

Estimates of components of variation indicates that D item is significant, revealing the 

importance of  additive genes for controlling boll weight under the two moisture stress  

conditions (Table 4.31). Magnitude of H1 and H2 are non-significant and almost equal in 

the two moisture stress conditions, indicating equal distribution of positive and negative 

alleles in the parents. Genes showed partial dominance under the two stress 

conditions.The slope of regression line (Figure 4.25 and 4.26) substantiated the partial 

dominance in the two conditions.  

 

The F value was negative under 50% moisture stress conditions, indicating recessive 

genes were more frequent, whilst under 75% stress positive F suggested that dominant 

genes were more frequent. Low ratio of √4DH1+F/√4DH1–F (0.61) at 50% and high 

(1.01) at 75% water stress also confirmed this claim. The negative sign of h at 50% and 

75% moisture stress conditions suggested that dominance was directional towards 

decrease in boll number under low and high water stress. An estimate of narrow sense 

heritability was 0.45 under low moisture and 0.63 at high moisture stress. 

 

An examination of  figure 4.25 and 4.26 reveals that B-557 being closer to the origin 

contained maximum number of  dominant genes, and H 499-3 being away from the 

origin contained maximum number of recessive genes under both moisture stress 

conditions. Other accessions differed for the presence of dominant and recessive genes 

due to dispersion along the regression line.  
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Table 4.32. Second degree statistic and estimates of components of variation in boll 

weight under two water stress conditions. 

 

Statistics/Components of variation  50% stress 75% water  

V0L0=Variance of parents 2×10-3 7×10-3 

V0L1=Variance of mean arrays 5×10-4 2×10-3 

V1L1=Mean variance of arrays 8×10-4 3×10-3 

W0L0=Mean co-variance between the 

parents and the arrays 

9×10-4 3×10-3 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

2×10-5 1×10-5 

D=additive variance 1×10-3±1×10-4 * 6×10-3±5×10-4 * 

H1=dominance variance -8×10-4±3×10-4 ns 1×10-3±1×10-3 ns 

H2=proportion of positive and negative 

genes in the parents 

-6×10-4±3×10-4 ns 2×10-3±1×10-3 ns 

F=relative frequency of dominant and 

recessive alleles in the parents 

-5×10-4±3×10-4 ns 5×10-5±1×10-3 ns 

h=dominance effect(overall loci in 

heterozygous phase) 

-3×10-4±2×10-4 ns -5×10-4 ±7×10-4  ns 

E=enviournmental variance 9×10-4±5×10-5 * 1×10-3±2×10-4 * 

√H1/D=mean degree of dominance           0.75 0.49 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.19 0.29 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

0.61 1.01 

Heritability in narrow sense 0.45 0.63 
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 Figure 4.25.Wr / Vr  graph for boll weight at 50 % water stress 
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    Figure 4.26.Wr / Vr  graph for boll weight at 75 % water stress 
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4.5.3.6. Lint percentage 

 

The estimates of components of variation revealed that D is significant and greater than  

H1  and H2 under the two moisture stress conditions. This property showed that additive 

genes were pronounced in the expression of lint percentage. Significant H1 item at 75% 

moisture stress condition suggested that non-additive genes were also important in the 

expression of the trait. Estimates of H1 and H2 are almost equal in both moisture stress 

conditions which is evidence of equal distribution of positive and negative alleles in the 

parents. Proportion of H2/4H1 at 50% (0.24) and 75% stress (0.23) also supported this 

claim. Genes showed partial dominance for lint percentage under the two moisture stress 

conditions, as the mean degree of dominance is less than 1. The slope of regression lines 

substantiated the expression of partial dominance as it intercepts the Wr axis above the 

origin (Figure 4.27 and 4.28). The positive value of F under both moisture stress 

conditions indicated that dominant genes were more frequent, and high ratios of 

√4DH1+F/√4DH1–F (2.70) at 50% and 1.60 at 75% is an indication of this distribution of 

genes. The negative sign of h at both moisture stress conditions suggested that dominance 

was directional towards decrease of lint percentage with water stress. Estimates of narrow 

sense heritability were 0.73 at 50%, and 0.78 at 75% moisture stress. 

 

Distribution of variety points along the regression line (Figure 4.27 and 4.28) showed that 

CIM-446 and 149F at low and high water stress contained maximum number of dominant 

genes. Accession BOU 1724 appeared to contain maximum number of recessive genes 

under both conditions. Remaining accessions contained varying number of dominant and 

recessive genes, as these were dispersed widely along the regression line under the two 

moisture conditions.  

 

4.5.3.7. Fiber length 

 

The estimates of D, H1 and H2 are positive and significant which is evidence of the 

presence of both additive and non additive gene action in controlling fiber length under 

both stress conditions (Table 4.33). H1 was greater than H2 under two moisture stress  
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Table 4.33. Second degree statistic and estimates of components of variation in boll 

weight under two water stress conditions. 

 

  

Statistics/Components of variation 50% stress 75% stress 

V0L0=Variance of parents 7×10-3 1×10-2 

V0L1=Variance of mean arrays 1×10-3 2×10-3 

V1L1=Mean variance of arrays 2×10-3 3×10-3 

W0L0=Mean co-variance between the 

parents and the arrays 

3×10-3 4×10-3 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

5×10-5 2×10-5 

D=additive variance 6×10-3±3×10-4 * 9×10-3 ±3×10-4 * 

H1=dominance variance 7×10-4±6×10-4 ns 3×10-3 ±7×10-4 * 

H2=proportion of positive and negative 

genes in the parents 

7×10-4±5×10-4 ns 2×10-3±6×10-4 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

6×10-3±3×10-4 * 2×10-3±7×10-4 * 

h=dominance effect(overall loci in 

heterozygous phase) 

-8×10-5±4×10-4 ns -1×10-4 ±4×10-4 

ns 

E=enviournmental variance 6×10-24±9×10-5 * 4×10-4 ±1×10-4 * 

√H1/D=mean degree of dominance      0.38 0.52 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.24 0.23 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

2.70 1.60 

Heritability in narrow sense 0.73 0.78 
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Figure 4.27.Wr / Vr  graph for lint percentage at 50 % water stress 
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               Figure 4.28.Wr / Vr  graph for lint percentage at 75 % water stress 
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conditions, indicating that genes were not equally distributed among parents for fiber 

length. Pattern of distribution of genes was also evidenced by the ratio of H2/4H1 (0.08) at 

50% and 0.13 at 75% stress. Additive action of genes showed complete dominance for 

fiber length under the two moisture stress conditions and the slope of regression line in 

figures 4.29 and 4.30 clearly indicated this situation. 

   

The values of F were positive under both the moisture stress conditions, indicating that 

dominant genes were more frequent, and this was supported by high ratios of 

√4DH1+F/√4DH1–F (9.10) at 50% and 3.34 at 75% water stress. The positive sign of h at 

50% stress suggested that dominance was directional towards increase in fiber length, 

whilst negative sign at 75% moisture stress revealed that dominance was directional 

towards decrease in fiber length. Narrow sense heritability estimates are 0.23 at 50% 

moisture stress and 0.33 at 75% moisture stress. 

 

A perusal of the distribution of variety points along the regression line in figure 4.29 

indicates that under 50% moisture conditions, almost all the accessions that were closer 

to the origin contained maximum number of dominant genes except CIM-446 that 

contained maximum number of recessive genes. At 75% moisture stress, BOU-1724,    

B-557, FH-1000, NF801-2, DPL-26 and 149F contained maximum number of dominant 

genes and H499-3, CIM-446, being away from the origin contained maximum number of 

recessive genes.   

 

4.5.3.8. Fiber fineness (Mike value) 

 

Positive and significant values of D, H1 and H2 indicated that both additive and non 

additive genes were important in controlling fiber fineness under the two moisture stress 

regimes (Table 4.34). Greater value of H1 than D under 50% moisture stress indicated 

pronounced effect of non-additive genes, whilst item D was greater than H1  at 75% 

moisture stress conditions, revealing that additive genes were more pronounced in the 

inheritance of the trait. At low moisture stress, magnitude of H1 was greater than H2 

showing that genes were not equally distributed among parents for the character, but  
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Table 4.34. Second degree statistic and estimates of components of variation in fiber 

length under two water stress treatments.  

 

Statistics/Components of variation 50% stress 75% stress 

V0L0=Variance of parents 2×10-3 1×10-3 

V0L1=Variance of mean arrays 6×10-5 1×10-4 

V1L1=Mean variance of arrays 2×10-4 4×10-4 

W0L0=Mean co-variance between the parents 

and the arrays 

2×10-4 3×10-4 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

1×10-4 2×10-5 

D=additive variance 1×10-3±4×10-5 * 1×10-3±2×10-4 * 

H1=dominance variance 9×10-4±1×10-4 * 1×10-3±4×10-4 * 

H2=proportion of positive and negative genes 

in the parents 

3×10-4±1×10-4 * 7×10-4±4×10-4 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

1×10-3±5×10-5 * 1×10-3±4×10-4 * 

h=dominance effect(overall loci in 

heterozygous phase) 

5×10-4±7×10-5 * -2×10-5±2×10-4 * 

E=enviournmental variance 2×10-4±2×10-5 * 3×10-4±6×10-5 * 

√H1/D=mean degree of dominance             0.85             1.02 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.08 0.13 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

9.10 3.34 

Heritibility(NS)=h2(NS) 0.23 0.33 
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Figure 4.29.Wr / Vr  graph for fiber length at 50 % water stress 
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                       Figure 4.30.Wr / Vr  graph for fiber length at 75 % water stress 
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under 75% moisture stress condition distribution seems to be equal. Equal distribution of 

genes was also evidenced by the ratio of H2/4H1 (0.16) at 50% and 0.21 at 75% stress.  

The prevalence of over dominance for mike value is noted at low moisture stress, whilst 

at 75% stress partial dominance was observed. The same situation is present in figures 

4.31 and 4.32.  

   

Positive values of F under both moisture stress conditions suggested that dominant genes 

were more frequent in the parents, and high ratios of √4DH1+F/√4DH1–F (3.3) at 50% 

and 1.82 at 75% water stress supported this information. Positive sign of h under both 

stress conditions revealed that dominance was directional towards increase in mike value. 

Estimates of narrow sense heritability were 0.18 at 50% and 0.81 at 75% moisture stress. 

 

Distribution of variety points along the regression line in figures 4.27 and 4.28 showed 

that under low moisture stress all accessions except 149F and DPL-26 contained 

maximum number of dominant genes being closer to the origin. 149F being away from 

the origin contained maximum number of recessive genes. The situation was quite 

different under increased water stress and accessions dispersed widely along the 

regression line and contained varying number of dominant and recessive genes. 

Accessions 149F and BOU-1724, being closer to the origin contained maximum number 

of dominant genes, whilst NF801-2 contained maximum number of recessive genes being 

away from the origin. Other accessions formed another group with varying number of 

dominant and recessive genes.  
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Table 4.35. Second degree statistic and estimates of components of variation in mike 

value under two water stress conditions 

                  

Statistics/Components of variation 50% stress 75% stress 

V0L0=Variance of parents 1.1×10-2 3.4×10-2 

V0L1=Variance of mean arrays 6×10-4 6.1×10-3 

V1L1=Mean variance of arrays 3.8×10-3 8.6×10-3 

W0L0=Mean co-variance between the parents 

and the arrays 

1.8×10-3 1.4×10-2 

(ML1-ML0)2=Difference between the means 

of the parents and the means of their n2 

1.0×10-3 1.7×10-3 

D=additive variance 8.2×10-3 ±1.6×10-3 * 3.3×10-2 ±1.2×10-3 * 

H1=dominance variance 1.3×10-2±3.8×10-3 * 9.8×10-3±2.9×10-3 * 

H2=proportion of positive and negative genes 

in the parents 

8.8×10-3±3.3×10-3 ns 8.4×10-3±2.5×10-3 * 

F=relative frequency of dominant and 

recessive alleles in the parents 

1.1×10-2 ±3.9×10-3 * 1.1×10-2±3.0×10-3 * 

h=dominance effect(overall loci in 

heterozygous phase) 

3.3×10-3 ±2.2×10-3  ns 6.5×10-3 ±1.7×10-3 * 

E=enviournmental variance 2.1×10-3 ± 5.5×10-4 * 8.2×10-4 ±4.2×10-4 * 

√H1/D=mean degree of dominance               1.21 0.54 

H2/4H1=proportion of genes with positive 

and negative effects in the parents 

0.16 0.21 

√4DH1+F/√4DH1–F=proportion of dominant 

and recessive genes in the parents 

3.3 1.82 

Heritability in narrow sense 0.18 0.81 
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                                                 Figure 4.31.Wr / Vr  graph for mike value at 50 % water stress 
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Figure 4.32.Wr / Vr  graph  for mike value at 75 % water stres 
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CHAPTER 5 

DISCUSSION 
 

When a large number of germplasm is available for screening against any stress 

condition, availability of a technique which could rapidly and efficiently identify the 

variation is important. In the present investigations, 45-day old seedlings of 80 

accessions, grown under water stress and watered conditions in the glasshouse, were 

examined for four morphological characters. This method distinguished tolerant and non-

tolerant accessions, and provided data to study the growth pattern of accessions with the 

least environmental influences. Previously, scientists had studied growth and 

physiological response of cotton to moisture stress under greenhouse conditions (Radin 

and Ackerson, 1981; Loffroy et al., 1983 and Ball et al., 1994). The response of 

accessions to water stress conditions have been compared with those measured under 

non-stress conditions based upon shoot length, root length, shoot fresh weight and shoot 

dry weight. Water stress tolerance cannot be attributed to a genotype because of its 

superiority for a single trait, therefore many different parameters were required to be 

evaluated (Al-Hamdani and Barger, 2003). Root growth is an important and reliable 

indicator of the response of drought tolerant varieties (Basel et al., 2005), and therefore 

this character was also examined at the seedling stage. However at plant maturity, roots 

and their characteristics are complex to measure and the screening method is destructive, 

making their use limited in breeding programmes.  

