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ABSTRACT 
 

 
 Thirty genotypes of wheat (Triticum aestivum L.) developed by different wheat 

research institutes/ stations of Pakistan were evaluated for grain production and quality 

characters at PMAS-Arid Agriculture University Rawalpindi, Pakistan. Medium to high 

genetic diversity was seen for number of days to heading, maturity days, time required 

for filling of grain, plant height tillers/ m2, spikes / plant, spikelets count/spike, grains/ 

spike, one thousand grain weight, grain production /plant, grain moisture content, ash 

content, protein content, wet gluten and lysine content.  

   

These genotypes were classified into four clusters on the average linkage basis. 

Cluster I comprised of nine genotypes including four approved wheat varieties. 

Genotypes in first cluster possessed greater mean values for grain (Number/ spike, grain 

production/ plant, protein content, wet gluten and lysine content). Cluster II contained 

early maturing genotypes taking less grain filling period. Wheat genotypes in cluster III 

were late in flowering and maturity, whereas, genotypes in cluster IV had small stature, 

less spike number /plant, less grain number / spike and were also poor yielder. Eight 

contrasting genotypes were selected on the basis of yield and quality characters and 

crossed in all possible combinations to ascertain the genetic basis of variation.  

  

Results of genetic examination exposed the pronounced effects of additive 

variance for number of days to heading, grain filling period and grains /spike. Variance 

component (additive & dominance) were playing their role in the manifestation of 

maturity, plant tallness, tillers number in each plant, spikes in each plant, spikelets  
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in each spike, grains number / spike, one thousand grain weight, grain production and all 

quality characters. Maternal effects were also observed in most of the cases. Graphical 

representation exhibited the involvement of partial dominance for all the characters under 

study, except spikelets number / spike and ash content. Spikelets number was controlled 

due to over dominance of gene. Scaling tests did not validate the data set of ash content 

for further examination i.e. estimation of genetic parameters and graphical examination. 

Coefficients of genotypic and phenotypic variation and heritability estimates were 

computed in F2 population of 8 x 8 diallel cross of wheat. Results exposed higher 

magnitude of genotypic variances in case of plant height, one thousand grain weight and 

grain production /plant. The coefficients were low for lysine content and protein content 

and moderate for other characters. Heritability estimates were generally high for all 

characters and expressed the significance of additive gene effects. The F2 data were 

analyzed for correlation and path coefficient analyses. Number of days to heading, 

maturity, plant height and weight of one thousand grains were positively linked with 

grain production, whereas the correlation of grain production with lysine content and 

protein content was negative.  

 

 The results of path coefficient examination exposed that maturity days, spike 

number /plant and one thousand grain weight directly and positively influenced the grain 

yield. The direct effects of number of days to heading, plant height, protein content and 

lysine content on grain production /plant were negative.



 

 

                                                                                                Chapter 1 
 

INTRODUCTION 

 

Wheat is a member of the family Poaceae, tribe Hordeae and placed in the genus 

Triticum. It is considered as one of the most primitive domesticated crop and is being 

cultivated for food since old times by people of temperate zones. In older times it is likely 

to be originated in fertile Crescent area, an area with abundant soil surface/reaches of the 

Tigris-Euphratis drainage basin (Briggle and Curtis, 1987). Hexaploid bread wheat 

(Triticum aestivum L.) is an important cereal classified into family poaceae, it is the most 

important for feeding human kind (Levy and Feldman, 2002). It is an allo-hexaploid 

(AABBDD)  combining AA,BB genome from Triticum turgidum and DD genome from 

the diploid species Aegilops tauschii. The inbuilt baking qualities that distinguish 

Triticum aestivum from other species of Triticum are conferred by D genome. (Sleper and 

Poehlman, 2006). 

 

Man has depended upon the wheat plant for himself and his livestock for 

thousands of years. Wheat complemented food obtained in the hunt and its production 

provided greater assurance of food supply with reduced anxiety. Wheat has commonly 

been utilized as bread, chapatti, burger, biscuit, cake, pasta etc. (Tayyar, 2008). It is also 

used in small concentration in beer making, and alcohol production. Wheat of low quality 

is used as livestock feed. Wheat is also used as coffee substituent in small amount and 

wheat starch is comployed as a sizing for textile fabrics and glucose syrups.  
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Wheat is basically a crop of temperate zone, but on account of its genetic 

diversity, it has extended its frontiers and has become adapted to nearly all the climates of 

the world (Khan et al.1995). Wheat plant is adapted to diverse environments between the 

temperatures of -35˚C in the vegetative stages (Haji and Hunt, 1998) and over 40˚C 

during grain filling period (Elahmadi, 1994). Being the most important crop  of the 

world, it occupies 17percent (1/10th ) of the global crop acreage, feeding  40percent of  

the world population and covering  20percent  of the total food calories and also provide 

protein in diet (Gupta et al, 2005). 

 

Since the beginning of plant breeding about 200 years ago, quite impressive 

improvement in yield, plant architecture, bread making quality and increased resistance 

to biotic and abiotic stresses has been obtained (Fernandes et al., 2000). As the global 

population is increasing day by day at a quite rapid rate, there is a need for increase in 

food production to feed huge population. 

 

Based on the international collaborative research, thousands of new varieties have 

been released and the production has been remarkably increased throughout the world. 

World-wide wheat breeding programmes aim to reorganize genotypes to achieve better 

yields, food quality and environmental adaptation to different agro-ecosystems 

(Fernandes et al., 2000). 

 

Wheat has top priority and most important grain crop of Pakistan as for as 

agricultural policies are concerned. It covers round  seventy percent of winter season and 
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almost thirty seven percent of the total cropped area in Pakistan. Wheat contributes 12.5 

percent agriculture and 3.1 percent towards national GDP (Govt. of Pak., 2009). Pakistan 

has attained self sufficiency in wheat at the end of last century (FAO, 2001) and has also 

entered into the export market. Much effort has been gone into developing new wheat 

varieties in Pakistan and the country has made fabulous progress in its production. During 

the year 2009-10, the production was 23.8 million tonnes (Govt. of Pak., 2010). To keep 

pace with growing population at the rate of approximately 2.0 percent /year, it is essential 

to further raise the productivity level to meet the requirement of 250 million people by 

the year 2020. Since there is no capacity of horizontal development, the projected 

demand will have to be met by either using increased amount of inputs or by improving 

the genetic architecture of wheat plant. As the inputs are expensive and scarce, more 

emphasis is to be laid on genetic improvement. 

 

Thousand grain weight, grain moisture % Gluten Content, protein content and 

lysine content are considered as the major gain quality attributes. The importance of 

wheat as a food crop comes primarily from the visco-elastic properties of its endosperm 

gluten proteins for bread production. The potential of grain quality remained unexploited 

In Pakistan country. The enhancement in wheat production was focused mainly to meet 

the local food requirement, where the consumers are not quality conscious. In Pakistan 

varieties of wheat are grown over large agro-climatic range and difference in yield and 

quality have been observed (Al-Mashhadi et a l., 1989; Chaudhry et a l., 1995 and 

Borghi e t al., 1996).  
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In Pakistan wheat breeding efforts remained focused on developing varieties with 

higher grain production and resistance/tolerance against rust diseases. Therefore, in this 

bi directional breeding programme of the past, the potential for grain quality in wheat 

germplasm remained unexploited.    

 

In order to increase the efficacy of  germplasm , the information on genetic basis 

of variation for economically important attributes is a pre-requisite for any breeding 

programme. Improvement in the desirable characters relies maximally upon identification 

of genetically superior and suitable genotypes. Selection of progeny and its breeding 

depend upon the genetic variability in population. (Ajmal et al, 2000).  

 

Genetic variation is the key component of any agriculture production system. The 

understanding of mechanisms governing inheritance provide the basis for architecting 

genotypes comprising of desirable genes. To bread new varieties of wheat a plant breeder 

has to deal with hundreds of new crosses and thousand of progenies. The success of any 

plant breeding programme depends on several factors including the amount of genetic 

variability and the heritability of the character under improvement. A higher amount of 

genetic variability accompanied by greater heritability for a specific character will result 

in a noteworthy progress through a selection programme. The search for desirable 

germplasm is a continuous process because the success in improvement of yield and 

quality characteristics depends upon the choice of suitable parents. An understanding of 

genetic bases of desirable characters will therefore, help to sort out better crosses more 
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efficiently and to eliminate poor yielding crosses of early genotypes to pick up a desired 

combinations (Kalwar et al 1995). The segregants with higher grain yield and quality 

traits possessing the desirable genetic architecture are selected in early generations. These 

segregants leads towards the development of new wheat varieties fulfilling the needs.  

It is advantageous to use a rapid method for extraction of genetic information, 

provided, suitable genetic material is available. The diallel cross technique as advocated 

by Hayman (1954, 1958) and Jinks (1954, 1955) offers this opportunity  especially in self  

fertilized crops like wheat to assess the crosses in the F1 generation and provides the 

necessary genetic information on the plant characters to determine the right breeding 

approach. This technique was followed in present investigations. When the information 

about different components of variation i.e. additive, non-additive, epitasis and linkage in 

plant material is available, the selection of desirable combinations in segregating 

generations becomes easier. 

 

Similarly the nature of association of yield with its components and cause-effect 

relationship may also be helpful to a breeder looking for characters in segregating 

material. The improvement in plant character may be more effective and rapid if 

understanding about the transmissibility of variation in a character is developed. 

Therefore examination of correlation and path coefficient of F2 data alongwith estimate 

of heritability have also been carried out in the present studies.  
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Present study was conducted on wheat genotypes with the following objectives: 

 

1. Evaluation of extent of genetic variation for grain production and quality 

characters in important wheat cultivars and breeding lines. 

