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CHAPTER-1 

 
INTRODUCTION 

   

Cotton is a major fibre yielding crop and the second largest source of edible oil in the 

world, which is cultivated in tropical and subtropical regions of more than 80 countries 

(Singh, 2004). Cotton fibre consists of hairs growing from the epidermis of the seed. The 

fibre is woven into fabrics either solely or in combination with other fibres. Cotton seed 

is an important source of oil, used in cooking. Low grade oils are utilized in soap and 

lubricants manufacturing. Residual seed cake is a valuable protein concentrate used for 

livestock feed. So cotton not only provides clothing and shelter but also provides food 

and feed. 

 
Man has utilized cotton for his benefits since ancient times. Cotton belongs to Malvaceae 

family and genus Gossypium, in which 50 species have been identified, out of which 45 

are diploid and 5 are allotetraploid, out of these 50 species, 4 are cultivated and 46 are 

wild, out of 4 cultivated species, two species, G. arboreum and G. herbaceum are diploid 

(2n =2x= 26) and other two species, G. hirsutum and G. barbadense are allotetraploid (2n 

= 4x = 52) (Singh, 2004).  

 
Gossypium herbaceum originated in the Middle East and may have been the earliest 

cotton cultivated. It was carried to India, where it became the progenitor of G. arboreum. 

Gossypium arboreum has been widely cultivated in India, although it is replaced by G. 

hirsutum and accounts for less than 1 % of the world’s cotton production. Gossypium 

hirsutum is the the most cultivated cotton and is about 90 % of the world’s cotton 

production. It originated in southern Mexico and Central America as a perennial shrub 

but is cultivated as an annual. In the United States it became known as American Upland 

cotton because it was cultivated on higher lands. Gossypium barbadense originated in 

Central and South America and has long, fine fibres. It was formerly cultivated along the 

Coastal Islands of South Carolina and Georgia, where it became known as Sea Island 

cotton. It was introduced to the Nile valley of Egypt, where it was named as Egyptian 
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cotton and became famous for its fine, long and strong staple. It is cultivated in Arizona, 

New Mexico and Western Texas, where it is known as Pima cotton. The varieties of Pima 

cotton grown in the United States are normally late in maturity than the American Upland 

varieties. Gossypium barbadense accounts for about 9% of the world’s cotton production 

(Poehlman, 1995).   

 
At the end of the eighteenth century, cotton provided only 4 % of the world’s raw textiles, 

18% being provided by flax and 78 % by wool. The contribution of silk was negligible. 

The total cotton used in 1800 was about 200,000 bales but it raised one hundred-fold to 

20 million bales a century later. In 1890, cotton provided 78% of the total textiles. The 

share of flax and wool combined was only 21.1 % and that of silk 0.3%. In the first two 

quarters of the 20th century, the percentage share of cotton in total world textiles was 

84.2% in 1924-25 and 72.6% in 1946-47. The share of wool and flax was 13.5% and 

15.4% and of silk 1.6% and 0.2 % in the two periods respectively. However, the share of 

cotton in world textiles has been falling after World War II due to competition from man-

made fibres. The man-made fibres partially replaced natural fibres but despite the drop in 

percentage share of cotton in textiles, total consumption of cotton has remained at a high 

level because of the increase in total textile consumption in the world. Per capita 

consumption of all fibres increased from 3.7 kg in 1950 to 6.0 kg in 1970. There was also 

an increase in population with the consequent increase in the demand for textile fibres 

(Afzal and Ali, 1983). 

 
World cotton production in 2008-09 was 23.7 million tons, achieved from an area of 31.5 

million hectares (Cotton: Review of the world situation, 2009), with which millions of 

people were engaged for their livelihood. Thus economy of many countries depends upon 

cotton and cotton products. Cotton plays an important role in the economy of Pakistan. It 

is a source of foreign exchange earning and provides raw material to our local textile 

industry. In Pakistan, area under cotton was 2.82 million hectares with lint production of 

11.82 million bales and average yield of 713 kg/hec. Pakistan is the fourth largest 

producer of cotton in the world. The value of raw cotton and its products exported during 

the year 2008-09 was $7899 millions. Cotton accounts for 7.3% of the value added in 

Agriculture sector and 1.6% in GDP. In addition to providing raw material to the local 
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textile industry, it is a source of over 57% to the total exports (Pak. Economic Survey, 

2008-09).  

 
Textile, ready-made garments and other cotton based industries are providing major 

employment in the country in addition to the employment involved in its cultivation and 

picking/harvesting. Edible oil industry is also heavily dependent on cotton crop as over 

50% of the local edible oil production comes from cotton seed. Cotton crop in Pakistan 

feeds 1221 ginning factories, 521 textile mills, 10.1 million spindles, over 5000 oil mills 

and over 19 million people engaged in cotton and cotton related business for their 

earnings (Pak. Economic Survey, 2008-09). 

  
Cotton crop has a lot of potential to boost the economy of the country. Cotton farmers 

require high yielding cotton cultivars that are agronomically adaptive and physiologically 

efficient both under well watered and drought conditions. Water is is availabe on the 

Earth’s surface in huge quantity, yet is the most limiting factor to crop production. Cotton 

and other plants have to maintain a balance between the water supply stored in the soil 

system and the evaporative demand for carrying out growth. Shortage of water has been a 

major limitation in the yield of cotton due to high temperature. 

  
When any factor of the environment interferes with the complete expression of genotypic 

potential, it is called stress. Stresses are also classified as biotic viz. pests, diseases, 

weeds etc. and abiotic viz. drought, salinity, high temperature etc. (Singh, 2003). Cotton 

production suffers due to various biotic and abiotic factors. Among these, water shortage 

(drought) is becoming serious (Singh, 2004). Global water for human and their crops is 

rapidly becoming a short commodity. The problem of drought can be overcome, either by 

providing irrigation to the crop or by developing varieties which can produce higher and 

stable yield in water limiting areas (Christiansen and Lewis, 1982). 

 
Water is the most abundant constituent of most organisms. It accounts for more than 70 

% by weight of non woody plant parts (Hopkins, 1999) and hence an adequate supply of 

water is essential for plant growth. Water forms a major constituent of physiologically 

active tissues and maintains cell turgor. It is a reagent in photosynthesis and many other 
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biochemical reactions. It also provides the medium in which materials are transported 

throughout the plants. Water stress results in a reduction in the size of plant organs which 

is mainly due to an effect on cell extension rather than the cell division. 

 
Drought (water shortage) is a serious problem that limits cotton production in many 

regions of the world including Pakistan (Malik et al. 2006). High temperature and 

scarcity of water significantly reduce cotton production in the country. Drought caused a 

loss of 1.1 % in production of cotton during the year 2001-02 (Pak. Economic Survey, 

2005-06), which may increase further. The crop is affected by drought even in irrigated 

areas due to high temperature and scarcity of irrigation water. Heatherly et al. (1977) has 

stated that the development and yield of many species are repressed severely even by 

moderate water stress.  

 
Cotton is normally not classified as a drought tolerant crop and it is not very efficient in 

water use, as are some other plant species such as sorghum (Penna et al. 1998). 

Nevertheless, cotton does have mechanisms that make it well adapted to semi-arid 

regions, such as its deep penetrating and extensive root systems, leaves and fruits that can 

be shed when plants are stressed and a flexible fruiting period (Ray et al. 1974). Positive 

correlations also frequently occur between levels of true cellular desiccation tolerance 

and heat tolerance. Therefore, it is true that plants with good drought resistance often also 

have higher heat resistance (Levitt, 1956, 1972; Sullivan and Blum, 1970; Sullivan, 1972; 

Mussell and Staples, 1979).                                                                                                                                                                                      

 
Drought resistance is the ability of a plant to survive under drought (water deficit) 

conditions without injury (Singh, 2004). Three types of drought resistance mechanisms 

drought escape, drought avoidance and drought tolerance have been identified in plants 

(May and Milthorpe, 1962; Levitt, 1980; Singh, 2004).  

 
Drought escape is the ability of a plant to complete its lifecycle before serious soil and 

plant water deficits develop, drought avoidance is the ability of a plant to maintain 

favourable internal water balance under moisture stress and drought tolerance is the 

ability of a plant to withstand low tissue water content. Success of a certain crop plant 
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under natural drought environments rarely depends on possession of a single adaptive 

resistance mechanism. It depends on possession of an optimum combination of the three 

resistance mechanisms. 

 
Drought resistance is a complex trait with multigenic components, which interact in a 

holistic manner (Mussell and Staples, 1979; Cushman and Bohnert, 2000; Basal et al. 

2005). Drought resistance is a genetically controlled and is associated with various 

morphological and physiological features of crop plants (Singh, 2004). A number of 

studies about various drought related physiological traits (excised leaf water loss, relative 

leaf water content, leaf water potential, leaf temperature, water use efficiency, stomatal 

frequency and size, stomatal conductance, osmotic potential etc.) have been reported for 

various species and have been suggested as screening criteria for selecting plants for 

drought tolerance (Miskin et al. 1972; Kaul, 1974; Dedio, 1975; Dedio, et al. 1976; 

Clarke and McCaig, 1982a,b; Jaradat and Konzak, 1983; Matin et al. 1989; Ritchie et al. 

1990; Lilley and Ludlow, 1996; Lian and Ryuichi, 1996; Singh, et al. 1996;  Malik and 

Wright, 1997; Blum et al. 1999; Basal et al. 2005).  

 
Among the traits reported in literature, relative water content and excised leaf water loss 

have been preferred because they are simple and rapid in measurement and are practically 

more feasible in screening large segregating populations (Clarke and McCaig, 1982a; 

Randhawa et al. 1988; Tahara et al. 1990; Singh, et al. 1996; Rahman et al. 2000; Malik 

et al. 2006). 

 
Earliness is a desirable morphological trait which leads to drought escape in many crops. 

In cotton, generally drought occurs in the late season. In such situations, early varieties 

escape from the drought because early maturing varieties are ready for harvest before 

onset of drought (Singh, 2004). 

Stomata play a pivotal role in regulating plant water status and the stomatal frequency 

varies from one species to another and is influenced by environmental conditions under 

which a plant is grown. Stomatal characters such as small size and less number per unit 

area are associated with drought resistance. Control of stomatal aperture is important in 

drought resistance. The rapid closing nature of stomata during development of drought 
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helps in maintaining high water potential in the tissues by reducing transpiration rate. 

Drought resistant genotypes have rapid closing habit of stomata. In cotton, adaxial (upper 

side of a leaf) stomata are more sensitive to water stress than abaxial (lower side of a 

leaf) stomata (Davies, 1977; Singh, 2004). 

 
Genetic traits such as thick cuticle and waxiness of leaf surface are also associated with 

drought resistance. These traits help in reducing water loss through transpiration. In 

cotton, small and thick leaves with thick layers of palisade tissues are associated with 

drought resistance (Bhatt and Andal, 1979; Singh et al. 1990; Singh and Narayanan, 

1993; Singh, 2004). The glossy genotypes lead to reduction in transpiration, because such 

genotypes have cooling effect by reflecting more sun light than normal genotypes. Leaf 

hairiness helps in reducing transpiration by lowering leaf temperature (Singh, 2004).   

Cotton genotypes having fleshy leaves with velvet type of hairiness exhibit high degree 

of tolerance to drought and sucking pests (Mehta et al. 1985). 

 
In natural communities leaf shedding and a reduction in leaf area is recognized as an 

important adaptive feature for drought tolerance in arid regions (Orshan, 1963; 

Kozlowski, 1976; Mussell & Staples, 1979). Water stress results in a reduction in the size 

of plant organs and total plant weight. However, reduction in the leaf area below the 

optimum leaf area index will decrease crop growth rate and total photosynthesis per plant 

(Donald, 1963; Singh, 2004), which ultimately will decrease the yield.  

 
Deep root system also imparts drought resistance in many crop plants. In cotton, diploid 

species have high degree of drought tolerance by virtue of their deep root system (Bhatt 

and Andal, 1979). Generally deep rooted plants exhibit greater drought tolerance than 

shallow rooted genotypes. Therefore, first irrigation is usually delayed in cotton up to 40 

days, so that roots may become longer in search of deep soil water.  

Varietals development requires genetic variation in the germplasm resources, which are 

screened to assess the genetic variability for different traits. Continuous genetic 

improvement of breeding material through the estimation of quantitative gene action is of 

prime importance to plant breeder in crop improvement programme. In the present 

project genetics of physiological (relative water content, excised leaf water loss and 
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stomatal frequency) and agronomic traits (plant height, number of bolls/plant, boll 

weight, 100 seed weight, seed cotton yield, lint percentage, fibre length, fibre strength 

and fibre fineness) was studied under normal and drought conditions. In cotton yield is of 

no value without the quality of fibre (length, strength and fineness). In Pakistan and some 

other countries cotton suffers from terminal drought when fibre traits are to be developed. 

Drought sifnificnatly affects fibre traits. Estimation of gene action of the traits and their 

interrelationships at terminal drought is useful for planning suitable strategy to breed 

cotton under terminal drought stress.  The data was statistically analyzed to determine 

gene action using six different populations, viz. P1, P2, F1, F2, BC1 and BC2 of a cross. 

This method provides estimates of various components (i.e. additive, dominance, 

epistasis etc.) of genetic variance from the generation means. Correlation of the traits was 

studied using large F2 population. The informations derived from these studies will be 

helpful to cotton breeders in breeding of drought tolerant cotton cultivars. 

 
Objectives of the study  

1. To investigate the genetics of physiological and morphological/agronomic traits 

for drought resistance in cotton. 

2. To measure correlation among the traits studied.  
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CHAPTER-2 

 

REVIEW OF LITERATURE 

 

2.1 Physiological traits related to drought resistance  

A number of studies about various physiological traits (excised leaf water loss, relative 

leaf water content, leaf water potential, leaf temperature, water use efficiency, stomatal 

frequency and size, stomatal conductance, osmotic potential etc.) related to drought 

resistance have been reported in domesticated plant species. Most of the studies are 

reported in cereal crops. Only a few studies are conducted on cotton.  

 
Five barley populations were evaluated by Miskin et al. (1972) for inheritance of 

stomatal frequency and the effect of stomatal frequency on photosynthesis, transpiration 

and stomatal resistance. They observed that lines having low stomatal frequency had 

higher stomatal resistance and transpired less water than lines with more stomata. They 

also found that a 25% decrease in frequency of stomata reduced transpiration rate by 

about 24%. However, stomatal frequency did not influence the rate of photosynthesis. 

Hence the possibility existed for altering transpiration with out effecting photosynthesis 

in barley by selecting varieties with fewer stomata. Similarly McDaniel et al. (2000) 

developed different drought and heat tolerant lines in cotton and reported that drought 

tolerant lines had lower number of stomata in leaf.    

 
Five cultivars of wheat were evaluated by Dedio (1975) for relative water content under 

different levels of soil moisture stress. He observed that water retaining ability of leaf 

was under the control of dominant genes and concluded that drought resistant cultivars 

maintained higher leaf water content under drought conditions. 

 
Clarke and McCaig (1982b) evaluated leaf diffusive resistance, leaf temperature and 

excised leaf water retention as screening criteria for drought resistance in wheat under 

rainfed and irrigated conditions. They tested wheat cultivars of diverse origin for two 

years. Yields under rainfed relative to irrigated conditions were used to characterize 

drought resistance of the cultivars. They observed that neither diffusive resistance 
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measurements nor leaf temperature were suitable screening techniques because with these 

techniques, differences between cultivars were not detected. Cultivar differences were 

detected in excised leaf water loss rate. Water retention capability was greatest early in 

the season and dropped markedly after anthesis. They observed that drought tolerant 

durum cultivar, Pelissier had the best water retention capability and progeny of a Pelissier 

x Hercules cross showed a range of retention capabilities between the parental values. 

They concluded that measurement of excised leaf water retention capability showed the 

most promise of the three techniques evaluated.   

 
Heritability and relationship to yield of excised leaf water retention capability in eight 

durum wheat crosses involving the high retention parent ‘Pelissier’ was studied by Clarke 

and Smith (1986). They observed 50 random lines from each cross under field conditions 

in the F4, F6 and F8 generations. Standard-unit heritabilities of initial and initial minus 

wilted leaf water concentration were calculated by regressing F4 on F6 and F6 on F8 

values. Heritability of initial leaf water concentration ranged from 0.08 to 0.61 in the 

F4/F6 and from 0.15 to 0.41 in the F6/F8 regression analysis. Heritability of initial minus 

wilted water concentration ranged from 0.11 to 0.49 in the F4/F6 regression and from 0.10 

to 0.38 in the F6/F8. Simple correlations between yield and initial minus wilted leaf water 

concentration tended to be low and non-significant. Comparisons of the yields of the 10 

fastest and 10 slowest water losers within crosses and years showed significant 

differences, However, in two of the crosses, water retention was yield negative in low 

drought stress environment but yield-positive in a high stress environment. Retention 

capability tended to be yield-positive or yield-neutral in the other crosses regardless of 

environment. Therefore, they suggested that further studies, using a broader range of 

genetic sources of high water retention, were required in order to develop suitable 

selection strategies for the retention trait. 

 
Leaves of 10 wheat varieties and one triticale variety were air dried for 48 hours by 

Randhawa et al. (1988) and observed varietal differences in leaf water content and water 

retention. They concluded that high leaf water retention (low rate of water loss) may be 

used as an indicator of drought tolerance. 
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Schonfeld et al. (1988) conducted field experiments during 1984-86 to determine 

potential drought resistance parameters and their inheritance in winter wheat. Single 

plants of drought resistant “TAMW-101” and drought susceptible “Sturdy”, their F1, F2 

and backcross generations were evaluated under a rain shelter. As stress developed 

during reproductive stage, relative water content (RWC) was measured at 7 to 10 days 

intervals on single leaves until flag leaf senescence. Their results indicated that RWC 

declined with increasing drought stress. Relative water content differed significantly 

among populations under increasing drought stress. TAMW-101 maintained a higher 

RWC under drought conditions than Sturdy and had a longer grain-filling period. 

Comparison of the RWC values among populations indicated that differences were 

controlled predominantly by genes with additive effects. Narrow-sense heritability (h2) of 

RWC increased as drought stress intensified and reached a maximum value of 64% one 

week prior to flag leaf senescence. They concluded that with high heritability, RWC 

shows promise as a selection criterion for drought resistance in winter wheat.  

 
Different screening techniques such as seedling survival percentage, rooting depth, leaf 

conductance, canopy temperature, excised leaf water loss and leaf water potential were 

evaluated by Winter et al. (1988) to differentiate drought resistance in five wheat 

cultivars (Scout 66, Sturdy, TAM W 101, TAM 105 and TAM 108) reputed to differ in 

drought resistance and yield. Grain yield for drought stressed and irrigated conditions 

was determined in field trials. TAM 108 was highest in yield and followed by TAM 105 

under both conditions. On the basis of their results, rooting depth, leaf conductance and 

canopy temperature were unsuitable techniques because these did not differentiate 

cultivars. Seedling survival after desiccation was the most suitable technique for 

screening large populations. Excised leaf water loss and leaf water potential were 

laborious but would be informative screening techniques for parental material and 

advanced lines.  

 
Similarly Matin et al. (1989) conducted a study to determine if total leaf water potential, 

leaf relative water content and leaf diffusive resistance could be used as screening criteria 

to select barley (Hordeum vulgare) cultivars, against drought stress. Slection of resistant 

and susceptible cultivars was undertaken on the basis of regressing the yield of individual 
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cultivar against site mean yield in different field trials. They grew plants in plastic tubes 

25 mm in diameter and 123 mm long. The lower 30 mm of the tubes were imbedded in 

sand. Five resistant and five susceptible barley cultivars were measured at the three leaf 

growth stage for total leaf water potential under low stress conditions. Water stress was 

developed in the plants by draining water from the sand bed. Leaf diffusive resistance 

and relative water content was determined under stress. They concluded that leaf water 

potential could be used as screening technique for drought resistant barley.   

 
Clarke et al. (1989) studied the relationship of rate of water loss (RWL) and grain yield 

in 100 durum wheat genotypes grown at two locations in Canada and three locations in 

Syria. Fifty of the genotypes were chosen on the basis of low RWL and 50 on the basis of 

high RWL. Genotypes with low RWL yielded more than those with high RWL in four of 

the five driest environments in nine site-years of study. Yield of the low RWL genotypes 

ranged from 40 to 150% greater than that of the high RWL genotypes at the four sites. 

The high RWL group did not yield more than the low RWL group in any of the site-

years. Glaucousness confounded interpretation of the results, since the low RWL group 

tended to be more glaucous than the high RWL group. Separation of the genotypes into 

high and low glaucousness groups showed that the high group yielded more than the low 

group in the three driest Canadian sites and in the wettest site in Syria. Low RWL and 

high glaucousness were associated with delayed leaf senescence in dry environments. 

Therefore, they concluded that low RWL contributes to high yield under dry growing 

conditions and does not exhibit a metabolic carbon cost under more favorable 

precipitation regimes. 

  
McCaig and Romagosa (1989) evaluated initial water content (IWC) and rate of water 

loss (RWL) of leaves in tetraploid (Triticum turgidum) and hexaploid (Triticum aestivum) 

wheat. The genotypes adapted to dry land exhibited high IWC and/or low RWL, which 

suggested that both characters may contribute for maintenance of leaf water statusunder 

severe drought stress. Tetraploid genotypes were more consistent for IWC and RWL 

compared to hexaploid types. Controlled environment Results of controlled environment 

experiments were similar to those obtained from the field. 
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Comparision of the leaf relative water content (RWC) and gas-exchange parameters 

between a drought resistant winter wheat genotype (TAM W-101) and a drought 

susceptible genotype (Sturdy) to determine the contribution of these physiological 

parameters for drought resistance in TAM W-101 was made by Ritchie et al. (1990). 

Plants were grown under well-watered conditions in growth chambers and drought stress 

was imposed by limited watering of plants at anthesis and vegetative stages. In both 

growth stages, TAM W-101 maintained a higher RWC and photosynthetic capacity than 

Sturdy under moderate to severe drought stress. Photosynthetic water use efficiency 

(pWUE) generally increased with stress severity until very severe stress levels were 

attained. TAM W-101 tended to have higher pWUE than Sturdy under moderate to 

severe stress conditions but not under well-watered conditions. Therefore, high leaf RWC 

and photosynthetic capacity are traits that may contribute to drought resistance in TAM 

W-101. 

 
Tahara et al. (1990) selected the plants representing high and low yield potential under 

drought stress and a random group of plants from F2 population having the pedigree, 

TAM W-101/Sturdy in wheat. They evaluated both sets of entries, each comprised of the 

two parents and 24 F2-derived lines under a rain shelter in the F3 (1986) and F4 (1987) 

generations to determine differences in leaf RWC during reproductive development. One 

set of entries did not receive any water after the jointing stage and the other set was 

grown under well-watered conditions. A positive relationship was observed between 

grain yield and RWC measured during anthesis and mid-grain fill stage and the high-

yield selections maintained a significantly higher RWC than the low-yield selections. 

Grain yield and RWC were also positively associated among random selections 

segregating for both traits. 

 
Four wheat cultivars were evaluated by Khan et al. (1993) for drought resistance and 

found that cultivars with smallest decrease in relative water contents produced higher dry 

weight and grain yield per plant and were taller compared to other cultivars. They also 

found a positive correlation between yield and relative water contents. While Kheiralla et 

al. (1993) evaluated eight spring wheat cultivars of diverse geographical origin, 2 (Giza 

160 and Sakha 69) from Egypt and 6 from Mexico, USA, Pakistan and Zimbabwe, for 
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drought resistance. They found that high water retention capacity was not related to high 

yield under drought conditions.  