 

The absolute data showed differential responses of accessions under the two moisture 

conditions. Although all the seedling parameters were markedly reduced by water stress, 

the differences between accessions were still evident. Similar adverse affect of water 

stress on cotton seedling traits have been noted in previous studies (Basel et al., 2003;         

Pace  et al., 1999; Pettigrew, 2004 and Basel et al., 2005). The data in Table 4.2 provide 

a clear identification of differing responses of the accessions to the adverse affect of 

moisture stress, and further suggest that over all there is no clear relationship between 

plant vigor in control and growth in stress conditions. Accessions MNH-47 (No. 14),   

BH-121 (No.19), 199F (No.26),  268F (No.27) and BH-125(No.28) had high shoot length 
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in watered conditions, but also had greater than the average shoot length in water stress 

conditions. A similar pattern was shown by 199 F (No.26), 268F (No.27), B-557 (No.29) 

and DPL-26 (No.30) for root length, and accessions 149F (No.20), 199F (No.26), 268F 

(No.27), BH-125 (No.28), B-557 (No.29) and DPL- 26 (No.30) for shoot fresh weight 

and shoot dry weight. It is thus not necessarily always the case that high tolerance to 

environmental stress and high yield in non-stress conditions are mutually exclusive as 

suggested by Rosielle and Hamblin (1981). Although some accessions, for example, 

MNH-147 (No.14), BH-121 (No.19), BH-36 (No.23) and BH-162 (No.24) for shoot 

length do show such a negative relationship and therefore, illustrated low tolerance. By 

contrast, some slow growing accessions namely BOU-1724 (No.5) and NIAB-228 

(No.18) were relatively much less affected by moisture stress conditions. Similarly, the 

accessions BOU-1724 (No.5), CIM-97 (No.6), VH-57 (No.28), BH-124 (No. 22) and 

SLH-257 (No.31) have low root length in non-stress (Table 4.2). Differential responses 

have been reported by Ball et al. (1994) who studied the different growth responses of 

root and shoot to water stress and depicted those for better description of root growth for 

purpose of modeling plant growth and assessment of drought resistance trait.  

 

The results based upon the indices of water stress tolerance revealed the existence of 

significant variability for water stress tolerance in the material examined, and total 

number of accessions studied in table 4.2 and appendices III and IV revealed a general 

pattern of responses which were very similar to those reported for the 34 accession sub 

sample, namely diverse range of responses to water stress. Comparison of 34 accessions 

reveals some useful information about potential of accessions to water stress conditions, 

and allows the identification of some tolerant accessions which grew well under water 

stress. The comparison of the tolerance indices suggest that some of the accessions 

showing high indices may be nonetheless useful source of genes for enhancing the 

tolerance of more vigorous lines through breeding. In previous work on water stress 

tolerance on cotton (McMichael and Quisenberry, 1991; and Ullah et al., 2008) indicated 

significant variation in material tested under control and water stress conditions.   
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Genetic improvement of crops for drought resistance requires a search for the possible 

physiological components of drought resistance, and the exploration of their genetic 

basis. In previous works, physiologist measured different plant characters related to 

drought tolerance, for example relative water content (Sinclair and Ludlow, 1986), 

excised leaf water loss (Basel et al., 2003, 2005) and plasma membrane stability 

(Suillivan, 1972; Blum and Ebercon, 1981, and Kocheva and Georgiva, 2003).  

Therefore, the studies of physiological mechanisms which confer drought tolerance in the 

present investigation were justified. The relative damage to cell (RD%) data showed that 

accessions differed greatly from each other, and some of them were markedly different 

from the least tolerant. Accessions DPL-26 and B-557 showing least injury i.e, 10% and 

17% respectively, to plasma membrane under water stress may hold good promise for the 

incorporation of genes into cotton varieties susceptible under water deficit conditions. 

Disintegration of plasma membrane occurs primarily due to heat stress as a secondary 

response to drought stress (Hale and Orcut, 1987).  Evaluation of cell membrane stability 

involves the measurement of the rate of solute leakage for leaf tissue after exposure to 

drought, and may be used as an efficient method of studying heat and drought tolerance 

in crop plants (Blum, 1988).  

 

On the basis of indices of water stress tolerance of 34 accessions based upon four traits, 

20 accessions had shown consistence performance for all the traits examined, accessions    

DPL- 26, B-557, BH-124, 149F and BOU-1724 seemed to be most tolerant accessions, 

and in contrast CIM-446, FH-1000, NF 801-2 and H 499-3 appeared to be susceptible. 

Voloudakis et al, (2002) made similar ranking based upon the performance of varieties.  

Remaining accessions showed intermediate response to water stress based upon root 

length and shoot dry weight. Inconsistence performance of the majority of accessions 

under watered and stressed conditions indicated that the traits which contributed high 

performance under watered conditions may be different from those of high performance 

under water stressed conditions (Ceccarelli, 1987). In the current findings, performance 

of the accessions under control and water stressed conditions was different for the traits 

under study. However, if the accessions perform well both under control and water 
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stressed conditions, those may be used as best parents in breeding for water stress 

tolerance.  

 

Evidence about the existence of variability for water-stress tolerance in Gossypium 

hirsutum L. germplasm has fulfilled the first pre-requisite, i.e existence of variability for 

limited water supply required for improvement. Clearly, for effective progress in 

improving the moisture stress tolerance by exploiting the available variability in the 

species, information about the second, i.e. genetic component, is necessary. Previous 

work on the genetic basis of water-stress tolerance and heritability in cotton, as well as 

other crop species, are relatively few in number.  The available evidence reveals that 

water stress tolerance is predominantly under genetic control (Liu et al. 1998; McCarty et 

al. 2004 and Singh and Singh, 2004). The estimate of broad sense heritability reported 

here for water stress tolerance generally appeared to be inflated, nonetheless this 

information derived from using diverse germplasm seems to be encouraging and suggest 

that the prospect for improving the characters through selection and breeding are 

considerable, provided the genetic system controlling the variation is affected by genes 

with additive effects. 

  

When such a useful material for breeding under water limited conditions is available, the 

use of a biometric method which could evaluate its potential is important. The additive-

dominance model of Hayman (1954 a, b) and Jinks 1954 was used to study the genetic 

mechanism controlling variation in Gossypium hirsutum L. germplasm at the seedling 

stage using morpho-physiological plant traits.  The data on shoot length, root length, 

shoot fresh weight, shoot dry weight, cell membrane injury, leaf water content and 

excised leaf water loss deviated significantly from zero but not from unity, suggesting 

that all the assumptions underlying the genetic model were fulfilled (Hayman, 1954a).  

 

In the present investigation, water stress tolerance was examined based upon four 

morphological and three physiological plant traits, i.e cell membrane injury, excised leaf 

water loss and relative water content. From the present data, it was found that in general 

genes having both additive and non-additive properties appear to be important in 
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controlling all these plant traits, and hence water stress tolerance.  Trends of dominance 

in root length, shoot fresh and dry weight, cell membrane injury, relative water content 

and excised water leaf loss was shown towards water stress tolerance. This is clearly 

advantageous in a breeding programme.  Based upon the inheritance pattern of water 

stress tolerant and high estimate of narrow sense heritability, it seems that the traits are 

less complex in nature as suggested by Gamble (1962 a,b) and Azhar and McNeilly 

(1988). Although estimate of narrow sense heritability appeared to be generally inflated, 

these are encouraging to the plant breeder for making selection of stress tolerant plants in 

the segregating populations.   

 

Previous estimates of narrow sense heritability of water stress tolerance are not available 

in the literature, but some studies on the genetic control of salt stress tolerance in other 

species do provide evidence of the estimate, e.g. Noble et al. (1984) estimated narrow 

sense heritability to be 0.5 in Medicago sativa, whilst estimated broad sense heritability in 

the same species was 0.5 (Allen et al., 1985). Similarly in grain sorghum, genetic 

variation for aluminum tolerance was entirely due to genes with additive effects, and thus 

estimate of narrow sense heritability was 0.78 (Boye-Goni and Marcarian, 1985), and for 

NaCl tolerance in the same species, the estimate was 0.51 (Azhar and McNeilly, 1988). 

However, as stated by Falconer and Mackey (1996), heritability estimates are subject to 

considerable environmental influences and considerable caution is required in their 

interpretation. Nonetheless, it provides a useful guidance in the potential for 

improvement of the character through selection and breeding. 

 

 In previous studies, root length has been used to successfully distinguish salt tolerance 

among a number of grass species in saline and non-saline habituates. Hannon and 

Bradshaw, 1968; Ahmad and Wain Wright, 1977, Leim et al., 1985; Ashraf et al., 

1986a).  Ashraf et al. (1986b) have shown convincingly that a significant advance in 

adult plant NaCl tolerance was achieved in a group of four grass species through 

selection based upon seedling root length differences after two weeks growth in high 

NaCl concentration. Thus, on the basis of analogy of drought and salinity tolerance 

(Shannon, 1984), the root length data which have been used here in elucidating the 
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genetic pattern of water-stress tolerance in G. hirsutum L. at seedling stage are in 

considerable agreement to previous studies for determining the inheritance mechanism of 

salt tolerance of rice (Moeljopawiro and Ikehashi, 1981), drought resistance of rice 

(Ekanayake et al., 1985) and salt tolerance of sorghum (Azhar and McNeilly, 1988). The 

results of all these studies indicated that both additive and dominance gene effects are 

important in controlling root length in the stress conditions. Thus, considering root length 

as a better indicator of response of water-stress-tolerance (Basel, 2005), plants having the 

longest roots may be selected from segregating population for increased water stress 

tolerance as has been done in four forage species for increasing  NaCl tolerance by 

selecting parents with greater root length (Ashraf et al., 1987).  

 

In pursuit of developing an understanding of physiological mechanisms of water stress 

tolerance, physiological investigation of the genetic material examined revealed some 

common features which have accounted for enhanced water stress tolerance. From the 

data, there appears to be relationship between cell injury percentage and water stress 

tolerance, for example, B-557, DPL-26, BH-124,  149F and BOU-1274 with least cell 

injury appeared to show better relative root length, and thus better water stress tolerance 

and vice versa. (Table 4.2). Thus, it was appropriate to study the genetic mechanism 

controlling cell membrane stability through simple genetic model.  The results revealed 

that additive genetic effects were pronounced in the inheritance of this trait, and 

dominance tended towards lower values of the parameters. Estimates of h2 (ns) was 83%, 

suggesting that plants with minimum ion leakage may be selected from the segregating 

material for enhanced water stress tolerance.   

 

In addition, leaf relative water content and excised leaf water loss are also indicators of 

water stress. Sinclair and Ludlow (1986) proposed that leaf relative water content was a 

better indicator of water status in plants than was water potential. Jones and Turner 

(1978) declared this character as a major factor in a plant’s capability to survive under 

adverse water conditions.  Similarly, rate of excised leaf water loss has been proposed as 

a possible indicator of drought resistance in many crop species including cotton (Roark et 

al., 1975 and Quisenberry et al., 1982). Clarke et al. (1989) reported that wheat 
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accessions with low rates of water loss from excised leaves had higher yield than 

accessions with higher rate of water loss from excised leaves when produced under water 

limited conditions. In the present study, both plant traits, i.e, leaf relative water content 

and excised leaf water loss were revealed to be highly heritable and both appeared to be 

under additive genetic effects, and thus estimate of h2 
(ns)

 are higher. These results suggest 

that it is possible to improve water stress tolerance in the species by selecting plants 

having high relative leaf water content, and with minimum losses of excised leaf from the 

segregating progenies.  

 

The expression of water stress tolerance in a crop species is a complex trait involving 

many plant characters, both physiological and morphological (Ingram and Burtles, 1996, 

Cushman and Bohnert, 2000). However, when a specific and readily quantifiable 

physiological mechanism conferring water stress tolerance is not available, it has been 

suggested to assess the plant material in terms of other plant characters of agronomic 

importance e.g. yield of green matter and yield (Turner, 1986). In the present 

investigation, the responses of 64 families were evaluated till maturity using normal 

irrigations, 50% and 75% less irrigation as compared to control. The moisture deficit 

response for many traits studied here are similar to those observed for cotton grown in 

arid field conditions.  The data showed that plant height, stem diameter, number of bolls, 

boll weight, yield of seed cotton and fiber quality characters were adversely affected due 

to water stress, and the decreases in the characters were more pronounced at increased 

water stress conditions. Genotypic differences for all the characters were revealed to be 

highly significant.  It has been reported that lint yield is generally reduced due to few 

number of bolls, because of fewer flowers but also because of increased boll abortion 

when the stress is extreme (Grimes and Yamada, 1982; McMicheal and Hosketh, 1982; 

and Pettigrew, 2004).   

 

At maturity, simple additive dominance model appeared to be adequate for analyzing the 

data set on all the characters measured under low and high water stress.  The results of 

genetic analysis showed that genetic architecture of all the characters, in general appeared 

to be almost similar under low and high water stress, and although both additive and 
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dominance gene effects were important in controlling the variation in the plant material, 

the genes with cumulative effects predominated in the inheritance of characters, 

suggesting water stress tolerance to be a polygenic character. It has been suggested 

elsewhere that taller varieties of cotton with thick stem diameter were found most 

suitable for water stress environment. The results indicated that although plant height, 

stem diameter, seed cotton yield and its components and fiber characteristics were 

reduced due to adverse affect of water stress, genetic analysis of these characters revealed 

them as potential characters for improving water stress tolerance in the species, through 

selection and breeding. It was revealed that all the characters measured under low and 

increased water stress, thereby meaning water stress tolerant, were predominantly 

influenced by additive genes.  

 

Lawrence (1984) has argued that populations subjected to strong directional selection 

pressure showed reduced additive component for the character under selection.  Since 

there is no evidence in the literature which shows that cotton has previously been 

subjected to directional selection pressure, either in the wild or in cultivated material, for 

enhanced water stress tolerance. It would seem likely that additively based variation in 

drought tolerance may be available to cotton breeders for exploitation through selection.  

The availability of additive components suggest that the chances of improving water 

stress tolerance in Gossypium hirsutum L. are considerable by subjecting the breeding 

material to strong selection pressure.   

 

The estimates of heritability of water stress tolerance are generally higher particularly at 

75% stress due to the involvement of additive components. Increased estimates of 

heritability under salt stress had been reported in tomato (Saranga et al., 1992) and maize 

(Khan et al., 2003). Saranga et al. (1992) speculated that higher estimates of heritability 

under increasing salinity levels might be a result of greater genetic variation due to the 

expression of genes associated with salinity tolerance or a smaller environmental 

variation. It has also been argued that hidden variation, previously unselected, could be 

uncovered when moderate stress is applied, thus possibly increasing heritability 

(Bradshaw and Hardwick, 1989).  As has been stated previously, that the estimates of 
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heritability are affected by numerous environmental factors and therefore, must be used / 

interpreted with great care (Falconer and Mackey, 1997). Nonetheless, the estimate of 

heritability under low and high water stress seem to be encouraging for breeding and 

making direct selection for plants with enhanced water stress tolerance, based upon root 

length measurements at seedling stage, and other characters of agronomic importance at 

maturity in subsequent generations. However, it is suggested that further studies are 

required to substantiate the present data, and for developing a well conceived breeding 

program for moisture deficit areas. Such a breeding program would help to improve the 

economic conditions of stakeholders in general, and utilize the limiting water resources 

of the country in particular.  
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CHAPTER 6 

 
SUMMARY 

 
Due to the increasing deficit of water resources in the world, and particularly in 

Pakistan, agricultural development in the country has been restricted. Some level 

of water deficit stress is experienced by many crop plants grown with or without 

supplemental irrigation during most seasons even when meteorological drought 

conditions are not present. Therefore, the best option for crop production, yield 

improvement and yield stability under soil moisture deficit conditions is to 

develop water stress tolerant crop varieties. 