2. Estimation of genetic basis of grain production and quality characters. 

3. Determination of correlation among various characters and their 

contribution towards grain production. 
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Chapter 2 

REVIEW OF LITERATURE 
 
      
 2.1 GENE ACTION STUDIES 

       

        Bhatti et al. (1984) studied the genetic control mechanism for some plant 

characters like plant tallness, tillers number in each plant, spikelets in each spike, 

grain number / spike, 1 thousand grain weight and grain production /plant in a half 

diallel of five wheat varieties. They exposed the preponderance of preservative gene 

effects for all the characters under study. Qari et al. (1984) exposed the dominance 

of additive of gene process concerned with the transfer of tillers number in each 

plant, grains / spikes, 1 thousand grain weight and grain production in each plant in a 

diallel study of 6x6 wheat crosses.  

 

     Khan et al. (1985) conducted a study to find out the genetic control 

mechanism for yield related attributes in a 5x5 wheat diallel cross. They exposed the 

prevalence of additive gene effects for spikelets number / spike, 1 thousand grain 

weight and grain production /plant whereas, for plant tallness and grain number / 

spike, both additive and non additive gene effects were important. Saleem and 

Hussain (1986) reported that additive gene action was controlling plant tallness, 

grain number / spike, spikelets in each spike, 1 thousand grain weight and grain 

production in a set of diallel crosses among six wheat varieties. Malik et al. (1988) 

conducted genetic study in a 4x4 diallel cross involving wheat varieties i.e. Mexi-

Pak 65, C 273, Chanab 70 and LU 75. Results indicated that additive effects were 

important for plant tallness, spike size and grain number / spike, while non additive 
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gene effects appeared to have played an equal part in tillers number /plant, 1 

thousand grain weight and grain production.  

 

   Way of gene function was formulated for productivity & components of 

productivity in complete 5x5 two alleles cross of wheat by Chowdhry et al., (1989). 

Over dominance influenced the expression of grain production /plant and 1 thousand 

grain weight. Spike size and spikelets in each spike showed the involvement of both 

dominance and over dominance gene actions. Partial dominance acted major role in 

the control mechanism of tillers number in each plant whereas, grain number / spike 

were affected by additive genetic effects. Iqbal et al. (1989) ascertain the type of 

gene action involved in the expression of yield and yield components in five varietal 

diallel cross of wheat. On the basis of graphic representation, they exposed the 

preponderance of partial dominance for tillers number in each plant. Spike 

numberlets in each spike and 1 thousand grain weight were under the control of 

additive gene action. Whereas, grain production /plant was conditioned by over 

dominance type of gene effects.   

 

F1 and F2 generations of four parent half diallel cross were studied by     

Khan and Bajwa (1989) to find out the genetic basis of variation for some plant 

characters. They reported that variation due to general combining ability for various 

plant characters were consistent over generations, however, specific combining 

ability effects lacked consistency over generations. Khan (1991) reported the chief 

role of additive gene effects in controlling mechanism of plant tallness, spikes in 
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each plant, number of grains in each spike, 1 thousand grain weight and grain 

production in a five wheat parental diallel cross. Khan et al. (1991) studied the 

mechanism of genetic effects controlling various plant attributes in diallel cross 

involving nine old and new wheat varieties. They found the preponderance of 

additive gene action affecting plant tallness, spkies number /plant, spikelets in each 

spike, grain amount / spike, 1 thousand grain mass & grain production /plant. 

 

Asad et al. (1992) estimated the gene action effects governing various yield 

and quality characters in 5x5 diallel cross of wheat. They reported that spike size, 

grain number / spike and grain production /plant were conditioned by additive gene 

effects, whereas,  non additive genes were controlling spkies number /plant, 1 

thousand grain weight and protein content. Chaudhry et al. (1992) ascertained that 

base of genetic variation for important plant characters in wheat. They reported that 

tillers number in each plant, plant tallness, 1 thousand grain mass & grain production 

/plant were control due to preservative gene function. 

 

Khan et al. (1992) studied the genetic control mechanism of certain 

quantitative plant characters in a complete diallel of six wheat genotypes. They 

found that plant tallness, spike size and grain number / spike were determined by 

preservative gene effects with some stage of half dominance. Over dominance 

was involved in the genetic of spike numberlets in each spike. Sattar et al. (1992) 

ascertained the involvement of both additive/ non additive gene property for plant 

tallness, tillers number in each plant, grains /spike, 1 thousand grain weight and 
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grain production /plant in a 5x5 diallel cross of wheat. They also exposed that 

additive gene action was more prominent for these characters. 

 

Kalwar et al. (1993) studied the genetic architecture of grain yield and its 

important components in four parental complete diallel of wheat. Additive genetic 

effects were more important in the transfer of grain number / spike, spikelets / 

spike, 1 thousand grain mass and grain production /plant. Nirmal et al. (1993) 

studied the gene action involved in various plant characters in wheat through line 

x tester examination. They reported that additive gene effects appeared 

predominant for plant tallness, tillers number in each plant, 1 thousand grain 

weight and total grain weight /plant. Chaudhry et al. (1994) analyzed the base of 

genetic variation for certain physiological and morphological characters in seven 

parental diallel cross. They found that additive, gene effects were responsible for 

days to heading, maturity days, spkies number in each plant, spike size, grain 

number / spike, 1 thousands grain weight and grain production /plant.  

 

Khan et al. (1995) exposed the result of unite ability study for some 

morphological characters in a 5 x 5 diallel mating system. They found additive 

gene effects controlling the appearance of plant tallness, flag leaf region spike 

density and grain production /plant. Larik et al. (1995) studied the genetic basis of 

variation for various plant characters through Griffing approach in six parental 

diallel of wheat. Griffing approach involves the study of genetic mechanism 

through combining ability technique by making direct, indirect and reciprocal 
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crosses and selfing in all possible combinations. During the study it was observed 

that most of the yield related characters were under the control of additive genetic 

effects, however, grain production was conditioned by dominance gene action. 

Tosun et al. (1995) worked on wheat crosses to estimate the genetic process 

involved in the inheritance of various plant characters. They found that spike size, 

spikelets number / spike, grain numbers /spike, 1 thousand grains weight and 

grain production /spike were under the control of additive genetic effects. Wang 

et al. (1995) documented their observations regarding genetic control of flour 

quality characteristics of wheat in an 8x8 diallel cross. They indicated that only 

three characters fitted for the additive dominance form. Additive genetic effects 

were dominant for flour protein and complete dominance for sedimentation value. 

They further narrated that high value of all the characters was governed by the 

recessive alleles. 

 

Hassan et al. (1996) estimated that genetic effects involved in various 

plant characters in wheat crosses at different locations. They reported 

preponderance of additive gene effects for plant length, spike size and 1 thousand 

grain weight. The prepotency of four wheat genotypes was estimated in a 

complete set of diallel for grain production and its components. The higher 

magnitude of general combining ability than specific combining ability showed 

the role of additive type of gene action for spikelets number / spike and grain 

production /plant (Bhutta et al., 1997). Chowdhry et al. (1997) investigated the 

inheritance of some polygenic characters in a complete set of diallel cross 
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involving four wheat genotypes. Additive type of gene action was responsible in 

the expression plant tallness, spike size and grains /spike while over dominance 

genetic effects governed leaf flag region, tillers number in each plant, spikelets 

number / spike, 1 thousand grain weight and grain production /plant. Non allelic 

interaction was also found in all characters expect plant tallness.  

 

Wang et al. (1997) conducted an inheritance study for various plant 

parameters in 6x6 diallel cross of wheat. They narrated that plant characters spike 

size spikelets number / spike, grains /spike and 1 thousand grain weight fitted in 

additive-dominance model. They found that spike size and spikelets in each spike 

were mainly under the control of additive gene effects while grain number / spike 

was conditioned by both additive and dominant types of gene effects.  

 

Shahzad and Chowdhry (1998) found the genetic control of non additive 

variances in the expression of plant tallness, leaf flag region and grain production 

/plant in a 4 x 4 diallel cross of wheat. Tillers number in each plant and 1 

thousand grain weight were under the control of additive gene effects as were 

evidenced by greater component of variance for general combining ability 

(Shahzad et al, 1998). They also observed the involvement of non additive gene 

effects for spike size and grain number / spike. Ali et al. (1999) exposed the 

preponderance effect of additive genetic variance with partial dominance in the 

inheritance of yield related characters expect spike size. They did not find 

epistatic effect during the study of these characters.  
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Non additive genetic effects were responsible in the inheritance of plant 

tallness grain amount in each spike, 1 thousand grain mass & grain production 

/plant. These finding were observed by Chowdhry et al. (1999) in a set of diallel 

cross involving five wheat lines. They further noted the important role of additive 

genetic effects for spikelets number / spike. Kakar et al. (1999) evaluated 

intervarietal crosses of four wheat genotypes for seven quantitative characters. 

The result indicated that stabilizer gene outcomes were quite clear that non 

stabilizer gene outcomes for all characters except grain number / spike.  

 

Larik et al. (1999) studied the gene effects for seven yield related 

characters in F2 population of 6 x 6 diallel cross of wheat. They observed that the 

magnitude of variances due to normal ability  to combine were more pronounced 

as compared to special ability to combine changes of all parameters. Additive 

gene effects were more important in the transfer of these characters in next 

generation. Mahmood and Chowdhry (1999) conducted diallel examination in 6 x 

6 parental cross of wheat. Results of the examination exposed that additive 

genetic effects were responsible for days to heading, maturity days and grain 

filling period under normal planting. Numbers of fertile tillers and grain 

production /plant were control by additive gene function. Dominant genes were 

responsible for early heading.  
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Saad (1999) analyzed the diallel cross of durum wheat genotypes for five 

yield related characters. He exposed that additive genetic variance was more 

important than dominance variance for all the characters. Ajmal et al. (2000) 

observed the effects of genes controlling plant tallness, spikelets number / spike 

and grain production in a 4x4 diallel cross of wheat. They noticed the 

preponderance of additive gene action for characters other than grain production. 

On the basis of results from a 5 x 5 diallel cross of wheat, Asif et al. (2000) 

reported that plant tallness and peduncle length were habituated by limited 

dominance with additive gene action. They did not observe non allelic interaction 

during their study. 