 
Thirty cotton genotypes were evaluated by Rajeshwari (1995) for drought tolerance under 

rainfed conditions. He found that three genotypes were drought tolerant and had high 

yield potential. According to his studies, earliness, relative water content and chlorophyll 

stability index were found to be associated with drought tolerance.  

 
Breeding of variety needs information on genetics interrelationships of plant traits. 

Genetics of relative water content and excised leaf water loss and their correlation with 

agronomic traits in spring wheat under drought was studied by Malik and Wright (1995).  

The parents, F1 and segregating generations of four crosses were grown in pots under 

glasshouse conditions. Generation means and variance analysis of the data suggested 

simple inheritance of the traits. The estimates of narrow sense heritability were very high 

which might be due to the presence of a few major genes involved for the inheritance of 

the traits. The physiological traits under study were not correlated with agronomic traits; 

therefore they stated that it should be easy to breed recombinant lines for improved 

drought resistance. 

 
Singh et al. (1996) studied the variation in genotypes and species for drought tolerant 

traits (relative water content, stomatal frequency, biomass/plant and cotton yield/plant) in 

upland cotton (G. hirsutum), tree cotton (G. arboreum) and levant cotton (G. herbaceum) 

under drought conditions. Ten genotypes of upland cotton, 5 of tree cotton and 4 of 

levant cotton were grown in pots during sowing season of 1990-91. The plants were 

irrigated regularly. Simulated drought was created at flowering and boll development 

stages by withholding water. High variability was found in all the characters under study. 

Highly significant differences were observed for stomatal frequency and relative water 

content (RWC) in different genotypes of upland, tree and levant cotton. RWC was more 

in upland cotton than in tree and levant cotton. Thus material showed wide variation for 

drought tolerance. 
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Canopy temperature, stomatal resistance, transpiration and rate of water loss by excised-

leaves were evaluated as drought resistance indicator in wheat by Araghi and Assad 

(1998) in two experiments conducted in normal and drought stress conditions. Six 

genotypes including two drought resistant cultivars (Roshan and Kal-Haydary), two 

intermediate (B.C. Roshan and Bayat), and two drought susceptible (Qods and Falat) 

cultivars were used in each experiment. Under optimum moisture conditions, there was a 

significant difference in canopy temperature at midday between drought resistant and 

drought susceptible genotypes. A significant linear relationship was also obtained 

between canopy temperature and yield reduction ratio under stress and non-stress 

conditions at the ear emergence stage. The significant differences were observed between 

cultivars for stomatal resistance only under stress conditions at the ear emergence stage. 

Cultivars differed for rate of water loss (RWL) and initial water content (IWC) at the ear 

emergence and grain filling stage under stress environment only. Ultimately, three criteria 

namely canopy temperature, stomatal resistance and RWL, were recognized as benificial 

drought resistance indicators. 

 
Kumar and Singh (1998) studied 24 genotypes of four Brassica species (B. campestris, B. 

carinata, B. juncea, B. napus) under field conditions for water loss from excised leaves 

(WLL) as a selection criterion for drought tolerance and its relationship with yield. Their 

results revealed that all the entries were significantly different for the traits studied. The 

genotypes which had lower values of WLL under drought stress, produced comparatively 

better seed yield. Hence the seed yield was negatively correlated with WLL. Since WLL 

is easy to measure, therefore, it could be used for screening a large number of germplasm 

lines of Brassica species for drought tolerance in field.  

 
Field and pot experiments were conducted by Malik and Wright (1998) under drought 

stress to evaluate leaf water potential, osmotic adjustment, relative water content, excised 

leaf water loss, stomatal resistance and seedling survival as screening criteria in spring 

wheat. Twelve genotypes (six drought resistant and six drought susceptible) were used in 

the study. Drought resistant genotypes had higher osmotic adjustment, stomatal 

resistance, relative water content and seedling survival compared to drought susceptible 

genotypes. Excised leaf water loss was higher in drought susceptible genotypes. They 
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observed that the response of the genotypes for the traits at the flag leaf and 3rd leaf stage 

was similar; hence to get early informations for improved drought resistance, screening 

may be done at 3rd leaf stage. Leaf water potential may not be a reliable criterion to 

differentiate drought resistant genotypes from the susceptible ones. 

 
Aslam et al. (1999) studied ten elite maize inbred lines to estimate genotypic and 

phenotypic correlation coefficients of relative water content and stomatal frequency with 

grain yield both in the drought chamber and in the experimental area of the University of 

Agriculture, Faisalabad (Pakistan). Stomatal frequency showed significant and positive 

genotypic correlation with grain yield while it had non significant and positive 

phenotypic correlation with grain yield. Relative water content exhibited non significant 

and negative correlation with grain yield.  

 
Ahmed et al. (2000) evaluated the parental, F2 and backcross generations of two wheat 

crosses (Fsd. 85 x Pak. 81 and Fsd. 85 x Rohtas 90) to estimate the type of gene action 

for physiological (excised leaf water loss, relative water content) and morphological traits 

(plant height and 100-grain weight) under drought conditions. Generation means analysis 

was used to study gene action of the traits. They found that additive, dominance and 

additive x dominance gene effects were significant for the physiological traits, while 

additive, dominance and interactions were also involved in the inheritance of the 

morphological traits. 

 
Hundred F3 families of wheat along with the parents were grown by Rahman et al. (2000) 

in polyethylene tubes containing 400 g of air dried mixture of soil and sand in 1:3 ratio. 

Tubes carrying plants were supplied uniform dose of “Hogland” nutrients solution to 

keep up the fertility. Moisture level was kept uniform in all the tubes by adding water and 

weighing the watered tubes. Drought stress was imposed at 3-leaf stage of the plants by 

withholding water and data were recorded for excised leaf water loss (ELWL), relative 

water content (RWC), plant height and 100 grain weight to screen the material for 

drought tolerance. They found non-significant differences for relative water content 

(RWC). Negative correlation of ELWL with the yield components was also observed but 

it was nonsignificant. They reported that the traits did not correlate genetically with yield 
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components. The triats contributed towards the survival of plants so they suggested that it 

may be used as screening criteria for drought resistance. 

 
Ahmed et al. (2001) analyzed the parents, F2 and backcross populations from two wheat 

crosses (Fsd. 85 x Pak. 81 and Fsd. 85 x Rohtas 90) involving drought susceptible and 

resistant genotypes to determine narrow sense heritability and correlation of physio-

morphic traits (excised leaf water loss, relative water content, plant height and 100 grain 

weight) under rainfed conditions at Faisalabad, Pakistan. They estimated high 

heritabilities for excised leaf water loss (68.4-74.9%), relative water content (74.4-

78.6%) and moderate for plant height (35.6-66.1%). These results indicated that selection 

should lead to a fast genetic improvement. Low estimates of heritability were obtained 

for 100 grain weight (21.42-24.32 %), which suggested that the selection to be delayed 

till later generations. Plant height positively correlated with 100 grain weight, which 

revealed that height of plant contributed to higher yield under drought conditions.  

 
Alderfasi (2001) examined drought resistant traits (plant canopy temperature, rate of 

excised leaf water loss, flag leaf area and leaf weight) to study drought resistance in 3 

wheat cultivars (Yecora Rojo, Giza 162 and Stork) and 7 advanced lines (L14, L9, L951, 

L952, L953, L954 and L955) under field dry conditions and also investigated the 

relationships of these traits with grain productivity. All the genotypes were grown under 

three irrigation treatments (200, 400 and 750 mm) during 1994-95 and 1995-96 seasons 

in the Central Region of Saudi Arabia. The results indicated that plant canopy 

temperature, rate of excised leaf water loss, flag leaf area and leaf weight were the most 

important traits useful in screening programmes for drought avoidance in wheat. These 

traits were strongly correlated with grain productivity under field conditions. The results 

provided evidence that there is a possibility for certain traits to be utilized in screening 

programmes as useful selecting criteria for improving drought resistance in wheat under 

arid conditions. 

 
Parents, F1, F2 and backcross generations of a barley cross (Jau 83 x B 96039) were 

studied by Majeed et al. (2001) to find out the gene action of some physio-morphic traits 

(relative water content, excised leaf water loss, stomatal frequency, plant height, 1000 
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grain weight and grain yield per plant) for drought resistance. Experiment was conducted 

under drought conditions and a generation means analysis was employed to the data. 

Relative water content and stomatal frequency were simply inherited compared to other 

traits. Therefore, they suggested that selection for relative water content and stomatal 

frequency would be effective in early segregating generations. Selection for other traits 

should be carried out in advanced segregating generations to improve drought resistance 

in barley.  

 
Naidu et al. (2001) conducted an experiment to screen ten green-gram genotypes for 

drought tolerance under depleting soil moisture conditions during post rainy season. 

Relative water content of leaves (RWC) and seed yield decreased drastically in all the 

genotypes as the crop was subjected to progressive drought stress under receding soil 

moisture conditions. Among the genotypes studied K 851, Pusa 9072 and LGG 407 

performed well under drought stress conditions by maintaining high leaf relative water 

content, resulting less reduction in yield. 

 
Rana and Sharma (2001) studied 28 wheat hybrids along with their 8 diverse parental 

lines to determine the correlation among grain yield, biological yield, excised leaf water 

loss (ELWL) and relative water content (RWC) under non-stress (E1) and moisture-stress 

(E2) environments in Palampur, Himachal Pradesh, India. Grain yield exhibited 

significant positive correlation only with biological yield under both environments, which 

indicated that selection for better grain yield should be based on better biological yield.  

 
Thirty wheat genotypes were evaluated by Dhanda and Sethi (2002) for their response to 

drought stress at anthesis and maturity to examine differences in some morpho-

physiological traits (excised leaf water loss, relative water content and grain yield per 

plant) and to determine the relationships between these characters. One set of experiment 

was evaluated under well-irrigated environment and two sets under drought stress 

conditions at anthesis in one set and at maturity in the other, for 2 years (1991-92 and 

1992-93) in Hisar, Haryana, India. Genotypes differed in their response for grain yield, 

excised-leaf water loss and relative water content under drought stress. Differences in the 

genotypes for the traits were unclear under irrigated conditions. Genotypes x environment 
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interactions were significant. Excised leaf water loss had negative (-0.36*), while relative 

water content exhibited positive and significant (0.69**) correlations with grain yield, 

whereas, correlation between ELWL and RWC was negative (-0.33) under drought 

conditions. 

 
Dhanda and Sethi (2003) also evaluated 30 wheat genotypes for plant height, 100 grain 

weight, grain yield, biological yield and excised-leaf water loss over the growth stages 

(20, 40 and 60 days after sowing) and environments (normal and drought). Differences 

among the genotypes on the basis of mean values were better under normal (E1) than 

under moisture stress (E2) conditions as indicated by percentage reduction in E2 over E1. 

Highest reduction in the growth under water deficit was noticed for grain yield, followed 

by biological yield at tillering stage. Excised-leaf water loss at tillering, plant height at 

tillering and anthesis stages were among the characters which were least affected by 

drought. The reduction percentage in the mean value of 100 grain weight under drought 

stress compared to irrigated conditions was also high. The magnitude of genetic 

components of variance and heritability were, in general, lower under drought stress 

compared to normal conditions. Moderate to high variability coupled with high 

heritability estimates for plant height and biological yield in either of the growth stages 

under water deficit conditions indicated high advantage through selection for these traits.  

 
Performance of five cotton cultivars (Siokra L23, Zeta 2, Zeta 5, Korina and Eva) for 

plant height, plant fresh weight and relative water content under three water stress levels 

(0.0, -0.1 and -0.3 MPa) was studied by Voloudakis et al. (2002). Siokra L23 was 

confirmed to be the most drought tolerant cultivar followed by Eva, Korina, Zeta 2 and 

Zeta 5, based on their performance for the characters under study. They deduced from 

their studies that Siokra L23, Eva and Korina should be used under water shortage 

conditions, whereas Zeta provided a significant advantage to the grower when planted 

under conditions of high water availability. 

 
Kokhmetova et al. (2003) determined the genotype x environment interaction (GEI) and 

stability parameters of recombinant inbred lines (RILs) of wheat by field testing at three 

contrasting environments. The comparison of the performance and stability of the lines 
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L3, L10, L5 and L1 indicated that these breeding materials tended to display better 

performance for the main productivity traits and stability for plant grain yield compared 

with other RILs and parental forms. There was positive association between high leaf 

relative water content (RWC), low leaf relative water loss (RWL) and yield stability. 

Both physiological parameters (RWC and RWL) were good indicators of drought 

adaptation by wheat genotypes. A comparison of glume pubescent and unpubescent lines 

showed close negative correlation (-0.845) for spike RWL and spike RWC of all 

pubescent RILs. Therefore, they suggested that glume pubescence can be used as a 

morphological marker and indirect criterion for drought resistant genotype selection.  

 
Pot experiment was conducted by Mu-XiuLing and Bao-Xiao (2003) on cotton in 2002 to 

determine the effect of different levels of drought stress on plant growth. Soil water 

content was kept at 70-75% (control), 60-65% (light water stress), 50-55% (medium 

water stress) and 40-45% (heavy water stress) for a period of time from 20 April. 

Samples were taken on 30 May. Under different water stresses, the water regime in 

cotton leaves and photosynthesis changed markedly. With the aggravation of drought, the 

relative water content in leaves decreased, the deficiency in water saturation increased 

significantly, the free water content decreased, the bound water content increased and the 

metabolic level of plants decreased. No significant difference was observed between light 

water stress and the control. A significant difference was observed between control and 

medium or heavy water stress. 

 
Dhanda and Sethi (2004) evaluated 30 wheat genotypes in three sets of experiments for 

relative water content and excised-leaf water loss under drought and normal conditions. 

Out of three sets of experiments, one set evaluated under well irrigated while two sets 

evaluated under drought stress conditions by developing drought stress at anthesis stage 

in one set and at maturity stage in other set for two years. Genotypes differed in their 

responses at both stages of plant growth for the characters under study. Significant 

genotype x year interaction indicated differential responses of genotypes over the years. 

Continued water deficit resulted in reduced mean values and variability for all the 

characters. Varieties WH 147, WH 147 (U) showed a combination of traits such as 

drought resistance, water retention and grain yield, while C 306, Kharchia 65 and Hindi 
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62 showed better water retention in the leaves. According to their observations relative 

water content and excised-leaf water loss appeared to be the important characters as the 

varieties having better resistance also had better performance in these characters. 

 
Drought susceptible (Pishtaz) and tolerant (Sakha 8) wheat cultivars along with their F1, 

F2, BC1 and BC2 generations were studied by Golparvar et al. (2004) for relative water 

content (RWC) and grain yield per plant to find out their response to drought stress 

conditions, in Iran. Analysis of variance indicated significant differences between 

generations of traits studied. Generation means analysis for RWC revealed additive and 

dominance type of gene action along with additive x additive and additive x dominance 

interactions. Therefore, selection of this trait for drought tolerance in later segregating 

generations might be fruitful. 

 
XianDe et al. (2004) evaluated eighteen maize inbred lines (9 with strong and 9 with 

weak drought tolerance) for relative water content, under normal and water stress 

conditions. Under normal treatment, irrigation was done at 5-day intervals from 15 days 

after sowing. In the water stress treatment, irrigation was done on days 15 and 30 after 

sowing. Relative water content was high in nine inbred lines (313, Han23, Zhongzi01, 

C8056, 52106, Zi330, X178, P138 and HC) with strong drought tolerance  and low in the 

inbred lines (Luyuan 92, Yu12, Zhonghuang204, B73, Jinhuang96b, S7913, S37, 

Zheng22 and Zong31) with weak drought tolerance  under drought stress. 

 
Converted Race Stocks (CRS), TAM 94L-25 and Lankart 142 (LK142) of cotton 

(Gossypium hirsutum L.) were studied by Basal et al. (2005) for excised leaf water loss 

(ELWL) under water stress and non stressed conditions. Two putative seedling drought 

tolerant and two putative non-seedling drought tolerant CRS lines, plus TAM 94L-25 and 

LK 142 were grown with and without moisture stress in a greenhouse at College Station, 

Texas in 2002 and 2003. The excised leaf water loss tended to be greater in the CRS lines 

when measured at 30 m intervals for 8 h. They suggested that (i) excised leaf water loss 

could be used as reliable screening criteria for drought resistance and (ii) CRS accessions 

could be used as a source of useful genetic variability for drought tolerance in cotton. 
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Golabadi et al. (2005) evaluated 151 F3 families of durum wheat for grain yield, excised 

leaf water loss and relative water content under drought and irrigated conditions. Grain 

yield, excised leaf water loss and relative water content were significantly and negatively 

affected by drought stress. Genetic variance and heritability estimates for relative water 

content were highest under irrigated condition. Relative water content decreased and 

excised leaf water loss increased under moisture stress, indicating the selection criterion 

on the basis of these characters for drought tolerance.  

 
Joshi et al. (2005) evaluated 9 lines of pearl millet including 4 male sterile and 5 inbred 

lines for relative water content and grain yield under drought stress conditions in Gujarat, 

India. The male sterile line 95444B and the inbred line J 2340 showed the highest grain 

yield (628.9 and 806.7 kg/ha), and relative water contents (74.2 and 77.8%) which were 

considered drought resistant lines.  

 
Thirty wheat genotypes were evaluated by Munjal and Dhanda (2005) for excised leaf 

water loss (ELWL), relative water content (RWC) and grain yield per plant (GY) under 

drought stress (rainfed) and irrigated conditions in Hisar, Haryana, India. They found 

significant differences due to genotype, environment and genotype x environment 

interaction. Genotypes exhibited low ELWL, high RWC and high GY values, indicating 

the criterion to distinguish drought resistant from drought susceptible genotypes.  

 
Sheeba et al. (2005) evaluated 18 rice genotypes for relative water content and biomass 

yield under aerobic (non-flooded) condition in Madurai, Tamil Nadu, India. Drip 

irrigation system was used to generate 3 levels of water stress based on available soil 

moisture (ASM), i.e. low stress (80-100% ASM), medium stress (60-79% ASM), and 

high stress (50-59% ASM). In general, better adaptability to high moisture stress was 

exhibited by RIL 16, RIL 86, Norungan, Nootripathu and Varappukudanchan as they 

indicated significant mean values for the characters under study. MDU 5, PMK 2, PMK 3 

and RIL 70 showed tolerance under medium stress, whereas TKM 9 and PM 01011 were 

suitable for low stress. Lowland irrigated rice cultivars ASD 16, ADT 36, IR 36, PM 

01010 and the new plant type lines were not suited to aerobic conditions. 
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A diallel cross comprising eight maize inbred lines was studied by Tabassum et al. 

(2005) to find out gene action for grain yield and stomatal frequency under normal and 

moisture stress conditions. Over-dominance type of gene action was found for grain yield 

per plant under normal and water stress conditions, while additive type of gene action for 

stomatal frequency under normal condition changed to over-dominance type of gene 

action under water stress condition. 

 
Ahmad et al. (2006) evaluated 15 wheat genotypes (Chakwal 86, Rawal 87, Inqalab 91, 

Suleman 96, Chakwal 97, margalla 99, Iqbal 2000, Uqab 2000, AS 2002, GA 2002, 00C 

01, V-2166, V-2172, 99FJ 016 and 00BT 04) for stomatal frequency, 1000 grain weight 

and grain yield per hectare to find out physio-morphic response of genotypes at the 

University of Arid Agriculture, Rawalpindi (Pakistan), under rainfed conditions. Highly 

significant variation was observed among the genotypes for 1000 grain weight and grain 

yield per hectare, whereas differences were significant for stomatal frequency. Stomatal 

frequency and 1000 grain weight showed small positive correlation with grain yield. On 

the basis of these results they suggested that plants may tolerate stress conditions at the 

cost of yield. Therefore, to cope with this situation the yield losses should be minimized.    

 
Four cotton genotypes (MS 84, Cris 379, A 89/FM and FH 950) and their eight F1 

hybrids were evaluated by Malik et al. (2006) to estimate genetic linkage among drought 

tolerant (relative water content, excised leaf water loss and stomatal frequency) and 

agronomic traits (fibre length, fibre strength, fibre fineness, number of bolls per plant, 

boll weight and ginning out-turn) under drought conditions. Relative water content 

(RWC) positively correlated with boll weight but negatively correlated with fibre length. 

The stomatal frequency and excised leaf water loss (ELWL) revealed non-significant 

relationship with all the characters under study. The RWC had also non-significant 

relationship with number of bolls per plant, fibre fineness and fibre length. They 

concluded that negative correlation of RWC with fibre length showed linkage of genes 

for lower fibre length with the genes responsible for maintaining high RWC.  

 
Kumar and Sharma (2007) studied the genetic effects on twelve wheat populations 

including two parents (P1 and P2), F1, F2, first backcross generations (BC1 and BC2), 
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second back cross generations (BC11, BC12, BC21, BC22) and backcross selfed generations 

(BC1s and BC2s) of four crosses involving three drought tolerant and three drought 

susceptible cultivars to determine nature of gene action for excised-leaf water loss 

(ELWL) and relative water content (RWC) through generation means analysis under 

rainfed (E1) and irrigated (E2) environments. Significant differences were observed 

among generation means for excised leaf water loss and relative water content in all the 

four crosses under both the environments, which revealed the presence of genetic 

diversity for these characters in the materials. Additive gene effects were predominant for 

RWC, while for ELWL both additive and dominance component of variance were 

important. Epistatic effects, particularly dominance × dominance type of interaction was 

more predominant for RWC, while additive × additive for ELWL. The study revealed 

that magnitude of non-additive gene action was higher than additive gene action in most 

of the crosses for both the characters. Under such situations breeding methods such as 

biparental mating or diallel selective mating could be followed in developing wheat 

populations with less water loss and high relative water content. Among the traits 

reported in literature, relative water content and excised leaf water loss have been 

preferred because they are simple and rapid in measurement and are practically more 

feasible in screening large segregating populations 

 
2.2 Study of agronomic traits for drought resistance   

Marani and Amirav (1971) examined the effect of moisture stress during different stages 

of cotton development in two experiments sown in the Coastal Plain Region of Israel 

where temperatures were mild and evapo-transpiration less than 6 mm per day. Two 

varieties of upland cotton, Acala 4-42 and Deltapine Smoothleaf, were affected similarly. 

Moisture stress at the beginning of flowering reduced growth rate and the number of 

flowers and bolls. During the second half of the flowering period it reduced boll 

retention, boll number, boll weight, seed index, lint index and lint length. Stress during 

boll development affected the boll size and resulted early maturity. Lint yield reduced 

significantly due to moisture stress during each of the periods however, there was no 

effect on tensile strength. They found that three irrigations were sufficient for high yield 

and good quality of lint.    
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Similarly Shimshi and Marani (1971) studied the effects of moisture stress at different 

stages of growth on two cotton varieties in the arid Negev region of Israel. After 

conducting the experiments over two years they observed that at the beginning of 

flowering, yield was considerably reduced; at the peak of flowering there was a lesser 

effect and stress at boll development caused a reduction in boll number and lint yield. 

They recorded that lint yield ranged from 380 kg./ha. without irrigation to 2150 kg./ha. 

with five irrigations. 

 
Eight cotton varieties were evaluated by Singh et al. (1971) under well watered 

conditions to find out the genetics of yield, boll number and boll weight. They found 

additive and dominance genetic variances along with interactions for the characters 

studied.  