 

Cotton, Gossypium hirsutum L.,  is mainly grown in irrigated areas of Punjab and 

Sindh province in Pakistan, and like others crops, its production is limited by 

water stress at critical growth stages, resulting in significant reduction in yield 

(Yaseen and Ishtiaque, 2002). Therefore, the objective of the present investigation 

was to identify cotton germplasm for breeding water stress tolerant cultivars. 

 

As a first step in the breeding strategy, 80 cotton accessions differing widely in 

their genetic make up and origin were screened out, measuring four seedling traits 

and one physiological parameter i.e. cell membrane injury. The screening was 

done in the glasshouse, and seedlings were allowed to grow for 45 days. The 

variation found in the seedling response of 80 cotton accessions in the rooting 

pattern indicated differing abilities to grow under moisture stress. The comparison 

of accession response to moisture stress were compared on absolute and relative 

basis (indices of water stress tolerance), based upon shoot length, root length, 

shoot fresh weight and shoot dry weight.  Based upon similarities and differences 

in the four characters and cell membrane injury, 34 accessions were initially 

selected from the germplasm examined. The 34 accessions were categorized into 
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tolerant, susceptible and intermediate, based upon their performance in the five 

parameters measured. Performance of these 34 accessions was compared, and 

finally 10 accessions, which showed consistency in their tolerance or susceptibility 

for all the parameters were identified.  

 

Amongst the ten accessions, the tolerant accessions were B557, 149F, DPL-26, 

B0U-1724 and BH-124, and susceptible accessions were FH-1000, NF-801-2, 

H499-3, CIM-446 and MNH-129. The ten accessions were further analyzed to 

study their divergence at the molecular level using random amplified polymorphic 

DNA (RAPD) technique. The study of dendograme revealed that eight accessions 

were more unrelated for genetic studies. 

 

 Breeding strategy is an important component of any programme aiming at 

developing cotton varieties with water stress tolerance. The inheritance pattern for 

water stress tolerance in upland cotton, as revealed by the diallel cross analysis, 

appeared to be less complex for breeding purpose. Although variation in moisture 

stress appeared to be affected by additive and dominance properties of genes, 

influence of genes acting additively was more predominant in the inheritance of 

water stress tolerance at seedling as well as adult plant stages. This type of gene 

action with high estimates of heritability is encouraging. On the basis of estimates 

of narrow sense heritability, a potentially useful advance in water stress tolerance 

may be made through individual plant selection showing longest roots at the 

seedling stage, and by subsequently subjecting the F2 population derived from this 

preliminary selection for further high selection pressure. In addition to longest root 

length, other characteristics like better shoot length, more shoot fresh and dry 

weight may be used as primary drought related morphological characteristics. The 

presence of additive component in the inheritance of moisture stress tolerance in 

upland cotton indicate that cotton germplasm, neither wild nor cultivated, had 

been subjected to strong directional selection (Lawrance, 1984), and it may be that 
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this component is available to breeders for bringing improvement in Gossypium 

hirsutum L. for moisture stress tolerance. 

 

Assessment of accessions responses based upon physiological mechanism 

provided some clue as the possible causes of differing responses of accessions to 

moisture stress. Better water stress tolerance in DPL-26, B-557, 149F, BOU-1724 

and BH-124 was associated with reduced cell membrane injury, and in contrast, 

the poor responses of FH-1000, H499-3, CIM-446, NF 801-2 and MNH-129 was 

related to greater damage to cell membrane. All the differing capabilities of 

accessions to cope with stress environment are under genetic control, and thus 

may be improved by breeding (Tudge, 1988). Inheritance pattern of variation in 

cell membrane injury appeared to be conditioned by additive component of 

genetic system, and thus this character may be improved through selection. 

Similarly other two physiological parameters i.e. relative water contents and 

excised leaf water loss were also controlled additively and non-additively, 

suggesting that these are polygenic in nature and may be subjected to selection. 

 

The fact is that there is considerable similarity in the genetic mechanism 

controlling moisture stress, at seedling and adult plant stage, and this suggests that 

numerous plants tolerant to moisture stress may be selected at seedling stage in 

glasshouse, using rooting technique. Beside this, other characteristics related to 

water stress tolerance at seedling stage like shoot length, shoot fresh and dry 

weight, cell membrane stability, leaf relative water content and excised leaf water 

loss may also be used for selection of plants tolerant to water stress. The genetic 

nature of the plant material examined here provides considerable hope that further 

improvement in moisture stress tolerance in upland cotton may be obtained 

through convential breeding methods.    
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Appendix-I List of 80 accessions screened for water stress tolerance 

 
 
 
 
 

SrNo. Genotype SrNo. Genotype 
 1 CIM448 41 NIAB228 
2 CIM511 42 MNH700 
3 CIM482 43 BH121 
4 CIM473 44 BH89 
5 CIM109 45 149F 
6 CIM1100 46 BH126 
7 CIM70 47 S362T362(GL) 
8 CIM240 48 S-12 
9 CIM-496 49 LINE A-100 
10 CIM-446 50 COKER 4601 
11 BOU-1724 51 PAYMASTER 
12 CIM497 52 BH-124 
13 NF801-2 53 BH123 
14 VH28 54 BH95 
15 VH57 55 BH36 
16 VH54 56 BH147 
17 VH37 57 BH162 
18 VH55 58 BH118 
19 VH141 59 BH-116 
20 VH144 60 BH160 
21 FH945 61 S-14 
22 FH679 62 H499-3 
23 FH-634 63 4F 
24 FH-1000 64 199F 
25 FH87 65 268F 
26 FH950 66 BH-125 
27 FH925 67 B557 
28 FH938 68 DPL 26 
29 FH901 69 MR 73 
30 FH900 70 LRA5166 
31 FH682 71 LSS 
32 MNH-147 72 OKRA659 
33 MNH93 73 LB391 
34 MNH513 74 SLH257 
35 MNH-129 75 1118 
36 MNH3570 76 DIXI-KING 
37 MNH552 77 CIM-707 
38 MNH554 78 OKRA3101 
39 NIAB999 79 VH-53 
40 NIAB KRISHMA 80 REHMANI 
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Appendix –II  List of 18 primers used for RAPD 
 

Sr. 
No. 

Primer Name Sequence 

1 GL DecamerA-07 GAAACGGGTG 

2 GL DecamerA-08 GTGACGTAGG 

3 GL DecamerA-09 GGGTAACGCC 

4 GL DecamerA-10 GTGATCGCAG 

5 GL DecamerA-12 TCGGCGATAG 

6 GL DecamerA-13 CAGCACCCAC 

7 GL DecamerA-20 GTTGCGATCC 

8 GL DecamerB-07 GGTGACGCAG 

9 GL DecamerB-09 TGGGGGACTC 

10 GL DecamerB-12 CCTTGACGCA 

11 GL DecamerB-20 GGACCCTTAC 

12 GL DecamerC-05 GATGACCGCC 

13 GL DecamerC-09 CTCACCGTCC 

14 GL DecamerC-14 TGCGTGCTTG 

15 GL DecamerC-15 GACGGATCAG 

16 GL DecamerC-19 GTTGCCAGCC 

17 GL DecamerD-02 GGACCCAACC 

18 GL DecamerD-13 GGGGTGACGA 
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Appendix III 
Absolute shoot and root length of 80 cotton genotypes grown under control and water 
stress conditions 
 
Sr.No. Genotype Shoot Length(cm) Root Length(cm) 
    Control Stress Control Stress 

1 CIM448 15.0 11.4 7.5 5.0 
2 CIM511 15.2 10.6 7.6 5.5 
3 CIM482 15.6 11.5 6.8 6.0 
4 CIM473 14.2 10.6 8.0 5.4 
5 CIM109 18.1 13.1 13.0 8.3 
6 CIM1100 16.8 12.5 8.1 5.6 
7 CIM70 15.2 11.7 8.6 6.4 
8 CIM240 16.5 12.6 8.0 6.6 
9 CIM-496 17.2 13.8 9.0 6.9 

10 CIM-446 16.3 7.9 7.7 3.7 
11 BOU-1724 14.5 12.0 8.2 7.9 
12 CIM497 16.3 12.2 8.3 8.0 
13 NF801-2 14.9 8.3 7.4 2.9 
14 VH28 16.3 12.0 9.1 7.6 
15 VH57 16.9 11.8 9.2 8.9 
16 VH54 17.7 12.4 9.9 7.5 
17 VH37 16.9 13.2 10.1 6.5 
18 VH55 16.4 12.2 8.6 6.4 
19 VH141 15.5 11.3 8.4 7.9 
20 VH144 15.9 10.3 10.6 6.5 
21 FH945 18.1 13.4 9.0 5.4 
22 FH679 17.3 9.6 9.4 4.9 
23 FH-634 18.3 11.7 9.7 5.9 
24 FH-1000 16.8 8.6 9.2 3.5 
25 FH87 17.5 12.1 9.8 5.2 
26 FH950 16.9 12.2 9.1 5.0 
27 FH925 18.6 13.5 9.1 5.3 
28 FH938 19.1 11.6 8.2 5.6 
29 FH901 17.7 12.8 8.4 6.6 
30 FH900 17.5 11.5 13.2 8.9 
31 FH682 16.5 10.0 8.3 6.4 
32 MNH-147 20.5 13.1 10.0 7.5 
33 MNH93 19.8 14.1 9.0 6.3 
34 MNH513 16.0 10.7 11.1 7.6 
35 MNH-129 19.4 11.4 11.8 8.8 
36 MNH3570 19.2 13.2 11.4 9.5 
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37 MNH552 19.0 12.8 10.4 8.7 
38 MNH554 19.2 13.2 9.5 7.5 
39 NIAB999 16.8 14.0 9.4 6.0 
40 NIAB KRISHMA 21.8 14.1 11.0 9.3 
41 NIAB228 19.7 15.3 11.6 8.5 
42 MNH700 19.1 13.8 10.5 6.8 
43 BH121 21.0 14.5 13.0 7.3 
44 BH89 19.8 12.8 12.8 9.4 
45 149F 15.7 14.0 8.0 7.7 
46 BH126 20.9 13.8 11.1 7.9 
47 S362T362(GL) 18.5 12.6 9.7 6.0 
48 S-12 18.4 11.5 10.9 5.6 
49 LINE A-100 16.1 10.1 13.2 8.9 
50 COKER 4601 14.6 9.1 10.5 7.6 
51 PAYMASTER 17.0 10.7 12.0 7.1 
52 BH-124 16.0 12.7 12.7 12.1 
53 BH123 20.0 13.5 12.7 7.9 
54 BH95 21.7 13.9 13.2 8.3 
55 BH36 21.7 12.9 14.0 7.5 
56 BH147 20.2 13.3 13.6 8.1 
57 BH162 22.9 13.5 12.7 6.6 
58 BH118 19.4 14.3 12.7 7.4 
59 BH-116 22.1 14.1 13.0 7.9 
60 BH160 21.3 13.8 12.0 6.4 
61 S-14 17.1 11.0 11.2 8.9 
62 H499-3 16.0 8.7 10.6 5.1 
63 4F 21.0 14.4 12.7 9.0 
64 199F 22.8 14.8 13.0 11.1 
65 268F 21.0 14.1 13.1 11.8 
66 BH-125 21.8 14.2 6.4 5.7 
67 B557 17.2 14.5 14.0 13.7 
68 DPL 26 18.0 15.4 14.0 13.7 
69 MR 73 17.9 12.3 12.4 5.5 
70 LRA5166 19.4 12.6 10.5 7.0 
71 LSS 22.9 13.9 13.7 11.3 
72 OKRA659 22.1 15.0 11.7 9.9 
73 LB391 20.3 14.5 13.0 10.8 
74 SLH257 16.3 10.9 10.9 9.7 
75 1118 18.7 9.9 10.0 7.9 
76 DIXI-KING 17.5 11.5 10.9 5.2 
77 CIM-707 21.2 13.8 12.1 10.5 
78 OKRA3101 21.9 14.4 12.6 9.1 
79 VH-53 16.4 12.0 7.9 7.0 
80 REHMANI 19.5 13.5 11.3 9.5 
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Appendix IV 
Absolute shoot fresh and dry weight of 80 cotton genotypes grown under control and 
water stress conditions 
 

Sr. 
No. 