 

Khan et al.  (2000) conducted genetic examination of some grain 

production related parameters in a cross involve two alleles for five wheat 

verities. They reported additive gene action for plant length, peduncle length and 

grain production /plant, while tillers number /and 1 thousand grain weight were 

conditioned by partial dominance. They could not find epistatic effects in any of 

the characters under study. Masod & Kornstad (2000) analysed the ability to 

combine together estimates in F1-F3 generations from a 5 x 5 cross of two allels of 

wheat for grain production and other characters. The magnitude specific 

combining ability was lower than general combining ability in all generations. 

They explained that this condition may be have some role  to effect genes which 

effect the additive x additive epistasis and can be figure out  in later progeny or to 
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intergenomic gene which contribute epistatic  in differen wheat variety. The high 

gca and sca ratio showed the predominance of additive gene function.  

 

Rizwan and Khan (2000) estimated the role of genetic models governing 

various important plant characters through a complete set of diallel comprising 

five wheat genotypes. They reported the larger magnitude of non preservative 

genetic varialbility playing role in the transfer of tillers each in each plant, spike 

size, grains number / spike and yield of grain /plant. Additive variances were 

greater in case of 1 thousand grain weight. Sameena and Singh (2000) reported 

the preponderance of additive component of genetic variance for days to heading, 

plant tallness, grain amount / spike, 1 thousand grain mass & yield of grain /plant.  

Senapati et al. (2000) found the noteworthy function of non-stabilizer gene 

function for most of the characters under study except for tillers number in F2 

progenies of wheat crosses.  

On mixing ground wheat grain with water, the storage proteins bind in 

such a way that a coherent mass called gluten is formed. Gluten exhibits 

plasticity, strength and elasticity which enables wheat flour to form cohesive 

dough that can expand to accommodate gas and yet resist stretching to the 

bursting point. It is mainly because of the unique property of gluten that wheat is 

world’s most widely consumed source of food (Stone and Savin, 2000). 

 

Subhani and Chowdhry (2000) conducted a diallel cross of wheat 

comprising six genotypic to estimate the genetic basis of variation for important 
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plant characters under wet and drought conditions. capability test validated the 

data sets for additive dominance mold. Additive effects of genes were observed 

which is more important than non additive property.  A set of 4 x 4 diallel cross of 

wheat was evaluated for important agronomic characters (Baloch et al., 2001). 

Result of combining ability examination indicated the involvement of additive 

and dominance gene effects in case of plant tallness, tillers number /plant, 

spikelets in each spike, grains /spike and grain production. Budak (2001) used an 

F2 diallel cross data with reciprocals developed by crossing three durum wheat 

cultivars, two breeding lines and three land races. They investigated the type of 

gene action for yield and quality characters and pointed out that long heading date 

and high grain production would be under the control of additive genes, whereas 

high protein content could be correlated with dominant genes.  

 

Zanetti et al. (2001) studied the genetic architecture of bread making 

quality in F5 progenies of bread wheat and spelt cross. They concluded that non 

additive gene effects were crucial in the expression of high bread making quality 

of wheat. Arshad and Chowdhry (2002) determined the changes based on 

genetics, for yield and yield related characters in 8 x 8 wheat diallel cross under 

irrigated and drought stress conditions. The examination exposed the involvement 

of both dominance and additive gene effects for flag, leaf area, plant tallness, 

tillers number in each plant, grains /spike, 1 thousand grain weight and yield of 

grain under both environments. However the additive effects were more important 

than dominance genetic component.  
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Ashraf et al. (2002) quoted the prevalence of additive gene property 

involved in expression of spike size, 1 thousand grain weight, leaf flag region and 

biomass in sixteen wheat genotypes under rainfed conditions. Joshi et al. (2002) 

conducted a study in order to find out the effects of genes in the inheritance of 

quantitative and quality characters in bread wheat. Both preservative and non 

preservative gene functions were there in object under analysis. But, the ratio 

between preservative / non preservative inherited variability exposed the 

prevalence of preservative gene effects in appearence of grain productivity /plant, 

protein content and other characters of production. Khan et al. (2002) crossed five 

wheat varieties including old and new lines in all possible combinations to 

estimate the genetic basis of variation for grain production related characters. 

Result of genetic examination exposed that plant tallness, number of heading 

days, days to maturity & yield of the grain were under the control of additive gene 

action with partial dominance. Spkies number /plant was governed by complete 

dominance. They further observed that over dominance gene action was playing 

major role in inheritance mechanism of spikelets number / spike, grains /spike and 

1 thousand grains weight.   

 

The magnitude of additive genetic variance was greater than dominance 

variance in case of leaf flag region, tillers number in each plant, 1 thousand grain 

weight and grain production /plant. These results were exposed by Mahmood and 

Chowdhry (2002) from the examination of a 6 x 6 diallel cross of wheat. Rehman 
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et al. (2002) conducted experiment to find out the genetic basis of polygenic 

characters in 5x5 diallel cross of wheat. They exposed that plant length, spike 

size, spikelets number / spike, 1 thousand grain mass and yield of grain / plant 

were restricted by non additive gene property.  

 

Ajmal et al. (2003a) conducted a five parental diallel cross of spring wheat 

in order to ascertain the effects of genes on the inheritance of grain production 

and yield related characters. The proportion of variability components due to 

special ability to combine was more than that of general combining capability for 

maturity period, spike size, spikelets number / spike, 1 thousand grain weight and 

grain production /plant. This situation indicated the prevalence of non 

preservative gene function for these characters. Ajmal et al. (2003b) studied 

genetic architecture of some important physiological characteristics in spring 

wheat. They noticed that estimates of general combining ability were greater than 

those of specific combining ability for number of days to flowering, maturity 

days, plant tallness, intermodal length and grain production. They exposed the 

preponderance of additive genetic effects in the inheritance of these characters. 

Ajmal et al. (2003c) documented their observations regarding some yield related 

characters in a 5x5 diallel cross of spring wheat that plant tallness, tillers number 

in each plant, spikelets in each spike, 1 thousand grain weight and grain 

production /plant were governed by additive gene effects.  
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Arshad and Chaudhry (2003) estimated the genetic behavior of eight 

wheat genotypes through diallel mating system under irrigated and drought stress 

conditions. Results from graphical examination exposed that preservative gene 

action for plant length and grains /spike under wet conditions were changed to 

over dominance under deficiency. Gene action for leaf flag region, 1 thousand 

grain weight and grain production /plant remained constant over environments. 

Bakhsh et al. (2003) conducted a study in a 5 x 5 wheat diallel cross to detect the  

pattern of transfer of some essential plant characters. They observed that spike 

size, grains number / spike and grain production /plant were restricted by over 

dominance gene action. Additive genetic effects with partial dominance were 

responsible for plant tallness and spike density. They did not find epistatic effect 

in these plant characters during this study. 

 

Joshi et al. (2003) studied the inheritance pattern of grain production, its 

components and grain quality characters in characters ten diverse parents and 

their F1 and F2 progenies, of wheat. The data showed the predominance of 

additive gene effects for the characters studied. Kashif and Khaliq (2003) 

estimated the gene action for certain polygenic characters in a 5x5 diallel cross of 

spring wheat. They found the predominant role of additive gene property with 

dominancy for number of productive tillers in each plant, spike size, spikelets 

number / spike and grains / spike. They observed that over dominance acted for 

plant tallness, 1 thousand grain weight and grain production /plant. They also 
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proposed early selection for fairly well important in the characters, which were 

under the control of additive gene effects with partial dominance. 

 

Genetic mechanism of grain production and related characters were 

estimated through a diallel mating system in wheat. The graphic representation 

exhibited the involvement of over dominance gene property in case of tillers 

number in each plant and grain weight /spike. Thousand grain weight was under 

control of partial dominance whereas, plant tallness was conditioned by additive 

genetic effects with partial dominance (Khan and Habib, 2003).  Mahmood et al. 

(2003) carried out six parental diallel examination to estimate the genetic control 

of grain production related attributes. They exposed that grains /spike, 1 thousand 

grain weight and grain production /plant were conditioned by additive genetic 

control, whereas leaf flag region was controlled by over dominance gene action. 

 

Rahman et al. (2003) made genetic examination of some yield 

contributing characters and grain quality characters in spring wheat from a 7x7 

diallel cross. They observed the involvement of epitasis for plant tallness, spikes 

/plant, spike size, grains number / spike, 1 thousand grains weight, grain 

production /plant, and protein content.  Partial dominance was noticed in the 

expression of maturity days, plant tallness, grains /spike, 1 thousand grain weight 

and protein content, whereas spkies number /plant and spike size were under the 

genetic control of over dominance. Ajmal et al. (2004) estimated the genetic 

mechanism involved in the inheritance of some plant characteristics of bread 
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wheat through 5x5 diallel cross. They found the preponderance of non additive 

type of gene action for maturity days, spike size, spikelets number / spike, weight 

of one thousand grains and grain production. The inheritance of plant tallness was 

shown to be conditioned by genes acting additively. 

 

Akram et al. (2004) conducted diallel cross examination for some 

agronomic characters of wheat. They observed the involvement of partial 

dominance with additive gene action in case of days to heading. Certain other 

characters like maturity days, plant tallness, tillers number in each plant, leaf flag 

region, grain filling period and grain production /plant were under the genetic 

control of over dominance. Bakhsh et al. (2004) estimated the role of genetic 

model governing yield related characters in a 5 x 5 wheat diallel cross. Spikelets 

number / spike was under the control of additive genetic variance with partial 

dominance, whereas, leaf flag region, numbers of tillers in each plant and 1 

thousand grain weight were controlled by over dominance. Non allelic interaction 

was not found in these characters.  