 
Marani (1973) evaluated the effects of moisture stress during different stages of cotton 

growth. Stress at the beginning of flowering affected adversely the flowere number; boll 

number, boll weight, lint yield, lint length and seed index were effected by stress at the 

end of flowering. Earliness and lint fineness were affected by stress during early boll 

development.                                                                                                                              

 
Six populations (P1, P2, F1, F2, B1 and B2) of five upland cotton (Gossypium hirsutum L.) 

crosses were evaluated by Pathak (1975) under well watered conditions to find out 

genetic effects for fibre properties by the analysis of generation means and indicated that 

additive, dominance and dominance × dominance genetic effects were involved in the 

inheritance of fibre length. Fibre strength had additive gene action while fibre fineness 

was governed by over dominance type of gene action. 

 
Cereal cultivars representing durum wheats, Triticales, barleys and especially tall and 

dwarf bread wheats were evaluated by Fischer and Maurer (1978) in field experiments in 

north-western Mexico over three seasons to understand the basis of cultivar differences in 

yield under drought. Drought was developed in that rain-free environment by 

permanently withholding irrigation at different stages prior to anthesis. Control plants 

were well watered during the growing period. The cultivars under drought produced yield 
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from 37 to 86% of control yield. Highly significant cultivar differences were observed 

under drought and were consistent between years.  

 
Heterosis and gene action was studied by Meredith and Bridge (1972) for seed index, lint 

yield, lint percentage and fibre traits at four locations from the six groups of populations 

involving ‘Deltapine 16’ crossed with six cultivars (Q1, Del Cerro 183,  FTA 263-20, 

Acala 3080, Mo 277–396, and Stoneville 603) under well watered conditions. Heterosis 

for lint yield was detected in each cross. The F1 yields ranged from 92 to 115% of that of 

Deltapine 16, while F2 yields ranged from 86 to 107%. Parental lines originating from 

outside the Delta in general produced hybrid by location mean squares greater than those 

from Delta-derived parents. These interactions were related to the higher relative 

performance of Deltapine 16 at the locations with higher yield. Four of the six F1 

populations produced yields equal to or greater than Deltapine 16, while also having 

longer, stronger and finer fiber. Additive effects were stronger for lint percentage, seed 

index, fiber strength, fiber elongation and fiber fineness, while additive and dominance 

both were involved for lint yield and fiber length.           

 
Kalsy and Garg. (1988) evaluated two cotton crosses (‘F 414’ x ‘A 2063’ and ‘F 286 x ‘B 

55-53’) along with their parents (P1, P2), F2 and backcrosses (BC1, BC2) for plant height, 

boll number, boll weight and seed-cotton yield, to find out information on the nature and 

magnitude of various types of gene effects under well watered conditions at Faridkot, 

India. The generation means analysis showed that 3 types of gene action (additive, 

dominance and epistasis) were important in the inheritance of boll weight and seed-cotton 

yield. The contribution of dominance and epistatic gene effects was greater than the 

additive effects for these characters. Reciprocal recurrent selection may be the most 

suitable breeding procedure for the improvement of boll weight and seed cotton yield to 

exploit additive and non-additive gene effects. The additive component was the main 

component involved in the inheritance of boll number in both the crosses. This suggested 

the possibility of exploiting this component for the isolation of desirable segregants by 

simple selection technique. 
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Clarke et al. (1992) assessed drought tolerance (drought susceptibility index, S) in term 

of minimum depression of yield in dry compared to favourable environments with a 

superiority measure (P)  based on the sum across environments of the mean squared 

differences between genotype yield and the  maximum yield in each environment. 

Twenty five hexaploid (Triticum aestivum) and 16 tetraploid (Triticum turgidum var. 

durum) wheat genotypes were grown in separate experiments under dry and irrigated 

conditions on a clay loam soil. There was year to year variation in S within genotypes and 

changes in genotypes ranking within years. No single cause for this variability was 

identified. The S index did not differentiate between potentially drought tolerant 

genotypes and those that had low yield potential from other causes. The P was correlated 

with mean yield in both the hexaploid (-0.96** ) and tetraploid (-0.94** ) groups. However, 

P was strongly influenced by high yield environments. Although P appeared to be a 

possible method to quantify average superiority of genotypes across locations, its 

suitability required further assessment. Therefore, they stated that there seemed to be no 

simple technique to quantify drought tolerance that would assist physiologists in 

choosing genotypes. 

 
Six cotton cultivars (CD 3H, SP 37H, CABUCS, MACAOS, DPL 41 and PAY 303) were 

evaluated by Cook and El-Zik (1993) for two years in the field under irrigated and non-

irrigated (dry land) conditions to determine the effect of water stress on boll production, 

lint yield and earliness. Cultivars differed significantly for boll production, lint yield and 

earliness at crop maturity. CD 3H and CABUCS produced significantly greater non-

irrigated lint yields (290 and 276 kg ha-1, respectively) compared to SP 37H, MACAOS 

and PAY 303 (211, 206 and 196 kg ha-1, respectively). Results demonstrated that genetic 

variability existed among currently available cotton germplasm sources for boll 

production, lint yield and earliness. They concluded that identification of germplasm with 

increased drought tolerance can provides to the breeders valuable genetic traits and 

mechanisms for increasing lint yield in areas subjected to soil water deficits. 

 
Giunta et al. (1993) conducted field experiments with durum wheat and Triticale under 

different moisture levels, in a typical Mediterranean climate. Yield of wheat showed 

significant reductions (25, 54 and 87%) under drought stress, while Triticale exhibited 
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only a small and non significant decrease (8%) compared to control. The most severe 

stress caused a reduction in all the yield components particularly in the number of fertile 

ears per unit area (60%) and in the number of grains per ear (48%). However, the 

reduction in yield under mild stress was only due to a lower grain size. Harvest index was 

significantly decreased (from 48 to 24%) in cases of severe drought in wheat. The greater 

drought resistance of Triticale could be attributed to the early heading date and to the 

greater capacity of its roots to tap water from soil. 

 
Alam and Islam (1991) evaluated twenty diverse cotton genotypes for yield and its 

components to estimate correlation coefficient under well watered condition. Genotypic 

correlation coefficients were higher than the corresponding phenotypic correlation 

coefficients for all parameters studied. They found that seed cotton yield per plant was 

significantly and positively correlated with number of bolls per plant and boll weight. 

Path coefficient analysis showed that the number of bolls per plant had the maximum 

positive direct effect on seed cotton yield per plant, followed by boll weight.  

 
Tomar et al. (1992) evaluated the parental and F1 generations of a 20 line X 3 tester cross 

of desi cotton for seed cotton yield, lint yield, number of bolls/plant and ginning 

percentage to estimate correlation coefficients under well watered conditions. They found 

that seed cotton yield was positively and significantly correlated with lint yield, number 

of bolls per plant and ginning percentage.  

 
Arshad et al. (1993) evaluated four upland cotton varieties (CIM70, MNH129, NIAB78 

and MNH93) for plant height, number of bolls/plant and seed cotton yield/plant to 

calculate correlation coefficients under well watered conditions. They found that plant 

height and number of bolls per plant positively correlated with seed cotton yield. Number 

of bolls per plant also had positive correlation with plant height.  

 
Six cotton varieties and their 30 hybrids from a diallel set of crosses were evaluated by 

Carvalho et al. (1994) under well watered conditions for correlation analysis. They found 

that seed cotton yield was correlated positively with number of bolls per plant, boll 

weight and plant height, while seed cotton yield had a negative correlation with fibre 

strength. Correlation between fibre length and fibre fineness was negative.   
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Tyagi (1994) evaluated progenies of a cross (J34 x IC 1926) for seed cotton yield, 

bolls/plant, boll weight, ginning out turn, fibre fineness, fibre length and lint index to 

estimate correlation coefficients under well watered conditions. He found that seed cotton 

yield was significantly and positively associated with number of bolls/plant, boll weight, 

ginning out turn, fibre fineness and lint index. While fibre length was significantly and 

negatively correlated with seed cotton yield.  

 
Five entries of cotton (H 777 x Del. Cot (F2), H 777 x Texas I (F2), HS 168 x BR 181 

(F2), a stable strain HS 6 and variety H-777) were studied by Bhatnagar (1995) under 

well watered conditions and found positive correlation of boll weight with yield, seed 

index, ginning percentage and lint index. Similarly Amutha et al. (1996) studied fifteen 

cotton genotypes under well watered conditions and they found positive correlation 

between boll weight, plant height, and number of bolls per plant.  

 
Rao and Mary (1996) studied ten upland cotton (Gossypium hirsutum) genotypes 

and their 45 F1 hybrids for boll number, boll weight, lint index,  seed cotton yield, 

fibre fineness and fibre length to estimate correlation coefficients under well 

watered conditions. They found positive correlation between seed cotton yield and 

all traits studied except fibre length and also found  negative correlation for fibre 

fineness with fibre length. Path analysis showed boll number and boll weight had 

the highest direct effects on seed cotton yield.  

 
Younis and Shalaby (1997) evaluated ten genotypes of Egyptian cotton (Gossypium 

barbadense) for lint yield per plant, bolls per plant, boll weight, lint percentage, seed 

index, plant height, seed cotton yield, fibre length, fibre fineness and fibre strength to 

estimate their correlation coefficients under well water conditions. They found 

phenotypic correlation coefficients between lint yield and its components (bolls per plant, 

lint percentage, seed cotton yield per plant and plant height) were positive and negative 

correlations with lint yield were recorded for boll weight and fibre properties.  

 
Sultan et al. (1999) studied 20 diverse genotypes of upland cotton (G. hirsutum) for boll 

numbers per plant, boll weight, ginning percentage and fibre yield to calculate correlation 
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coefficients under well watered conditions at Jessor, Bangladesh. They found significant 

positive correlations of boll number, boll weight and ginning percentage with fibre yield 

at both the genotypic and phenotypic levels. They also found negative correlation 

between boll number and boll weight. Path coefficient analysis showed that boll number, 

boll weight and ginning percentage had strong direct effects on fibre yield.   

 
Gerik et al. (1996) conducted a study during 1990 and 1991 at Temple, TX to find the 

morphological and physiological factors reduce the effects of drought stress on the yield 

of two short season cotton cultivars (HQ 95 and GP 74) having a common parent in 

ancestry. Water stress was imposed by replenishing a fraction of the water lost to evapo-

transpiration, beginning about 78 days after emergence. The cultivar, HQ 95 used more 

water and used with faster rate than GP 74 under drought stress. They found that HQ 95 

produced more bolls and higher yield under both well watered and drought stress 

environment than GP 74 in each of the two years. Boll weight did not differ between the 

two cultivars under well watered and drought stress.  

 
One hundred and ninteen durum wheat genotypes were evaluated by El-Moneim and 

Belal (1997) for  plant height, 1000 grain weight, biological yield and grain yield per 

hectare during four successive growing seasons (from 1991/92 to 1994/95) under low 

rainfed conditions (121-180 mm/year) in El-Arish, North Sinai, Egypt. Data were 

analysed and promising genotypes were selected based on desirable traits. They found 

that the most promising genotypes were hybrid 186, (for biological yield), Stnajia (for 

1000-grain weight, biological yield and grain yield), hybrid 159 (for grain yield) and 

Cham 1 (for plant height). Therefore, they suggested that these genotypes could be used 

as genetic resources for improving durum wheat productivity under drought conditions. 

They also found that plant height and biological yield were significantly and positively 

correlated with grain yield. 

 
El-Seidy (1997) assessed the genetic variability for plant height, 1000 grain weight and 

grain yield per plant in 15 F1 and 15 F2 populations of barley obtained from half diallel 

cross among 6 cultivars (Giza 121, Giza 123, Giza 124, CC 163, Plaisant and ICRI) 

under water stressed and non-stressed conditions during 1994/95 and 1995/96, in Tanta, 
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Egypt. Additive and dominance gene effects significantly influenced all traits of the F1 

populations under both conditions, while additive gene effects were higher than 

dominance gene effects in the F2 generation under both environments. Drought reduced 

all traits in both populations. All hybrids were relatively drought tolerant. Therefore, 

selection and pedigree breeding based on grain yield was recommended to improve 

barley productivity under drought environments. 

 
Genetic analysis of 56 F1 hybrids, derived from 8 x 8 diallel cross, was conducted by 

Sayal and Sulemani (1996) under well watered conditions to estimate the gene action for 

lint percentage, seed index, staple length and seed cotton yield. All traits studied showed 

dominance except seed cotton yield which had additive gene action. NIAB 78 was the 

best general combiner for all traits except staple length for which MNH 156 was the best.  

 
Four upland cotton (Gossypium hirsutum) varieties (S 12, BP 52-63, Okra and Bar. 8) 

were evaluated by Ahmad et al. (1997) to estimate the gene action of seed-cotton yield 

and its related traits in a diallel trial conducted under well watered conditions at 

Faisalabad, Pakistan. They found additive gene action with partial dominance for boll 

number/plant, boll weight, seed-cotton yield and seed index. Epistatic effects were also 

involved in the expression of all the characters except boll weight. 

 
Gomaa (1997) studied three crosses (Giza 45 x Giza 75, Giza 45 x Giza 77 and Giza 45 x 

Family 10/87) of cotton along with their parents, backcrosses and F2 populations under 

well watered conditions to estimate the gene action of yield, yield components and fibre 

traits. He found additive variance for seed cotton yield/plant and fibre length in cross III, 

boll weight in crosses I and II, lint percentage in crosses I and III, and micronaire value in 

cross II. While dominance variance was observed for seed cotton yield/plant, lint 

percentage, fibre strength in the cross II, as well as number of bolls/plant in crosses II and 

III and fibre length in cross I. 

 
Four cotton varieties (1517-75, D 2-L-9-68, M 4 and CIM 240) along with their 

reciprocal crosses were evaluated by Ali et al. (1998) to estimate heritability for number 

of bolls per plant, boll weight and seed cotton yield per plant at Faisalabad, Pakistan, 
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under well watered conditions. Their results showed reasonable coefficients of variability 

for the characters under study. Broad sense heritability estimates were prominent for boll 

number (15.19 to 60.45 %), boll weight (44.22 to 85.77 %) and seed cotton yield (9.89 to 

62.69 %), suggesting the improvement for these traits through selection. 

 
Hussain et al. (1998) evaluated twelve upland cotton (Gossypium hirsutum) genotypes for 

boll weight, staple length, seed index, lint index, ginning percentage and yield of seed 

cotton per plant under well watered conditions and found that ginning percentage and lint 

index positively and significantly correlated with each other. They also found that staple 

length positively correlated with seed cotton yield. Path coefficient analysis showed that 

lint index had the greatest positive direct effect on seed cotton yield, followed by staple 

length.  

 
Penna et al. (1998) conducted a study to screen seedling for drought tolerance in cotton 

(Gossypium hirsutum L.) and to identify tolerant genotypes among a large number of 

entries. Ninety genotypes were screened in seven growth chamber experiments. Fifteen 

day old seedlings were subjected to four 4-day drought cycles and plant survival was 

evaluated after each cycle. Significant differences among entries were obtained in four of 

the seven experiments. A “confirmation test” with entries previously evaluated as 

“tolerant” (high survival) and “susceptible” (low survival) was run. A number of entries 

duplicated their earlier performance but others did not, which indicated the need to 

reevaluate selections. They observed that the technique was simple, though time-

consuming, with practical value for screening a large number of genotypes. Results from 

the screening tests generally agreed with field information. The screening procedure was 

suitable to select tolerant genotypes from a large number of entries in germplasm 

collections as a preliminary step in breeding for drought tolerance.  

 
Correlation of different traits in cotton (Gossypium hirsutum) was studied by Larik et al. 

(1999) under well watered conditions. Their results indicated that fibre strength had 

positive correlation with staple length and ginning outturn percentage. Fibre fineness 

showed positive correlation with fibre strength and negative with staple length. Ten 

cotton varieties and 45 crosses were studied by Murthy (1999) under well watered 
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conditions and he found that number of bolls per plant, plant height and number of seeds 

per boll had positive correlation with seed cotton yield, while negative with lint %age.  

 
Satange et al. (2000) evaluated 30 genotypes of American cotton (Gossypium hirsutum) 

to study correlation coefficients for seed cotton yield/plant, bolls/plant, plant height, seed 

index and boll weight under well watered conditions. They found that number of bolls 

per plant, seed index and boll weight had positive significant correlations with seed 

cotton yield/plant both at genotypic and phenotypic levels. 

 
Gomaa et al. (1999) evaluated two cotton crosses (Family 8/87 x S 6037 and Giza 80 x S 

6037), their P1, P2, F2 and F3 families to estimate the type of gene action and correlation 

for yield and yield components. They observed additive variance for seed cotton 

yield/plant, bolls/plant and seed index in the first cross, while dominance variance was 

controlling seed cotton yield/plant and bolls/plant in the second cross. Both additive and 

dominant genetic variances were controlling boll weight and lint percentage in both the 

crosses and seed index in the second cross. In cross 1 seed cotton yield/plant had positive 

genotypic correlation with bolls/plant and boll weight, In cross 2, there was a positive 

genotypic correlation between seed cotton yield/plant and bolls/plant. 

 
Ten cotton genotypes and their F1 hybrids were evaluated by Nistor and Nistor (1999) 

under well watered conditions and they concluded from their study that additive and 

dominance effects were involved in the inheritance of fibre length, while an 8×8 diallel 

analysis was conducted by Pavasia et al. (1999) in cotton under well watered conditions 

and additive type of gene action was found for ginning out-turn, seed index, lint index 

and fibre fineness.   

 
Ten cotton varieties using diallel were evaluated by Hendawy et al. (1999) to study the 

inheritance of fibre length, strength and fineness. Griffing approach revealed that additive 

and additive × additive type of gene actions were of greater importance whereas Hayman 

approach showed that additive genetic variance was highly significant for the traits.  

 
Four cotton (Gossypium hirsutum) genotypes viz., CIM 1100, CIM 443, VH 57 and CIM 

444 and their twelve F1 hybrids were studied by Mukhtar et al. (2000) to estimate the 
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type of gene action responsible for plant height, number of bolls per plant, boll weight 

and seed cotton yield per plant under well watered conditions at Faisalabad, Pakistan. 

Analysis of variance indicated significant differences among parents and their F1 

progenies for all the four characters studied. Results indicated that all the traits under 

study were controlled by additive type of gene action with partial dominance while 

epistatic effects were non significant in the manifestation of the traits. They stated that 

the situation was quite helpful to a plant breeder to improve such characters through 

simple selection procedures.  

 
Singh et al. (2000) examined breeding strategies in maize for improving drought 

tolerance in five kinds of populations derived from composites possessing various 

degrees of drought tolerance: composites 8551 and 85134 (most tolerant), 8527 and 

85164 (tolerant), 8557, Ageti 76 and DRC 8601 (moderately tolerant) and A 68 (most 

susceptible). The five populations were evaluated under three moisture regimes: optimum 

moisture (four irrigations, I4), moderate moisture stress (two irrigations, I2) and high 

moisture stress (completely rainfed without irrigation, I0). Results revealed that reduction 

in grain yield per plant was maximum under I0 (63%), and negligible (6%) under I2 and 

I4. Grain weight reduction was 27.5% under I0. Grain yield per plant and per plot showed 

maximum reduction under stress conditions. Moderate reduction (15-30%) was observed 

for plant height and grain weight, which were also highly heritable and positively 

correlated with grain yield per plot. Composites 8551 and 85164 performed better than 

the rest of the composites under all moisture situations. Composite 8557 was specifically 

adopted to I0 situation. The variability for yield and yield components was higher under 

stress (CV: 15.8-50.4%) than optimum moisture situations (CV: 9.3-31.7). The yield 

heritability under moisture stress was low. The average heterosis for yield under I0 and I4 

were 11.7 and 16.1% better than parental composites indicating that hybrids performed 

better than parents. The hybrid composite 8527 x DRC 8601 performed exceedingly well 

across different moisture situations. Therefore, direct selection for yield was advisable 

under optimum situation after doing selection under stress for highly heritable and 

strongly correlated traits.  
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Thirty six wheat genotypes including six parent varieties (Pak. 81, LU 26, Inqlab 91, 

Rohtas 90, 4072 and 4943) and their thirty F1 generations were evaluated by Subhani and 

Chowdhry (2000) to estimate type of gene action for plant height, 1000 grain weight, 

stomatal frequency, grain yield per plant and biomass per plant under both irrigated and 

drought stress conditions. Their results exhibited partial dominance along with additive 

type of gene action for plant height, 1000 grain weight and stomatal frequency under both 

environments. Over dominance type of gene action changed into partial dominance or 

vice versa with the change of environment for biomass per plant and grain yield per plant. 

Genotype 4943 possessed maximum dominant genes for biomass per plant and grain 

yield per plant under irrigated conditions and LU 26 for 1000 grain weight. In case of 

drought stress conditions variety Inqlab 91 had maximum dominant genes for plant 

height, biomass per plant and grain yield per plant while genotype 4943 for 1000 grain 

weight and stomatal frequency. Dominant genes involved in the inheritance of 1000 grain 

weight, biomass per plant and grain yield per plant under both environments. Therefore, 

they concluded that the presence of additive type of gene action along with partial 

dominance for plant height, stomatal frequency and 1000 grain weight would suggest the 

selection in early segregating generations for those traits. Whereas, effective selection in 

the early segregating generations would be difficult for biomass per plant and grain yield 

per plant due to the presence of over dominance under their respective environment. The 

presence of predominantly large amount of non-additive gene action for biomass per 

plant and grain yield per plant would necessitate the maintenance of heterozygosity in the 

population, because such genetic variability was non-fixable. 

 
Ahmad et al. (2001) studied the inheritance of seed cotton yield and some yield 

components in a 4 x 4 diallele cross experiment under well watered conditions at 

Faisalabad, Pakistan. They found additive type of gene action with partial dominance for 

number of bolls per plant, boll weight and seed cotton yield. No epistatic effects were 

observed in the inheritance of these traits. 

 
Genetics of two parental lines and their F1, F2, RC1 and RC2 generations were studied by 

Bertini et al. (2001) in cotton under well watered conditions and dominance effects were 

observed for number of bolls, boll weight and fibre yield, while in fibre traits additive 
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effects were present. The presence of a large amount of additive effects for fibre traits 

suggested that there was potential for improving fibre quality in cotton. 

 
Kar et al. (2001) conducted a study on five cotton hybrids PKV Hy 4, PKV Hy 2, Sabita, 

Surya and Ankur with one Check (MCU 5) during 1997 and 1998 at the Central Research 

Station, Orissa, India, under water deficit conditions imposed at different growth stages 

to assess their relative tolerance to drought through the estimation of number of bolls per 

plant and seed cotton yield. Moisture stress treatments were imposed at vegetative, 

flowering and boll development stages by withholding irrigation till temporary wilting 

appeared. In each case, three stress cycles were given until wilting approached and 

thereafter irrigated till the harvest. Their results revealed that seed cotton yield and 

number of bolls per plant decreased significantly in all the varieties in response to water 

stress imposed at flowering stage (60 DAS). Out of five cotton hybrids, ‘PKV Hy 4 and 

PKV Hy 2 were found to be relatively drought tolerant on the basis of assessment of their 

yield performance. The moisture stress at flowering stage (60 DAS) in cotton was found 

to be more critical compared to vegetative (30 DAS) and reproductive stages (90 DAS).   