Genotype Shoot Fresh Weight(mg) Shoot Dry Weight(mg) 

    Control Stress Control Stress 
1 CIM448 1951.0 1643.0 319.8 215.9 
2 CIM511 1843.5 1511.5 327.3 233.3 
3 CIM482 2067.7 1506.6 312.9 221.3 
4 CIM473 1431.4 1197.2 306.7 202.7 
5 CIM109 1367.7 1241.0 292.2 210.5 
6 CIM1100 2120.9 1852.4 395.0 243.3 
7 CIM70 2613.8 1532.4 318.3 242.4 
8 CIM240 2890.9 2207.6 314.4 273.1 
9 CIM-496 1524.0 1367.7 312.2 221.2 
10 CIM-446 1604.6 962.2 306.8 131.1 
11 BOU-1724 1606.5 1367.7 387.2 327.0 
12 CIM497 1424.3 962.2 296.2 205.1 
13 NF801-2 2207.6 1190.6 253.2 119.3 
14 VH28 1973.7 1477.3 390.4 311.1 
15 VH57 1531.9 1092.6 294.8 216.3 
16 VH54 1618.9 1085.9 326.5 184.7 
17 VH37 1691.3 1173.9 332.5 247.1 
18 VH55 1721.4 1289.1 313.3 223.1 
19 VH141 1720.8 1273.7 374.1 218.3 
20 VH144 1840.7 1296.7 254.5 185.4 
21 FH945 1595.1 1122.0 457.9 336.0 
22 FH679 1367.3 937.3 425.0 246.9 
23 FH-634 1369.2 918.0 423.0 244.7 
24 FH-1000 2015.3 1124.7 419.1 173.3 
25 FH87 1941.9 1389.5 372.7 225.9 
26 FH950 2096.9 1452.1 439.9 243.1 
27 FH925 2083.8 1381.5 449.3 236.5 
28 FH938 2065.4 1450.8 437.9 310.5 
29 FH901 1999.9 1464.8 400.4 266.3 
30 FH900 1856.3 1212.7 382.2 250.1 
31 FH682 964.6 657.4 292.0 195.2 
32 MNH-147 1374.0 753.5 218.7 122.9 
33 MNH93 1403.4 735.2 209.7 117.0 
34 MNH513 1190.9 659.8 190.4 124.1 
35 MNH-129 1380.7 673.9 224.8 156.4 
36 MNH3570 1103.5 694.7 199.0 131.1 
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37 MNH552 1083.1 637.1 176.0 108.3 
38 MNH554 1385.3 853.7 224.5 123.8 
39 NIAB999 1094.6 719.3 174.1 114.6 
40 NIAB KRISHMA 1100.9 667.7 196.1 120.3 
41 NIAB228 962.3 556.3 265.8 142.2 
42 MNH700 1915.5 1275.7 356.5 271.5 
43 BH121 1778.8 1266.9 353.1 179.6 
44 BH89 1757.5 1219.9 366.9 189.3 
45 149F 2114.9 1810.7 454.4 366.5 
46 BH126 1841.6 1209.4 357.9 255.1 
47 S362T362(GL) 2364.7 1466.2 474.1 339.0 
48 S-12 2214.7 1504.3 427.5 319.3 
49 LINE A-100 1590.8 1219.9 319.9 244.7 
50 COKER 4601 2315.0 1419.9 389.5 240.4 
51 PAYMASTER 2065.4 1378.1 380.5 253.8 
52 BH-124 1669.3 1381.7 313.8 253.1 
53 BH123 1741.5 1190.7 335.8 253.8 
54 BH95 1709.5 1190.7 342.7 253.8 
55 BH36 2119.4 1307.3 406.5 253.8 
56 BH147 1799.3 1176.1 350.2 240.4 
57 BH162 2077.6 1361.3 431.5 240.4 
58 BH118 1560.3 1190.7 294.8 189.3 
59 BH-116 1823.7 1204.3 336.7 231.3 
60 BH160 1671.4 1075.1 334.2 250.0 
61 S-14 2017.6 1571.9 431.3 312.7 
62 H499-3 1532.0 619.1 313.5 143.3 
63 4F 2019.5 1626.7 457.3 255.3 
64 199F 2191.5 1748.7 451.5 340.1 
65 268F 2524.7 1835.3 503.7 393.0 
66 BH-125 2413.2 1865.1 457.3 343.5 
67 B557 2209.1 2034.9 477.2 380.4 
68 DPL 26 2404.0 2180.9 501.7 389.9 
69 MR 73 2168.9 1367.3 323.1 230.6 
70 LRA5166 2035.5 1611.7 429.9 310.9 
71 LSS 3276.9 2413.7 624.1 462.6 
72 OKRA659 1857.0 1512.1 381.0 242.3 
73 LB391 2132.2 1503.1 434.3 292.3 
74 SLH257 2258.9 1730.5 423.9 327.1 
75 1118 1726.9 1303.9 323.2 217.7 
76 DIXI-KING 1689.6 1265.6 335.7 219.7 
77 CIM-707 2347.7 1826.1 509.9 351.5 
78 OKRA3101 2913.6 2310.6 476.1 333.9 
79 VH-53 2100.4 1709.8 448.9 323.0 
80 REHMANI 1583.9 1235.3 347.1 238.7 
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Appendix V 
Mean Relative values for various traits of 80 cotton genotypes grown under normal 
and water stress conditions 
 
SrNo. Genotype RSL RRL RSFW RSDW Rel.Damage 

1 CIM448 76.3 66.8 84.2 67.5 30.4 
2 CIM511 69.5 72.4 82.1 71.0 29.4 
3 CIM482 74.1 87.9 72.8 70.8 27.7 
4 CIM473 75.2 67.1 83.7 66.2 29.8 
5 CIM109 72.5 64.3 90.9 72.7 29.0 
6 CIM1100 74.5 69.8 87.4 61.6 37.3 
7 CIM70 77.1 74.5 67.7 76.1 29.0 
8 CIM240 76.4 82.5 76.4 87.4 47.7 
9 CIM-496 80.0 76.9 89.8 70.9 47.2 

10 CIM-446 48.7 48.7 60.0 42.6 66.3 
11 BOU-1724 83.2 97.1 85.3 85.3 21.9 
12 CIM497 75.3 96.0 67.7 69.9 31.3 
13 NF801-2 55.6 39.5 54.0 47.1 61.3 
14 VH28 73.3 83.5 74.9 79.9 44.8 
15 VH57 69.6 96.3 71.6 73.8 27.9 
16 VH54 70.4 75.4 67.5 57.9 42.9 
17 VH37 77.8 64.5 69.6 75.4 31.7 
18 VH55 74.2 74.0 75.1 72.5 32.3 
19 VH141 72.7 94.5 74.1 58.9 42.4 
20 VH144 64.6 61.3 70.6 73.6 35.3 
21 FH945 74.1 60.0 70.6 73.5 28.7 
22 FH679 55.5 52.4 68.6 58.4 29.2 
23 FH-634 63.8 60.9 67.1 58.1 36.2 
24 FH-1000 51.2 38.2 55.8 41.6 69.9 
25 FH87 69.3 52.8 71.6 61.3 42.3 
26 FH950 72.0 54.8 69.3 55.5 31.0 
27 FH925 72.4 58.7 66.4 53.1 48.0 
28 FH938 60.7 68.2 70.3 71.3 26.9 
29 FH901 72.2 78.7 73.4 66.9 25.2 
30 FH900 65.4 67.5 65.4 65.7 33.3 
31 FH682 60.5 77.4 68.2 66.8 27.1 
32 MNH-147 63.8 75.2 54.9 56.5 37.1 
33 MNH93 71.0 69.7 52.4 56.3 29.8 
34 MNH513 66.9 68.7 55.5 65.5 28.6 
35 MNH-129 58.8 74.2 48.9 70.2 52.2 
36 MNH3570 69.0 83.3 63.1 66.6 39.0 
37 MNH552 67.3 84.0 59.0 61.9 34.5 
38 MNH554 68.5 79.5 61.7 55.4 37.0 
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39 NIAB999 83.4 63.8 65.8 67.2 47.1 
40 NIAB KRISHMA 64.7 84.6 60.7 61.6 35.5 
41 NIAB228 77.4 72.8 57.9 53.7 39.8 
42 MNH700 72.3 65.2 66.7 77.0 34.6 
43 BH121 69.3 56.2 71.3 51.2 38.7 
44 BH89 64.7 73.2 69.6 52.0 37.5 
45 149F 89.0 96.9 85.7 80.8 18.8 
46 BH126 66.1 71.5 65.8 71.6 26.7 
47 S362T362(GL) 68.3 61.7 62.1 71.8 44.0 
48 S-12 62.8 51.4 68.0 74.8 28.5 
49 LINE A-100 62.5 67.4 76.9 77.4 28.0 
50 COKER 4601 62.5 72.5 61.4 62.1 31.4 
51 PAYMASTER 63.1 58.7 66.8 67.3 36.1 
52 BH-124 79.2 95.3 82.8 81.4 20.8 
53 BH123 67.4 62.1 68.5 76.2 47.7 
54 BH95 64.2 63.4 69.8 74.3 31.5 
55 BH36 59.3 53.8 61.9 62.8 30.4 
56 BH147 66.1 59.4 65.4 68.8 44.2 
57 BH162 59.0 51.8 65.5 55.8 31.3 
58 BH118 73.6 58.4 76.3 64.4 41.5 
59 BH-116 63.7 60.5 66.1 68.9 28.5 
60 BH160 64.7 52.9 64.4 74.9 31.5 
61 S-14 64.2 79.5 78.0 72.6 29.0 
62 H499-3 54.7 47.8 40.4 45.8 61.8 
63 4F 68.5 71.1 80.8 56.4 45.9 
64 199F 64.8 85.7 79.8 75.6 28.4 
65 268F 67.1 90.0 72.7 79.5 34.8 
66 BH-125 65.3 88.5 77.3 75.2 29.2 
67 B557 84.7 98.4 92.1 79.8 17.3 
68 DPL 26 85.4 98.4 90.7 77.8 10.7 
69 MR 73 68.5 44.3 63.1 71.4 32.8 
70 LRA5166 64.9 66.8 79.2 72.6 31.0 
71 LSS 60.6 82.8 73.7 74.3 39.1 
72 OKRA659 67.9 84.4 81.5 63.7 38.3 
73 LB391 71.3 83.0 70.6 68.2 28.2 
74 SLH257 66.8 89.0 76.6 77.2 38.4 
75 1118 53.1 79.1 75.5 67.5 49.9 
76 DIXI-KING 65.8 47.6 74.9 65.6 48.2 
77 CIM-707 64.8 87.4 77.8 69.2 51.8 
78 OKRA3101 66.0 72.4 79.4 70.4 29.6 
79 VH-53 73.0 88.2 81.5 72.5 41.7 
80 REHMANI 69.3 84.1 78.1 69.2 42.5 
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Appendix VI. Absolute and relative shoot length of 64 families of Gossypium 
hirsutum L. 
 

Absolute shoot 
length(cm) 

Sr. 
No. 

  

Families 
  

Control Stress 

Relative shoot 
length 

  
1 FH-1000 17.4 8.7 0.63 
2 NF801-2 15.5 8.2 0.53 
3 H499-3 16.0 8.9 0.56 
4 CIM-446 15.5 7.3 0.47 
5 DPL-26 19.0 15.3 0.77 
6 B-557 16.7 13.1 0.78 
7 BOU1724 13.9 11.3 0.81 
8 149F 15.2 12.6 0.83 
9 FH-1000 x NF801-2 16.4 7.7 0.47 

10 FH1000 x H499 15.5 8.3 0.51 
11 FH1000 x CIM446 15.8 11.0 0.51 
12 FH1000 x DPL26 18.2 12.8 0.71 
13 FH-1000 x B-557 16.9 11.3 0.70 
14 FH-1000 x BOU1724 15.5 11.0 0.71 
15 FH-1000 x 149F 15.5 12.3 0.79 
16 NF801-2 x H-499 16.5 8.1 0.49 
17 NF801-2 x CIM-446 15.7 8.7 0.57 
18 NF801-2 x DPL-26 15.7 8.1 0.55 
19 NF801-2 x B557 17.4 12.1 0.70 
20 NF801-2 x BOU1724 16.3 12.2 0.70 
21 NF801-2 x 149F 15.4 12.3 0.80 
22 H499-3 x CIM-446 16.3 10.2 0.69 
23 H499-3 x DPL-26 18.8 8.4 0.41 
24 H499-3 x B557 15.2 8.2 0.54 
25 H499-3 x BOU1724 16.5 8.3 0.50 
26 H499-3 x 149F 18.2 9.3 0.49 
27 CIM446x DPL-26 15.6 10.0 0.55 
28 CIM446 x B557 16.3 10.3 0.64 
29 CIM446 x BOU1724 15.2 9.9 0.52 
30 CIM446 x 149F 16.8 6.4 0.42 
31 DPL26 x B557 15.2 8.1 0.57 
32 DPL26 x BOU1724 15.1 8.5 0.56 
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33 DPL26 x 149F 16.3 12.3 0.75 
34 B557 x BOU1724 15.5 9.1 0.59 
35 B557 x 149F 14.4 8.2 0.57 
36 BOU1724 x 149F 15.2 10.0 0.65 
37 NF801-2 x FH1000 17.0 12.0 0.71 
38 H499 x FH-1000 17.6 12.5 0.71 
39 CIM446 x FH1000 17.6 9.4 0.50 
40 DPL26 x FH1000 16.6 12.5 0.75 
41 B557 x FH1000 18.1 14.6 0.90 
42 BOU1724 x FH1000 17.3 15.4 0.89 
43 149F x FH1000 18.2 15.5 0.90 
44 H499-3 x NF801-2 16.6 11.3 0.68 
45 CIM446 x NF801-2 16.8 12.3 0.70 
46 DPL26 x NF801-2 15.5 10.3 0.56 
47 B557 x NF801-2 16.5 11.4 0.69 
48 BOU1724 x NF801-2 18.0 15.2 0.90 
49 149F x NF801-2 16.0 13.7 0.84 
50 CIM446 x H499-3 16.2 12.7 0.94 
51 DPL26 x H499-3 15.6 11.3 0.73 
52 B557 x H499-3 14.5 10.2 0.74 
53 BOU1724 x H499-3 14.3 9.5 0.66 
54 149F x H499-3 14.4 8.1 0.56 
55 DPL26 x CIM446 15.3 13.9 0.91 
56 B557 x CIM446 15.2 12.9 0.89 
57 BOU1724 x CIM446 14.6 12.7 0.87 
58 149F x CIM446 15.9 11.1 0.70 
59 B557 x DPL26 14.6 10.8 0.70 
60 BOU1724 x DPL26 16.1 10.2 0.50 
61 149F x DPL26 15.8 11.0 0.72 
62 BOU1724 x B557 16.9 13.1 0.88 
63 149F x B557 15.6 13.2 0.94 
64 149F x BOU1724 15.0 12.3 0.82 
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Appendix VII.  Absolute and relative root length of 64 families of Gossypium 
hirsutum L. 
 

Absolute root 
length(cm) 

Sr. 
No. 