 

Hassan (2004) investigated the genetic basis of variation for important 

characters in wheat through diallel cross examination. Both additive and 

dominance genetic effects were found noteworthy for all the characters except 

grain production /plant only. Additive genes were important.  GCA/SCA 

proportion exposed the preponderance of additive genetic variance for most of the 

characters. Highly noteworthy additive and dominance gene effects were 
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indicated for plant tallness, tillers number in each plant, grains /spike, 1 thousand 

grain weight and grain production /plant in an 8 x 8 diallel cross of wheat. 

Directional dominance and specific gene effects were also present for these 

characters. Similarly genes for these characters were distributed asymmetrically 

among the parental lines. Additive gene action with partial dominance 

predominated for plant tallness while other characters were conditioned by over 

dominance (Hussain et al., 2004) 

 

Joshi et al. (2004) ascertained the genetic basis of quantitative and quality 

characters in F1 and F2 progenies of ten parental diallel wheat cross. They 

reported the predominance of additive gene effects for tillers number /plant, 

grains /spike, 1 thousand grains weight, protein content and grain productivity. 

Nazeer et al. (2004) reported the result of genetic examination from 6 x 6 diallel 

cross of wheat. The data for plant tallness, tillers number in each plant, days to 

heading and leaf flag region were fully tolerable for preservative dominance 

model whereas, maturity days and grain filling period were validated partially 

through validity tests. Additive type of gene action was playing role in the 

inheritance of all the characters. Plant tallness and tillers number were 

conditioned by over dominance while partial dominance was involved in other 

characters. 

 

Rahman et al. (2004) made diallel cross involving five wheat varieties and 

estimated the genetic basis for some yield related characters. They reported that 
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non additive type of gene action was important for plant tallness, spike size, 

spikelets number / spike, 1 thousand grain weight and grain production /plant. 

Based on results from diallel examination comprising five wheat genotypes, 

Siddique et al. (2004) reported that additive genetic effects controlled days to 

heading,  maturity day and plant length. Tillers number, spikelets in each spike, 

grains /spike, 1 thousand grain mass & grain production /plant were control by 

non preservative gene function. Awan et al. (2005) analysed the environment of 

gene function for constituents characters in intervarietal crosses of wheat. On the 

basis of results, they exposed that yield related attributes like plant tallness, tillers 

number in each plant, spike size and grain weight were conditioned by additive 

genetic mechanism.  

 

Chowdhry et al. (2005) studied the genetic basis of various quantitative 

characters in wheat through combining ability examination. Additive genetic 

effects restricted the appearance of leaf flag region, tillers number in each plant 

and spike size. Non stabilizer type of gene function reveal the predominant role 

for plant as well as peduncle size. Inamulllah et al. (2005) conducted an 

experiment with 8 x 8 wheat diallel cross to study the genetics of important plant 

characters. The results of examination exposed that additive component was 

noteworthy for days to heading, maturity days and plant tallness. Similarly the 

dominance component was important in days to heading, tillers number in each 

plant and grain production. Over dominance type of gene action was displayed by 

graphical image for tiller numbers /plant and yield of grain /plant. 
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Malik et al. (2005) studied the genetic behavior of quantitative characters 

in wheat through 5x 5 diallel examination. They exposed that additive effects 

were governing the genetic mechanism in the expression of plant tallness, tillers 

number in each plant, days to flowering, spike size and spikelets number / spike. 

Inheritance pattern of some plant characters in wheat was established by Saleem 

et al. (2005) through a diallel cross involving five wheat varieties. Plant tallness 

and grain production were under the control of dominance gene action, whereas 

leaf flag region was determined by additive gene action with partial dominance.  

They did not find non allelic interaction in characters under study.  

 

Sanjeev et al. (2005) conducted a study in order to guess the effects of 

gene on inheritance of grain production and its attributes in durum wheat. They 

observed the preponderance of non additive gene action in genetic control of grain 

number / spike, 1 thousand grain weight and protein content. Akhtar and 

Chowdhry (2006) conducted genetic examination of yield and some quantitative 

characters in bread wheat through generation mean examination. The results 

indicated that additive, dominance and epistatic genetic effects seemed to have 

played role in inheritance of all plant parameters studied. Additive gene action 

controlled plant length, tillers number /plant, spikelet numbers /spike and grains 

in each spike in a 5x5 diallel cross of wheat (Awan et al., 2006). 
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Dere and Yildrim (2006) conducted a study in order to ascertain the 

effects of genes on the inheritance of flag leaf size and grain production in wheat. 

They reported that both additive and dominance variances were noteworthy for 

flag, leaf width and dominance variance for grain production /plant. Graphic 

representation indicated over dominance for flag leaf width and grain production 

/plant, while half dominance was secondary for leaf flag region’s length. 

Golparvar et al. (2006) ascertained the genetic mechanism of some physiological 

characters in spring wheat under drought stress condition. On the basis of results, 

they found over dominance type of gene action involved in all the characters 

under study. They proposed to use grain filling period and harvest index as 

indirect selection criteria for improvement of yield of grain under drought 

conditions.  

Hassan et al. (2006) evaluated the genetic mechanism of some 

morphological character in wheat through an eight parental diallel cross. They 

reported the predominant role of additive genetic effects for days to heading, 

maturity day, plant length and spike size. Iqbal and Khan (2006a) hybridized eight 

wheat varieties in all possible combinations and analyzed spike characteristics and 

grain production through Griffing approach. Spike size, spikelets number / spike, 

grain /spike and grain production were under the control of non additive gene 

effects. Iqbal and Khan (2006b) estimated the genetic mechanism of controlling 

protein content and grain production in wheat. General combining ability 

variances for protein content were greater than those of specific combining ability 

indicating the preponderance of additive type of gene action. However, greater 
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magnitude of SCA effects showed the predominance of non additive gene effects 

in case of grain production. They proposed single plant selection in segregating 

generations for effective improvement in characters controlled by additive genes. 

 

Gene action was evaluated for different plant attributes in 4x4 diallel cross 

of wheat by Hasnain et al. (2006). Pasban-90 was best general combiner for grain 

number / spike. Knezevic et al. (2006) inferred the genetic mechanism of grain 

number / spike in a diallel cross of four divergent wheat cultivars. The data 

showed that grain number / spike was determined by additive and non additive 

gene effects, however, non additive effects were more dominant. Rahim et al. 

(2006) studied the inheritance mechanism of leaf flag region, tillers number in 

each plant, 1 thousand grain weight and grain production /plant in wheat. Tillers 

number was under the control of additive gene action, whereas, other characters 

were conditioned by non additive genetic effects. Rathi et al. (2006) conducted 

genetic study in half diallel of 11 x 11 parental crosses of in bread wheat. They 

exposed the dominance of general joining strength effects over specific 

combining strength effects for productive tillers number, grains /spike, grain 

weight /spike, grain production /plant and protein content.  

 

Ahmad et al. (2007) conducted the inheritance study of different plant 

character in bread wheat. They applied the adequacy test to validate the data set 

for additive dominance model and found that the model was appropriate for plant 

tallness, leaf flag region, spike size and grain production /plant. Additive & 



 

 
 

29

controlling gene results were significance in governing the transfer of these 

properties. Narrow sense heritability estimates were higher for leaf flag region 

and plant tallness, whereas the magnitude was on lower side in case of spike size 

and grain production. Gurmani et al. (2007) conducted diallel examination on 

wheat comprising five commercial varieties to evaluate the nature of gene actions 

in various polygenic characters. On the basis of graphic representation, they 

exposed that spike size, spikelets number / spike & grains / spike are control by 

additive gene function having half dominance. Over dominance was operating 

role in plant tallness, tillers number /plant, 1 thousand grain weight and yield of 

grain in each plant. 

 

The gene of higher dominance was operating in the bequest of spike 

numbers /plant, 1 thousand grain weight and grain production in eachr plant. 

These findings were exposed by Akhtar et al. (2007) on the basis of result from 

genetic examination of 4 x 4 diallel cross of wheat. Akram et al. (2007) 

investigated gene action governing the inheritance pattern of wheat quality 

attributes through diallel genetic examination. They reported that preservative 

genetic effects restricted the expression of protein contents and yield of flour. 

However, non additive gene action was more important for lysine contents, and 

gluten contents. They observed the directional dominance in case of protein 

content which indicated the likelihood of further development in this important 

character. Chowdhary et a l. (2007) reported the control of preservative gene 

effects for plant length, leaf flag region, tiller number /plant, spikelet number / 
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spike, spike size, grains number / spike, 1 thousand grain weight and grain 

production in each plant in a 5x5 diallel cross of wheat.  

 

Esmail (2007) detected the genetic components of variation for fi ve 

quantitative characters in wheat using triple test cross examination. He observed 

the presence of noteworthy non allelic relations of genes in case days to heading, 

plant tallness, spkies number /plant and 100 grain weight. The results of his study 

exposed that preservative & dominance genetic components have essential role in 

the transfer of days to heading, plant tallness and spkies number /plant. He also 

observed partial dominance for all the characters studied. Hassan et al. (2007) 

studied the genetic mechanism governing tillers number in each plant, grains 

/spike, 1 thousand grain weight and grain production in wheat. Results of 

examination showed to predominant role of additive gene effects for grain 

number / spike and non additive gene action for tillers in each plant, 1 thousand 

grain weight and grain production. They proposed the use of incorporated 

breeding approach which could professionally utilize the additive as well as non 

additive genetic variability.  

 

Ikhitar and Alam (2007) ascertained the physio-chemical and biochemical 

characteristics in Pakistani wheat varieties. The result showed that the genetic 

material under study possessed a range between 9.15percent to 10.27percent for 

net protein level, 2.5 percent-2.55 percent total fats, 1.44 percent - 2. 10 percent 

ash and 8.38 to 9. 67 percent moisture contents. They showed one thousand grain 



 

 
 

31

mass between 31.11 to 43.60 gm.   Iqbal et al. (2007) in a diallel cross experiment 

studied the plant characters related to earliness and grain production in spring 

wheat. Anthesis and maturity time were controlled by genes mainly acting 

additively. Non additive gene effects were more important in controlling grain fill 

gene period, grain production /plant and plant tallness. Additive x additive 

epistatic effects were also detected for all characters studied except time to 

anthesis. 