 
GuangMei and Zheng (2003) simulated water stress in a greenhouse experiment to study 

the response of 7 maize cultivars/lines to drought, as expressed by their growth and 

development indicators and economic yield, at Central Guizhou, China. From the booting 

stage (7 days after jointing) to tasselling stage, the plants were exposed to water stress, 

with soil water at 45% of maximum field capacity. According to their results 

considerable differences were observed among the genotypes for the characters under 

study. S 9922 and Jinyinyushi showed satisfactory resistance to drought on the basis of 

plant height and seed yield, and were hence recommended for water-saving cultivation of 

maize in the province. 

 
A pot experiment on four wheat cultivars (Inqlab-91, Chakwal-97, Rawal-87 and Kohsar-

95) was conducted by Kazmi et al. (2003) to study the effects of water stress on grain 

yield. Five irrigation levels were imposed at different growth stages (control, terminal 

drought, pre-anthesis drought, three irrigations and post-anthesis drought) and grain yield 

per pot was studied. Terminal and pre-anthesis drought resulted in severe crop damage 



 36

and mortality before the final harvest. The reduction in grain yield was 40% at three 

irrigation levels to 98% in the post-anthesis stage, depending on the extent and degree of 

stress. The wheat plants could withstand and tolerate drought only before the anthesis 

stage; thereafter, water stress resulted in crop damage and mortality. Therefore, they 

observed that critical period for moisture stress in wheat started at 60 days after sowing, 

becoming more severe at the anthesis stage (90 days after sowing). Among the cultivars, 

Inqlab-91 was the most drought tolerant. 

 
Generation means analysis was used on 6 generations (P1, P2, F1, F2, BC1, BC2) of a cross 

in cotton by Mert et al. (2003) under well watered conditions to find the inheritance of 

ginning out-turn (GOT) and 100 seed weight. They reported that additive, dominance and 

epistatic genetic effects were responsible for GOT, while only dominance effects were 

involved in the inheritance of 100 seed weight.  

 
Saravanan et al. (2003) evaluated a diallel set of seven cotton cultivars (six from G. 

hirsutum viz. MCU 12, Paiyur 1, SVPR 2, Anjali, Maruthi, MCU 5 and one cultivar of G. 

barbadense viz. Suvin) to study the gene action and components of variation for plant 

height, boll number, boll weight and seed cotton yield per plant under well watered 

conditions at Coimbatore, Tamil Nadu, India. Analysis of variance on mean basis 

detected highly significant differences among entries for all characters studied, which 

indicated the availability of genetic variability in the population for all the characters. The 

additive (D) component of genetic variation was significant for seed cotton yield per 

plant but non-significant for plant height, boll number and boll weight per plant. The 

dominance (H) component of genetic variation was significant for all the characters 

studied. The additive component was greater than dominant component for boll weight 

indicating the role of additive factors in this trait. The dominance component (H) was 

greater than additive component (D) for plant height, boll number and seed cotton yield 

per plant suggesting the predominance of dominant factors involved in the traits. The 

degree of dominance was more than unity for plant height, boll number and seed cotton 

yield per plant which indicated the existence of over dominance for the traits. The high 

estimates of narrow sense heritabilities for plant height, boll number and boll weight per 

plant indicated the presence of additive gene effects, whereas the magnitude of narrow 
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sense heritability was low for seed cotton yield per plant suggesting the importance of 

non-additive gene effects. 

 
Fifty one single plant selections of different colour linted genotypes of cotton were 

evaluated by Ahuja et al. (2004) in the field for plant height, boll number per plant, boll 

weight, seed cotton yield per plant, lint percentage and fibre length to find out association 

of yield with other traits under well watered conditions in Sirsa, Haryana, India. Their 

results indicated highly significant differences among genotypes for all the traits studied. 

They found high genotypic coefficient of variation, heritability and genetic advance for 

plant height, boll number and seed cotton yield per plant indicating involvement of 

additive type of gene action and thus selection would be effective for the traits. Plant 

height and boll number had significant positive association with seed cotton yield per 

plant. Number of bolls per plant also exhibited positive and high direct effects on seed 

cotton yield. Therefore, they concluded that number of bolls per plant was the most 

important trait for selection of genotypes with high potential of seed cotton yield. 

 
A diallel cross experiment of 5 cotton varieties [CIM 726 (white cotton), Dark brown, 

Light brown, Dark green and Light green] was evaluated by Azhar et al. (2004) to study 

the broad sense heritability and correlation of fibre traits with seed cotton yield under 

well watered conditions at Faisalabad, Pakistan. Their results revealed that seed cotton 

yield positively correlated with fiber fineness (rp = 0.59, rg = 0.65) and fiber strength (rp 

= 0.28, rg = 0.54), while it was negatively associated with fiber length (rp = -0.45, rg =    

-0.82). They estimated broad sense heritabilities for fibre fineness (0.41), fibre strength 

(0.28), fibre length (0.51) and seed cotton yield (0.33). 

 
Chandra et al. (2004) conducted an experiment on fifty F5 bulk lines of five wheat crosses 

viz. (1) Kanchan x DSN 34, (2) Kanchan x YC 17, (3) Kanchan x YC 16, (4) Kanchan x 

BW 115 and (5) Kanchan x Ad. 119 to study variability, heritability, genetic advance and 

correlation for plant height, 100 grain weight, biomass per plant and grain yield per plant 

under normal conditions at Mymensingh, Bangladesh. All the characters studied showed 

significant variation in all crosses. However, the expression of the traits in all crosses was 

not similar. Very high heritability and moderate genetic advance for biomass per plant in 
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crosses 1, 2 and 3 suggested the predominance of additive genetic variation. Very high 

heritability and moderate to high genetic advance were observed for plant height in 

crosses 1, 2 and 4, and grain yield per plant in all crosses. The heritability for 100 grain 

weight however, was moderate to high with low genetic advance. Plant height showed 

significant positive correlation with biomass per plant and grain yield per plant in most of 

the crosses. The trait 100 grain weight did not show any significant correlation with any 

trait. Biomass per plant showed significant positive correlation with grain yield per plant 

in most of the crosses. 

 
Fourteen maize hybrids at ARDS Teleorman, Romania, were evaluated by Mitu and 

Zamfir (2004)for their response to drought under irrigated and dry land conditions. 

According to their results the Paltin, Campion, Rapsodia, Danubiu, Faur and Olt 

performed well under irrigated and drought conditions, while Partizan, Orizont, Vultur, 

Octavian and Granit were sensitive to drought and produced significantly low kernel 

yield under drought conditions. 

 
A 8×8 diallel experiment was conducted by Nimbalkar et al. (2004) in desi cotton 

(Gossypium arboreum and Gossypium herbaceum) under well watered conditions and 

concluded that staple length was only controlled by additive type of gene action, while 

GOT was controlled by both additive and non additive genetic effects. 

 
Pettigrew (2004) conducted a field experiment on eight diverse genotypes of cotton to 

study the effects of moisture deficit stress on boll distribution, lint yield and fibre length 

from 1998 to 2001 under both dry land and irrigated conditions. Irrigations caused to 

produce more vegetative growth and delay maturity compared to dry land plants. During 

the years when sufficient moisture deficits occurred, the lint yield of dry land plants was 

reduced 25%, primarily because of a 19% reduction in number of bolls, while irrigated 

plants produced more bolls at higher plant nodes and at the more distal positions on the 

sympodial branches and also produced approximately 2% longer fibre than the dry land 

plants.  
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A diallel cross experiment of 5 cotton varieties (NIAB 999, CIM 473, ACALA 1517/C, 

CRIS 420, FVH 57) was studied by Rauf et al. (2004) to estimate the correlation of plant 

height, boll number and boll weight to seed cotton yield under well watered conditions at 

Faisalabad, Pakistan. They estimated that boll number per plant had positive, while plant 

height and boll weight had negative correlation with seed cotton yield. Therefore, they 

concluded that the best influence on seed cotton yield was of number of bolls per plant.   

 
Reddy and Kumari (2004) evaluated 39 genotypes of Gossypium hirsutum, for relative 

water content, plant height, number of bolls per plant, boll weight and seed cotton yield 

to estimate genetic variability and genetic advance under normal conditions in Lam, 

Andhra Pradesh, India, during 1997-98. They observed that genotypic and phenotypic 

coefficients of variation were high for number of bolls per plant and seed cotton yield. 

The phenotypic coefficient of variation was greater than the genotypic coefficient of 

variation. Heritability estimates were high for relative water content and boll weight, 

indicating the amenability in the selection process. High heritability coupled with high 

genetic advance was observed for boll weight, indicating the operation of additive gene 

action for this trait.  

 
Twenty one maize genotypes were evaluated by Afarinesh et al. (2005) to find out gene 

action for grain yield and 1000-seed weight under normal and drought conditions. Their 

results revealed that dominance variance was responsible for controlling grain yield and 

1000-seed weight under both irrigated and drought conditions. Additive and dominance 

variances were involved under irrigated conditions, while under stress conditions, the 

dominance variance was more important compared to the additive variance.  

 
Ali et al. (2005) evaluated thirteen genotypes of rice (Bas 370xNR 1, DM 38/88, DM 

64198, DM 25xNIAB 6, NIAB 6xDM 25, DM 3-89, Jhona 349xBas 370, DM 59418, 

Jhona 349, DM/NR 1, Bas 385xNIAB 6, DM 5-89 and DM 63275) at three water regimes 

by supplying 12, 8 and 4 irrigations at different stages in Faisalabad, Pakistan, for plant 

height, 1000 seed weight and grain yield. They observed that plant height, 1000 seed 

weight and grain yield decreased with decreasing number of irrigations. Maximum grain 

yield (5349 kg/ha) was obtained upon treatment with 12 irrigations, followed by 
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treatments with 8 and 4 irrigations (3727 and 3047 kg/ha, respectively). They concluded 

that at least 12 irrigations were essential to achieve maximum economic yield, otherwise 

the production will be reduced to a considerable extent.  

 
Azizinya et al. (2005) evaluated 31 synthetic hexaploid wheat genotypes for 1000-kernel 

weight and grain yield under drought and normal field conditions in Iran. Significant 

differences were observed among the synthetic lines for the traits studied, under drought 

and normal conditions. The traits were negatively affected by drought stress and the 

greatest reduction was observed in grain yield. The results of data analysis showed that 

1000-kernel weight could be used for yield improvement under non-stress conditions. 

Among the drought resistance indices, the mean productivity and stress tolerance index 

were the most suitable for drought resistance selection. They found that among all 

genotypes the control cultivar (Mahdavi), and the synthetic genotypes 2 and 4 were the 

most resistant to drought. 

Gupta et al. (2005) evaluated twenty two Triticale x bread wheat derivatives along with 

six control cultivars (TL 1210, TL 1217, HD 2380, CPAN 1992, HPW 42 and HS 240) 

for stomatal frequency, 1000-grain weight, biological yield and grain yield, in the field 

(Palampur, Himachal Pradesh, India) under drought conditions to select drought and cold 

tolerant genotype(s) along with high yield and quality traits. The analysis of variance 

revealed the presence of sufficient genetic variability for grain yield and other traits. 

Heritability was observed moderate to high for grain yield, 1000-grain weight, biological 

yield and stomatal frequency, whereas genetic advance was moderate to high for grain 

yield, 1000-grain weight and biological yield. None of the drought tolerant genotypes 

viz., RL-111 P2, RL 124-2 P2, RL 139-1 P1, RL 136-1 P1, TW-9336 and RL 122 P1 was 

superior to or statistically at par with the best control HS-240 in grain yield. Derivative 

TW 9336 had fairly high grain yield. RL 111 P2 and RL 124-2 P2 were found to be cold 

tolerant as well as drought tolerant and with fairly high grain yield. 

 
Eight wheat genotypes including one Aegilops species were evaluated by Hoffmann and 

Burucs (2005) to make comparison of their response to drought. The plants were grown 

in pots and the drought stress was imposed from mid-flowering stage to maturity by 

adding only 50% of the water given to the control pots. According to their results, yield 
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reduction was found between 11- and 44% which was mainly due to decrease in thousand 

grain weight. Therefore, they observed that the genotypes with small yield decrease under 

drought stress proved to be drought tolerant cultivars.  

 
Inamullah et al. (2005) studied the gene action of bread wheat (Triticum aestivum) using 

8x8 diallel analysis for plant height and grain yield per plant under normal conditions at 

Peshawar, Pakistan. Their results indicated that the additive component was significant 

for plant height, while dominance component was significant for grain yield per plant. 

 
Karad et al. (2005) estimated the variability, heritability and genetic advance for plant 

height and grain yield per plant in 16 soybean genotypes under normal conditions at 

Kolhapur, Maharashtra, India. Their results revealed that in general phenotypic 

coefficients of variation were higher than the genotypic coefficients of variation for all 

traits, indicating the effect of the environment on their expression. Estimates of genotypic 

coefficients of variation were high for plant height and grain yield per plant. They found 

that heritability and genetic advance were high for plant height and grain yield per plant 

indicating the presence of additive gene action for these traits, thereby these traits had 

scope for improvement through selection. 

 
Performance of five cotton hybrids (PKV Hy 2, PKV Hy 4, Sabita, Surya and Ankur), 

and the control cultivar (MCU-5) was assessed by Kar et al. (2005) for seed cotton yield 

under drought conditions at Bhubaneswar, Orissa, India. The study revealed that moisture 

deficit adversely affected yield performance. The yield 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, based on the assessment of their yield performance. They observed that flowering 

stage in cotton was more critical to moisture stress than vegetative and ripening stages.  

 
Twenty six barley genotypes were evaluated by Karami et al. (2005) for plant height, 

1000 grain weight, biomass and grain yield per plant under drought and irrigated 

conditions in Tehran, Iran, to find out the relationship of grain yield with other traits. 

Genotypes differed significantly for all the traits under study. Drought stress caused a 
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decrease in plant height, 1000 grain weight, biomass and grain yield per plant. They 

estimated that plant height, 1000 grain weight and biomass had high and positive 

correlations with grain yield under both conditions, indicating the possibility of yield 

improvement though these characters. 

 
Kaushik et al. (2005) studied ten strains of cotton (Gossypium hirsutum) along with their 

45 F1 hybrids in the field to find out association among the plant height, bolls per plant, 

seed index, lint percentage, fibre fineness and seed cotton yield per plant under well 

watered conditions at Sriganganagar, Rajasthan, India. Their results indicated that seed 

cotton yield per plant had positive correlations with plant height and boll number per 

plant, while a negative correlation with lint percentage. Path analysis revealed that plant 

height and boll number per plant had positive direct effects on seed cotton yield per plant. 

They concluded that selection based on these characters might contribute considerable to 

improvement in seed cotton yield.  

 
Kll et al. (2005) studied five cotton advanced lines and two cotton cultivars in the field to 

estimate genetic and environmental variability, broad sense heritability and correlation 

coefficients for plant height, 100 seed weight, seed cotton yield, fibre length and fibre 

strength under well watered conditions in Turkey. They found significant differences 

among the genotypes for the traits studied. Their results showed that genotypic and 

phenotypic variances were highest for seed cotton yield, followed by plant height. Broad 

sense heritability values were maximum for fibre strength (94.60%), fibre length 

(94.58%) and seed cotton yield (91.80%), while minimum for 100 seed weight (6.67%) 

and plant height (20.60%). High estimates of heritability for fibre strength, fibre length 

and seed cotton yield indicated that these traits were affected less than the others by the 

environmental conditions. Seed cotton yield positively correlated with plant height, 100-

seed weight and fibre length.  

 
Nature of gene action was estimated by Kumar et al. (2005) in 7 maize inbred lines (HKI 

1344, HKI 1345, HKI 1347, HKI 1350, HKI 1351, HKI 1352 and HKI 1353) using 7x7 

diallel design for plant height, 100 grain weight and grain yield per plant. Their results 

revealed that there was over-dominance for all the traits under study, indicating the 
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importance of non-additive gene action in their expression. The additive component was 

of little importance for any of the traits under study. 

 
Twenty cotton genotypes (CPD 731, CPD 446, RAH 30, SCS 37, NH 545, L 762, L 760, 

GSHV 97/612, GBHV 139, KH 134, AKH 8363, CCH 526613, VIKAS, VA 29, LH 

1968, H 1250, PUSA 8-62, F 1945, RS 810 and TCH 1599) were screened by Kumari et 

al. (2005) in a field experiment for drought tolerance under rainfed conditions in black 

cotton soils in Andhra Pradesh, India. They observed that among the genotypes, L 762, 

GHSV 97/612 and RAH 30 showed higher relative water content, number of bolls per 

plant, biomass production per plant and seed cotton yield per plant indicating the best 

drought tolerance.  

 
LiHua et al. (2005) carried out a field experiment on two wheat cultivars (Henong 859 

and Yumai 49) for their drought tolerance by applying irrigations in three ways: 1. 

Irrigation was made before over-wintering and at elongation stage (S1). 2. Irrigation was 

made at elongation stage (S2). 3. Irrigation was made at elongation stage and filling stage 

(S3). Their results indicated that the grain yield of Henong 859 was higher than that of 

Yumai 49 in all conditions. They concluded that the cultivar, Henong 859 had strong 

drought resistance and had high yield under limited water supply conditions. 

 
Mert (2005) investigated the effects of water stress on six cotton cultivars for fibre traits, 

yield and yield components under irrigated and non-irrigated conditions in Hatay, Turkey 

during the 2001 and 2002 cotton growing seasons. All the cultivars differed significantly 

for yield and yield components under non-irrigated conditions. He observed that medium 

(Stoneville 453 and Deltapine 5690) and late (Maras 92 and GW Teks) cultivars were 

more affected by water stress compared to the early cultivars (Deltapine 20 and Nazilli 

143). Growing cotton under non-irrigated conditions resulted in the production of shorter 

and weaker fibre with reduced micronaire. 

 
A complete diallel cross experiment including eight cotton (Gossypium hirsutum) 

genotypes (Laokra 5-5, DPL 7340-424, Fregobract, Glandless 4195-220, SA 100, 

Stoneville 857, S 14 and B 557), their 56 F1 and 56 F2 generations was studied by 
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Murtaza (2005). He estimated gene action for seed index, boll weight and boll number 

per plant under well watered conditions at Multan, Pakistan. Analysis of variance 

indicated significant differences among the genotypes for all characters studied. The 

results showed that boll number and boll weight had over dominance type of gene action 

in F1 and additive in F2, while, seed index had additive and dominance in both 

generations. Estimates of narrow sense heritability were low for boll weight (0.24 F1, 0.23 

F2). Boll number had low heritability (0.37) in F1 and high (0.75) in F2, while seed index 

had high heritabilities (0.70 F1, 1.04 F2) in both generations. It was suggested that 

additively based variation in the characters under study should be exploited through 

selection in early generations while those with over dominance should be delayed. 

 
Murthy et al. (2005) evaluated 12 Gossypium herbaceum cotton cultivars in the field to 

estimate correlatioin among plant height, bolls per plant, seed index and seed cotton yield 

per plant under saline soil condition at two locations (Konanki and Uppugundur villages) 

in Prakasam, Andhra Pradesh, India. Their results from pooled analysis indicated that 

phenotypic coefficient of variation was high for boll number per plant (52.49), followed 

by seed cotton yield per plant (38.46), which revealed the role of environment for both 

traits as evidenced by their moderate heritability and genetic advance values. On the basis 

of correlations and path coefficient analysis it was suggested that simultaneous selection 

for plant height, boll number and seed index was important for improvement of G. 

herbaceum cotton suitable for saline situation. 

 
Prasad et al. (2005) studied 42 F1 cotton progenies obtained by crossing 7 lines (NA 

1325, NDLH 1678, L 756, CNH 301, RAH 100, Sahana and CNH 120 MB) with 6 

testers (SRT 1, LRA 5166, Sumangala, M 2, HyPS 8 and AB 6) along with their parents 

in the field to estimate the magnitude of genetic variability, heritability and genetic 

advance for boll number, boll weight, seed index, lint percentage, fibre fineness and seed 

cotton yield per plant under well watered conditions in Andhra Pradesh, India. They 

recorded sufficient variation for boll number per plant, boll weight, seed index and seed 

cotton yield per plant. Their results indicated moderate estimates of phenotypic and 

genotypic coefficients of variation for the number of bolls per plant, boll weight, seed 

index and seed cotton yield per plant. The heritability estimates were high for seed cotton 
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yield per plant and seed index, while boll number per plant, boll weight, lint percentage 

and fibre fineness showed moderate estimates of heritability. 

 
Reddy and Satyanarayana (2005) estimated variability, heritability and genetic advance 

for seed index, lint percentage and seed cotton yield in 55 cotton genotypes under four 

different environments (normal sowing- irrigated (E1); normal sowing- rainfed (E2); 

delayed sowing- irrigated (E3) and delayed sowing- rainfed (E4)) in Andhra Pradesh, 

India. Their results indicated that all entries differed significantly under different 

environments for the traits studied. E1 was the most favourable environment for the 

characters studied, while E2 was considered as a poor environment. They found high 

heritability estimates along with high genetic advance for lint percentage and seed cotton 

yield indicating the operation of additive gene action in the inheritance of these traits 

providing ample scope for effective selection, while seed index showed low heritability 

and low genetic advance indicating the predominance of non-additive gene action. 

 
Five maize cultivars (SC 10, TWC 310, Giza 2, SC 152 and TWC 352) were evaluated 

by Seif et al. (2005) for 100 grain weight and grain yield under various irrigation 

treatments of 40, 60 and 80% of the available soil moisture depletion (ASMD) in 

Moshtohor, Egypt, during 1998 and 1999 growing seasons. The cultivars showed highly 

significant differences in the traits studied. SC. 10 surpassed the other 4 cultivars in 100-

grain weight and grain yield per plot. All the studied characters were negatively affected 

by increasing ASMD. The highest grain yield was obtained when plants were irrigated at 

40% of ASMD, whereas the lowest grain yield was recorded at 80% of ASMD in both 

the growing seasons. SC. 10, irrigated at 40% of ASMD, could be recommended for 

higher maize yield. 

 
Singh and Chahal (2005) studied 34 progenies of upland cotton along with their parents 

in the field to estimate additive, dominance and epistatic components of genetic variation 

for lint percentage, fibre strength and fibre fineness under well watered conditions at 

Bathinda, India. Their results indicated the presence of additive and dominance genetic 

components along with epistasis for all the traits studied, except for fibre fineness which 

had only additive and dominance components. They found that magnitude of additive 



 46

genetic component was greater than dominance component in all the traits studied, which 

showed the involvement of partial dominance in the inheritance of these characters. It 

was concluded that all the traits under study were not simply inherited and their selection 

in later segregating generations was recommended for population improvement. 

 
Six cotton genotypes (Chandi 95, Sohni, NIA 76, NIAB 98, NIAB 801 and LRA 5166) 

along with their nine F1 hybrids were evaluated by Ahmed et al. (2006)  for plant height, 

boll number, boll weight, seed cotton yield per plant, fibre length and fibre fineness to 

estimate heritability and genetic advance under well watered conditions at Tandojam, 

Pakistan. Their results indicated highly significant differences among all the genotypes 

for all the traits. They found that plant height and seed cotton yield per plant showed 

moderate to high heritability estimates and genetic advance, indicating additive with 

partial dominance type of gene action suggesting the feasibility of selection in the early 

segregating generations, while bolls per plant, boll weight, fibre length and fibre fineness 

exhibited moderate to high heritability along with low genetic advance values, which 

indicated over dominance type of gene action thereby revealing that delayed selection 

might be useful. 