  

Families 
  

Control Stress 

Relative root 
length 

  
1 FH-1000 8.3 3.8 0.46 
2 NF801-2 7.4 2.7 0.36 
3 H499-3 9.7 4.9 0.51 
4 CIM-446 7.6 6.9 0.91 
5 DPL-26 11.6 10.2 0.88 
6 B-557 12.7 11.5 0.90 
7 BOU1724 8.4 7.4 0.88 
8 149F 8.1 7.4 0.91 
9 FH-1000 x NF801-2 7.7 3.4 0.38 

10 FH1000 x H499 8.7 5.4 0.47 
11 FH1000 x CIM446 8.2 3.9 0.49 
12 FH1000 x DPL26 11.2 5.5 0.50 
13 FH-1000 x B-557 11.1 5.4 0.79 
14 FH-1000 x BOU1724 8.4 3.4 0.46 
15 FH-1000 x 149F 7.7 5.5 0.76 
16 NF801-2 x H-499-3 7.6 3.9 0.47 
17 NF801-2 x CIM-446 7.3 3.7 0.50 
18 NF801-2 x DPL-26 7.6 4.2 0.56 
19 NF801-2 x B557 8.6 5.8 0.67 
20 NF801-2 x BOU1724 7.7 4.5 0.58 
21 NF801-2 x 149F 7.4 4.2 0.57 
22 H499-3 x CIM-446 7.7 3.4 0.44 
23 H499-3 x DPL-26 8.9 4.2 0.50 
24 H499-3 x B557 9.3 4.4 0.48 
25 H499-3 x BOU1724 7.1 5.3 0.67 
26 H499-3 x 149F 10.2 7.5 0.74 
27 CIM446x DPL-26 10.5 7.0 0.67 
28 CIM446 x B557 9.6 5.6 0.50 
29 CIM446 x BOU1724 8.6 6.2 0.72 
30 CIM446 x 149F 8.3 3.9 0.53 
31 DPL26 x B557 7.7 4.2 0.55 
32 DPL26 x BOU1724 11.4 5.1 0.57 
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33 DPL26 x 149F 11.0 7.5 0.89 
34 B557 x BOU1724 8.4 7.7 0.91 
35 B557 x 149F 8.1 6.1 0.91 
36 BOU1724 x 149F 7.5 6.9 0.93 
37 NF801-2 x FH1000 11.2 5.5 0.50 
38 H499 x FH-1000 10.7 8.9 0.84 
39 CIM446 x FH1000 10.5 7.7 0.73 
40 DPL26 x FH1000 11.1 7.8 0.86 
41 B557 x FH1000 11.3 10.0 0.81 
42 BOU1724 x FH1000 11.3 10.0 0.91 
43 149F x FH1000 10.1 9.0 0.89 
44 H499-3 x NF801-2 11.1 5.4 0.76 
45 CIM446 x NF801-2 8.1 5.9 0.73 
46 DPL26 x NF801-2 11.1 8.5 0.77 
47 B557 x NF801-2 8.5 7.0 0.91 
48 BOU1724 x NF801-2 11.4 10.7 0.84 
49 149F x NF801-2 11.5 10.0 0.80 
50 CIM446 x H499-3 11.3 10.0 0.89 
51 DPL26 x H499-3 8.4 4.6 0.62 
52 B557 x H499-3 7.4 4.6 0.63 
53 BOU1724 x H499-3 9.3 5.6 0.60 
54 149F x H499-3 7.9 6.3 0.90 
55 DPL26 x CIM446 11.3 9.8 0.88 
56 B557 x CIM446 10.4 9.6 0.80 
57 BOU1724 x CIM446 8.8 6.9 0.79 
58 149F x CIM446 8.7 6.5 0.78 
59 B557 x DPL26 9.1 4.6 0.51 
60 BOU1724 x DPL26 8.8 5.6 0.64 
61 149F x DPL26 7.6 7.2 0.91 
62 BOU1724 x B557 9.5 10.3 0.95 
63 149F x B557 12.0 9.7 0.80 
64 149F x BOU1724 9.2 7.7 0.88 
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Appendix  VIII. Absolute and relative shoot fresh weight of 64 families of Gossypium 
hirsutum L. 
 

Absolute shoot fresh 
weight(mg) 

Sr. 
No. 

  

Families 
  

Control Stress 

Relative shoot fresh 
weight 

  
1 FH-1000 1937 1255 0.61 
2 NF801-2 2154 1219 0.57 
3 H499-3 1577 724 0.45 
4 CIM-446 1683 948 0.56 
5 DPL-26 2397 1840 0.77 
6 B-557 2156 1906 0.88 
7 BOU1724 1668 1421 0.85 
8 149F 2137 1949 0.91 
9 FH-1000 x NF801-2 2161 1273 0.56 

10 FH1000 x H499 1954 1157 0.58 
11 FH1000 x CIM446 1875 975 0.50 
12 FH1000 x DPL26 2198 1673 0.76 
13 FH-1000 x B-557 2114 1560 0.66 
14 FH-1000 x BOU1724 1738 1152 0.66 
15 FH-1000 x 149F 2076 1496 0.68 
16 NF801-2 x H-499-3 2050 1271 0.56 
17 NF801-2 x CIM-446 1905 1015 0.50 
18 NF801-2 x DPL-26 1976 1140 0.56 
19 NF801-2 x B557 2291 1602 0.64 
20 NF801-2 x BOU1724 2193 1701 0.75 
21 NF801-2 x 149F 1751 1246 0.71 
22 H499-3 x CIM-446 2139 1542 0.66 
23 H499-3 x DPL-26 1859 1066 0.54 
24 H499-3 x B557 1911 1138 0.48 
25 H499-3 x BOU1724 1596 603 0.53 
26 H499-3 x 149F 2004 1477 0.74 
27 CIM446x DPL-26 1853 1298 0.70 
28 CIM446 x B557 1697 1149 0.68 
29 CIM446 x BOU1724 1851 1342 0.73 
30 CIM446 x 149F 1901 1001 0.51 
31 DPL26 x B557 2072 1131 0.52 
32 DPL26 x BOU1724 1615 905 0.53 
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33 DPL26 x 149F 2349 1486 0.63 
34 B557 x BOU1724 1853 1124 0.68 
35 B557 x 149F 1648 1260 0.69 
36 BOU1724 x 149F 1849 1301 0.70 
37 NF801-2 x FH1000 2200 1706 0.78 
38 H499 x FH-1000 2304 1618 0.65 
39 CIM446 x FH1000 2007 1470 0.73 
40 DPL26 x FH1000 2137 1456 0.68 
41 B557 x FH1000 2405 1956 0.88 
42 BOU1724 x FH1000 1907 1665 0.80 
43 149F x FH1000 2299 1916 0.82 
44 H499-3 x NF801-2 2024 1596 0.68 
45 CIM446 x NF801-2 2126 1702 0.75 
46 DPL26 x NF801-2 1877 1391 0.74 
47 B557 x NF801-2 1615 1143 0.71 
48 BOU1724 x NF801-2 2338 1920 0.88 
49 149F x NF801-2 2011 1922 0.88 
50 CIM446 x H499-3 2199 1991 0.91 
51 DPL26 x H499-3 1740 1152 0.66 
52 B557 x H499-3 1706 1242 0.73 
53 BOU1724 x H499-3 1657 1152 0.70 
54 149F x H499-3 1674 1252 0.69 
55 DPL26 x CIM446 1882 1701 0.80 
56 B557 x CIM446 1926 1701 0.87 
57 BOU1724 x CIM446 2075 1785 0.85 
58 149F x CIM446 2121 1498 0.69 
59 B557 x DPL26 2161 1551 0.66 
60 BOU1724 x DPL26 1845 1339 0.73 
61 149F x DPL26 1849 1311 0.71 
62 BOU1724 x B557 2288 2030 0.81 
63 149F x B557 2166 1934 0.88 
64 149F x BOU1724 2074 1768 0.83 
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Appendix IX. Absolute and relative shoot dry weight of 64 families of Gossypium 
hirsutum L. 
 

Absolute shoot dry 
weight(mg) 

Sr. 
No. 

  

Families 
  

Control Stress 

Relative shoot dry 
weight 

  
1 FH-1000 447 237 0.49 
2 NF801-2 288 148 0.51 
3 H499-3 357 201 0.56 
4 CIM-446 336 197 0.59 
5 DPL-26 484 392 0.81 
6 B-557 501 401 0.80 
7 BOU1724 458 354 0.77 
8 149F 492 380 0.77 
9 FH-1000 x NF801-2 340 173 0.51 

10 FH1000 x H499 444 214 0.48 
11 FH1000 x CIM446 381 242 0.61 
12 FH1000 x DPL26 470 322 0.73 
13 FH-1000 x B-557 510 353 0.62 
14 FH-1000 x BOU1724 428 333 0.76 
15 FH-1000 x 149F 479 370 0.64 
16 NF801-2 x H-499-3 339 168 0.49 
17 NF801-2 x CIM-446 326 163 0.52 
18 NF801-2 x DPL-26 296 167 0.57 
19 NF801-2 x B557 381 278 0.73 
20 NF801-2 x BOU1724 467 295 0.77 
21 NF801-2 x 149F 389 298 0.77 
22 H499-3 x CIM-446 476 349 0.79 
23 H499-3 x DPL-26 436 219 0.50 
24 H499-3 x B557 327 160 0.51 
25 H499-3 x BOU1724 347 194 0.56 
26 H499-3 x 149F 459 378 0.72 
27 CIM446x DPL-26 426 329 0.77 
28 CIM446 x B557 376 281 0.75 
29 CIM446 x BOU1724 439 330 0.75 
30 CIM446 x 149F 350 194 0.53 
31 DPL26 x B557 293 144 0.58 
32 DPL26 x BOU1724 348 197 0.57 
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33 DPL26 x 149F 428 365 0.71 
34 B557 x BOU1724 494 369 0.85 
35 B557 x 149F 445 401 0.63 
36 BOU1724 x 149F 414 276 0.67 
37 NF801-2 x FH1000 449 222 0.49 
38 H499 x FH-1000 381 281 0.74 
39 CIM446 x FH1000 458 378 0.83 
40 DPL26 x FH1000 436 383 0.70 
41 B557 x FH1000 495 399 0.80 
42 BOU1724 x FH1000 487 368 0.78 
43 149F x FH1000 500 449 0.81 
44 H499-3 x NF801-2 462 375 0.78 
45 CIM446 x NF801-2 484 299 0.73 
46 DPL26 x NF801-2 426 330 0.77 
47 B557 x NF801-2 474 512 0.84 
48 BOU1724 x NF801-2 495 401 0.80 
49 149F x NF801-2 451 392 0.79 
50 CIM446 x H499-3 500 410 0.77 
51 DPL26 x H499-3 442 297 0.75 
52 B557 x H499-3 383 289 0.75 
53 BOU1724 x H499-3 376 236 0.63 
54 149F x H499-3 431 289 0.75 
55 DPL26 x CIM446 469 369 0.88 
56 B557 x CIM446 467 393 0.79 
57 BOU1724 x CIM446 463 407 0.84 
58 149F x CIM446 468 367 0.76 
59 B557 x DPL26 476 340 0.68 
60 BOU1724 x DPL26 441 332 0.75 
61 149F x DPL26 419 288 0.69 
62 BOU1724 x B557 468 400 0.79 
63 149F x B557 501 374 0.84 
64 149F x BOU1724 457 325 0.71 
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Appendix X. Mean values for the physiological traits measured in 64 families 

 
 
                                                                                                                         Continued….. 
 

Relative water contents(%) Sr. 
No. 

 

Families 
 

Cell membrane 
injury (%) Control Stress Indices 

Excised leaf 
water loss 

(%) 
1 FH-1000 58.5 86.5 47.4 54.8 64.6 
2 NF801-2 58.0 84.5 48.8 57.8 50.1 
3 H499-3 78.2 88.9 52.8 59.4 50.0 
4 CIM-446 60.3 90.0 49.3 54.8 53.8 
5 DPL-26 23.4 89.0 65.8 73.9 25.7 
6 B-557 21.8 84.4 75.8 89.8 28.1 
7 BOU1724 28.1 85.5 64.6 75.5 16.9 
8 149F 18.6 89.2 73.2 82.1 34.6 
9 FH-1000 x NF801-2 55.6 85.5 50.8 59.4 62.0 

10 FH1000 x H499 59.0 89.6 59.6 66.5 58.3 
11 FH1000 x CIM446 76.8 89.0 48.0 54.0 51.9 
12 FH1000 x DPL26 39.4 86.8 67.4 77.7 41.9 
13 FH-1000 x B-557 43.4 86.7 48.9 56.4 57.0 
14 FH-1000 x BOU1724 47.0 84.8 51.3 60.4 57.9 
15 FH-1000 x 149F 50.4 89.3 45.6 51.1 43.5 
16 NF801-2 x H-499 59.3 86.2 44.1 51.1 59.9 
17 NF801-2 x CIM-446 63.8 86.1 53.4 62.0 46.4 
18 NF801-2 x DPL-26 58.7 90.0 49.3 54.8 56.4 
19 NF801-2 x B557 50.6 87.2 60.7 69.6 67.1 
20 NF801-2 x BOU1724 36.6 85.2 57.3 67.3 44.8 
21 NF801-2 x 149F 37.9 85.1 49.6 58.3 45.1 
22 H499-3 x CIM-446 42.0 86.1 52.6 61.0 47.8 
23 H499-3 x DPL-26 62.5 87.0 41.7 48.0 49.0 
24 H499-3 x B557 60.6 85.2 48.2 56.5 54.2 
25 H499-3 x BOU1724 72.3 89.1 48.3 54.3 54.2 
26 H499-3 x 149F 30.1 88.0 68.6 78.0 45.6 
27 CIM446x DPL-26 56.1 84.3 70.3 83.4 43.5 
28 CIM446 x B557 85.5 87.6 48.9 55.9 51.4 
29 CIM446 x BOU1724 14.4 90.5 66.9 74.0 33.9 
30 CIM446 x 149F 45.5 89.0 48.3 54.3 61.9 
31 DPL26 x B557 58.6 85.4 46.8 54.8 50.7 
32 DPL26 x BOU1724 63.8 89.7 55.3 61.9 49.4 
33 DPL26 x 149F 34.7 91.0 59.6 65.6 43.5 
34 B557 x BOU1724 38.5 84.8 66.8 78.8 36.8 
35 B557 x 149F 59.0 88.2 53.8 61.0 45.9 
36 BOU1724 x 149F 52.0 89.5 54.5 60.8 31.1 
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37 NF801-2 x FH1000 61.3 87.0 52.6 60.5 72.6 
38 H499 x FH-1000 43.6 86.7 49.5 57.1 32.3 
39 CIM446 x FH1000 40.8 88.8 49.1 55.3 35.4 
40 DPL26 x FH1000 29.9 87.8 58.3 66.4 54.1 
41 B557 x FH1000 23.1 93.3 70.2 75.3 33.1 
42 BOU1724 x FH1000 26.3 83.4 60.7 72.8 25.9 
43 149F x FH1000 22.9 84.6 69.9 82.6 28.5 
44 H499-3 x NF801-2 38.7 86.0 59.7 69.4 41.7 
45 CIM446 x NF801-2 37.7 84.2 57.4 68.2 40.4 
46 DPL26 x NF801-2 69.3 88.0 57.2 65.0 47.7 
47 B557 x NF801-2 29.9 85.1 64.9 76.3 62.3 
48 BOU1724 x NF801-2 21.4 83.0 65.1 78.5 44.1 
49 149F x NF801-2 27.4 84.6 60.6 71.6 21.8 
50 CIM446 x H499-3 20.6 85.7 72.4 84.5 24.4 
51 DPL26 x H499-3 50.8 86.5 60.2 69.5 47.2 
52 B557 x H499-3 42.1 84.9 77.8 91.7 41.7 
53 BOU1724 x H499-3 11.3 87.5 75.7 86.6 48.9 
54 149F x H499-3 39.5 85.0 64.3 75.6 43.2 
55 DPL26 x CIM446 29.0 94.4 67.1 71.0 22.0 
56 B557 x CIM446 25.5 85.6 70.1 81.9 31.8 
57 BOU1724 x CIM446 20.8 86.9 70.3 80.9 26.9 
58 149F x CIM446 32.1 85.9 60.2 70.2 52.1 
59 B557 x DPL26 32.0 88.7 70.1 79.1 44.4 
60 BOU1724 x DPL26 40.7 86.8 60.7 69.9 43.3 
61 149F x DPL26 29.2 89.8 60.4 67.3 35.7 
62 BOU1724 x B557 19.0 92.2 68.3 74.0 36.0 
63 149F x B557 20.5 84.7 73.3 86.5 30.3 
64 149F x BOU1724 27.0 87.6 64.7 73.8 19.7 
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Appendix XI. Absolute and indices of plant height of 64 families of Gossypium hirsutum L. 
 