 

Kamaluddin et al. (2007) studied the inheritance mechanism of 1 thousand 

grain weight and grain production /plant in eleven parent half diallel examination. 

They found that both these characters were under the genetic control of additive 

gene effects. The additive gene effects were operating in the inheritance of plant 

tallness grain number / spike and grain production /plant while tillers number in 

each plant and 1 thousand grain weight were controlled by non additive gene 

effects. The results were presented by Khan et al. (2007) through genetic 

examination of 4 x 4 diallel cross of wheat. Munir and Chowdhry (2007) 

ascertained the genetic mechanism of grain production and related characters in 

wheat through generation mean examination. The results showed that type of gene 

action varied with characters, crosses and treatments. They exposed that additive, 

dominance and epistatic effects were concerned in the inheritance of yield of 

components. Days of heading, numbers of spikelets in each spike and grain 

weight /spike were controlled by additive genes coupled with high heritability. 
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Akram et al. (2008) determined the components of variance for yield 

related attributes in a complete 8x8 diallel involving indigenous wheat varieties. 

Average level of dominance indicated the presence of over dominance gene 

action in the expression of leaf flag region, plant tallness, maturity days and 

filling of grain period. Days to heading was conditioned by additive genetic 

effects. Dagustu (2008) conducted a seven parental diallel cross of bread wheat 

and reported the preponderance of additive gene effects for plant tallness, spike 

size, spikelets number / spike, grains /spike, 1 thousand grain weight and grain 

production /spike. Rathod et al. (2008) studied the genetic mechanism involved in 

test weight, protein contents and grain production in bread wheat. The relative 

degree of additive effects was higher than dominance components. They 

suggested that intermating followed by simple selection would provide better 

opportunities for generating useful genotypes of wheat.   

 

Akbar et al. (2009) documented the genetic basis of variation for some 

plant characters in bread wheat. They found predominant role of non stabilizer 

gene outcomes in the expression of plant tallness, days to heading, maturity days, 

tillers number in each plant, spike size, spikelets number / spike, 1 thousand grain 

weight and grain production /plant. Akram et al. (2009) studied the inheritance 

mechanism of genetic variation on wheat yield related characters. The estimates 

of genetic components of variation for spike size, spikelets number / spike, grains 

/spike, 1 thousand grain weight and grain production /plant exhibited the 

preponderance of over dominance gene action. The estimates of average degree of 
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dominance for spike size, 1 thousand grain weight, spikelets in each spike, grains 

/spike and grain production /plant also evidenced the prevalence of non additive 

gene action controlling these characters.  

 

Gene action mechanism controlling number of fertile tillers in each plant, 

spike size, 1 thousand grain weight and grain production was investigated by 

Rabbani et al. (2009) through an 8x8 wheat diallel cross. On the basis of results of 

Wr-Vr graphs, they found that additive gene effects with over dominance played 

major role in the inheritance of all these characters. Singh et al. (2009) applied 

diallel technique to study the inheritance pattern of yield and quality characters 

spring wheat. Results signified the consequence of both preservative and non 

preservative gene outcomes. Yucel et al. (2009) computed the components of 

variation for some wheat grain characters in a 5x5 diallel cross. Results showed 

that both additive and non additive gene actions were involved in controlling 

grain width, grain weight, grain number / spike, but additive effects were more 

prominent. Allah et al. (2010) carried out study to determine the genet action in 

6x6 diallel cross of wheat. Additive type of gene action with partial dominance 

was observed for plant tallness, tillers number in each plant, spike size, spikelets 

in each spike and grain production /plant. They also reported the absence of 

epitasis.      

 

Cifci and Yagdi (2010) carried out examination of line x tester cross data 

with five advance lines and three bread wheat cultivars. Non additive gene effects 
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played major role on the heredity of plant tallness, spike size, spikelets number / 

spike, grains /spike and 1 thousand grain weight. Farooq et al. (2010) used diallel 

mating system to evaluate inheritance of yield and related characters in wheat. 

They validated the data sets for grain number / spike and grain production /plant 

through two scaling tests, however, tillers number in each plant, spike size and 1 

thousand grain weight showed partial adequacy of the data. All the characters 

were under the control of additive gene action. Graphic figures exposed over 

dominance for grain number / spike, while partial dominance was observed in 

plant tallness, tillers in each plant, 1 thousand grain weight and grain production 

/plant.   Khattab et al. (2010) reported that both additive and non additive gene 

effects were controlling spkies number /plant, grains /spike, grain production 

/plant and harvest index. However, they noted greater value of dominance gene 

effects than additive ones in most of the cases. 

 

Khodarahmi et al. (2010) reported that plant tallness has decreased, while 

harvest index has increased during the process of wheat varietals improvement 

with enhancement in productivity. Grain number / spike was higher in the modern 

cultivars than in elder ones. They also exposed that contrary to grain production 

improvement, protein content and majority of other quality parameters either did 

not change or decreased noteworthyly during history of modern wheat 

improvement. The inheritance of grain production and its components (plant 

tallness, tillers in each plant, spike numberlets /plant and grain number / spike) 

was studied with the help of a cross of two alleles in eight doubled haploids bread 
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wheat (Ojaghi and Akhendova, 2010), Additive gene action was found in case of 

plant tallness and grain number / spike, whereas over dominance genetic effects 

controlled tillers number in each plant and spikelets in each spike.  

 

       2.2 CORRELATION STUDIES 

 

Genotypic association is important in determining the degree to which 

various yield causative parameters to which various yield contributing parameters 

are associated with grain production /plant (Ali et al. 2009).  Dieda and Marras 

(1968) studied correlation between grain production and various yield 

components in different durum wheat varieties. They found a positive correlation 

between grain production and spkies number /plant and 1 thousand grain weight.  

 

Chaudhry et al. (1970) reported a negative correlation between number of 

grains /ear and tillers number in each plant. Bhutta et al. (1980) reported that 

grain production was highly positively correlated with grain number / spike. 

Briggs and Aytenfisu (1980) conducted experiment to study the relationship 

between morphological characters and grain in spring wheat. They found 

noteworthy positive correlation between flag leaf sheath area, spike size and 

various spike characters with grain production. Lodent (1980) studied correlation 

between morphological characters and grain production in winter wheat. He 

observed noteworthy correlation of grains /spike and other spike characters with 

grain production. 
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Ali et al. (1984) studied correlation between grain production and yield 

components in 24 wheat genotypes. They observed that plant tallness and leaf flag 

region, tillers number in each plants and grain /spike had positive association with 

grain production. Kudzelk et al. (1984) made an experiment to find out the 

character association among grain production and yield components. They 

exposed high positive correlation of grain weight /spike, spike size, spikelets in 

each spike and grain number / spike with grain production /plant. Akbar et al. 

(1985) studied correlation coefficient in wheat and found that most of yield 

components had positive association with grain production. They also pointed out 

that grain number / spike had negative relationship with spkies number /plant.  

 

Kachur (1985) noted high positive correlation between grain number / 

spike and grain weight /plant. Koloniets (1985) carried out experiment in F1, F2 

and F3 generations of winter wheat to establish the character association. He 

reported that grain weight /plant was closely correlated with grain number / spike 

and 1 thousand grain weight. Camargo (1987) reported that correlation between 

grain production and seven other plant characters was positive and highly 

noteworthy. Dornescu (1986) studied relationship among yield and yield related 

attributes in wheat. He determined out the straight and indirect effects of various 

characters on yield and reported that grain weight /main spike and 1 thousand 

grain weight in each plant had greatest direct effect on grain production in each 
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plant. He also found that grains number / spikelet and grains number /main spike 

had important direct effects through grain weight /main spike. 

 

Koppen and Merseburger (1986) analyzed the yield components in winter 

wheat cultivars. They reported that spkies number /m2 and 1 thousand grain 

weight had positive relationship with grain production /plant. However the 

association between numbers of spikes /m2 had negative correlation with grain 

number / spike. Laurinenko et al. (1986) studied the interrelationship among grain 

production and its components. They exposed higher level of correlation of 

various component characters with grain production /plant.  

Ahmad et al. (1987) carried out an experiment to establish the main 

contributing characters in grain production of wheat. They reported that grains 

number / spike, tillers number /plant and 1 thousand grain weight were the main 

components contributing noteworthyly towards grain production. Taneela et al. 

(1987) studied association coefficients among yield and its constituents in wheat. 

They found that yield of grain was positively linked with plant tallness and 1 

thousand grain weight. They also pointed out that dwarfness could reduce grain 

production.  

 

Krotova (1988) studied character association in hybrids of winter wheat 

mutants with spring wheat varieties. He reported that grain production /plant was 

closely correlated with fertile tillers numbers, grain mass /main spikes, grains 

number /main spike & also grain size. Shah et al. (1988) conducted an experiment 
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on 112 mutant lines of wheat variety LU 26 and computed correlation 

coefficients. They reported that yield of grain had positive and highly noteworthy 

association with grain weight in each spike, 1 thousand grain weight and harvest 

index. Srivastava et al. (1988) found the positive and noteworthy correlation 

between grain production and grain weight /spike, spkies number /plant and leaf 

flag region. In an experiment, Hassan et al. (1989) established the relationship of 

plant tallness with grain production and yield contributing characters in wheat. 

They found that plants with 125cm height group produced heaviest 1 thousand 

grain weight (50g). Plant tallness influenced positively the grain production and 

other characters except tillers number /plant.   

 

Hussain and Khan (1990) established the interrelationship between grain 

production and yield components in twenty five wheat genotypes. From the result 

of path coefficient examination, they found that 1 thousand grain weight, spkies 

number /plant, grain number / spike, spikelets in each spike and tillers in each 

plant were the main attributes contributing towards grain production. Khan (1990) 

computed character association in wheat and reported that coefficient of 

genotypic correlation were higher than corresponding phenotypic coefficients. 