 
Ashour et al. (2006) studied the genetic basis of grain yield by a generation means 

analysis in five crosses of winter wheat (Triticum aestivum) cultivars (Roshan, Mahdavi, 

Inia, Atila and Goscoyin) along with their F1, F2, BC1 and BC2 populations under normal 

conditions. Their results revealed significant differences among generations for the traits 

studied. They found that grain yield per plant had additive type of gene action and 

heritability estimates of broad sense and narrow sense were from 28.5% to 58.6% and 

24.0% to 48.5% for the five crosses, respectively indicating that early selection will be 

fruitful for this trait. 

 
Forty three genotypes of upland cotton were studied by Ganapathy et al. (2006) in the 

field for plant height, boll number and seed cotton yield per plant to estimate association 

of yield with other traits under well watered conditions in Hisar, Haryana, India. Their 

results indicated that plant height and bolls per plant showed significant positive 

correlation with seed cotton yield per plant. So simultaneous selection of plant height and 
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bolls per plant will increase the seed cotton yield automatically since these characters 

were inter-correlated among themselves. Path coefficient analysis revealed that bolls per 

plant showed very high positive direct effect on seed cotton yield and indirect effect of 

most of the traits on seed cotton yield was through bolls per plant.  

 
Gohil et al. (2006) studied the genetic variability, broad-sense heritability and genetic 

advance for plant height and seed yield per plant in 55 diverse soyabean (Glycine max) 

genotypes under normal conditions in Gujarat, India. Their results indicated that all 

genotypes differed significantly for all the characters studied. They observed high 

heritability along with high genetic advance values for plant height and seed yield per 

plant indicating that these traits were under the control of additive gene action and could 

be improved through simple selection procedures. 

 
Iqbal et al. (2006) conducted a field experiment on cotton to estimate association of boll 

number, boll weight, lint percentage and fibre length with seed cotton yield under well 

watered conditions at Multan, Pakistan. Their results indicated that boll number and boll 

weight positively and significantly correlated with yield. Moreover, path coefficient 

analysis showed that boll number and boll weight had maximum direct positive effect on 

seed cotton yield, while the lint percentage and fibre length had the direct negative effect 

on seed cotton yield. It was suggested that for evolving a superior genotype possessing 

earliness and high yield, breeder should focus on improving number of bolls and boll 

weight in cotton. 

 
Twenty nine upland cotton genotypes were studied by Kulkarni and Nanda (2006) in the 

field for plant height, boll weight, seed index, lint percentage, fibre strength, fibre 

fineness and seed cotton yield to estimate relationship of yield with other traits under well 

watered conditions in Raipur, Chhattisgarh, India. Their results indicated that seed cotton 

yield per plant had significant and positive correlation with plant height, seed index and 

boll weight. Analysis of path coefficient revealed that high direct positive effect on seed 

cotton yield per plant was showed by lint percentage, which was followed by plant height 

and fibre fineness, while negligible positive direct effect on seed cotton yield per plant 

was recorded for boll weight.  
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Monneveux et al. (2006) examined the yield performance of two CIMMYT maize source 

germplasm populations (DTP 1 and DTP 2) through recurrent selection under drought 

and normal conditions. According to their results, in both populations significant yield 

gains were observed under drought conditions confirming the effectiveness of recurrent 

selection under drought as a means of improving tropical maize source populations for 

performance under water deficits. 

 
Gene action was estimated by Murugan and Ganesan (2006) in six generations (P1, P2, F1, 

F2, BC1 and BC2) of five rice crosses (IR 58025 x IR72, IR 58025 x IR24, IR 58025 x 

Daunsan, IR 58025 x ARC 11353 and IR 58025 x IR 547442-22-19-3) for plant height, 

100-grain weight and grain yield under normal conditions in Tamil Nadu, India. They 

found that grain yield was mostly controlled by dominant gene action, although in some 

crosses, the trait was controlled by additive gene action. Additive, dominance and/or 

interaction effects were observed for other traits studied. 

 
Muthuswamy and Kumar (2006) estimated correlation of plant height and 100 seed 

weight with seed yield of 22 drought-resistant rice cultivars in Tamil Nadu, India. They 

found that plant height and 100 seed weight had positively significant correlation with 

yield per plant. They also observed that plant height had highly positive direct effect on 

yield, which indicated that selection based on plant height will improve the yield in 

drought resistant cultivars. 

 
Twenty long-awned rice genotypes were evaluated by Patra et al. (2006) for plant height, 

100-grain weight and grain yield per hill to estimate genetic variability, heritability and 

genetic advance under normal conditions at Cuttack, Orissa, India. Their results indicated 

the existence of high genetic variability among all the genotypes. They found high 

heritability in broad sense coupled with high genetic advance for plant height and grain 

yield per hill indicating the role of additive gene action providing ample scope for 

effective selection, while 100-grain weight showed combination of high heritability and 

moderate genetic advance indicating similar gene action for widening the scope of 

meaningful selection. 
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Pradhan et al. (2006) studied the yield performance of three upland rice cultivars (CR 

143-2-2, Annada and Cauvery), grown in pots under three soil moisture regimes. They 

observed that higher yield in CR 143-2-2 under moisture stress condition was due to its 

greater tolerance to the stress compared to the other two cultivars. Cauvery, although a 

high yielding variety under normal condition (95.8 g pot -1), yielded very poorly (8.1 g 

pot -1) under moisture stress indicating its inability to cope with stress by producing less 

number of tillers. 

 
Prakash and Verma (2006) studied the six generations (P1, P2, F1, F2, BC1 and BC2) of 

two barley crosses (BL-2 x RD 2433 and RD 2407 x RD 2433) to estimate the gene 

actions for plant height and grain yield per plant under normal conditions. Their results 

showed that plant height had overdominance and partial dominance, while grain yield 

indicated overdominance for both the crosses. 

 
Twenty one barley genotypes including six barley (Hordeum vulgare) cultivars (BARI 

barley 2, BBL 9402-43-1, BBL 9402-12-2, K 163, K 351 and IBYT/97-4) and their 15 

non-reciprocal F1 hybrids were studied by Rahman et al. (2006) to estimate gene action 

for plant height, 1000 grain weight and grain yield per plant under normal conditions. 

Results showed that additive as well as non-additive gene action was important but 

dominance was more predominant than additive for the inheritance of the traits. 

Environmental estimates were positive for all the characters, indicating the definite 

influence of environment in the expression of the characters. They observed that 

dominance effect was involved for all the characters under study.  

 
Six genotypes (PA 402, PA 255, PA 314, PA 398, PA 405 and PA 304) of Desi cotton 

(Gossypium arboreum) along with their F1 generations were evaluated by Saravanan et 

al. (2006) in the field for plant height, boll number, seed index, seed cotton yield and 

fibre fineness to estimate association among the traits under well watered conditions in 

Tamil Nadu, India. Their results revealed that plant height, boll number and fibre fineness 

had positive correlation with seed cotton yield and also positive correlation among 

themselves, while seed index had positively non-significant correlation with seed cotton 

yield. 
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Ahmed et al. (2007) evaluated six wheat genotypes (LU 26S, WL 59, WL 60, WL 61, 

WL 62, and WL 63) along with their five F2 progenies (WL 59 × LU 26S, WL 60 × LU 

26S, WL 61 × LU 26S, WL 62 × LU 26S, and WL 63 × LU 26S) to estimate heritability 

and genetic advance for plant height, 1000 grain weight and grain yield per plant under 

natural drought conditions at Faisalabad, Pakistan. Their results indicated that all entries 

differed significantly for the traits studied. They found high heritability estimates for 

plant height (75.19 to 90.93%), 1000 grain weight (75.05 to 94.52%) and grain yield per 

plant (87.11 to 97.38%) along with moderate to high genetic advance values for these 

traits ranged from 11.13 to 14.09, 2.81 to 5.89 and 13.69 to 23.34 respectively for all 

crosses, indicating additive type of gene action for these traits. 

 
Khan et al. (2007) conducted an experiment on sixty six genotypes of upland cotton 

(Gossypium hirsutum) including six diverse cotton varieties (CIM 109, CIM 240, CIM 

1100, FH 682, BH 36, and CRIS 9), their 30 F1 hybrids and 30 F2 generations to estimate 

the gene action for seed index under well watered conditions at Dera Ismail Khan, 

Pakistan. According to the mean degree of dominance and components of variance, an 

additive type of gene action was observed for seed index in both generations. Narrow-

sense and broad-sense heritabilities were high for seed index.  

 
Two wheat crosses [Kohistan 97 (high yielding) x Inqlab 91 (medium yielding) and 

Kohistan 97 (high yielding) x Chakwal 86 (low yielding)] along with their parents (P1, 

P2), F2 and back crosses (BC1, BC2) were evaluated by Munir et al. (2007) to estimate the 

gene action for 1000 grain weight, grain yield per plant and biomass per plant under 

drought conditions. The experiment entirely depended upon natural precipitation and no 

surface irrigation was applied. Significant differences among generations for different 

traits were computed, which indicated the presence of genetic variability between the 

parent varieties. The results showed that type of gene action varied with the traits, crosses 

and treatments. Study of generation means analysis revealed that additive, dominance and 

epistatic effects were involved in the inheritance of yield and yield components. 

Therefore, selection in later segregating generations was suggested to obtain drought 

tolerant and high yielding lines. 
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Seven F3 progenies of spring wheat and their 8 parental lines were evaluated by Memon 

et al. (2007) for plant height to estimate coefficient of variability and heritability 

estimates under normal conditions at Tandojam, Pakistan. They observed highly 

significant differences among genotypes for the trait under study. They obtained highest 

broad sense heritability (92.4%) with high genetic advance (21.0) for plant height in 

progeny Khirman x RWM 9313 and highest broad sense heritability (86.5%) with high 

genetic advance (22.0) in progeny Marvi 2000 x Soghat 90, indicating better chance of 

selection for the trait. 

  
Farshadfar et al. (2008) studied gene action of 22 durum genotypes for grain yield, 100 

seed weight and biomass per plant under rainfed and irrigated conditions at Kermanshah, 

Iran. Their studies revealed significant genetic differences for all the traits studied under 

rainfed condition indicating the possibility of selection for drought tolerant genotypes. 

They also found highly significant additive component for all the traits under study in 

addition to significant epistatic effects for grain yield. The predominance of additive 

component suggested that selection in early segregation generations would be effective 

for improving these traits. 

 
Ten wheat genotypes (Chakwal 86, Iqbal 2000, Uqab 2000, GA 2002, 00FJ03, IC 001, IC 

002, NR 234, 3C061 and 3C062) were evaluated by Waqar-ul-haq et al. (2008) for 1000 

grain weight and grain yield per plant to estimate heritability and genetic advance under 

rainfed conditions at Rawalpindi, Pakistan. Their results revealed that 1000 grain weight 

and grain yield per plant showed high values of heritability coupled with high  genetic 

advance.  
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Desalegn et al. (2009) studied 15 F1 cotton hybrids in the field to estimate correlation and 

heritability for boll number, boll weight, lint percentage, seed index, seed cotton yield, 

and fibre traits under well watered conditions in Ethiopia. Their results indicated that boll 

number, boll weight and lint percentage had positive, while fibre length and strength had 

negative correlation with seed cotton yield. They found broad sense heritability estimates 

for seed cotton yield (0.44), boll number (0.59), boll weight (0.62), lint percentage (0.97), 

seed index (0.86), fibre length (0.86), fibre strength (0.33) and fibre fineness (0.60).  
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CHAPTER-III 

 

MATERIALS AND METHODS 

 
The present studies were carried out in the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad.  

 
3.1 Screening of plant material 

Material for research was selected from the germplasm available at Cotton Research 

Station (CRS) Multan, Nuclear Institute for Agriculture and Biology (NIAB) Faisalabad, 

Cotton Research Institute, AARI, Faisalabad and the University of Agriculture, 

Faisalabad. Fifteen lines from each of drought resistant and susceptible genotypes were 

selected using the data available about the field response of genotypes under drought 

stress in the institutes. The genotypes were further assessed for their drought response 

under drought stress through measurements of relative water content (RWC) and excised 

leaf water loss (ELWL) during the normal crop season of 2004, in replicated field trial. 

Drought stress was imposed by terminating irrigation by the end of July. During the Ist 

week, of October when symptoms of drought appeared on plants the data were recorded 

under drought stress. The contrasting parents selected for crossing work are given in 

Table-3.1.  

Table 3.1: List of selected contrasting parents for crossing. 

S .No  Genotypes  Response  

1 FH 87  Susceptible (low RWC and high ELWL) 

2 CIM 446  Tolerant (high RWC and low ELWL) 

3 MNH 329  Susceptible (low RWC and High ELWL) 

4 MNH 513 Tolerant (high RWC and low ELWL) 

 
3.2 Crossing work 

Selected drought tolerant parents were crossed with susceptible parents in the field during 

the normal cropping season, 2005. Large number of flowers were selfed and crossed to 

produce seed. During the normal cropping season of 2006, F1 generations and their 
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parents were grown in the field and seed for back-crosses and F2 generations was 

produced. List of crosses produced is given in Table-3.2. 

Table 3.2: List of crosses and backcrosses made in the study 

S. No. Population Parents 

1 F1, F2 FH 87 x CIM 446 

BC1 (FH 87 x CIM 446) x FH 87  

BC2 (FH 87 x CIM 446) x CIM 446 

2 F1, F2 MNH 329 x MNH 513 

BC1 (MNH 329 x MNH 513) x MNH 329 

BC2 (MNH 329 x MNH 513) x MNH 513 

 

3.3 Field experiments  

Final trial including parents, F1, F2 and backcrosses was conducted under drought and 

normal conditions separately, using a randomized complete block design having three 

replications during the year 2007. Each cross was planted as separate experiment under 

normal and drought stress. Each entry was planted keeping 75 cm row to row and 30 cm 

plant to plant distance. All agronomic and cultural practices were kept same except 

irrigations. The trial was sown on 05-06-2007 in the field, where rainfall during 

vegetative phase (June, July and August) and reproductive phase (September, October 

and November) was 199.1 and 12.2 mm respectively. The trial under normal conditions 

received three supplemental irrigations and the trial under drought conditions received 

only one supplemental irrigation in addition to rainfall received. During the last week of 

September, when symptom of drought appeared on plants 30 guarded plants from each of 

the parents and F1, 60 plants from each of the backcrosses and 150 plants from each of 

the F2 populations were selected at random to record the data on individual plant basis for 

the following traits. 

 

3.4 Excised leaf water loss (ELWL) 

Three fully developed leaf samples were taken from each of the selected plants grown 

under well-watered and drought conditions during the las week of September. The 

samples were kept in polythene bags after excision and fresh weight was recorded using 

electronic balance. The leaf samples were left on laboratory bench at room temperature. 
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After twenty four hours the weight of the wilted leaf samples was recorded. Then the leaf 

samples were oven dried at 70°C for 72 hours, for recording oven dry weight and excised 

leaf water loss was calculated using the following formula as by Clarke  and McCaig 

(1982a).    

ELWL = (Fresh weight – wilted weight) / Dry weight 

 
3.5 Relative water content (RWC) 

Three fully developed leaf samples were taken from each of the selected plants grown 

under both well-watered and drought conditions during the last week of September. The 

samples were kept in polythene bags after excision and fresh weight was recorded using 

electronic balance. The leaf samples were left in water overnight to record turgid leaf 

weight. After recording the turgid weight, the leaf samples were dried under room 

temperature for about one hour. Then the samples were oven dried at 70°C for 72 hours 

for recording dry weight and RWC was calculated using the following formula by Barrs 

and Weatherley (1962). 

RWC = [(Fresh weight–Dry weight) / (Turgid weight–Dry weight)] x 100 

 
3.6 Stomatal frequency  

For recording stomatal frequency, strips of three fully mature leaves from each of the 

selected plants were kept in Carnoy’s solution for overnight to fix the material and 

removal of chlorophyll from the leaf tissues. After 24 hours the solution was replaced by 

70% ethanol for preservation and further examination of strips. The stomatal frequency 

per microscopic field was counted under 40x objective from upper (adaxial) surface of 

the leaf strips of each selected plant. 

 
In addition to above physiological traits, the data regarding the following agronomic 

traits were recorded.  

 
3.7 Plant height (cm) 

Height of all the selected plants was measured in centimeters from ground level to the top 

of the main stem. Then average plant height was calculated.  
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3.8 Seed cotton yield per Plant (g) 

The seed cotton yield of each selected plant was recorded in grams on electronic balance 

and then average yield per plant was calculated. 

 
3.9 Number of bolls per plant 

All the bolls which were picked during all pickings from each individual plant 

were recorded and summed up as bolls per plant.  

 
3.10 Boll weight (g) 

Average boll weight was calculated by dividing the total seed cotton obtained from a 

plant with its total number of picked bolls and expressed in grams. 

 
3.11 100-seed weight/Seed index  

Weight of 100 seed in grams is called seed index, was recorded with electronic balance 

from the seed bulk of each randomly selected plant.  

 
3.12 Lint percentage/Ginning out-turn (GOT) 

Lint percentage or ginning out-turn (GOT) is the weight of lint that can be obtained from 

a given weight of seed cotton and is expressed as percentage. Samples of seed cotton 

obtained from individual plants were weighed and ginned separately with a single roller 

electrical gin in the laboratory. Lint was weighed and GOT was calculated as percentage 

of lint in seed cotton. 

 
3.13 Fibre traits 

Fibre length, fibre strength and fibre fineness were measured by using Spinlab HVI-900 

in the Department of Fibre Technology, University of Agriculture Faisalabad.  

 
3.14 Pot experiment 

The cross “FH 87 x CIM 446” was also planted in earthen pots on 08-06-2007. The 

experiment was conducted with CRD. Single plant was planted in each pot. There were 

18 plants for each of the parents, F1, 150 plants for each of the back-crosses and 300 

plants for F2 population. After 50 days of sowing irrigation was withheld in half of the 
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population in each generation and the other half of the population was normally irrigated. 

Seven days after irrigation data for RWC and ELWL were recorded in the well-watered 

and stressed plants. 

 
3.15 STATISTICAL ANALYSIS 

Technique of analysis of variance as described in Steel et al. (1997) was applied to test 

the significance of differences among the generations used in the experiment under both 

drought and normal conditions. 

 
3.15.1 Generation means analysis 

A generation means analysis was conducted following the method described in Mather 

and Jinks (1982) using a computer programme provided by Dr. Tanwir Ahmad Malik, 

Associate professor, Department of Plant Breeding and Genetics. Means and variances of 

each population (parents, backcrosses, F1 and F2) used in the analysis were calculated 

from individual plants pooled over replications. A weighted least square analysis was 

performed on the generation means commencing with the simplest model using 

parameter m only and tested for goodness of fit. If the chi-squared value of one parameter 

model [m] was significant then further models of increasing complexity [md, mdh, etc.] 

were tried and tested for goodness of fit. The best model was chosen as the one which 

had significant estimates of all parameters along with non-significant chi-squared value. 

The parent with higher magnitude was always taken as P1 in the model fitting for each 

trait. Theoratical genetic components of generation means used in the analysis are shown 

in the Table 3.3. 
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Table 3.3: Coefficients of the mean (m), additive (d), dominance (h), additive ×××× 
additive (i), additive ×××× dominance (j) and dominance ×××× dominance (l) 
parameters for the weighted least squares analysis of generation 
means (Mather and Jinks, 1982). 

 
3.15.2  Analysis of components of genetic variance 

A weighted least squares analysis of variance based on the method as described in Mather 

and Jinks (1982) using a computer programme provided by Dr. Tanwir Ahmad Malik, 

Associate professor, Department of Plant Breeding and Genetics was performed on the 

data of the experiment containing six generations (Parents, F1, F2, BC1 and BC2). 

Theoratical coefficients of additive (D), dominance (H), cross product of dominant and 

additive effects (F) and environmental variation (E) used in the analysis are shown in 

Table 3.4. Model fitting was started using the E parameter only. When the chi-squared 

value was significant; D, H and F parameters were successively included until a 

satisfactory fit was obtained. The best fit model was chosen as the one with all significant 

parameters and non-significant chi-squared value. 
 

Table 3.4: Coefficients of the D, H, F and E effects for the weighted least squares 
analysis of generation variances (Mather and Jinks, 1982) 

Generation Components of variation 

 D H F E 

P1 0.00 0.00 0.00 1 

P2 0.00 0.00 0.00 1 

F1 0.00 0.00 0.00 1 

F2 0.50 0.25 0.00 1 

BC1 0.25 0.25 -0.5 1 

BC2 0.25 0.25 0.50 1 

Generations Components of genetic effects 

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

P1 1 1.0 0.0 1.00 0.00 0.00 

P2 1 -1.0 0.0 1.00 0.00 0.00 

F1 1 0.0 1.0 0.00 0.00 1.00 

F2 1 0.0 0.5 0.00 0.00 0.25 

BC1 
 

1 0.5 0.5 0.25 0.25 0.25 

BC2 1 -0.5 0.5 0.25 -0.25 0.25 
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3.15.3 Heritability estimates 

Heritability in narrow sense (h2
ns) was calculated using the components of variance from 

the best fit model of weighted least squares analysis by the formula: 

h2
ns 

(1) = 0.5D / (0.5D + E) (When a simple DE model was adequate without a significant 

dominance component) 

(2) = 0.5D / (0.5D + 0.25H + E) (When a DHE model had to be fitted) 

 

Heritability in the F∞ generation was also calculated by using the formula: 

h2
∞ = D / (D + E)  

 
3.15.4   CORRELATIONS 

The Phenotypic and genotypic correlation coefficients between pairs of plant traits were 

calculated using the individual plants data of the F2 populations. 

 
I. Phenotypic correlations 

The phenotypic correlations (rp) between two traits x and y were calculated by using the 

following formula.                   

 rp =   PCOV(x,y)/ (PVx . PVy)1/2 

Where, 

 PCOV(x,y) is the mean phenotypic covariance of x and y traits.  

 PVx and PVy are the phenotypic variance of the same traits respectively. 

 
II. Genotypic correlations 

The genotypic correlations (rg) between two traits x and y were computed by using the 

following formula.  

 rg =   GCOV(x,y)/ (GVx . GVy)1/2   

Where, 

 GCOV(x,y) = COV(x,y) F2 – COV(x,y)E  

 COV(x,y)E = (1/4)[COV(x,y)P1 + COV(x,y)P2 + 2COV(x,y)F1]  
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GCOV(x,y), COV(x,y)E, COV(x,y)P1, COV(x,y)P2, COV(x,y)F1 and  COV(x,y) F2 are 

covariances of x and y associated with genetic effects, non-genetic effects, P1, P2, F1 and 

F2 generations respectively and GV (x) and GV (y) are genetic variances of x and y traits 

respectively. 
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CHAPTER-IV  
 

RESULTS AND DISCUSSIONS 

Data recorded for two crosses under both drought and normal conditions were analyzed 

and significant differences were found among the generations for various traits 

(plant height, number of bolls per plant, boll weight, 100 seed weight, seed cotton yield, 

lint percentage, fibre length, fibre strength, fibre fineness, relative water content, excised 

leaf water loss and stomatal frequency). Generation means, population effects and LSD 

values to compare the generation means are shown in the Table 4.1 

4.1  Generation Means Analysis 

The results of generation means analysis are given in Table 4.2. In quantitative traits, 

gene action is described as additive, dominance and epistatic effects (additive x additive, 

additive x dominance and dominance x dominance). Additive effect is normally the 

average effect of genes from both parents; dominance is the interaction of allelic genes 

and epistasis is the interaction of non-allelic genes affecting a particular trait. Gene action 

has been estimated using diallel crosses following the methods described by Hayman 

(1954) and Jinks (1954) or by using generation means and variance of different 

populations (parents, F1, segregating and backcross populations) by the method as by 

Mather and Jinks (1982). Gene action has been studied through generation means and 

variance analyses by various workers in cotton (Pathak, 1975; Dhillon and Singh, 1980; 

Singh and Sandhu, 1985; Kalsy and Garg, 1988) and in other crops (Malik and Wright, 

1997; Munir et al. 2007).  