Absolute(cm) Relative Sr. 
No. 

  

Families 
  

Control 50% stress 75% stress 50% 75% 
1 FH-1000 87.87 59.91 35.31 0.69 0.40 
2 NF801-2 110.13 73.26 44.19 0.67 0.40 
3 H499-3 131.40 110.51 66.48 0.84 0.51 
4 CIM-446 131.20 87.30 51.58 0.67 0.39 
5 DPL-26 131.73 85.98 57.87 0.65 0.44 
6 B-557 92.90 71.33 54.71 0.77 0.59 
7 BOU1724 92.60 74.83 61.29 0.81 0.66 
8 149F 124.83 116.01 92.52 0.93 0.74 
9 FH-1000 x NF801-2 116.73 73.46 42.71 0.69 0.37 

10 FH1000 x H499 85.67 64.68 26.97 0.65 0.31 
11 FH1000 x CIM446 120.67 76.62 44.72 0.64 0.37 
12 FH1000 x DPL26 113.20 81.71 44.07 0.66 0.39 
13 FH-1000 x B-557 131.23 95.78 84.18 0.73 0.64 
14 FH-1000 x BOU1724 129.20 115.11 56.86 0.82 0.44 
15 FH-1000 x 149F 118.17 85.66 45.37 0.76 0.38 
16 NF801-2 x H-499 109.13 74.23 38.38 0.68 0.35 
17 NF801-2 x CIM-446 80.37 54.70 31.69 0.68 0.39 
18 NF801-2 x DPL-26 123.17 92.39 51.96 0.75 0.42 
19 NF801-2 x B557 123.27 76.63 57.63 0.62 0.47 
20 NF801-2 x BOU1724 122.10 92.24 61.28 0.76 0.50 
21 NF801-2 x 149F 128.30 109.00 71.08 0.85 0.55 
22 H499-3 x CIM-446 112.63 79.76 50.42 0.71 0.45 
23 H499-3 x DPL-26 79.97 76.75 33.87 0.87 0.42 
24 H499-3 x B557 76.07 53.60 36.31 0.70 0.48 
25 H499-3 x BOU1724 124.50 96.76 48.59 0.78 0.39 
26 H499-3 x 149F 141.87 118.15 73.55 0.83 0.52 
27 CIM446x DPL-26 130.70 68.03 65.58 0.65 0.50 
28 CIM446 x B557 129.40 87.13 56.36 0.84 0.44 
29 CIM446 x BOU1724 137.83 108.61 77.93 0.79 0.57 
30 CIM446 x 149F 114.57 75.88 43.58 0.66 0.38 
31 DPL26 x B557 118.50 75.75 45.38 0.64 0.38 
32 DPL26 x BOU1724 119.93 86.01 50.49 0.72 0.42 
33 DPL26 x 149F 107.43 83.29 50.02 0.74 0.47 
34 B557 x BOU1724 98.33 72.57 49.62 0.74 0.50 
35 B557 x 149F 134.40 82.74 48.25 0.73 0.36 
36 BOU1724 x 149F 134.90 93.86 45.01 0.70 0.33 
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37 NF801-2 x FH1000 126.93 89.32 68.18 0.70 0.54 
38 H499 x FH-1000 125.93 76.24 51.39 0.61 0.41 
39 CIM446 x FH1000 107.43 67.35 51.17 0.63 0.48 
40 DPL26 x FH1000 107.43 82.47 50.35 0.70 0.47 
41 B557 x FH1000 148.00 109.14 80.08 0.74 0.54 
42 BOU1724 x FH1000 125.13 70.98 58.36 0.67 0.47 
43 149F x FH1000 124.10 90.14 67.96 0.73 0.55 
44 H499-3 x NF801-2 101.33 75.94 53.85 0.75 0.53 
45 CIM446 x NF801-2 117.13 84.72 53.84 0.72 0.46 
46 DPL26 x NF801-2 102.37 86.10 57.15 0.84 0.56 
47 B557 x NF801-2 120.50 78.36 50.89 0.65 0.42 
48 BOU1724 x NF801-2 141.00 78.92 53.08 0.63 0.38 
49 149F x NF801-2 120.07 107.14 73.13 0.89 0.61 
50 CIM446 x H499-3 109.50 85.45 64.10 0.78 0.59 
51 DPL26 x H499-3 135.40 98.24 53.74 0.73 0.40 
52 B557 x H499-3 135.10 82.94 68.85 0.61 0.51 
53 BOU1724 x H499-3 134.00 93.40 55.75 0.70 0.42 
54 149F x H499-3 134.40 83.41 48.25 0.72 0.36 
55 DPL26 x CIM446 128.40 73.85 53.07 0.69 0.41 
56 B557 x CIM446 88.00 67.67 54.15 0.67 0.62 
57 BOU1724 x CIM446 95.83 76.31 73.96 0.90 0.77 
58 149F x CIM446 116.30 65.08 43.25 0.63 0.37 
59 B557 x DPL26 124.37 82.41 50.17 0.66 0.40 
60 BOU1724 x DPL26 143.83 112.17 51.18 0.78 0.36 
61 149F x DPL26 123.27 94.15 54.63 0.76 0.44 
62 BOU1724 x B557 121.43 92.49 68.19 0.76 0.56 
63 149F x B557 106.30 83.36 65.72 0.79 0.62 
64 149F x BOU1724 125.20 92.39 71.99 0.84 0.58 
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Appendix XII. Absolute and indices of stem diameter of 64 families of Gossypium hirsutum 
L. 

Sr. 
No. 

Families Absolute Relative 

    Control 50% stress 75% stress 50% 75% 
1 FH-1000 2.08 1.38 1.03 0.66 0.50 
2 NF801-2 1.69 1.11 0.88 0.66 0.52 
3 H499-3 1.82 1.41 1.19 0.77 0.65 
4 CIM-446 1.98 1.43 1.02 0.73 0.52 
5 DPL-26 1.71 1.38 1.11 0.81 0.65 
6 B-557 1.73 1.47 1.18 0.85 0.68 
7 BOU1724 1.46 1.32 1.23 0.91 0.84 
8 149F 1.63 1.39 1.14 0.86 0.70 
9 FH-1000 x NF801-2 1.93 1.31 0.97 0.68 0.50 

10 FH1000 x H499 1.76 1.40 1.14 0.80 0.65 
11 FH1000 x CIM446 1.85 1.29 0.95 0.70 0.51 
12 FH1000 x DPL26 1.93 1.37 1.05 0.71 0.55 
13 FH-1000 x B-557 1.91 1.45 1.12 0.76 0.59 
14 FH-1000 x BOU1724 1.85 1.34 1.20 0.73 0.65 
15 FH-1000 x 149F 1.65 1.34 0.98 0.81 0.59 
16 NF801-2 x H-499 1.79 1.37 0.95 0.77 0.53 
17 NF801-2 x CIM-446 1.79 1.29 1.08 0.72 0.60 
18 NF801-2 x DPL-26 1.34 0.95 0.76 0.71 0.57 
19 NF801-2 x B557 1.84 1.50 1.17 0.81 0.63 
20 NF801-2 x BOU1724 1.65 1.35 1.11 0.82 0.67 
21 NF801-2 x 149F 1.89 1.55 1.37 0.82 0.72 
22 H499-3 x CIM-446 1.88 1.45 1.15 0.78 0.62 
23 H499-3 x DPL-26 1.68 1.20 1.04 0.71 0.62 
24 H499-3 x B557 1.87 1.35 1.09 0.72 0.59 
25 H499-3 x BOU1724 1.27 0.90 0.67 0.71 0.53 
26 H499-3 x 149F 1.37 1.33 1.04 0.96 0.76 
27 CIM446x DPL-26 1.58 1.26 0.99 0.80 0.63 
28 CIM446 x B557 1.65 1.33 1.16 0.81 0.71 
29 CIM446 x BOU1724 1.85 1.37 1.24 0.74 0.67 
30 CIM446 x 149F 1.90 1.30 0.96 0.69 0.50 
31 DPL26 x B557 1.25 0.85 0.70 0.68 0.56 
32 DPL26 x BOU1724 1.33 1.02 0.75 0.77 0.57 
33 DPL26 x 149F 1.35 0.98 0.74 0.72 0.55 
34 B557 x BOU1724 1.78 1.48 1.19 0.83 0.67 
35 B557 x 149F 1.73 1.48 1.17 0.86 0.68 
36 BOU1724 x 149F 1.60 1.35 1.03 0.84 0.64 
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37 NF801-2 x FH1000 1.93 1.37 1.07 0.71 0.56 
38 H499 x FH-1000 1.59 1.24 0.92 0.78 0.58 
39 CIM446 x FH1000 2.38 1.68 1.49 0.71 0.63 
40 DPL26 x FH1000 1.57 1.16 0.88 0.74 0.56 
41 B557 x FH1000 1.80 1.52 1.21 0.85 0.67 
42 BOU1724 x FH1000 2.16 1.72 1.57 0.80 0.72 
43 149F x FH1000 2.16 1.86 1.47 0.86 0.68 
44 H499-3 x NF801-2 1.85 1.42 1.12 0.77 0.61 
45 CIM446 x NF801-2 1.62 1.32 1.06 0.82 0.65 
46 DPL26 x NF801-2 1.58 1.39 1.19 0.88 0.75 
47 B557 x NF801-2 1.71 1.44 1.08 0.84 0.63 
48 BOU1724 x NF801-2 1.78 1.41 1.21 0.79 0.68 
49 149F x NF801-2 1.50 1.40 1.18 0.93 0.78 
50 CIM446 x H499-3 1.59 1.40 1.17 0.88 0.73 
51 DPL26 x H499-3 1.80 1.35 1.19 0.75 0.66 
52 B557 x H499-3 1.89 1.55 1.42 0.82 0.75 
53 BOU1724 x H499-3 1.67 1.33 1.20 0.80 0.72 
54 149F x H499-3 1.69 1.32 1.22 0.78 0.72 
55 DPL26 x CIM446 2.16 1.77 1.56 0.82 0.72 
56 B557 x CIM446 1.58 1.39 1.25 0.88 0.79 
57 BOU1724 x CIM446 1.53 1.36 1.17 0.89 0.76 
58 149F x CIM446 1.65 1.39 1.08 0.84 0.65 
59 B557 x DPL26 1.88 1.53 1.18 0.81 0.63 
60 BOU1724 x DPL26 1.83 1.45 1.11 0.79 0.61 
61 149F x DPL26 1.71 1.49 1.03 0.87 0.60 
62 BOU1724 x B557 2.06 1.51 1.31 0.73 0.63 
63 149F x B557 1.72 1.46 1.10 0.85 0.64 
64 149F x BOU1724 1.50 1.38 1.21 0.92 0.80 
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Appendix XIII. Absolute and indices of seed cotton yield of 64 families of Gossypium 
hirsutum L. 

Absolute(g) Relative Sr. 
No. 

Families 
Control 50% stress 75% stress 50% 75% 

1 FH-1000 59.48 30.42 9.99 0.51 0.17 
2 NF801-2 65.31 44.72 17.18 0.69 0.26 
3 H499-3 51.70 29.13 12.63 0.56 0.24 
4 CIM-446 50.48 36.79 19.58 0.73 0.39 
5 DPL-26 43.14 37.42 25.04 0.87 0.58 
6 B-557 44.26 35.05 23.08 0.79 0.52 
7 BOU1724 43.60 36.05 22.92 0.83 0.53 
8 149F 33.06 26.03 20.49 0.79 0.62 
9 FH-1000 x NF801-2 27.76 15.59 6.06 0.58 0.22 