Plant tallness, spkies number /plant, grain number / spike and 1 thousand grain 

weight were positively correlated with grain production. Path examination 

showed the positive direct effects of all these characters on grain production.  
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Chowdhry et al. (1991) evaluated the correlation between grain production 

and yield related characters in wheat. They exposed that plant tallness, tillers 

number in each plant, spikelets in each spike, number of grain /spike and 1 

thousand grain weight, largely contributed towards grain production. Genetic 

correlation coefficients of spkies number /plant, 1 thousand grain weight and plant 

tallness with grain production were positive and noteworthy. Path examination 

exhibited highest direct effect of spkies number /plant followed by grain number / 

spike and 1 thousand grain weight (Khan et al., 1991). Ahmad and Rashid (1992) 

worked out correlation coefficient among grain production, harvest index and 

biological yield in wheat. They reported that harvest index and biological yield 

had positive and highly noteworthy correlation with grain production while 

association between harvest index and biological yield was not significant.  

 

Chaudhry et al. (1992) determined correlation coefficient between grain 

production /plant and yield related characters in bread wheat. They noticed that 

plant tallness days to heading, maturity days, grain filling period. Grain number / 

spike and 1 thousand grain weight has positive association with grain production. 

Khan and Bajwa (1993) exposed that 1 thousand grain weight, grain number / 

spike, spkies number /plant and spikelets in each spike exerted maximum direct 

effect towards grain production.  

 

Ashraf et al. (1994) investigated character association and cause and effect 

relationship among grain production and related characters in wheat. They 
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exposed that grain number / spike and 1 thousand grain weight maximum direct 

effect on wheat yield. They proposed selection on the basis of these two 

characters for high yielding wheat genotypes. Chaudhry et al. (1994) inferred the 

interrelationship among grain production and yield components in wheat. They 

noticed higher positive direct effects of days to heading, spkies number /meter 

row, plant tallness and grain weight /spike towards grain production /plot. Khan 

and Hussain (1994) investigated that spikelets number / spike, grains /spike and 1 

thousand grain weight were associated positively with grains yield in wheat due to 

their high direct effects. They also proposed selection of these yield components 

for improving grain production in wheat. 

 

Ramzan et al. (1994) estimated the characters association in fifteen 

promising lines of wheat. The reported that tillers number in each plant, grain 

number / spike and 1 thousand grain weight had positive correlation with grain 

production /plant both at genotypic and phenotypic levels. Sanjari (1994) studied 

correlation between grain production and yield attributes. He found that grain 

production had positive associated with 1 thousand grain weight number of grains 

/unit area and biological yield. Subhani and Khaliq (1994) estimated the 

interrelationship among grain production characters in wheat. They reported that 

plant tallness, grain number / spike and 1 thousand grain weight were 

noteworthyly and positively associated with grain production /plant. Results of 

path coefficient examination exposed that all character except plant tallness had 

positive direct effects towards grain production /plant. 
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Akbar et al. (1995) conducted correlation and path examination in 24 

bread wheat genotypes. The data showed that spike size, spikelets number / spike, 

grain number / spike and 1 thousand grain weight had positive association with 

grain production /plant. Plant tallness had negative correlation with grain 

production. Path coefficient investigation exposed that grain number / spike, 

spkies number /plant and one thousand grain production had high direct effects on 

grain production. Chowdhry et al. (1995) estimated the correlation between grain 

production and quality characters in wheat. They reported that carbohydrate 

contents showed positive phenotypic and genotypic correlation with protein 

contents and grain production. Phenotypic and genotypic correlation between 

protein content and grain production was negative and non noteworthy. Subhani 

et al. (1995) recommended indirect selection in segregating generation of wheat 

for improving grain production /plant.  

 

Chowdhry et al. (1996) studied the cause and effect relationship among 

yield with other parameters. Association among most of the characters was 

positive, whereas direct effect of spike density on yield was also found positive. 

Chowdhry and Mandal (1996) reported that spikelets in each spike, tillers number 

in each plant and spike size showed positive correlation with grain production. 

Deotale et al. (1996) exposed a negative association between plant tallness and 

grain production /plant in wheat. Akhtar et al. (1997) studied the association 

between grain production and yield components in wheat. They reported that 
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plant tallness, number of fertile tillers in each plant, spike size and 1 thousand 

grain weight were positively associated with grain production /plant. Ali et al. 

(1997) studied the degree of dependency of grain production on various plant 

attributes. They reported that tillers number /m2, grain number / spike, grain 

weight and biological yield had positive and strong relationship with grain 

production.  

 

Arif and Swati (1997) ascertained the associations among certain wheat 

characters. They reported that number of grains /main spike and 1 thousand grain 

weight exhibited positive correlation with grain production /plant at both 

genotypic and phenotypic levels. Deshmukh et al. (1997) found noteworthy 

positive correlation of number of tiller /plant grain weight /spike and one 

thousand grain weight with wheat grain production under rainfed conditions. 

They also indicated that 1 thousand grain weight and tillers number and spikelets 

in each spike made the greatest contribution towards yield.  

 

Uddin et al. (1997) reported that grain production /plant was positive and 

noteworthyly associated with spikes /plant, spikelets in each spike and 1 thousand 

grain weight. Results of path examination exposed the significance of spkies 

number /plant and spikelets in each spike due to their higher direct effect towards 

yield.  Wang et al. (1997) found that grain number / spikelet was noteworthyly 

and positively correlated with grain number / spike and grain weight /spike. Alam 

et al. (1998) exposed that leaf flag region, spikelets number / spike and grain 
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number / spike were the characters which contributed largely toward grain 

production in wheat. Ma et al. (1998) studied 24 spring wheats in four periods and 

ascertained the contribution of characters towards grain production. They found 

that number of fertile spikelets showed great effects on grain weight /spike and 

grain production. 

 

Narwal et al. (1999) studied the interrelationship of seven yield related 

characters in wheat and found that tillers number in each plant, grain number / 

spike and 1 thousand grain weight had positive association with grain production 

/plant. They also reported negative correlation between number of days to 

flowering and grain production. On the basis of results from path coefficient 

examination, they proposed that tillers in each plant, grains /spike and spike size 

must be given priority in selection criteria for importing yield. From a study of 

correlation coefficient examination in wheat, Sinha et al. (1999) suggested that 

selection based on number of tiller and number of grains /plant can prove a 

reliable method of obtaining higher yields in wheat.  

 

Rharrabti et al. (2000) estimated the correlation coefficients among grain 

production and grain protein content and reported and inverse relationship 

between these two characters in durum wheat. Genetic association of yield 

components and some morphological characters with grain production was 

studied by Shahid et al. (2002). Spike size, grain number / spike and grain weight 

/spike had positive noteworthy genotypic correlation with grain production /plant, 
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while plant tallness showed strong negative association with grain production at 

genotypic level. Days to heading and plant tallness had negative direct effect on 

grain production /plot. 

 

Subhani (2000) studied the interrelationship among certain morphological 

characters of wheat under drought stress and irrigated conditions. He also 

ascertained cause and effect relationship of these characters towards grain 

production /plant. Positive and noteworthy correlation of tillers in each plant, 

spike size, grain number / spike and 1 thousand grain weight was existed with 

grain production /plant. Days to heading had noteworthy negative association 

with grain production. Leaf flag region, days to heading, tillers number in each 

plant and spikelets in each spike showed positive direct effects towards grain 

production. Khatri (2002) established the relationship of grain production with 

five main contributing characters in six wheat commercial cultivars. Plant 

tallness, maturity days, tillers number in each plant, spike size and grain number / 

spike showed positive association with grain production, however, the magnitude 

of the coefficients was variable. Chandra et al. (2004) studied character 

association among grain production and related characters. Number of days to 

anthesis showed negative association with grain filling period and positive 

correlation with plant tallness, grain number / spike and grain production /plant. 

Grain filling duration showed negative correlation with all the characters except 

100 grain weight with which the correlation was positive. Plant tallness and 

spkies number /plant had positive association with grain production /plant 
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Yield related characters i.e. plant tallness, maturity days and spikelets 

number / spike had positive and noteworthy association with grain production 

/plot. The correlation of grain production with days to heading, grain weight 

/spike, 1 thousand grain weight and spike size was also positive but non 

noteworthy (Hassan et al., 2004). 

Kashif and Khaliq (2004) determined the character association and major 

components of yield in wheat genotypes. Number of fertile tillers in each plant 

was negatively and non noteworthyly correlated with yield. Results of path 

coefficient examination exhibited that plant tallness, leaf flag region, spike size 

and grain /spike had positive direct effects on grain production. They suggested 

that these characters should consider being suitable selection criteria for evolving 

high yielding wheat genotypes. Okuyama et al. (2004) characterized grain 

production components and plant characters related to grain production. They 

studied correlation and path coefficients in wheat genotypes grown under irrigated 

and non irrigated field conditions. Grain production showed positive phenotypic 

correlation with spkies number /m2, grain number / spike, kernel weight, days to 

anthesis and plant tallness. Path coefficient examination exposed positive direct 

effects and moderate correlation of spkies number /m2 and grain number / spike 

with grain production. 

 

Bhutta et al. (2005) studied the cause and outcome relationship of yield 

components. Spikelets number / spike, 1 thousand grain weight and grain 
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production /plant had noteworthy positive correlation among each other. Plant 

tallness, spike size and 1 thousand grain weight had maximum positive direct 

effects on grain production, whereas spikelets number / spike showed negative 

direct influence toward yield. Cheema et al. (2005) conducted correlation and 

path coefficient analyses in wheat under rainfed conditions. Grain production 

/plant had noteworthy and positive association with productive tillers in each 

plant, spike size, spikelets number / spike, grains /spike and 1 thousand grain 

weight. The result of examination for cause and effect relationship exposed that 

grain number / spike and 1 thousand grain weight had the maximum direct effects 

on grain production.  