 
4.1.1  Excised leaf water loss (ELWL) 

In excised leaf water loss, model with four parameters [m, d, h, i] under normal, five 

parameters [m, d, h, i, l] under drought in cross-1, while in cross-2 five parameters [m, d, 

h, i, l] under   both    conditions     in   the   field   was   found   fit   to   the data. In the pot 
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Table. 4.1 Generation Means for Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll Number (BN), Boll Weight (BW, g), 
100 Seed Weight (SW, g), Lint Percentage (LP, %),  Fibre Length (FL, mm), Fibre Strength (FS, g/tex), Fibre Fineness (FF. 
Mic), Excised Leaf Water Loss (ELWL, g/g), Relative Water Content (RWC, %) and Stomatal Frequency (SF) in two crosses 
FH 87 x CIM 446(1), MNH 329 x MNH 513(2) of cotton under normal (N) and drought (D) conditions in the field and pot 
experiment using population of cross-1 under normal (NP) and drought (DP) conditions.  
 

Traits  Cross 
# 

Generations Pop. 
Effects 

LSD 
(0.05) P1 P2 F1 F2 BC1 BC2 

PH N1 
D1 

 109.89 
 101.28 

 108.50 
 98.47 

 110.28 
 101.39 

 93.77 
 81.66 

 107.40 
 96.67 

 107.40 
 96.00 

 ** 
 ** 

 6.10 
 7.88 

N2 
D2 

 109.81 
 101.00 

 108.33 
 98.50 

 109.88 
 101.05 

 96.86 
 85.09 

 107.75 
 95.78 

 107.00 
 95.83 

 ** 
 ** 

 5.12 
 7.20 

SCY N1 
D1 

 28.58 
 15.07 

 17.85 
 15.95 

 27.81 
 25.75 

 18.95 
 14.79 

 24.48 
 14.54 

 31.38 
 26.03 

 ** 
 ** 

 8.21 
 6.25 

N2 
D2 

 30.14 
 24.30 

 18.66 
 15.79 

 26.57 
 24.53 

 22.53 
 15.30 

 24.51 
 17.75 

 20.74 
 16.83 

 ** 
 ** 

 8.41 
 7.32 

BN N1 
D1 

 11.33 
 7.06 

 7.42 
 7.00 

 10.22 
 10.00 

 7.31 
 6.56 

 9.47 
 6.44 

 13.47 
 10.00 

 ** 
 ** 

 2.19 
 1.31 

N2 
D2 

 12.19 
 11.00 

 8.27 
 7.61 

 11.63 
 10.05 

 9.60 
 7.41 

 11.00 
 8.33 

 9.22 
 8.08 

 ** 
 ** 

 1.29 
 2.21 

BW N1 
D1 

 2.53 
 2.14 

 2.42 
 2.31 

 2.72 
 2.58 

 2.64 
 2.27 

 2.64 
 2.22 

 2.29 
 2.66 

 ** 
 ** 

 0.14 
 0.26 

N2 
D2 

 2.48 
 2.22 

 2.26 
 2.08 

 2.29 
 2.44 

 2.36 
 2.07 

 2.20 
 2.11 

 2.21 
 2.06 

 * 
 * 

 0.17 
 0.12 

SW N1 
D1 

 7.18 
 7.03 

 7.08 
 6.96 

 8.02 
 7.86 

 7.47 
 7.36 

 7.63 
 7.10 

 7.52 
 7.12 

 ** 
 * 

 0.13 
 0.14 

N2 
D2 

 7.29 
 7.13 

 7.06 
 6.94 

 7.08 
 6.99 

 7.17 
 7.04 

 7.35 
 6.70 

 7.22 
 6.59 

 ** 
 ** 

 0.09 
 0.13 

LP N1 
D1 

 38.70 
 39.55 

 39.58 
 40.64 

 39.22 
 40.23 

 39.69 
 38.18 

 37.98 
 39.58 

 38.08 
 38.67 

 ** 
 * 

 0.21 
 0.18 

N2 
D2 

 39.06 
 39.71 

 39.33 
 40.55 

 39.24 
 40.28 

 40.90 
 39.84 

 37.79 
 39.47 

 38.96 
 39.81 

 ** 
 ** 

 0.28 
 0.31 

FL  N1 
D1 

 28.33 
 27.57 

 27.22 
 27.66 

 27.84 
 27.96 

 27.58 
 26.18 

 27.71 
 28.23 

 27.41 
 27.71 

 ** 
 ** 

 0.19 
 0.16 

N2 
D2  

 27.54 
 27.06 

 27.59 
 27.02 

 27.11 
 26.99 

 27.61 
 26.55 

 26.89 
 26.72 

 27.56 
 27.36 

 ** 
 ** 

 0.09 
 0.10 

FS N1 
D1 

 26.29 
 26.52 

 28.13 
 28.34 

 27.00 
 26.98 

 25.55 
 23.57 

 27.33 
 28.23 

 27.08 
 26.73 

 * 
 ** 

 0.28 
 0.36 

N2 
D2 

 26.54 
 26.02 

 27.16 
 27.01 

 26.83 
 26.88 

 25.92 
 24.04 

 27.45 
 28.19 

 28.17 
 28.38 

 ** 
 ** 

 0.25 
 0.36 

FF N1 
D1 

 3.87 
 3.83 

 4.54 
 4.67 

 4.32 
 4.04 

 4.46 
 4.38 

 4.23 
 4.36 

 4.15 
 3.79 

 * 
 ** 

 0.13 
 0.24 

N2 
D2 

 4.72 
 4.90 

 4.80 
 4.87 

 4.87 
 5.01 

 4.55 
 4.56 

 3.69 
 3.80 

 4.37 
 4.28 

 ** 
 ** 

 0.34 
 0.27 

ELWL  N1 
D1 
NP 
DP 

 3.22 
 2.44 
 3.14 
 2.23 

 2.62 
 1.81 
 2.46 
 2.17 

 2.50 
 1.86 
 2.53 
 2.05 

 2.93 
 2.44 
 2.81 
 1.93 

 2.66 
 1.67 
 2.51 
 1.78 

 2.63 
 1.64 
 2.69 
 1.98 

 ** 
 ** 
 ** 
 ** 

 0.13 
 0.25 
 0.17 
 0.12 

N2 
D2 

 3.12 
 2.36 

 2.70 
 1.90 

 2.62 
 1.84 

 3.02 
 2.39 

 2.73 
 1.66 

 2.61 
 1.71 

 ** 
 ** 

 0.23 
 0.12 

RWC N1 
D1 
NP 
DP 

 88.09 
 72.79 
 86.14 
 78.37 

 88.42 
 83.39 
 87.32 
 88.50 

 89.10 
 84.44 
 88.56 
 79.24 

 81.10 
 80.13 
 86.59 
 79.41 

 85.54 
 77.19 
 86.62 
 73.40 

 85.38 
 78.23 
 87.84 
 85.18 

 ns 
 ** 
 ns 
 ** 

   - 
 4.28 
   - 
 3.53 

N2 
D2 

 88.33 
 76.82 

 88.40 
 83.78 

 89.24 
 84.42 

 86.56 
 78.68 

 87.20 
 78.49 

 85.84 
 80.14 

 ** 
 ** 

 2.06 
 3.18 

SF N1 
D1 

 27.56 
 26.47 

 24.42 
 25.38 

 24.47 
 24.50 

 26.29 
 25.86 

 26.27 
 26.44 

 25.67 
 25.34 

 ** 
 * 

 0.28 
 0.21 

N2 
D2 

 27.33 
 26.56 

 24.60 
 25.56 

 24.46 
 24.62 

 26.37 
 25.64 

 26.42 
 26.63 

 25.44 
 25.35 

 ** 
 ** 

 0.22 
 0.20 

*, P < (0.05); **, P < (0.01),  ns = non-significant   
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Table. 4.2 Estimates of the best fit model for generation means parameters (±, standard error) by weighted least squares 
analysis in respect of Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll Number (BN), Boll Weight (BW, g), 100 Seed 
Weight (SW, g), Lint Percentage (LP, %),  Fibre Length (FL, mm), Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic),  
Excised Leaf Water Loss (ELWL, g/g), Relative Water Content (RWC, %), and Stomatal Frequency (SF) in two crosses FH 87 
x CIM 446(1), MNH 329 x MNH 513(2) of cotton under normal (N) and drought (D) conditions in the field and pot experiment 
using population of cross-1 under normal (NP) and drought (DP) conditions. 
 

Traits  Cross  
   # 

Genetic Effects X2(df) 

[m]  [d]  [h]  [i]  [j]  [l]  

PH N1 
D1 

 106.21±6.93 
 95.91±7.19 

 0.67±0.23 
 1.40±0.26 

 78.77±14.81 
 70.10±17.02 

 54.52±6.93 
 59.50±7.18 

- 
- 

 -45.17±8.04 
 -43.09±10.09 

 0.34(1) 
 0.09(1) 

N2 
D2 

 106.61±8.56 
 96.21±7.80 

 0.74±0.20 
 1.23±0.24 

 76.57±18.52 
 72.05±17.46 

 42.08±8.56 
 44.01±7.79 

- 
- 

 -33.69±10.17 
 -26.75±9.90 

 0.00(1) 
 0.44(1) 

SCY 

N1 
D1 

 24.84±2.38 
 18.69±1.93 

 0.39±0.10 
 0.44±0.09 

  8.26±2.39 
 10.21±1.94 

 8.64±2.38 
 9.97±1.93 

 -10.46±4.60 
  13.26±4.67 

- 
- 

 3.41(1) 
 3.09(1) 

N2 
D2 

 23.86±0.11 
 19.08±1.73 

 5.74±0.11 
 4.25±0.08 

 -9.72±4.14 
 19.04±1.75       

- 
 14.55±1.73 

- 
- 

 11.89±4.14 
- 

 0.37(2) 
 2.58(2) 

BN 

N1 
D1 

 9.87±0.84 
 7.84±1.93 

           - 
 0.44±0.09 

 6.42±0.85 
 20.21±1.94 

 3.46±0.84 
 9.97±1.93 

  6.71±1.99 
 23.26±4.67 

- 
- 

 1.75(2) 
 3.09(1) 

N2 
D2 

 10.32±0.98 
 8.75±0.78 

 1.96±0.07 
 1.67±0.11 

 4.18±1.00 
 5.40±0.78 

 2.79±0.98 
 4.64±0.79 

- 
- 

- 
- 

 0.10(2) 
 2.68(2) 

BW 

N1 
D1 

 2.54±0.02 
 2.36±0.02 

 0.06±0.02 
 0.04±0.02 

- 
- 

 0.53±0.17 
 0.54±0.17 

- 
- 

 0.25±0.03 
 0.22±0.03 

 5.93(2) 
 5.89(2) 

N2 
D2 

 2.30±0.01 
 2.16±0.07 

 0.17±0.02 
 0.07±0.02 

- 
 0.78±0.07 

 0.49±0.07 
- 

- 
- 

- 
- 

 7.34(4) 
 3.26(2) 

SW N1 
D1 

 7.48±0.01                                    
7.24±0.01 

 0.05±0.01 
 0.03±0.01 

 0.89±0.01 
- 

- 
- 

- 
- 

- 
 0.80±0.01 

 2.55(3) 
 3.31(3) 

N2 
D2 

 7.20±0.01 
 6.90±0.52 

 0.11±0.01 
 0.10±0.01 

- 
 -4.77±1.32 

- 
 -1.62±0.52 

- 
- 

 -0.10±0.01 
  3.11±0.81 

 1.33(3) 
 0.01(1) 

LP N1 
D1 

 38.88±1.38 
 39.48±0.65 

 0.42±0.12 
 0.56±0.12 

 -7.77±3.56 
  4.16±0.72 

 -6.63±1.37 
  4.02±0.67 

- 
- 

 11.21±2.24 
- 

 0.43(1) 
 0.24(2) 

N2 
D2  

 39.21±1.49 
 39.94±0.08 

- 
 0.40±0.11 

 -22.83±4.03 
- 

 -9.85±1.49 
- 

- 
- 

 13.01±2.58 
- 

 5.04(2) 
 3.56(4) 

FL  N1 
D1 

 27.68±0.05 
 27.55±0.89 

 0.53±0.12 
- 

- 
 14.65±2.43 

- 
  6.92±0.89 

- 
- 

- 
 -7.40±1.57 

 4.96(4) 
 2.27(2) 

N2 
D2 

 27.38±0.09 
 26.95±0.03 

- 
- 

 -0.49±0.10 
- 

- 
- 

- 
 1.30±0.73 

- 
- 

 6.74(4) 
 8.14(4) 

FS 

N1 
D1 

 26.90±1.02 
 26.73±1.02 

 0.84±0.12 
 0.28±0.11 

 13.01±2.50 
 15.33±2.50 

 6.47±1.01 
 6.61±1.01 

- 
- 

 -6.75±1.52 
 -8.29±1.56 

 3.77(1) 
 0.01(1) 

N2 
D2 

 27.01±1.10 
 26.75±1.28 

 -0.34±0.11 
 -0.49±0.04 

 18.31±2.85 
 20.22±3.04 

 7.34±1.09 
 6.82±1.28 

- 
- 

 -10.99±1.79 
 -13.04±1.80 

 0.88(1) 
 0.62(1) 

FF 

N1 
D1 

 4.26±1.02 
 4.18±0.35 

 0.28±0.11 
          - 

 15.33±2.50 
 -7.67±0.94 

 6.61±1.01 
 -2.09±0.35 

- 
 0.97±0.27 

 -8.29±1.56 
 5.71±0.60 

 0.01(1) 
 0.12(1) 

N2 
D2 

 4.50±0.35 
 4.57±0.35 

          - 
          - 

 -7.13±0.96 
 -7.67±0.94 

 -2.07±0.35 
 -2.09±0.35 

 -1.35±0.29 
 -0.97±0.27 

 5.18±0.63 
 5.71±0.60 

 0.59(1) 
 0.12(1) 

ELWL  

N1 
D1 
NP 
DP 

 2.76±0.09 
 1.95±0.28 
 2.69±0.13 
2.02±0.04 

 0.25±0.02 
 0.22±0.01 
 0.24±0.02 
         - 

 -0.25±0.12 
  0.43±0.79 
  0.23±0.05 

- 

 0.22±0.09 
 -2.78±0.27 
 0.21±0.16 
 0.25±0.09 

             - 
             - 
             - 
    0.61±0.18 

           - 
 4.01±0.53 
           - 
           - 

 0.44(2) 
 2.23(1) 
 3.87(2) 
 5.98(3) 

N2 
D2 

 2.80±0.30 
 1.98.±0.29 

 0.20±0.02 
 0.23±0.01  

 -3.54±0.82 
  0.56±0.80  

 -1.42±0.30 
 -2.80±0.29 

- 
- 

 1.83±0.53 
 3.99±0.52  

 0.54(1) 
 2.24(1) 

RWC N1 
D1 
NP 
DP 

 86.27±1.19 
 79.36±0.20 
 87.18±1.35 
 80.68±1.07 

          - 
 5.30±0.20 
         - 
5.41±1.15 

 15.61±1.24 
          - 
 13.48±2.18 
 -5.94±2.18 

 14.73±1.24 
- 

 12.65±1.79 
- 

- 
 -10.86±4.84 

- 
- 

- 
 6.36±0.27 
             - 
             - 

 0.85(3) 
 2.78(2) 
 2.87(2) 
 3.17(3) 

N2 
D2 

 87.60±0.99 
 80.39±1.59 

          - 
 -3.46±0.21 

- 
 12.14±1.62  

- 
 8.01±1.61 

 3.06±1.04 
- 

 3.95±1.04 
- 

 0.90(3) 
 1.87(2) 

SF N1 
D1 

 25.77±0.42 
 25.73±0.08 

 1.54±0.09 
 1.59±0.09 

 -0.71±0.47 
- 

 -2.16±0.43 
        - 

- 
- 

- 
 -1.46±0.15 

 3.12(2) 
 5.47(3) 

N2 
D2 

 25.77±0.74 
 25.70±0.08 

 1.36±0.08 
 1.49±0.08 

 -3.92±0.76 
- 

 -2.41±0.75 
- 

- 
- 

- 
 -1.44±0.14 

 0.33(2) 
 0.67(3) 
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experiment four parameter model [m, d, h, i] under well-watered and three parameter 

model [m, i, j] under drought conditions was fit to the data. The presence of interactions 

under both conditions in the field and in the pots showed that inheritance of ELWL is not 

simple. Therefore, plants selected in early segregating generation may not breed true, so 

selection in advanced segregating generations would be fruitful. Malik and Wright (1995) 

estimated additive and dominance gene action of ELWL from their studies under drought 

conditions in wheat. Ahmed et al. (2000) reported that dominance along with additive x 

dominance interaction controlled the inheritance of ELWL under drought conditions in 

wheat. Majeed et al. (2001) observed dominance and epistatic effects in the inheritance 

of ELWL under drought conditions in barley. Kumar and Sharma (2007) applied 

generation means analysis to estimate inheritance of ELWL under drought conditions in 

wheat and reported that additive, dominance and epistatic effects were responsible in the 

inheritance of this trait. 

 
Variation in ELWL has been reported in different crops as well as within the same 

species using different genetic materials. Differences in ELWL of the genotypes arise due 

to variation in cuticular thickness as stomata close about two minutes after leaf excision. 

So most of the water lost from the leaf is from the epidermis. So differences in cuticular 

thickness would result in difference of ELWL (Malik and Wright, 1998). The genotype 

having the potential of low rate of excised leaf water loss show drought resistance. 

Therefore, ELWL has been suggested as selection criterion for drought resistance in 

different crops (Salim et al. 1969; Dedio, 1975; Clarke and McCaig, 1982; Clarke and 

Smith, 1986; Winter et al. 1988; McCaig and Romagosa 1991; Clarke et al. 1992; 

Dhanda and Sethi 1998; Rahman et al. 2000).  

 
4.1.2  Relative water content (RWC)  

In relative water content model with three parameters [m, h, i] under well-watered, 

four parameters [m, d, j, l] under drought in cross-1, while in cross-2 three parameters [m, 

j, l] under normal and four parameters [m, d, h, i] under drought conditions in the field 

had a good fit to the data. In the pot experiment three parameter model [m, h, i] under 

well-watered and three parameter model [m, d, h] under drought conditions was fit to the 

data. The results showed that inheritance of RWC in the present study was not simple. 
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Therefore, selection for this trait might be fruitful in advanced segregating generations. 

Malik and Wright (1995) used generation means analysis to estimate inheritance of RWC 

under drought conditions in wheat and found that additive and dominance along with 

additive x dominance interaction were responsible in the inheritance of this trait. Ahmed 

et al. (2000) estimated additive and additive x dominance interaction for the inheritance 

of RWC under drought conditions in wheat. Majeed et al. (2001) reported that only 

additive type of gene action controlled the inheritance of RWC under drought conditions 

in barley. Kumar and Sharma (2007) estimated inheritance of RWC under drought 

conditions in wheat and found that additive, dominance and epistatic effects governed the 

inheritance of this trait.  

 
Trends towards higher RWC at given water potential has been observed in species which 

are better adapted to dry environments (Weatherley and Slatyer, 1975; Jarvis and Jarvis, 

1963). Sorghum shows smaller decrease in RWC per unit change in leaf water potential 

than cotton or maize (Ackerson and Krieg, 1977). It is also observed that un-irrigated 

plants showed a much smaller change in water content per unit change in leaf water 

potential, than in the case of irrigated plants (Levitt, 1980). So it may be concluded that 

measurement of relative water content may not be indicator of drought resistance in plant. 

However, maintenance of higher relative water content has been referred as screening 

criterion for drought resistance in different crops (Carter and Patterson 1985; Sinclair and 

Ludlow 1985; Schonfeld et al. 1988; Matin et al. 1989; Ritchie et al. 1990; Tahara et al., 

1990; Malik and Wright 1998; Majeed et al. 2001; Malik et al. 2006; Kumar and Sharma 

2007).  

 
4.1.3   Stomatal frequency            

For stomal frequency the model with four parameters [m, d, h, i] under well-watered and 

three parameters [m, d, l] under drought in cross-1, while in cross-2 four parameters [m, 

d, h, i] under normal and three parameters [m, d, l] under drought conditions was proved 

fit to the data. This indicated the presence of additive and dominance along with additive 

x additive interaction under normal in both crosses and additive type of gene action along 

with dominance x dominance interaction under drought conditions in both crosses for the 

trait. The fact showed complex inheritance. Subhani and Chowdhry (2000) studied 
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inheritance for stomal frequency in wheat and observed that additive along with partial 

dominance under irrigated and partial dominance type of gene action under drought 

conditions for the trait. Majeed et al. (2001) reported that dominance type of gene action 

controlled the inheritance of stomal frequency under drought conditions in barley. 

 
4.1.4  Plant height 

In the present study, generation means analysis for plant height with five parameters 

model [m, d, h, i, l] provided a good fit to the data, in both the crosses under both well-

watered and drought conditions suggesting the presence of additive and dominance along 

with epistatic effects for inheritance of this trait. This indicated that the trait was not 

simply inherited. Therefore, delayed selection might be fruitful to breed cotton for this 

trait for both the environments. Singh et al. (1983) estimated gene action through 

generation means analysis in cotton and observed additive, dominance and epistatic 

effects for the trait. Randhawa et al. (1986) used generation means analysis to study gene 

action in cotton and recorded the presence of additive and epistasis for plant height. 

Kalsy and Garg (1988) evaluated six generations of cotton by generation means analysis 

and found only additive and dominance gene action for plant height. Majeed et al. (2001) 

performed generation means analysis in barley and found additive and dominance along 

with epistatic effects for plant height. Novoselovic et al. (2004) used generation means 

analysis in wheat and estimated additive, dominance and epistatic effects for plant height.  

 
Generally plant height is related to yield and drought tolerance. Taller plants produce 

higher vegetative matter and thus more will be their water requirement due to higher 

water loss. Cotton varieties having medium height may perform better under limited 

water conditions. According to the results of present studies, sufficient genetic variation 

was found for plant height in the F2 generation, therefore, desired plant height may be 

tailored by selection.  

 
4.1.5  Seed cotton yield 

For seed cotton yield five parameters model [m, d, h, i, j] in cross-1 under both 

conditions, while in cross-2 four parameters model [m, d, h, l] under normal and four 

parameters model [m, d, h, i] under drought conditions, provided a satisfactory fit to the 
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data showing the presence of additive, dominance and epistatic effects for the trait. This 

showed that seed cotton yield was not simply inherited as well as its gene action was 

influenced by the environment Therefore, selection for seed cotton yield may be done in 

later segregating generations and the selected plants should be evaluated by progeny test.   

Pathak and Singh (1970), Kaseem et al. (1984), Kalsy and Garg (1988) and Esmail 

(2007) studied the inheritance of seed cotton yield per plant in cotton and reported 

additive, dominance and epistatic gene effects for this trait. Randhawa et al. (1986) 

indicated the presence of additive and epistatic effects in the inheritance of this trait. 