10 FH1000 x H499 39.29 22.53 8.64 0.57 0.22 
11 FH1000 x CIM446 39.76 25.59 12.09 0.64 0.30 
12 FH1000 x DPL26 40.90 29.30 12.39 0.72 0.30 
13 FH-1000 x B-557 38.59 27.09 16.34 0.70 0.42 
14 FH-1000 x BOU1724 51.89 34.97 16.79 0.68 0.32 
15 FH-1000 x 149F 33.95 23.20 15.77 0.68 0.47 
16 NF801-2 x H-499 37.95 21.93 7.71 0.58 0.20 
17 NF801-2 x CIM-446 44.42 28.60 11.78 0.65 0.27 
18 NF801-2 x DPL-26 27.91 19.33 8.41 0.69 0.30 
19 NF801-2 x B557 36.68 29.65 16.40 0.81 0.45 
20 NF801-2 x BOU1724 35.91 24.50 13.41 0.68 0.37 
21 NF801-2 x 149F 60.85 45.53 21.80 0.75 0.36 
22 H499-3 x CIM-446 34.80 24.70 15.24 0.71 0.44 
23 H499-3 x DPL-26 44.09 23.36 10.14 0.53 0.23 
24 H499-3 x B557 44.09 26.95 10.88 0.61 0.25 
25 H499-3 x BOU1724 27.79 15.89 9.21 0.57 0.33 
26 H499-3 x 149F 30.21 18.05 8.86 0.60 0.29 
27 CIM446x DPL-26 57.97 33.07 16.24 0.57 0.28 
28 CIM446 x B557 29.97 18.35 11.41 0.61 0.38 
29 CIM446 x BOU1724 61.70 38.92 24.21 0.63 0.39 
30 CIM446 x 149F 38.56 23.74 9.31 0.62 0.24 
31 DPL26 x B557 28.14 20.23 10.40 0.72 0.37 
32 DPL26 x BOU1724 38.58 29.15 12.72 0.76 0.33 
33 DPL26 x 149F 34.33 27.38 15.69 0.80 0.46 
34 B557 x BOU1724 36.56 27.13 17.71 0.74 0.49 
35 B557 x 149F 36.56 28.06 16.47 0.77 0.45 
36 BOU1724 x 149F 34.30 29.38 21.76 0.86 0.63 
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37 NF801-2 x FH1000 28.65 17.24 8.13 0.61 0.29 
38 H499 x FH-1000 42.62 33.69 24.22 0.79 0.57 
39 CIM446 x FH1000 129.60 2.46 75.52 0.80 0.58 
40 DPL26 x FH1000 34.33 27.45 15.41 0.80 0.45 
41 B557 x FH1000 50.84 40.56 28.86 0.80 0.57 
42 BOU1724 x FH1000 68.88 54.55 37.06 0.79 0.54 
43 149F x FH1000 68.88 52.96 38.89 0.77 0.56 
44 H499-3 x NF801-2 22.53 15.34 10.52 0.68 0.47 
45 CIM446 x NF801-2 36.94 29.04 14.38 0.78 0.39 
46 DPL26 x NF801-2 37.49 27.92 17.09 0.74 0.46 
47 B557 x NF801-2 36.56 28.22 16.84 0.77 0.46 
48 BOU1724 x NF801-2 57.30 49.03 31.90 0.86 0.56 
49 149F x NF801-2 51.46 39.47 24.48 0.77 0.47 
50 CIM446 x H499-3 34.74 24.72 17.47 0.72 0.50 
51 DPL26 x H499-3 52.29 34.20 17.55 0.65 0.34 
52 B557 x H499-3 25.58 19.88 12.30 0.78 0.48 
53 BOU1724 x H499-3 28.19 19.87 9.28 0.71 0.33 
54 149F x H499-3 36.56 29.72 16.16 0.82 0.44 
55 DPL26 x CIM446 68.88 62.03 41.21 0.90 0.60 
56 B557 x CIM446 34.11 29.01 19.78 0.85 0.58 
57 BOU1724 x CIM446 35.13 26.37 20.33 0.75 0.59 
58 149F x CIM446 32.48 19.97 11.02 0.61 0.34 
59 B557 x DPL26 36.56 26.96 19.30 0.74 0.53 
60 BOU1724 x DPL26 62.46 37.48 20.65 0.60 0.33 
61 149F x DPL26 27.35 18.31 12.94 0.67 0.48 
62 BOU1724 x B557 65.65 56.42 40.02 0.86 0.61 
63 149F x B557 22.64 19.60 14.42 0.87 0.64 
64 149F x BOU1724 35.86 30.64 22.31 0.85 0.62 
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Appendix XIV. Absolute and indices of No. of bolls of 64 families of Gossypium hirsutum 
L. 

Sr 
.No. 

Families Absolute(g) Relative 

    Control 50% stress 75% stress 50% 75% 
1 FH-1000 21.00 12.11 5.33 0.58 0.25 
2 NF801-2 25.00 19.70 9.83 0.79 0.39 
3 H499-3 20.67 13.46 7.10 0.65 0.34 
4 CIM-446 17.37 14.57 8.70 0.84 0.50 
5 DPL-26 16.97 15.86 12.03 0.94 0.71 
6 B-557 14.27 13.13 9.26 0.92 0.65 
7 BOU1724 16.90 14.43 10.80 0.85 0.64 
8 149F 10.50 8.90 8.23 0.85 0.78 
9 FH-1000 x NF801-2 10.17 6.92 3.43 0.68 0.34 

10 FH1000 x H499 14.27 9.08 4.22 0.64 0.30 
11 FH1000 x CIM446 14.13 9.61 5.74 0.68 0.41 
12 FH1000 x DPL26 13.23 11.23 5.05 0.85 0.38 
13 FH-1000 x B-557 15.87 9.52 6.40 0.60 0.40 
14 FH-1000 x BOU1724 18.37 13.45 7.72 0.73 0.42 
15 FH-1000 x 149F 11.67 9.15 7.03 0.79 0.61 
16 NF801-2 x H-499 11.30 7.50 2.65 0.66 0.23 
17 NF801-2 x CIM-446 15.40 10.67 6.20 0.70 0.40 
18 NF801-2 x DPL-26 9.10 7.72 4.39 0.85 0.48 
19 NF801-2 x B557 12.30 9.80 7.55 0.80 0.62 
20 NF801-2 x BOU1724 13.30 10.03 6.75 0.75 0.51 
21 NF801-2 x 149F 19.40 18.53 12.77 0.96 0.66 
22 H499-3 x CIM-446 13.53 10.75 8.90 0.80 0.66 
23 H499-3 x DPL-26 16.20 9.73 4.99 0.59 0.31 
24 H499-3 x B557 18.67 11.84 6.15 0.63 0.33 
25 H499-3 x BOU1724 9.77 8.46 3.49 0.87 0.36 
26 H499-3 x 149F 10.80 13.13 7.93 1.22 0.74 
27 CIM446x DPL-26 17.47 12.29 7.86 0.70 0.45 
28 CIM446 x B557 11.27 8.68 4.84 0.77 0.43 
29 CIM446 x BOU1724 18.97 13.95 9.61 0.74 0.51 
30 CIM446 x 149F 14.40 9.09 5.50 0.63 0.38 
31 DPL26 x B557 10.53 8.49 4.34 0.81 0.41 
32 DPL26 x BOU1724 14.43 9.96 6.57 0.69 0.46 
33 DPL26 x 149F 10.67 9.19 5.68 0.86 0.53 
34 B557 x BOU1724 13.87 13.34 8.37 0.96 0.60 
35 B557 x 149F 14.33 11.65 7.16 0.82 0.50 
36 BOU1724 x 149F 10.33 8.09 7.53 0.78 0.73 
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37 NF801-2 x FH1000 10.80 8.93 4.54 0.83 0.41 
38 H499 x FH-1000 16.70 15.50 8.62 0.93 0.51 
39 CIM446 x FH1000 46.40 27.32 26.67 0.58 0.56 
40 DPL26 x FH1000 10.67 9.19 6.51 0.86 0.61 
41 B557 x FH1000 16.77 15.51 12.44 0.93 0.74 
42 BOU1724 x FH1000 25.67 23.86 18.07 0.93 0.71 
43 149F x FH1000 26.43 21.83 18.92 0.83 0.72 
44 H499-3 x NF801-2 8.23 8.19 4.40 0.99 0.54 
45 CIM446 x NF801-2 15.00 14.06 8.57 0.93 0.57 
46 DPL26 x NF801-2 11.87 10.76 8.00 0.91 0.67 
47 B557 x NF801-2 13.80 11.31 8.63 0.82 0.63 
48 BOU1724 x NF801-2 20.77 19.28 12.12 0.93 0.58 
49 149F x NF801-2 15.90 13.70 9.70 0.86 0.61 
50 CIM446 x H499-3 13.40 10.44 8.95 0.78 0.67 
51 DPL26 x H499-3 18.33 12.83 8.70 0.70 0.47 
52 B557 x H499-3 10.70 7.15 4.92 0.67 0.46 
53 BOU1724 x H499-3 12.20 9.72 6.69 0.80 0.55 
54 149F x H499-3 13.33 11.57 8.39 0.87 0.63 
55 DPL26 x CIM446 25.87 22.94 17.30 0.89 0.67 
56 B557 x CIM446 12.10 11.52 8.30 0.95 0.69 
57 BOU1724 x CIM446 13.67 11.77 8.10 0.86 0.60 
58 149F x CIM446 11.20 9.27 7.02 0.83 0.63 
59 B557 x DPL26 13.23 11.08 9.29 0.84 0.70 
60 BOU1724 x DPL26 21.57 14.64 8.11 0.68 0.38 
61 149F x DPL26 9.90 8.32 7.08 0.84 0.71 
62 BOU1724 x B557 28.70 29.68 21.69 1.03 0.75 
63 149F x B557 7.67 7.45 6.40 0.97 0.84 
64 149F x BOU1724 13.60 11.46 9.84 0.84 0.72 
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Appendix XV. Absolute and indices of average boll weight of 64 families of Gossypium 
hirsutum L. 

Sr. 
No. 

Families Absolute(g) Relative 

    Control 50% stress 75% stress 50% 75% 
1 FH-1000 2.83 2.51 1.90 0.82 0.67 
2 NF801-2 2.61 2.28 1.76 0.87 0.67 
3 H499-3 2.51 2.10 1.60 0.83 0.63 
4 CIM-446 2.98 2.65 2.37 0.89 0.80 
5 DPL-26 2.55 2.41 2.08 0.95 0.82 
6 B-557 3.10 2.67 2.67 0.86 0.86 
7 BOU1724 2.58 2.39 2.12 0.93 0.82 
8 149F 3.16 2.93 2.46 0.93 0.78 
9 FH-1000 x NF801-2 2.74 2.54 1.89 0.93 0.69 

10 FH1000 x H499 2.76 2.44 1.67 0.89 0.60 
11 FH1000 x CIM446 2.82 2.28 1.98 0.81 0.70 
12 FH1000 x DPL26 3.10 2.71 2.13 0.89 0.69 
13 FH-1000 x B-557 2.70 2.30 2.50 0.85 0.93 
14 FH-1000 x BOU1724 2.83 2.70 2.12 0.89 0.75 
15 FH-1000 x 149F 2.92 2.63 2.15 0.90 0.74 
16 NF801-2 x H-499 3.36 2.74 2.15 0.82 0.64 
17 NF801-2 x CIM-446 2.89 2.43 1.90 0.84 0.66 
18 NF801-2 x DPL-26 3.07 2.61 1.80 0.89 0.69 
19 NF801-2 x B557 2.99 2.76 2.11 0.92 0.71 
20 NF801-2 x BOU1724 2.70 2.14 1.93 0.82 0.71 
21 NF801-2 x 149F 3.14 2.75 2.60 0.88 0.81 
22 H499-3 x CIM-446 2.56 2.29 1.89 0.94 0.74 
23 H499-3 x DPL-26 2.73 2.28 2.05 0.84 0.75 
24 H499-3 x B557 2.38 2.10 1.61 0.88 0.68 
25 H499-3 x BOU1724 2.84 2.29 1.95 0.81 0.69 
26 H499-3 x 149F 2.80 3.02 2.39 0.98 0.87 
27 CIM446x DPL-26 3.32 2.77 2.79 0.83 0.84 
28 CIM446 x B557 2.66 2.36 1.97 0.89 0.74 
29 CIM446 x BOU1724 3.25 2.80 2.30 0.95 0.71 
30 CIM446 x 149F 2.68 2.31 2.09 0.86 0.78 
31 DPL26 x B557 2.68 2.27 1.90 0.88 0.71 
32 DPL26 x BOU1724 2.68 2.36 2.16 0.88 0.81 
33 DPL26 x 149F 3.22 2.85 2.39 0.89 0.79 
34 B557 x BOU1724 2.63 2.30 1.78 0.88 0.78 
35 B557 x 149F 2.56 2.31 2.15 0.90 0.84 
36 BOU1724 x 149F 3.33 2.65 2.35 0.88 0.71 
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37 NF801-2 x FH1000 2.66 2.38 1.94 0.92 0.73 
38 H499 x FH-1000 2.55 2.41 2.10 0.94 0.82 
39 CIM446 x FH1000 2.84 2.82 2.20 0.92 0.71 
40 DPL26 x FH1000 3.22 3.01 2.62 0.94 0.82 
41 B557 x FH1000 3.03 2.43 2.31 0.87 0.84 
42 BOU1724 x FH1000 2.68 2.64 2.46 0.98 0.84 
43 149F x FH1000 2.60 2.32 2.19 0.95 0.84 
44 H499-3 x NF801-2 2.75 2.25 2.05 0.82 0.74 
45 CIM446 x NF801-2 2.46 2.10 1.76 0.88 0.72 
46 DPL26 x NF801-2 3.15 2.93 2.60 0.93 0.83 
47 B557 x NF801-2 2.68 2.28 2.18 0.85 0.81 
48 BOU1724 x NF801-2 2.76 2.44 2.17 0.89 0.80 
49 149F x NF801-2 3.24 2.86 2.22 0.88 0.82 
50 CIM446 x H499-3 2.59 2.30 2.13 0.89 0.83 
51 DPL26 x H499-3 2.86 2.76 1.96 0.91 0.69 
52 B557 x H499-3 2.40 2.26 2.02 0.94 0.84 
53 BOU1724 x H499-3 2.31 2.05 1.85 0.89 0.80 
54 149F x H499-3 2.75 2.27 2.25 0.89 0.82 
55 DPL26 x CIM446 2.66 2.51 2.28 0.92 0.85 
56 B557 x CIM446 2.82 2.41 2.19 0.85 0.78 
57 BOU1724 x CIM446 2.58 2.35 2.18 0.91 0.81 
58 149F x CIM446 2.91 2.70 1.94 0.91 0.67 
59 B557 x DPL26 2.77 2.27 1.90 0.84 0.68 
60 BOU1724 x DPL26 2.89 2.24 1.95 0.88 0.67 
61 149F x DPL26 2.77 2.39 2.26 0.90 0.81 
62 BOU1724 x B557 2.29 1.98 1.66 0.92 0.73 
63 149F x B557 2.95 2.57 2.25 0.87 0.76 
64 149F x BOU1724 2.63 2.41 2.29 0.92 0.84 
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Appendix XVI. Absolute and indices of lint percentage of 64 families of Gossypium 
hirsutum L. 

Absolute(g) Relative Sr. 
No. 