Khan et al. (2005) studied the interrelationship among important biometric 

characters in wheat. They reported that tillers number in each plant, spike size and 

1 thousand grain weight showed noteworthy positive correlation with grain 

production /plant. While plant tallness and spikelets number / spike were 

noteworthyly and negatively correlated with yield. They further exposed that 

maximum direct effect was exerted by tillers in each plant followed by 1 thousand 

grain weight and negative effect by plant tallness. Correlation and path coefficient 

examination were conducted by Mahmood et al. (2005) to estimate the 

contribution of yield related characters in wheat. Correlation of grain production 

/plot with plant tallness, spike size and biological yield was found noteworthy and 

positive. Thousand grain weight showed negative association with yield but had 

maximum direct contribution towards yield followed by plant tallness. A negative 

direct effect of spike size was also observed on grain production.  
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Aycicek and Yildirim (2006) made a study to calculate character 

association among yield and yield related characters in bread wheat. They 

observed positive and noteworthy correlation of grain production with plant 

tallness, grain number / spike, grain weight /spike and 1 thousand grain weight, 

where as grain production had negative association with days to heading. They 

also noted positive direct effects of plant tallness and grain weight /spike towards 

grain production. Bhutta (2006) observed the strong association of tillers number 

in each plant and spkies number /plant with grain production. Tillers also had 

positive direct effect towards grain production.  

Phenotypic coefficients of correlation between grain production and yield 

contributing characters in wheat were estimated by Bhutto et al. (2006). Days 

taken to plant maturity, grain number / spike had noteworthy positive association 

with grain production /plant. Mahmood et al. (2006) conducted correlation and 

path examination between grain production and some physiological characters in 

candidate bread wheat lines. They exposed that days to heading, maturity days 

and plant tallness had negative and noteworthy correlation with grain production. 

Harvest index and biological yield showed noteworthyly positive relationship 

with grain production both at genotypic and phenotypic levels. Results of path 

examination showed the importance in order of harvest index, biological yield, 

plant tallness, maturity days and days to heading with grain production.  
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Muhammad et al. (2006) estimated the correlation coefficients among 

grain production and related attributes. They noticed that plant tallness, days to 

heading and maturity days had negative association with grain production both at 

phenotypic and genotypic levels. Saleem et al. (2006a) ascertained the 

relationship between grain production /plant and other yield related characters in 

wheat under drought conditions. They noted that leaf flag region tillers number in 

each plant, spike size, spikelets in each spike and 1 thousand grain weight were 

strongly associated with grain production. Path coefficient examination exposed 

that 1 thousand grain weight showed the maximum positive direct effect on grain 

production followed by leaf flag region, tillers number in each plant and plant 

tallness. Saleem et al. (2006b) computed correlation coefficients in 22 bread 

wheat genotypes. They observed that grain production was positively and 

noteworthyly correlated with leaf flag region, tillers number in each plant, spike 

size, spikelets in each spike and 1 thousand grain weight.  

 

Singh and Chaudhary (2006) ascertained the selection parameters for yield 

enhancement of wheat under different moisture stress conditions. They noted the 

highest phenotypic coefficient of variation for tillers number /meter. Plant tallness 

showed direct positive effect towards grain production under moisture stress 

condition, whereas it influenced negatively under irrigated conditions. They found 

that most of grain production characters exhibited positive direct effects under 

irrigated, high fertility late sown conditions. Khan et al. (2007) ascertained the 

interrelationship among various plant characters in wheat genotypes. They 
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reported that days to heading had noteworthy and positive correlation with 

maturity days.  

 

Akram et al. (2008) estimated the interrelationship among grain 

production and related parameters in wheat under rainfed conditions. Spikelets 

number / spike, grain number / spike and 1 thousand grain weight had positive 

correlation with grain production at both genotypic and phenotypic levels. A 

negative association of grain production was observed with tillers number /m2 and 

spike size. They suggested that 1 thousand grain weight, spikelets number / spike 

and grains /spike must be given emphasis during selecting wheat genotypes for 

yield improvement. Dagustu (2008) ascertained the cause and effect relationship 

of certain agronomic characters with grain production /spike in wheat. He noted 

that grain number / spike had the highest effect on grain production /spike 

followed by 1 thousand grain weight. 

 

Keezevic et al. (2008) studied genetic variability of grain mass /spike in 

ten wheat genotypes and found 5 percent coefficient of variation for this 

character. Majumder et al. (2008) conducted experiments with twenty spring 

wheat genotypes to estimate genetic association of grain production with its 

component characters. Spkies number /plant, grains /spike, spike size, 1 thousand 

grain weight and harvest index had positive correlation with grain production. 

They also reported that spkies number /plant, grains /spike and 1 thousand grain 

weight contributed directly towards grain production.  
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Ajmal et al. (2009) studied the character association of certain yield 

related characters in wheat. Grain production was positively and noteworthyly 

correlated with grain number / spike and 1 thousand grain weight. They further 

reported that plant tallness had positive relationship with tillers number in each 

plant both at phenotypic and genotypic levels, whereas tillers in each plant had 

negative association with spikelets number / spike, grain number / spike and 1 

thousand grain weight. Anwar et al. (2009) reported the results of 

interrelationship of grain production with yield related attributes in wheat. They 

found that grain production /plant was positively and noteworthyly associated 

with tillers number in each plant and maturity days. Maturity days had also 

positive correlation with tillers number in each plant and 1 thousand grain weight. 

Due to direct positive effects of tillers number and maturity days, they proposed 

these characters as important selection criteria for improvement in wheat grain 

production. Kumar et al. (2009) studied the association of quantitative characters 

with grain production in bread wheat. They grouped the material comprising 

thirty genotypes into six clusters. On the basis of cluster means, Cluster VI was 

identified for selecting parents for incorporating grain production /plant, tillers 

number in each plant and plant tallness, cluster V for spike size, grain number / 

spike and early maturity. 

 

Yagdi and Sozen (2009) reported noteworthy positive correlation between 

grain production, plant tallness and spike size in durum wheat. Grains /spike were 
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inversely associated with protein content. They also observed noteworthy 

negative correlation between gluten content, grain number / spike and grain 

weight /spike. Aydin et al. (2010) partitioned the correlation into cause and effect 

relationship for yield related characters in wheat. They suggested that plant 

tallness and test weight are the primary criteria for improving grain production in 

bread wheat. Dharmendra and Singh (2010) estimated the correlation coefficient 

and path coefficient for ten plant characters in bread wheat genotypes under 

different salt stress conditions. Results indicated that maturity days, plant tallness, 

spike size, spikelets in each spike, tillers in each plant, grains /spike and 1 

thousand grain weight were positively correlated with grain production. 

Considering the effects of each character on grain production, they observed that 

spikelets number / spike had highest positive direct effect followed by tillers in 

each plant, maturity days and plant tallness. They also suggested that selection for 

these directly contributing characters can help in improvement in wheat grain 

production under different salt stress conditions.  

 

Khan and Dar (2010) made studies to establish the interrelationship and 

direct effects of various wheat components on yield. Grain production was 

scientifically and positively associated with spike numberlets /plant, fertile tillers 

in each plant and 1 thousand grain weight, days to heading with maturity days and 

grain number / spikelets had positive association. Khokhar et al. (2010) 

determined correlation coefficients for eight plant characters in fifteen wheat 

genotypes. The results exposed that grain production was positively and highly 
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noteworthyly correlated with maturity days but negatively and highly 

noteworthyly associated with plant tallness. They also found highest positive 

direct effects of maturity days on grain production /plant. 

 

Tayyar (2010) estimated the correlation between grain production and 

quality characters. They reported negative association between grain production 

and gluten content. Protein was positively correlated gluten content. No 

relationship was observed between grain moisture and other investigated 

characters. They suggested that Romanian wheat variety Joseph with higher grain 

production and better quality characters could be new variety for northwestern 

region for Turkey. 

The knowledge of previous research and genetics have contributed to the 

development of improved varieties. A particular character is not found to be under 

a particular type of genetic control consistently   
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        Chapter 3 

 
MATERIALS AND METHODS 

 
The research work presented in this manuscript pertaining to genetic variability, 

genetic examination, correlation coefficient and path coefficient analyses in wheat 

(Triticum aestivum L.) was conducted at PMAS Arid Agriculture University Rawalpindi, 

Pakistan, during the years 2006-2010. 

 

3.1  GENETIC VARIABILITY IN WHEAT GENOTYPES 
       

The Plant material in this experiment comprised of thirty wheat varieties / 

breeding lines (Table 3.1).  All these genotypes were selected from wheat breeding 

institutes in the country on the basis of differences in adaptation and morpho-

physiological characteristics. These entries possessed genetic variability for yield as well 

as various yield components. Some of these varieties are widely cultivated for wheat 

production in different agro-ecological zones of Pakistan.  

  

Seeds of some of the genotypes were obtained from National Wheat Coordinated 

Programme, National Agriculture Research Centre (NARC) Islamabad, Pakistan and 

Barani Agriculture Research Institute (BARI) Chakwal, Pakistan. Whereas, seeds of 

certain other varieties / breeding lines came from the germplasm being maintained in the 

Department of Plant Breeding and Genetics, PMAS Arid Agriculture University 

Rawalpindi, Pakistan. 
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 The randomized complete block design was used for this experiment. Number of 

replications was three.  Each plot had four, five meter long rows, with row spacing of 30 

cm. Seeds were planted in the research area of the department of Plant Breeding and 

Genetics, PMAS Arid Agriculture University Rawalpindi at the seed rate of 

approximately 350 seeds /m2. Sowing was done during second week of November 2006. 

Soil of the experimental field was sandy-loam with pH 7.8. Basal fertilizer dose of NP @ 

100 kg N and 40 kg P2O5 /hectare was applied at the sowing time. Intercultural operations 

were done twice manually, first about one month and second one and half month after 

sowing to prevent weeds.  