Majeed et al. (2001) and Prakash et al. (2005) evaluated six generations of barley through 

generation means analysis and found additive and dominance along with epistatic effect 

for grain yield per plant. Novoselovic et al. (2004) studied gene action in wheat using the 

generation means analysis and estimated additive, dominance and epistatic effects for 

grain yield per plant. Complex gene action is expected for plant yield as it is a 

developmental trait and is composed of a number of components. So breeders mainly 

select plants in the field on the basis of yield components rather than final yield. In yield 

trials strains are screened on the basis of yield.   

 
4.1.6  Number of bolls per plant  

Four parameters model [m, h, i, j] under normal and five parameters model [m, d, h, i, j] 

under drought conditions in cross-1, while in cross-2 four parameters model [m, d, h, i] 

under both conditions was found fit to the data, indicating presence of additive, 

dominance and epistatic effects for the inheritance of this trait. These results shows that 

breeding for this trait may also be relatively complex. Pathak and Singh (1970), Kalsy 

and Garg (1988) and Esmail (2007) studied the inheritance of number of bolls per plant 

in cotton and reported additive, dominance and epistatic effects for this trait. Singh et al. 

(1971) also studied genetics of number of bolls per plant in cotton and found additive and 

dominance genetic variances along with the interactions for this trait. Silva and Alves 

(1983) studied the gene action in cotton (G. hirsutum) and reported additive and 

dominance affects for number of bolls per plant, while Randhawa et al. (1986) estimated 

genetic effects in cotton and found additive genetic variance as well as epistasis for 

number of bolls per plant. Difference of gene action in the crosses of present study and in 
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the studies reported earlier shows that different genetic background affects the number of 

bolls per plant in cotton.  

 
4.1.7 Boll weight 

In boll weight, four parameters model [m, d, i, l] under well-watered and drought 

conditions in cross-1, while in cross-2 three parameters model [m, d, i] under normal and 

three parameters model [m, d, h] under drought conditions proved satisfactory. This 

showed that the trait may not simple in inheritance, however, in one cross gene action 

was relatively simple without interactions, which may be due to the genetic background 

of the parents for this trait. Pathak and Singh (1970) studied the inheritance of boll weight 

in cotton and estimated additive and epistatic effects for this trait. Singh et al. (1971), 

Kaseem et al. (1984) and Kalsy and Garg (1988) studied gene action for boll weight in 

cotton and observed additive and dominance genetic variance along with the epistatic 

effects for this trait. Tyagi (1988) and Esmail (2007) observed additive and dominance 

variance for boll weight in cotton as was observed in one cross under drought in the 

present study.  

 
4.1.8  100-seed weight/Seed index   

Three parameters model [m, d, h] under well-watered and three parameters model [m, d, 

l] under drought conditions in cross-1, while in cross-2 three parameters model [m, d, l] 

under normal and five parameters model [m, d, h, i, l] under drought conditions was 

proved fit to the data. Xin and Ming (1998) studied gene action in cotton and reported 

that both additive and non-additive genetic effects controlled the inheritance of seed 

index. Pavasia et al. (1999) found that the trait was controlled by additive type of gene 

action. Bertini et al. (2001) observed that additive genetic effects were most important for 

the inheritance of 100-seed weight in cotton. Mert et al. (2003) performed generation 

means analysis in cotton to observe the inheritance of 100-seed weight and found that 

only dominance effects were responsible in the inheritance of this trait. Chandio et al. 

(2003) studied six cotton genotypes and concluded that seed index was controlled by 

partial dominance gene action. Rahman et al. (2005) used generation means analysis to 

estimate the inheritance of seed index in upland cotton and found additive genetic effects 

along with additive x additive interaction in the inheritance of this trait.  
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Seed index directly relates to lint yield. Fibre cells are produced on the epidermis of the 

seed. If seed size is smaller, more seeds may be accommodated in a lock of the boll and 

hence higher lint yield per boll on the basis of surface area and volume relationship. 

However, density of the hair also determine lint yield. Different gene action in the cross 

under well-watered and drought stress shows that there is significant interaction of 

environment on seed development, which should be taken care of by cotton 

breeders,while breeding cotton for drought stress environment. 

 
4.1.9 Lint percentage/Ginning out-turn (GOT) 

In lint percentage five parameters model [m, d, h, i, l] under normal and four parameters 

model [m, d, h, i] under drought conditions in cross-1, while in cross-2 with four 

parameters model [m, h, i, l] under normal and two parameters model [m, d] under 

drought conditions had fitness to the data showing the presence of additive and 

dominance along with interactions in cross-1 under both conditions, while in cross-2 

dominance along with interactions under normal and only additive type of inheritance 

under drought conditions for this trait, which revealed that inheritance of lint percentage 

in the present study was not simple except in cross-2 under drought conditions. Dhillon 

and Singh (1980) studied gene action of lint percentage in six generations of cotton and 

found that additive, dominance and interactions were responsible for the inheritance of 

this trait. Pavasia et al. (1999) studied gene action of lint percentage in cotton and 

observed additive type of inheritance for this trait. Singh and Yadavendra (2002) and 

Mert et al. (2003) also used generation means analysis in cotton to estimate the 

inheritance of lint percentage and reported that lint percentage was controlled by additive, 

dominance and epistatic genetic effects. Lint percentage depends directly on the seed 

size, which is affected by the environment as was demonstrated above in the gene action 

of seed index in two environments in the same cross.  

 
4.1.10  Fibre Length 

Two parameters model [m, d] under well-watered and four parameters model [m, h, i, l] 

under drought conditions in cross-1, while in cross-2 two parameters model [m, h] under 

normal and two parameters model [m, j] under drought conditions provided good fit to 

the data indicating the presence of  only additive gene action under normal and 
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dominance along with interactions under drought conditions in cross-1, while in cross-2 

only dominance genetic effects under normal and additive x dominance interaction under 

drought conditions for this trait, which indicated that inheritance of fibre length in the 

present study was simple under well watered conditions in both crosses, while under 

drought conditions inheritance was complex in both crosses as it involved interactions, 

Singh et al. (1983) and Lin and Zhao (1988) studied gene action in cotton for this trait 

and recorded additive, dominance and epistatic effects. Nadarajan and Rangasamy (1990) 

found that the trait was controlled by simple additive gene action, while Singh and 

Yadavendra (2002) concluded that fibre length in cotton was governed by additive and 

dominance genetic effects along with involvement of interactions. Nimbalkar et al. 

(2004) observed in desi cotton (Gossypium arboreum and Gossypium herbaceum) that 

only additive type of gene action was responsible for the inheritance of fibre length. 

Murtaza et al. (2004) estimated gene action in cotton and found that epistatic effects were 

responsible for the inheritance of fibre length. 

 
Gene actions for this trait reported in the present study or earlier studies were found 

different not only in different crosses but also in the same cross under different 

conditions. Different types of gene action in different crosses may be due to difference in 

genetic makeup of the parents involved, while difference in the gene action of the same 

cross in different environments may be due to difference in expression of different genes 

in the development of fibre length. So cotton breeders should take care of this fact in 

breeding cotton for drought stress environments. 

 
4.1.11  Fibre Strength 

For fibre strength with five parameters model [m, d, h, i, l] in both crosses and under both 

conditions had a good fitness to the data, showing the presence of additive and 

dominance variances along with interactions for the inheritance of this trait, which 

revealed that inheritance of fibre strength was not simple. Therefore, selection in early 

segregating generation may not give good output, however, selection in advanced 

segregating generations might be fruitful for this trait. Pathak (1975) and Hendawy et al. 

(1999) observed that fibre strength in cotton had additive and dominance genetic effects 

as well as additive x additive interaction. Singh et al. (1983) as well as Lin and Zhao 
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(1988) concluded that additive, dominance and epistatic genetic variances were involved 

in the inheritance of fibre strength in cotton. Murtaza et al. (2004) observed that fibre 

strength in cotton was controlled by additive and dominance genetic effects. The results 

of present study show that terminal drought stress do not affect the expression of genes 

for fibre strength. This may also be observed from the mean data of generations for this 

trait. 

 
4.1.12  Fibre Fineness 

In fibre fineness the model with five parameters [m, d, h, i, l] under normal and five 

parameters model [m, h, i, j, l] under drought conditions in cross-1, while in cross-2 with 

five parameters model [m, h, i, j, l] under both conditions was found fit to the data 

indicating the presence of complex genetic variance in the inheritance of this trait. So 

selection in latter segregating generations may be preferred for this trait. Gad et al. (1974) 

estimated that additive and dominance variances were involved in the inheritance of fibre 

fineness. Ma et al. (1983) evaluated six generations of cotton for the inheritance of fibre 

fineness and found dominance effects for this trait. Lin and Zhao (1988) reported from 

their studies in cotton that fibre fineness was governed by additive, dominance and 

epistatic genetic effects. Nadarajan and Rangasamy (1990) found that fibre fineness was 

controlled by additive gene action in cotton. The effect of environment on the expression 

of genes for fibre fineness demands that cotton breeders should take care of this fact 

while breeding cotton for drought stress. 

 
Generation means analysis showed that the yield developing morphological and 

physiological traits were not simply inherited. The results also showed the change in the 

expression of genes in different environments. There was similarity of gene action under 

well-watered and drought conditions in some cases, which might be due to the reason that 

in the present study drought stress was applied at terminal period of life cycle of plants. 

So it may be suggested that cotton breeders interested in breeding cotton genotypes for 

drought stress environments should practice selection of breeding material under 

simulated drought stress.    
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4.2 Generation Variance analysis  

Differences in morphological and physiological traits are due to genetic and 

environmental variation. Generation variance analysis has widely been used by plant 

breeders for partitioning the total variance into genetic and environmental components. 

The partitioning of phenotypic variance into its genotypic and environmental components 

is not sufficient to study the genetic properties of a breeding material. So genotypic 

variance is partitioned further into additive (D), dominance (H), environmental (E) and 

interaction (F). Gnetic and environmental variance can be measured from an experiment 

which includes some non segregating (e.g. pure lines, inbred lines, F1 etc.) and 

segregating populations (e.g. backcrosses, F2 etc.). In the present studies a model 

incorporating additive, dominance and environmental components was generally found 

suitable to explain the variation in the crosses studied (Table 4.3). Additive and 

dominance genetic variance of various traits in cotton has been reported by Gad et al. 

(1974), Tyagi (1988), May and Green (1994), Nistor and Nistor (1999), Mukhtar et al. 

(2000), Bertini et al. (2001), Kkan et al. (2001). 

 
Both generation means and generation variance analysis indicated presence of additive 

and dominance variance for various traits, however epistatic effects were not detected in 

the generation variance analysis. This discrepancy may be due to differences in the 

estimation precision of the two analyses. Generation means analysis is relatively more 

reliable compared to generation variance analysis (Malik et al. 1999). The results of 

generation variance analysis and heritability (ns and F∞) are given in Table 4.3.  
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Table. 4.3 Variance components D (additive), H (dominance), F (additive x dominance) and E (environmental) 
following weighted analysis of components of variance, and heritability (ns, narrow sense and F∞ generation) for 
Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll Number (BN), Boll Weight (BW, g), 100 Seed Weight (SW, 
g), Lint Percentage (LP, %),  Fibre Length (FL, mm), Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic),  Excised 
Leaf Water Loss (ELWL, g/g), Relative Water Content (RWC, %) and Stomatal Frequency (SF) in two crosses FH 
87 x CIM 446(1), MNH 329 x MNH 513(2) of cotton under normal (N) and drought (D) conditions in the field and pot 
experiment using population of cross-1 under normal (NP) and drought (DP) conditions.  
 

 
Traits  

Cross 
# 

Variance Components x2 (df) Heritability  

D H E  Ns F∞ 

PH N1 
D1 

 1076.80±154.55 
 814.57±131.42 

 -1042.06±155.61 
 -714.07±142.41 

 21.43±4.34 
 20.29±3.98 

 1.51(3) 
 2.70(3) 

 0.81 
 0.83 

 0.98 
 0.97 

N2 
D2 

 1611.32±230.17 
 1201.55±176.98 

 -1565.25±231.87 
 -1137.70±181.00 

 31.56±5.86 
 31.77±5.92 

 0.50(3) 
 5.09(3) 

 0.79 
 0.84 

 0.98 
 0.97 

SCY N1 
D1 

 228.68±27.87 
 334.69±74.91 

              - 
 -203.34.±99.93 

 20.14±4.31 
 20.23±4.39 

 3.49(4) 
 1.44(3) 

 0.64 
 0.78 

 0.91 
 0.94 

N2 
D2 

 351.80±44.41 
 169.06±21.38 

             - 
             - 

 20.28±3.62 
 20.28±3.62 

 7.30(4) 
 4.41(4) 

 0.72 
 0.68 

 0.94 
 0.89 

BN 

N1 
D1 

 29.92±3.71 
 40.42±5.06 

             - 
             - 

 8.22±1.86 
 10.10±2.02 

 2.03(4) 
 5.36(4) 

 0.65 
 0.66 

 0.78 
 0.80 

N2 
D2 

 62.99±11.45 
 35.11±4.53 

 -82.06±22.59 
             - 

 12.21±2.32 
 10.37±1.96 

 1.05(3) 
 8.76(4) 

 0.72 
 0.63 

 0.83 
 0.77 

BW N1 
D1 

 0.53±0.07 
 0.57±0.11 

             - 
 -0.44±0.14 

 0.10±0.02 
 0.10±0.01 

 7.26(4) 
 4.36(3) 

 0.73 
 0.74 

 0.84 
 0.85 

N2 
D2 

 0.14±0.05 
 0.22±0.03 

             - 
             - 

 0.07±.0.01 
 0.05±0.01 

 0.08(4) 
 5.50(4) 

 0.58 
 0.69 

 0.73 
 0.81 

SW N1 
D1 

 1.55±0.33 
 1.16±0.14 

 -0.97±0.42 
             - 

 0.20±0.04 
 0.20±0.04 

 4.94(3) 
 5.05(4) 

 0.79 
 0.74 

 0.88 
 0.85 

N2 
D2 

 0.78±0.37 
 1.62±0.20 

 -1.98±0.74 
             - 

 0.15±0.04 
 0.30±0.05 

 4.19(3) 
 5.29(4) 

 0.72 
 0.73 

 0.83 
 0.84 

LP N1 
D1 

 16.19±3.78 
 20.99±2.79 

 -10.60±5..05 
             -  

 4.46±0.87 
 4.57±0.88 

 3.14(3) 
 8.10(4) 

 0.64 
 0.70 

 0.78 
 0.82 

N2 
D2 

 8.65±1.23 
 17.36±2.32 

             - 
             -  

 2.43±0.45 
 4.42±0.84 

 4.45(4) 
 0.35(4) 

 0.64 
 0.66 

 0.78 
 0.80 

FL  N1 
D1 

 4.71±0.60 
 2.77±0.42 

             - 
             - 

 1.07±0.30 
 0.53±0.09 

 3.94(4) 
 4.17(4) 

 0.69 
 0.72 

 0.81 
 0.83 

N2 
D2 

 1.31±0.29 
 9.56±1.92 

             - 
 -6.96±2.44 

 0.32±0.06 
 2.50±0.50 

 4.09(4) 
 0.35(5) 

 0.67 
 0.66 

 0.80 
 0.79 

FS N1 
D1 

 6.15±0.89 
 19.97±3.34 

             - 
 -17.62±3.73 

 1.41±0.27 
 4.23±0.91 

 7.15(4) 
 7.69(3) 

 0.69 
 0.70 

 0.81 
 0.82 

N2 
D2 

 0.22±0.20 
 26.30±4.11 

             - 
 -23.72±4.38 

 0.39±0.07 
 5.60±0.93 

 9.00(4) 
 0.90(3) 

 0.22 
 0.70 

 0.36 
 0.82 

FF N1 
D1 

 2.33±0.34 
 0.41±0.07 

             - 
             - 

 0.61±0.08 
 0.10±0.03 

 7.15(4) 
 8.15(4) 

 0.66 
 0.67 

 0.79 
 0.80 

N2 
D2 

 0.29±0.07 
 0.91±0.21 

             - 
 -0.79±0.30 

 0.08±0.02 
 0.20±0.03 

 1.78(4) 
 3.22(3) 

 0.64 
 0.69 

 0.76 
 0.81 

ELWL  N1 
D1 
NP 
DP 

 0.37±0.06 
 0.44±0.06 
 0.48±0.13 
 0.69±0.17 

           - 
           - 
           - 
 -1.06±0.25 

 0.08±0.02 
 0.10±0.02 
 0.11±0.05 
 0.14±0.03 

 4.23(4) 
 7.39(4) 
 5.42(4) 
 0.34(3) 

 0.70 
 0.69 
 0.69 
 0.71 

 0.82 
 0.81 
 0.81 
 0.83 

N2 
D2 

 0.27±0.04 
 0.29±0.04 

             - 
             - 

 0.06±0.01 
 0.06±0.01 

 2.60(4) 
 3.92(4) 

 0.69 
 0.71 

 0.81 
 0.82 

RWC N1 
D1 
NP 
DP 

 125.47±9.99 
 121.31±15.43 
 136.52±13.47 
 244.65±16.05 

             - 
             - 
             - 
-318.49±25.38 

 12.48±2.56 
 21.08±4.09 
 16.37±3.85 
 18.38±4.33 

 2.73(4) 
 2.57(4) 
 3.58(4) 
 0.24(3) 

 0.75 
 0.74 
 0.81 
0.86 

 0.85 
 0.85 
 0.89 
 0.93 

N2 
D2 

 120.46±22.54 
 139.31±17.91 

 -212.72±61.28 
             - 

 16.20±2.94 
 21.21±4.03 

 4.56(3) 
 5.13(4) 

 0.78 
 0.77 

 0.88 
 0.87 

SF N1 
D1 

 9.04±1.18 
 9.37±1.25 

             - 
             - 

 2.26±0.43 
 2.26±0.43 

 0.03(4) 
 0.08(4) 

 0.67 
 0.67 

 0.80 
 0.80 

N2 
D2 

 13.51±2.35 
  8.43±1.14 

 -50.94±12.39 
            - 

 2.25±0.45 
 2.26±0.43 

 0.08(3) 
 0.41(4) 

 0.75 
 0.65 

 0.85 
 0.78 
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The estimates of variance may also be used to estimate the heritability which indicates 

the amount of genetic variability relative to environmental affects and is considered a good 

index of transmission of characters from parents to their offspring. So the effectiveness of 

selection depends primarily on the magnitude of heritability. All the traits showed high narrow 

sense heritability estimates, except fibre strength in cross-2 under normal conditions which had 

relatively low heritability. Infinity generation heritability was consistently higher than the 

narrow sense heritability for all the traits. High heritability estimates for the traits show 

that a large proportion of the genetic variance was composed of additive genetic 

component. Singh and Singh (1981), Gupta (1987), Ulloa (2006) reported high 

heritability, while, Murtaza (2005), Esmail (2007) found low estimates of narrow sense 

heritability for various traits in cotton.  

 
4.3 Correlation studies 

Correlation is degree of association among the traits. To breed a high yielding cultivar, 

breeder has to tailor a plant with combination of a number of desirable traits. The 

estimates of correlation among traits are helpful for planning a breeding programme to 

synthesize a genotype with desirable traits. Correlation was estimated among agronomic 

and the traits related to drought resistance in cotton. Two large F2 populations (150 plants 

from each population) involving parents with contrasting traits were used in correlation 

studies. Alleles of parental traits in F2 population are recombined, so the correlations 

among the traits indicate linkage relationships (Malik et al. 2006). Generally, the 

correlations for the pair of traits among the populations were consistent. However, in 

some cases correlation was significant for a trait in one cross but non-significant in the 

other. This may be due to the difference in allele combinations of the parents involved in 

the populations. Correlation matrix among the traits in both crosses are given in 

Table 4.3.1-4.3.4.  

 
4.3.1  Plant height 

Plant height was positively correlated with seed cotton yield, boll number, fibre length, 

fibre strength, fibre fineness, relative water content and it had negative correlation with 
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Table. 4.3.1 Phenotypic (Lower diagonal) and genetic correlation (Upper diagonal) matrix for the 
morphological, and physiological traits Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll 
Number (BN), Boll Weight (BW, g), 100 Seed Weight (SW, g), Lint Percentage (LP, %),  Fibre Length 
(FL, mm), Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic), Excised Leaf Water Loss (ELWL, g/g), 
Relative Water Content (RWC, %) and Stomatal Frequency (SF) in cross FH 87 x CIM 446(1) of cotton 
under normal conditions.  
 
  SCY BN BW SW LP FL FS FF ELWL RWC SF 

PH  G 0.62 0.19 -0.27 0.14 -0.51 0.31 0.72 0.50 -0.34 0.78 -0.29 

       P 0.53** 0.10 -0.19* 0.05 -0.48** 0.25** 0.67** 0.43** -0.25** 0.63** -0.20* 

SCY  G  0.88 0.28 0.46 -0.71 0.48 -0.09 0.87 -0.08 0.16 0.13 

         P  0.71** 0.20* 0.39** -0.70** 0.47** -0.07 0.79** -0.01 0.10 0.09 

BN G   -0.49 -0.18 -0.80 0.41 -0.08 0.82 -0.09 0.32 0.29 

 P   -0.44** -0.14 -0.74** 0.35** -0.01 0.76** -0.02 0.25** 0.25** 

BW G    0.63 0.37 0.50 -0.38 0.20 -0.07 0.08 0.09 

 P    0.57** 0.28** 0.44** -0.35** 0.14 -0.01 0.04 0.02 

SW G     -0.24 -0.18 -0.17 0.11 -0.60 0.08 0.38 

 P     -0.18* -0.11 -0.11 0.06 -0.55** 0.01 0.32** 

LP G      0.27 -0.26 0.71 -0.11 0.14 -0.44 

 P      0.20* -0.19* 0.65** -0.06 0.07 -0.38** 

FL G       -0.55 -0.84 -0.11 0.33 0.73 

 P       -0.49** -0.79** -0.04 0.25** 0.67** 

FS G        0.34 -0.74 0.70 -0.79 

 P        0.27** -0.66** 0.63** -0.63** 

FF G         -0.62  0.30 -0.78 
 P         -0.56**  0.24** -0.73** 

ELWL  G          -0.29 0.89 

 P          -0.23** 0.87** 

RWC G           -0.40 

 P           -0.35** 
* = P < 0.05,   ** = P < 0.01 
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Table. 4.3.2 Phenotypic (Lower diagonal) and genetic correlation (Upper diagonal) matrix for the 
morphological, and physiological traits Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll Number 
(BN), Boll Weight (BW, g), 100 Seed Weight (SW, g), Lint Percentage (LP, %),  Fibre Length (FL, mm), 
Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic), Excised Leaf Water Loss (ELWL, g/g), Relative 
Water Content (RWC, %) and Stomatal Frequency (SF) in cross MNH 329 x MNH 513(2) of cotton under 
normal conditions.  