Families 
Control 50% stress 75% stress 50% 75% 

1 FH-1000 38.22 33.90 30.61 0.89 0.80 
2 NF801-2 42.30 36.53 32.12 0.86 0.76 
3 H499-3 39.81 37.14 31.13 0.93 0.78 
4 CIM-446 40.63 35.52 29.00 0.87 0.71 
5 DPL-26 39.37 40.06 37.29 1.02 0.95 
6 B-557 39.62 37.71 35.26 0.95 0.89 
7 BOU1724 42.76 47.37 42.96 1.11 1.00 
8 149F 38.62 36.40 32.82 0.94 0.85 
9 FH-1000 x NF801-2 43.19 37.77 32.94 0.87 0.76 

10 FH1000 x H499 40.41 38.47 29.19 0.95 0.72 
11 FH1000 x CIM446 39.47 36.65 30.25 0.93 0.77 
12 FH1000 x DPL26 39.96 36.25 33.40 0.91 0.84 
13 FH-1000 x B-557 39.96 38.47 34.82 0.96 0.87 
14 FH-1000 x BOU1724 42.34 42.68 37.62 1.01 0.89 
15 FH-1000 x 149F 42.41 39.09 32.90 0.92 0.78 
16 NF801-2 x H-499 38.60 34.04 31.60 0.88 0.82 
17 NF801-2 x CIM-446 39.51 36.61 31.10 0.93 0.79 
18 NF801-2 x DPL-26 39.99 34.86 30.27 0.87 0.76 
19 NF801-2 x B557 39.01 36.38 35.21 0.93 0.90 
20 NF801-2 x BOU1724 39.86 36.90 33.34 0.93 0.84 
21 NF801-2 x 149F 38.76 38.17 33.66 0.98 0.87 
22 H499-3 x CIM-446 39.26 36.29 33.80 0.92 0.86 
23 H499-3 x DPL-26 39.49 36.42 30.82 0.92 0.78 
24 H499-3 x B557 39.49 34.95 31.00 0.89 0.79 
25 H499-3 x BOU1724 39.90 36.07 30.90 0.90 0.77 
26 H499-3 x 149F 38.17 38.06 35.00 1.00 0.92 
27 CIM446x DPL-26 40.19 34.91 33.50 0.87 0.83 
28 CIM446 x B557 38.67 38.74 33.68 1.00 0.87 
29 CIM446 x BOU1724 39.50 37.42 34.93 0.95 0.88 
30 CIM446 x 149F 39.49 34.33 29.88 0.87 0.76 
31 DPL26 x B557 39.61 34.50 30.43 0.87 0.77 
32 DPL26 x BOU1724 39.48 35.59 29.99 0.90 0.76 
33 DPL26 x 149F 40.27 36.00 30.67 0.89 0.76 
34 B557 x BOU1724 40.77 37.68 34.75 0.92 0.85 
35 B557 x 149F 40.77 38.45 32.71 0.94 0.80 
36 BOU1724 x 149F 39.82 37.50 33.55 0.94 0.84 
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37 NF801-2 x FH1000 40.12 39.81 39.58 0.99 0.99 
38 H499 x FH-1000 38.48 36.82 31.78 0.96 0.83 
39 CIM446 x FH1000 39.25 37.46 33.01 0.95 0.84 
40 DPL26 x FH1000 39.53 36.30 30.55 0.92 0.77 
41 B557 x FH1000 36.57 36.75 34.47 1.01 0.94 
42 BOU1724 x FH1000 38.87 39.52 38.28 1.02 0.98 
43 149F x FH1000 36.18 36.08 32.72 1.00 0.90 
44 H499-3 x NF801-2 38.50 34.88 30.99 0.91 0.81 
45 CIM446 x NF801-2 36.54 33.26 29.75 0.91 0.81 
46 DPL26 x NF801-2 40.16 37.37 35.19 0.93 0.88 
47 B557 x NF801-2 38.95 35.60 31.86 0.91 0.82 
48 BOU1724 x NF801-2 35.97 35.37 32.54 0.98 0.91 
49 149F x NF801-2 36.68 37.55 36.50 1.02 1.00 
50 CIM446 x H499-3 37.13 33.21 32.57 0.89 0.88 
51 DPL26 x H499-3 38.82 36.54 33.61 0.94 0.87 
52 B557 x H499-3 39.09 37.31 31.10 0.96 0.80 
53 BOU1724 x H499-3 39.10 37.26 29.12 0.95 0.74 
54 149F x H499-3 38.33 34.51 31.75 0.90 0.83 
55 DPL26 x CIM446 35.78 38.89 34.38 1.09 0.96 
56 B557 x CIM446 38.56 39.11 36.36 1.01 0.94 
57 BOU1724 x CIM446 38.44 36.28 33.57 0.94 0.87 
58 149F x CIM446 36.00 33.98 30.32 0.94 0.84 
59 B557 x DPL26 39.66 36.57 31.36 0.92 0.79 
60 BOU1724 x DPL26 38.62 35.25 30.06 0.91 0.78 
61 149F x DPL26 37.66 33.59 30.76 0.89 0.82 
62 BOU1724 x B557 34.01 33.96 28.88 1.00 0.85 
63 149F x B557 35.76 31.59 28.71 0.88 0.80 
64 149F x BOU1724 37.47 36.71 32.80 0.98 0.88 
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Appendix XVII. Absolute and indices of fiber length of 64 families of Gossypium hirsutum 
L. 
 

Absolute(g) Relative Sr. 
No. 

Families 
Control 50% stress 75% stress 50% 75% 

1 FH-1000 30.27 29.45 29.24 0.97 0.96 
2 NF801-2 30.67 29.63 29.16 0.97 0.95 
3 H499-3 28.72 27.22 26.39 0.95 0.86 
4 CIM-446 29.45 25.75 25.15 0.87 0.90 
5 DPL-26 28.42 28.67 28.35 1.01 0.97 
6 B-557 29.72 29.14 27.58 0.98 0.96 
7 BOU1724 30.06 28.81 28.78 0.96 0.94 
8 149F 31.26 30.22 29.86 0.97 0.96 
9 FH-1000 x NF801-2 30.62 29.41 28.31 0.96 0.92 

10 FH1000 x H499 29.76 28.51 27.10 0.96 0.91 
11 FH1000 x CIM446 30.22 29.18 28.16 0.97 0.93 
12 FH1000 x DPL26 29.44 28.27 27.27 0.96 0.93 
13 FH-1000 x B-557 30.23 29.36 28.37 0.97 0.94 
14 FH-1000 x BOU1724 30.23 29.57 28.45 0.98 0.94 
15 FH-1000 x 149F 30.93 30.18 29.25 0.98 0.95 
16 NF801-2 x H-499 30.53 29.26 28.27 0.96 0.93 
17 NF801-2 x CIM-446 29.61 28.31 27.18 0.96 0.92 
18 NF801-2 x DPL-26 30.33 29.38 27.86 0.97 0.92 
19 NF801-2 x B557 29.43 28.42 27.68 0.97 0.94 
20 NF801-2 x BOU1724 30.43 29.64 28.90 0.97 0.95 
21 NF801-2 x 149F 30.53 29.70 29.30 0.97 0.96 
22 H499-3 x CIM-446 30.76 29.77 29.03 0.97 0.94 
23 H499-3 x DPL-26 29.82 28.47 27.07 0.95 0.91 
24 H499-3 x B557 29.66 28.28 27.14 0.95 0.92 
25 H499-3 x BOU1724 29.53 28.37 27.04 0.96 0.92 
26 H499-3 x 149F 28.27 27.57 26.62 0.99 0.94 
27 CIM446x DPL-26 29.24 28.57 27.73 0.98 0.95 
28 CIM446 x B557 29.76 28.90 28.20 0.97 0.95 
29 CIM446 x BOU1724 30.70 29.64 28.70 0.97 0.94 
30 CIM446 x 149F 30.26 29.21 28.11 0.97 0.93 
31 DPL26 x B557 30.26 29.37 27.85 0.97 0.92 
32 DPL26 x BOU1724 29.53 28.35 27.02 0.96 0.92 
33 DPL26 x 149F 29.33 28.44 27.46 0.97 0.94 
34 B557 x BOU1724 29.73 28.91 28.17 0.97 0.95 
35 B557 x 149F 29.89 29.22 28.57 0.98 0.96 
36 BOU1724 x 149F 30.63 30.03 29.27 0.98 0.96 
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37 NF801-2 x FH1000 29.53 28.29 27.28 0.96 0.92 
38 H499 x FH-1000 29.39 28.43 27.67 0.97 0.94 
39 CIM446 x FH1000 28.34 27.56 26.62 0.97 0.94 
40 DPL26 x FH1000 29.30 28.46 27.49 0.97 0.94 
41 B557 x FH1000 29.43 29.04 28.57 0.99 0.97 
42 BOU1724 x FH1000 30.16 29.60 28.17 0.98 0.93 
43 149F x FH1000 30.43 29.90 29.47 0.98 0.97 
44 H499-3 x NF801-2 30.27 29.41 28.36 0.97 0.94 
45 CIM446 x NF801-2 30.37 29.63 28.89 0.98 0.95 
46 DPL26 x NF801-2 29.26 28.61 27.73 0.98 0.95 
47 B557 x NF801-2 29.70 28.94 28.21 0.97 0.95 
48 BOU1724 x NF801-2 29.40 29.07 28.61 0.99 0.97 
49 149F x NF801-2 29.87 29.47 28.80 0.99 0.96 
50 CIM446 x H499-3 30.90 30.11 29.60 0.97 0.96 
51 DPL26 x H499-3 30.20 29.91 28.77 0.99 0.95 
52 B557 x H499-3 30.51 29.89 29.11 0.98 0.95 
53 BOU1724 x H499-3 29.75 28.93 28.19 0.97 0.95 
54 149F x H499-3 29.87 29.35 28.68 0.98 0.96 
55 DPL26 x CIM446 30.13 29.83 28.39 0.99 0.94 
56 B557 x CIM446 29.83 29.50 28.94 0.99 0.97 
57 BOU1724 x CIM446 31.35 30.66 30.16 0.98 0.96 
58 149F x CIM446 31.22 30.15 29.25 0.97 0.94 
59 B557 x DPL26 30.77 29.84 29.16 0.97 0.95 
60 BOU1724 x DPL26 30.68 29.72 28.81 0.97 0.97 
61 149F x DPL26 30.63 30.07 29.30 0.98 1.04 
62 BOU1724 x B557 30.40 29.93 29.50 0.98 0.97 
63 149F x B557 30.87 30.07 29.60 0.97 0.93 
64 149F x BOU1724 31.30 30.72 30.22 0.98 0.93 
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Appendix XVIII. Absolute and indices of mike value of 64 families of Gossypium hirsutum 
L. 

Sr. 
No. 

Families Absolute(g) Relative 

    Control 50% stress 75% stress 50% 75% 
1 FH-1000 3.32 3.39 4.42 1.02 1.34 
2 NF801-2 2.90 3.30 4.44 1.14 1.53 
3 H499-3 3.75 3.89 4.29 1.04 1.14 
4 CIM-446 3.44 3.75 4.53 1.09 1.32 
5 DPL-26 4.11 4.23 4.52 1.03 1.10 
6 B-557 4.33 4.45 4.57 1.03 1.06 
7 BOU1724 4.15 4.22 4.20 1.02 1.01 
8 149F 4.96 6.56 5.14 1.33 1.04 
9 FH-1000 x NF801-2 3.06 3.36 4.45 1.10 1.45 

10 FH1000 x H499 3.60 3.81 4.37 1.06 1.22 
11 FH1000 x CIM446 3.41 3.69 4.56 1.08 1.34 
12 FH1000 x DPL26 3.61 4.27 4.48 1.18 1.24 
13 FH-1000 x B-557 4.58 4.63 5.22 1.01 1.14 
14 FH-1000 x BOU1724 3.94 3.98 4.39 1.01 1.11 
15 FH-1000 x 149F 4.48 4.72 4.95 1.05 1.10 
16 NF801-2 x H-499 3.25 3.38 4.45 1.04 1.37 
17 NF801-2 x CIM-446 3.85 3.75 4.39 0.97 1.14 
18 NF801-2 x DPL-26 3.44 3.81 4.52 1.11 1.32 
19 NF801-2 x B557 3.71 4.16 4.52 1.12 1.22 
20 NF801-2 x BOU1724 3.96 4.28 4.69 1.08 1.19 
21 NF801-2 x 149F 4.07 4.05 4.36 0.99 1.07 
22 H499-3 x CIM-446 4.44 4.65 4.98 1.05 1.12 
23 H499-3 x DPL-26 3.49 3.55 4.34 1.02 1.24 
24 H499-3 x B557 3.52 3.58 4.39 1.02 1.25 
25 H499-3 x BOU1724 4.00 3.99 4.64 1.00 1.16 
26 H499-3 x 149F 4.00 4.26 4.59 1.07 1.15 
27 CIM446x DPL-26 4.32 4.56 4.56 1.05 1.06 
28 CIM446 x B557 4.06 4.12 4.30 1.02 1.06 
29 CIM446 x BOU1724 4.45 4.66 4.84 1.05 1.09 
30 CIM446 x 149F 3.45 3.49 4.56 1.01 1.33 
31 DPL26 x B557 3.20 3.45 4.50 1.08 1.41 
32 DPL26 x BOU1724 3.66 4.10 4.71 1.12 1.29 
33 DPL26 x 149F 4.05 4.16 4.62 1.03 1.14 
34 B557 x BOU1724 4.33 4.41 4.68 1.02 1.08 
35 B557 x 149F 4.45 4.03 4.46 0.91 1.00 
36 BOU1724 x 149F 4.70 4.87 5.06 1.04 1.08 
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37 NF801-2 x FH1000 3.81 4.13 4.46 1.09 1.17 
38 H499 x FH-1000 3.39 4.32 4.50 1.28 1.33 
39 CIM446 x FH1000 3.95 4.09 4.59 1.04 1.16 
40 DPL26 x FH1000 4.16 4.16 4.62 1.00 1.11 
41 B557 x FH1000 4.82 5.13 5.23 1.06 1.08 
42 BOU1724 x FH1000 4.26 4.10 4.48 0.96 1.05 
43 149F x FH1000 4.97 5.44 5.23 1.10 1.05 
44 H499-3 x NF801-2 4.72 4.75 5.19 1.01 1.11 
45 CIM446 x NF801-2 3.66 4.63 4.67 1.27 1.28 
46 DPL26 x NF801-2 4.10 4.57 4.67 1.11 1.14 
47 B557 x NF801-2 4.36 4.45 4.68 1.02 1.08 
48 BOU1724 x NF801-2 4.92 4.38 5.20 0.89 1.06 
49 149F x NF801-2 4.20 4.31 4.42 1.03 1.05 
50 CIM446 x H499-3 4.76 4.87 5.00 1.02 1.05 
51 DPL26 x H499-3 3.97 4.07 4.37 1.03 1.11 
52 B557 x H499-3 4.07 3.95 4.37 0.97 1.07 
53 BOU1724 x H499-3 3.90 4.22 4.31 1.08 1.11 
54 149F x H499-3 3.83 4.07 4.46 1.06 1.17 
55 DPL26 x CIM446 4.26 4.34 4.34 1.02 1.02 
56 B557 x CIM446 4.27 4.31 4.44 1.01 1.04 
57 BOU1724 x CIM446 4.95 5.22 5.21 1.05 1.05 
58 149F x CIM446 4.53 4.73 4.92 1.05 1.09 
59 B557 x DPL26 4.44 4.65 4.95 1.05 1.12 
60 BOU1724 x DPL26 4.46 4.63 4.81 1.04 1.08 
61 149F x DPL26 4.69 4.84 5.12 1.03 1.09 
62 BOU1724 x B557 4.82 5.48 5.20 1.14 1.08 
63 149F x B557 4.77 4.88 4.97 1.02 1.05 
64 149F x BOU1724 5.12 5.25 5.19 1.03 1.01 

 
 