 
  SCY BN BW SW LP FL FS FF ELWL RWC SF 

PH  G 0.37 0.42 -0.19 0.09 -0.79 0.41 0.57 0.16 -0.44 0.61 -0.26 

       P 0.32** 0.38** -0.17* 0.05 -0.75** 0.37** 0.51** 0.09 -0.38** 0.58** -0.23** 

SCY  G  0.88  0.89 0.48 -0.24 0.37 -0.42 0.15 -0.06 0.50 0.61 

         P  0.80**  0.81** 0.44** -0.19* 0.31** -0.38** 0.08 -0.01 0.46** 0.55** 

BN G   -0.76 -0.49 -0.37 -0.56 -0.33 0.10 -0.07 0.51 0.50 

 P   -0.69** -0.45** -0.32** -0.51** -0.27** 0.05 -0.04 0.47** 0.46** 

BW G    0.37 0.37 0.25 -0.72 0.30 -0.08 0.17 0.77 

 P    0.32** 0.34** 0.21* -0.65** 0.27** -0.03 0.12 0.70** 

SW G     -0.54 -0.33 -0.21 0.78 -0.07 0.47 0.84 

 P     -0.53** -0.32** -0.19* 0.77** -0.04 0.40** 0.82** 

LP G      0.71 0.74 0.63 -0.08 0.14 -0.07 

 P      0.68** 0.69** 0.58** -0.02 0.10 -0.04 

FL G       -0.26 -0.66 -0.09 0.40  0.13 

 P       -0.22** -0.57** -0.03 0.30**  0.07 

FS G        -0.48 -0.79  0.38 -0.49 

 P        -0.41** -0.75**  0.31** -0.32** 

FF G         -0.17  0.60 -0.43 

 P         -0.14  0.54** -0.38** 

ELWL  G          -0.07 0.85 

 P          -0.02 0.81** 

RWC G           -0.31 

 P           -0.28** 
* = P < 0.05,   ** = P < 0.01 
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Table. 4.3.3 Phenotypic (Lower diagonal) and genetic correlation (Upper diagonal) matrix for the 
morphological, and physiological traits Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll 
Number (BN), Boll Weight (BW, g), 100 Seed Weight (SW, g), Lint Percentage (LP, %),  Fibre Length 
(FL, mm), Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic), Excised Leaf Water Loss (ELWL, g/g), 
Relative Water Content (RWC, %) and Stomatal Frequency (SF) in cross FH 87 x CIM 446(1) of cotton 
under drought conditions.  
 

  SCY BN BW SW LP FL FS FF ELWL RWC SF 

PH  G 0.86 0.07 -0.09 -0.16 -0.28 0.80 0.84 0.72 -0.32 0.15 -0.25 

       P 0.77** 0.01 -0.05 -0.10 -0.22** 0.61** 0.73** 0.56** -0.23** 0.12 -0.19* 

SCY  G  0.37 0.43  0.21 -0.07 0.83 -0.87 0.80 -0.48 0.46 0.29 

         P  0.32** 0.37**  0.15 -0.02 0.77** -0.76** 0.73** -0.33** 0.41** 0.26** 

BN G   -0.88 -0.87 -0.61 0.07 -0.36 0.14 -0.23 0.50  0.46 

 P   -0.79** - 0.76** -0.56** 0.02 -0.31** 0.09 -0.16 0.42**  0.39** 

BW G    0.85  0.62 0.09 0.37 0.12 -0.71 0.48  0.39 

 P    0.74**  0.55** 0.05 0.32** 0.09 -0.61** 0.44**  0.34** 

SW G     -0.57 -0.10 0.31 0.14 -0.47 0.67  0.56 

 P     -0.49** -0.04 0.22** 0.06 -0.38** 0.58**  0.51** 

LP G      0.12 -0.13 0.38 -0.24 0.10 -0.59 

 P      0.03 -0.05 0.34** -0.18* 0.03 -0.55** 

FL G       -0.73 -0.86 -0.39  0.42  0.45 

 P       -0.65** -0.79** -0.32**  0.36**  0.39** 

FS G        0.81 -0.57  0.80 -0.09 

 P        0.72** -0.48**  0.73** -0.02 

FF G         -0.53  0.77 -0.14 

 P         -0.45**  0.73** -0.09 

ELWL  G          -0.13  0.58 

 P          -0.08  0.51** 

RWC G           -0.43 

 P           -0.37** 
* = P < 0.05,   ** = P < 0.01 
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Table 4.3.4. Phenotypic (Lower diagonal) and genetic correlation (Upper diagonal) matrix for the 
morphological, and physiological traits Plant Height (PH, cm), Seed Cotton Yield (SCY, g), Boll Number 
(BN), Boll Weight (BW, g), 100 Seed Weight (SW, g), Lint Percentage (LP, %),  Fibre Length (FL, mm), 
Fibre Strength (FS, g/tex), Fibre Fineness (FF. Mic), Excised Leaf Water Loss (ELWL, g/g), Relative 
Water Content (RWC, %) and Stomatal Frequency (SF) in cross MNH 329 x MNH 513(2) of cotton under 
drought conditions.  
 
  SCY BN BW SW LP FL FS FF ELWL RWC SF 

PH  G 0.76 0.80 -0.66  0.08 -0.33 0.66 0.61 0.40 -0.40 0.37 -0.07 

       P 0.70** 0.70** -0.57**  0.04 -0.28** 0.62** 0.56** 0.36** -0.35** 0.33** -0.04 

SCY  G  0.86 0.88  0.49 -0.05 0.29 -0.08 0.56 -0.09 0.08 0.37 

         P  0.78** 0.80**  0.45** -0.01 0.24** -0.02 0.50** -0.03 0.03 0.31** 

BN G   -0.78 -0.51 -0.17 -0.32 -0.06 0.53 -0.28 0.09 0.53 

 P   -0.75** -0.46** -0.12 -0.28** -0.01 0.49** -0.23** 0.05 0.49** 

BW G     0.45 0.30 0.14 0.10 0.60 -0.68  0.45 0.15 

 P     0.41** 0.26** 0.08 0.02 0.55** -0.52**  0.41** 0.12 

SW G     -0.37 -0.40 0.86 0.85 -0.59  0.09 0.24 

 P     -0.30** -0.36** 0.79** 0.67** -0.43**  0.03 0.20* 

LP G      0.27 0.15 0.76 -0.10  0.88 -0.82 

 P      0.22** 0.09 0.72** -0.05  0.80** -0.78** 

FL G       -0.70 -0.24 -0.42  0.27 0.14 

 P       -0.61** -0.20* -0.38**  0.23** 0.09 

FS G        -0.51 -0.81  0.25 -0.08 

 P        -0.45** -0.72**  0.22** -0.03 

FF G         -0.09  0.47 -0.29 

 P         -0.04  0.44** -0.25** 

ELWL  G          -0.49 0.46 

 P          -0.45** 0.43** 

RWC G           -0.81 

 P           -0.73** 
* = P < 0.05,   ** = P < 0.01 
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boll weight,  lint percentage, exised leaf water loss, stomatal frequency in both crosses 

under both conditions. Amutha et al. (1996) studied 15 cotton genotypes and found that 

plant height had positive correlation with boll weight and number of bolls per plant. 

Hussian et al. (2000) reported that plant height showed positive correlation with number 

of bolls per plant and GOT. Rauf et al. (2004) estimated positive correlation of plant 

height with boll weight and negative with boll number and seed cotton yield. This 

difference may be de to the diference of allele combinations of the genetic material used 

in the study. 

 
Positive correlation of plant height with yield and boll number indicated that taller plants 

had more bolls and seed cotton yield. Tall plant height shows higher plant vigor. So the 

plant may bear more fruiting branches and hence more bolls and yield per plant. 

Moreover, positive correlation of plant height with relative water content and negative 

with excised leaf water loss showed that higher water content and low water loss of 

leaves contributed to drought resistance of plants. 

 
4.3.2 Seed cotton yield  

Seed cotton yield had positive correlation with boll number, boll weight, 100 seed 

weight, fibre length, fibre fineness, relative water content, stomal frequency and it had 

negative correlation with lint percentage,fibre strength, exised leaf water loss in both 

crosses under both conditions. Hassan et al. (1999) reported that yield of seed cotton was 

associated with number of bolls per plant, boll weight and 100 seed weight. Khan and 

Azhar (2000) found positive correlation of seed cotton yield with number of bolls per 

plant, boll weight and staple length. Hussian et al. (2000) revealed positive correlation of 

seed cotton yield with plant height and number of bolls per plant. Baloch et al. (2001) 

reported that seed cotton yield had positive correlation with number of bolls per plant and 

lint percentage, while it showed negative relationship with boll weight. Rauf et al. (2004) 

observed positive correlation of seed cotton yield with boll number and negative with 

boll weight in cotton. Azhar et al. (2004) found that seed cotton yield was positively 

correlated with fibre strength and fineness, while it had negative correlation with fibre 

length in cotton. Desalegn et al. (2009) reported that seed cotton yield had positive 

correlation with boll number, boll weight and lint percentage in cotton.  
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Positive correlation of boll number, boll weight, 100-seed weight, fibre length, fibre 

fineness with yield indicated that their improvement would increase the yield. Positive 

correlation of seed cotton yield with relative water content, stomatal frequency and 

negative with excised leaf water loss showed that these parameters helped plant to 

maintain yield under drought conditions.  

 
4.3.3 Number of bolls per plant  

Number of bolls per plant showed positive correlation with fibre fineness, relative water 

content, stomatal frequency and negative with boll weight, 100 seed weight, lint 

percentage, fibre strength, excised leaf water loss in both crosses under both conditions. 

Boll number had positive correlation with fibre length in cross-1 and negative in cross-2 

under both conditions. Baloch et al. (1992) found positive correlation between number of 

bolls per plant and seed cotton yield, seed index and boll weight. They observed that 

number of bolls had major and direct effect on seed cotton yield. Amutha et al. (1996) 

estimated positive correlation of boll number per plant with boll weight and plant height. 

Murthy (1999) observed that number of bolls per plant had positive correlation with seed 

cotton yield, while negative with ginning percentage. Rauf et al. (2004) observed positive 

correlation of boll number per plant with yield per plant in cotton. Desalegn et al. (2009) 

recorded positive correlation of boll number per plant with lint percentage and negative 

with boll weight, seed index in cotton.  

 
Positive correlation of stomatal frequency, relative water content and negative correlation 

of excised leaf water loss with boll number indicated that increase in stomatal frequency, 

relative water content and decrease in ELWL will improve the number of bolls per plant. 

Negative correlation of boll number per plant with boll weight, 100 seed weight, lint 

percentage and fibre strength showed that these parameters had antagonist relationship 

with number of bolls per plant. Some contradiction in correlations of traits compared to 

the previously reported studies might be due to allele combination differences.  
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4.3.4 Boll weight per plant  

Boll weight per plant was positively correlated with 100 seed weight, lint percentage, 

fibre length, fibre fineness, relative water content, stomatal frequency and negatively with 

excised leaf water loss in both crosses under both conditions. Boll weight had positive 

correlation with fibre strength in both crosses under drought and negative under normal 

conditions. Sanyasi (1981) reported that boll weight negatively correlated with fibre 

length and seed index. Baloch et al. (1992) and Amutha et al. (1996) found positive 

correlation between boll weight and number of bolls per plant. Hassan et al. (1999) and 

Khan and Azhar (2000) reported that boll weight positively correlated with seed cotton 

yield. Rauf et al. (2004) concluded that boll weight had positive correlation with plant 

height, while negative with boll number per plant and seed cotton yield. Malik et al. 

(2006) estimated positive correlation of boll weight with relative water content, while 

negative with fibre length in cotton. Desalegn et al. (2009) found positive correlation of 

boll weight with fibre length and negative correlation with fibre fineness in cotton.                    

 
Positive correlation of boll weight per plant with 100 seed weight, lint percentage, fibre 

length and fibre fineness revealed that if boll weight in plant is higher, the other 

parameters may also be higher in magnitude. Positive correlation of boll weight with 

relative water content and negative correlation with excised leaf water loss showed the 

plants which maintained higher water content with a parameter of low rate of leaf water 

loss would maintain higher boll weight.  

 
4.3.5 100-seed weight/ seed index   

The trait 100-seed weight had positive relationship with fibre fineness, relative water 

content, stomatal frequency and negative correlation with lint percentage, fibre length, 

excised leaf water loss in both crosses under both conditions. Seed weight positively 

correlated with fibre strength in both crosses under drought and negatively under normal 

conditions. Sanyasi (1981) described that seed index had negative correlation with boll 

weight. Khan et al. (1991) found that seed index had positive association with boll 

number per plant and staple length. Baloch et al. (1992) observed positive correlation of 

seed index with number of bolls per plant. Bhatnagar (1995) reported positive correlation 

of seed index with boll weight. Haider and Khan (1998) found that seed index had 
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negative correlation with seed cotton yield and staple length in cotton. Hassan et al. 

(1999) reported that 100 seed weight positively correlated with seed cotton yield. The 

difference in the correlation of different parameters of various studies indicate that the 

alleles for the parameters had different combination in the genetic materials used. 

Positive correlation of 100 seed weight with relative water content, stomatal frequency 

and negative with excised leaf water loss indicated that more relative water content, 

stomatal frequency and less water loss from leaves will help plant to maintain higher 100 

seed weight.  

 
4.3.6 Lint percentage   

Lint percentage showed positive correlation with fibre length, fibre fineness, relative 

water content and negative correlation with excised leaf water loss, stomatal frequency in 

both crosses under both conditions. Lint percentage positively correlated with fibre 

strength in cross-2 and negatively in cross-1 under both conditions. Tyagi (1987) 

estimated negative correlation of GOT with fibre length. Chen and Zhao (1991) observed 

that lint percentage had positive correlation with fibre strength. Khan et al. (1991) 

found that lint percentage negatively correlated with staple length. Larik et al. 

(1999) studied that lint percentage had positive association with fibre strength. Badr and 

Aziz (2000) reported positive correlation of GOT with fibre strength and negative 

correlation with staple length. Desalegn et al. (2009) found negative correlation of lint 

percentage with seed index. 

 
In general positive correlation of lint percentage with fibre length and fibre fineness 

showed that if one parameter is higher, the others two may also be higher in magnitude in 

a plant. Positive correlation of lint percentage with relative water content, negative 

correlation with excised leaf water loss and stomatal frequency indicated that the plants 

which maintained higher relative water content of leaves along with less leaf water loss 

and lower stomatal frequency produced higher lint percentage. 

 
4.3.7 Fibre length  

Fibre Length showed positive correlation with relative water content, stomatal frequency 

and negative correlation with fibre strength, fibre fineness, excised leaf water loss in both 
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crosses under both conditions. Bocharova (1980) and Lancon et al. (1993) reported 

positive correlation between fibre length and fibre fineness. Badr and Aziz (2000) also 

reported similar results. Aguilar et al. (1980), Herring et al. (2004) and Desalegn et al. 

(2009) observed a positive correlation between fibre length and strength of fibre, while 

Tyagi (1987), Carvalho et al. (1994) and Azhar et al. (2004) found negative correlation 

between staple length and fibre fineness.  

 
In general positive correlation of fibre length with relative water content, stomatal 

frequency and negative correlation with excised leaf water loss indicated that plants 

produced higher fibre length due to their potential of maintaining higher relative water 

content, low rate of water loss and low stomatal frequency. The three parameters had 

antagonist alleles in the genetic material.  

 
4.3.8 Fibre strength   

Fibre strength had positive correlation with relative water content and negative 

correlation with excised leaf water loss, stomatal frequency in both crosses under both 

conditions.  Fibre strength positively correlated with fibre fineness in cross-1 and 

negatively correlated in cross-2 under both conditions. Bocharova (1980) and Echekwu 

(2001) reported negative correlation between fibre strength and fineness. Desalegn 

et al. (2009) found that fibre strength had positive correlation with fibre length and 

negative correlation with fibre fineness. 

 
In general positive correlation of fibre strength with relative water content and negative 

correlation with excised leaf water loss and stomatal frequency showed that plants which 

developed higher fibre strength was due to their maintenance of higher relative water 

content and low rate of water loss and lower stomtal frequency.    

 
4.3.9 Fibre fineness   

Fibre fineness exhibited positive correlation with relative water content and negative 

correlation with excised leaf water loss, stomatal frequency in both crosses under both 

conditions. Malik et al. (2006) found that fibre fineness had no (non significant) 

correlation with stomatal frequency, excised leaf water loss and relative water content. 
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Larik et al. (1999) reported positive relationship of fibre fineness with fibre strength, 

while negative with staple length. Azhar et al. (2004) showed negative correlation 

between fibre fineness and fibre length. Desalegn et al. (2009) estimated that fibre 

fineness had negative correlation with fibre strength.  

 
4.4 Correlation of traits related to drought tolerance  

Negative correlation of excised leaf water loss with plant height, seed cotton 

yield, boll number, boll weight, 100 seed weight, lint percentage, fibre length, 

fibre strength and fibre fineness showed that low rate of water loss from leaves 

would maintain higher relative water content in plants under drought stress and 

hence would improve the agronomic traits. Positive correlation of relative water 

content with plant height, seed cotton yield, boll number, boll weight, 100 seed 

weight, lint percentage, fibre length, fibre strength and fibre fineness indicated 

the same. Positive correlation of stomatal frequency with seed cotton yield, boll 

number, boll weight, 100 seed weight, fibre length and excised leaf water loss 

indicated that increase in stomatal frequency will improve these traits. Negative 

correlation of stomatal frequency with plant height, lint percentage, fibre 

strength, fibre fineness and relative water content showed that increase in 

stomatal frequency will have negative effect on these traits. Malik et al. (2006) 

reported that relative water content showed positive correlation with boll weight 

and negative with fibre length, while it had no correlation with other agronomic 

traits. They also observed that excised leaf water loss and stomatal frequency 

indicated no correlation with any of the agronomic traits. Absence of correlation 

between traits indicated that those traits segregate independently at the time of 

gamete formation. So those traits might be selected with desired combination of 

characters during segregating generations. 

 
In the present study negative correlation of excised leaf water loss with relative 

water content and positive with stomatal frequency revealed that the genes which 

restrict water loss of leaves may help to maintain higher relative water content.  
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4.5 Cotton breeding for drought tolerance  

Cotton is a warm weather crop which is cultivated not only in tropical and subtropical but 

also in the temperate climates. Temperature seems to be a more critical climatic 

parameter in cotton production. Temperature requirement for cotton development varies 

from 21 to 420C with an optimum of 32 to 340C. (Reddy, 2004)  Sometimes temperature 

in summer may shoot up to 500C. Thus for cotton development supplemental irrigations 

are needed. Due to water shortage, supplemental irrigations are not possible. Therefore, 

there is a need to breed cotton cultivars adapted to drought stress by incorporating traits 

which can confer drought resistance (Malik et al. 2006). 

 

For breeding a cotton cultivar, breeder needs to select plants with better combination of 

genes for high yield and quality from a very large segregating population. If a breeder has 

to select plants with improved drought tolerance as well as with better yield and quality, 

he would need a criterion for assessing plants which is easy and rapid. Relative water 

content and excised leaf water loss are easy and rapid in measurements. The present 

study indicates that genes controlling these traits have no antagonism with the genes 

controlling agronomic traits. So these traits can be manipulated very easily in breeding 

for cotton cultivars with improved drought tolerance.     
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CHAPTER-V 

 
SUMMARY 

 
The present study was undertaken to generate genetic information which can help to 

breed cotton cultivars with improved drought tolerance. Phenotype is interaction of 

genotype and environment. To breed a cultivar which may produce better yield under 

drought stress conditions, breeder needs the information about the gene action of the 

traits related to yield and quality under drought stress environment. The information 

about linkage relationships of the traits related to yield and quality as well as the traits 

which help plant to tolerate drought are also needed.  

 
Cotton genotypes were selected based on the data already available about the drought 

response of the genotypes at various cotton research institutes in Pakistan. The genotypes 

were further assessed for their drought response under drought stress through 

measurements of relative water content and excised leaf water loss in the field to select 

contrasting parents for drought tolerance. Four parents were selected to make cross 

combinations. The parents F1, F2 and backcross generations of two crosses were studied 

in the field under drought and normal conditions to find gene action of agronomic and 

drought related traits. One hundred and fifty plants from each of the F2 populations were 

used to find correlation of the traits. 

 
Generation means analysis revealed that all three kinds of gene effects (additive, 

dominance and interactions) contributed in the inheritance of traits. However, the 

generation variance analysis indicated additive, dominance and environmental variance in 

the inheritance of traits. Narrow sense heritability of the traits was almost consistent 

among the populations and was generally moderate to high which indicates that 

considerable portion of the genetic variance was composed of additive component. 

Generally the correlations for the pair of traits among the populations were consistent.  

 
Positive correlation of relative water content with plant height, seed cotton yield, 

number of bolls per plant, fibre length and fibre strength showed that 
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maintenance of high relative water content in cotton plant helps improving these 

agronomic traits. Negative correlation of excised leaf water loss with fibre 

fineness and strength indicates that low rate of water loss from the leaves help 

maintenance of water balance and hence improved fibre development. Negative 

correlation of excised leaf water loss with relative water content also revealed 

that lower water loss of leaves helped to maintain higher relative water content 

in leaves. Negative correlation of stomatal frequency with relative water content 

also indicated that with higher number of stomata, maintenance of water balance 

in plant would be affected.  

 
Relative water content and excised leaf water loss are easy, rapid in measurements and 

have no negative effect on agronomic traits, hence these may be used in screening large 

segregating populations to breed drought resistant cotton.  
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Appendix 3.1. List of screened genotypes during the cotton crop season 2004 
under drought. 

 
Sr. 
No. 

Drought tolerant Drought susceptible  
Variety  ELWL (g)  RWC (%) Variety  ELWL (g)  RWC (%) 

1 CIM 446 2.50 85.10 BH 95 3.03 74.04 

2 MNH 513 2.57 85.05 MNH 147 3.09 74.09 

3 CIM 443 2.62 85.00 CRIS 5A 3.12 73.48 

4 CIM 110 2.69 84.31 NIAB 98 3.18 73.39 

5 FH 900 2.70 83.49 VH 37 3.20 73.54 

6 VH 59 2.72 83.99 B 765 3.25 73.67 

7 NIAB 86 2.72 83.75 MS 95 3.27 73.54 

8 FH 682 2.75 83.64 CIM 240  3.27 72.49 

9 NIAB 999 2.77 82.49 S 14 3.27 72.42 

10 MNH 501 2.79 82.94 B 630 3.27 72.58 

11 CRIS 402 2.80 82.70 BH 89 3.28 71.96 

12 MNH 424 2.83 81.71 FH 950 3.39 71.94 

13 CIM 109 2.83 81.98 FH 634 3.57 70.96 

14 NF 801-7 2.83 81.78 MNH 329 3.61 70.95 

15 NIAB 111 2.85 81.79 FH 87 3.81 70.63 
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Appendix 3.2. Meteorological data recorded at University of Agriculture, 
Faisalabad, during the cotton crop season 2004. 
 

Parameter 
Month 

June July  August September  October November  
Mean Max. Temp. (oC) 40.1 40.2 37.3 38.3 32.7 29.6 

Mean Min. Temp. (oC) 27.6 28.8 27.7 25.0 18.3 13.7 

Mean Relative Humidity 
(%) 

45.4 52.7 67.1 59.0 54.0 60.1 

Rain fall (mm) 98.1 14.8 86.8 24.6 0.8 09.0 

 
Source: Department of Crop Physiology, University of Agriculture Faisalabad, Pakistan. 
 
 
 
Appendix 3.3. Meteorological data recorded at University of Agriculture, 
Faisalabad, during the cotton crop season 2007. 
 

Parameter 
Month 

June July  August September  October November  
Mean Max. Temp. (oC) 39.8 36.4 37.2 35.0 32.8 27.4 

Mean Min. Temp. (oC) 28.1 27.4 28.1 25.4 16.9 13.3 

Mean Relative Humidity 
(%) 

37.0 54.9 51.3 51.4 32.6 47.0 

Rain fall (mm) 29.9 149.7 19.5 12.2 0.0 0.0 

 
Source: Department of Crop Physiology, University of Agriculture Faisalabad, Pakistan.  
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