 

3.1.1  Data Collection   

            Data regarding yield related characters viz. plant height (cm), tiller number /m2, 

spike size (cm), number of spiklets / spike, grain number / spike, one thousand grain 

weight (g) and grain production / plant (g) were recorded from ten guarded plants 

selected randomly from central two rows. Data for days to heading were recorded when 

50 percent of the spikes emerged from the flag leaf region. Similarly, days to maturity 

were counted from date of sowing to date when 50 percent spikes changed their colour to 

golden brown. Filling of grain time was computed by deducting heading days from 

maturity days. 

 

 The whole wheat flour was prepared by milling wheat grains through Uday 

Cyclone Mill under laboratory conditions. Crude Protein content was determined by 

Kjeldahl method of nitrogen estimation as described by Pearson (1976). Gluten content  
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Table  3.1 List of wheat varieties / breeding lines. 

 

S. No Variety / 
Breeding line 

Breeding Institute 

1 Ufaq-2002 National Wheat Coordinated Programme, NARC., Islamabad 
2 Margalla-99 National Wheat Coordinated Programme, NARC., Islamabad 
3 Pirsabak-2005 Cereal Crop Research Institute Noshehra 
4 Bhakkar-2002 Arid Zone Research Institute Bhakkar 

5 GA-2002 Barani Agricultural Research Institute Chakwal 

6 Wafaq-2001 National Wheat Coordinated Programme, NARC., Islamabad 
7 Marvi-2000 Nuclear Institute for Agriculture Tandojam 

8 Saleem-2000 Cereal Crop Research Institute Noshehra 

9 Auqab-2000 Wheat Research Institute Faisalabad 

10 Chakwal-97 Barani Agricultural Research Institute Chakwal 

11 Sariab-92 Agricultural Research Institute Quetta 

12 Sababz Nuclear Institute for Agriculture Tandojam 

13 Inqalab-91 Wheat Research Institute Faisalabad 

14 Shalimar-88 Wheat Research Institute Faisalabad 

15 Rawal-87 Barani Agricultural Research Institute Chakwal 

16 Faisalabad-85 Wheat Research Institute Faisalabad 

17 Tandojam-83 Agricultural Research Institute Tandojam 

18 Zarghoon-79 Agricultural Research Institute Quetta 

19 PR-88 National Wheat Coordinated Programme, NARC., Islamabad 

20 PR-89 National Wheat Coordinated Programme, NARC., Islamabad 

21 MSH-14 National Wheat Coordinated Programme, NARC., Islamabad 

22 TW-0107 National Wheat Coordinated Programme, NARC., Islamabad 

23 2KC-050 Barani Agricultural Research Institute Chakwal 

24 AUR-107 Arid Agriculture University Rawalpindi 

25 AUR-111 Arid Agriculture University Rawalpindi 

26 DN-38 National Wheat Coordinated Programme, NARC., Islamabad 

27 NR-285 National Wheat Coordinated Programme, NARC., Islamabad 

28 AUP-4606 KP Agriculture University Peshawar 

29 CT-99022 National Wheat Coordinated Programme, NARC., Islamabad 

30 AUP-460 KP Agriculture University Peshawar 
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was estimated by Martin process as described by Kent and Evers (1994). Lysine content 

was determined through Amino Acid Analyzer according to the method described in 

AACC (1983). Physio-chemical parameters like moisture and ash contents were 

determined according to the standard AOAC (1990) methods.   

 

3.1.2 Statistical Examination      

 The data collected on grain production and grain quality parameters were 

averaged and then analyzed by numerical taxonomic technique. Cluster examination as 

proposed by Sneath and Sokal (1973) was used to classify different genotypes. To avoid 

the effects due to difference in scale, means of each character were standardized prior to 

examination. 

 

3.2  BIOCHEMICAL EXAMINATION OF WHEAT GENOTYPES  

Genetic variability of total seed storage proteins among thirty wheat genotypes 

was investigated using SDS-PAGE. 

 

3. 2.1 Protein Extraction 

 For protein removal, dry seeds were ground into powder using mortar & pestle. 

Protein extraction buffer (Sodium potassium phosphate, pH 6.9) 400 µL was added as an 

extraction liquid to the seed flour (2g) and mixed thoroughly in a chilled mortar pestle. 

Liquid nitrogen was also used to improve the protein extraction process. To purify the 

extract, samples were vortex for mixing and centrifuged at 13000 rpm for ten minutes at 

optimum condition. The supernatant contained dissolved extracted crude protein, which 

was recovered and transferred in other 1.5 ml eppendorf tube freeze at -20o C for 
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electrophoresis.  Extracted proteins were processed with sample buffer contained 0.5 M 

Tris –HCl (pH6.8), 0.25percent SDS, 5M urea, 10percent glycerol and 5percent 2- 

mercaptoethanol. Bromophenol blue was used as tracking dye to observe the movement 

of protein in the gel.  

 

3.2.2  Protein Estimation 

 The protein content of thirty wheat genotypes was measured by using Bradford 

method (Bradford, 1976). The stock solution of Bovine Serum Albumin (BSA) was 

prepared as 1mg/ml. The dilutions of 0, 200,400, 600, 800 and one thousand µg/ml were 

made. Each tube contained 980 µL diluted Bradford reagent (1:5), 20 µL of protein 

sample or standard of different concentrations. Sample and standard was allowed to stand 

at room temperature for 20 minutes before measuring absorbance at 595 nm. The amount 

of protein was estimated on BSA standard curve. 

 

3.2.3  Electro phoresis 

 Seed protein were checked by using slab like S.D.S-PAGE in discontinuous 

manner of resolving with method of Laemmli (1970). The separating gels ( 8percent of 

acrylamide & 0.135percent of weight of N-N-methlene-bis-acrylamide) were ready in 0 

.5 M Tris-hydochloric acid buffer having pH: 8 .8 with 0.27 S.D.S. The gels got 

polymerized by the addition of 20 µL by volume of teramethylethylenediamine 

(TEMED) and 10percent ammonium sulphate (APS). The stacking gel (12percent  

acrylamide & 0.8percent N- N. methylene-bis- acrylamide) was prepared  in 0 .25 M Tris 

–hydrochloric acid buffer having pH: 8.6 and also containing 0.2percent SDS. The 
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stacking gels were polymerized as a similar procedure of the resolving gel. The running 

buffer comprised one X Tri glycerine with (0.1percent) SDS. The supernatant containing 

10 µL of protein was loaded into the stacking gel.  

 

3.2.4  Staining and Destaining  

 Coommassie brilliant blue R-250 0.2 percent  (w/v) was used for staining after 

electrophoresis (prepared in 10 percent v/ v acetic acid, 40 percent (v/v) methanol and 

water in a ratio of 10: 40: 60 (v/volume) for 1 hour. The solution use to stain was filtered 

prior to use. Gels were washed by using solution having 5 percent (v/ volume) acetic acid 

, 20 percent (v /volume methanol & H2O) in a proportion of 5: 20:75 (v/ volume) until 

clear bands. Gels were dried by drying process after completion of destaining process. 

Gels were photographed by placing them in gel document system.  

 

3.2.5  Data Analysis 

Electorphoregrams for every variety were scored & similarity index were 

calculated depending upon the existence or either absence of bands of long amino acid 

polymers. To evade taxonomic weighing, the concentration of band not considered, only 

occurrence was checked as to indicate results. The scores were 1 for presence and 0 for 

absence of bands. occurrence and absence of bands were enter in a binary data matrix. 

Based on results of the elctrophoretic band spectra , Jaccard’s similarty index (J.S.I) was 

calculated for all possible pairs of protein types electrophoregrams following Sneath and 

Sokal (1973).  
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 3.3    INHERITANCE OF GRAIN PRODUCTION AND QUALITY 

CHARACTERS 

 To understand the extent of genetic variation for grain production and quality 

parameters in important wheat cultivars and breeding lines, eight wheat varieties / 

breeding lines were selected from thirty entries in the first experiment. These genotypes 

Inqalab-91, Sarsabz, Bhakkar-2002, GA-2002, Wafaq-2001, Rawal-87, AUR-111 and 

Chakwal-97 were identified on the basis of sufficient differences for important 

component attributes for grain production and grain quality. 

  

Seeds of these parental lines were sown in the research area of Deptt. of 

Plant Breeding & Genetics, PMAS Arid Agri. University Rawalpindi. At the time of 

spike emergence from flag leaf, spikes were hand emasculated and pollinated following 

diallel crossing system. In order to produce sufficient F1 seeds, maximum possible 

number of pollinations was attempted. At the time of maturity, spikes from 56 hybrid 

combinations were harvested separately and hand threshed.  

  

Seeds of 64 entries (including 28 direct crosses, 28 reciprocals and 8 selfs) were 

field planted in November 2008. Seed sowing was performed in triplicate. Randomized 

block design was used. F1s and selfs were sown in single row of five meter length with 30 

cm row spacing. Basal fertilizer dose of N P @100 kg N and 40 kg P2O5 /hectare was 

applied to meet the nutritional requirements of the crop. 

  



 

 
 

60

The F1 hybrid plants from each cross were also self pollinated to raise F2 progeny. 

The resulting F2 population was grown during November 2009.    

 

3.3.1  Data Collection            

 Data pertaining to yield contributing attributes and quality parameters were 

recorded as in first experiment. 

 

3.3.2 Statistical Analysis  

Before analyzing the F1 data following the diallel technique of Hayman and Jinks, 

it is necessary to analyze the data using ordinary examination of variance technique in 

order to see whether the genotypic variations for the characters being studied are present. 

Therefore, the data regarding different characters were averaged and subjected to 

statistical manipulation. Examination of variance technique (Steel et al., 1997) was 

applied to determine the noteworthy differences among means values of parental lines 

and F1 hybrids for all the characteristics under study. Only the noteworthy genotypic 

differences allow the data for further examination. The computer programmes used for 

data analysis were SPSS and STATISTICA.  

 

3.3.3  Diallel Genetic Analysis    

 Among the biometric methods used for genetic examination, undoubtedly, the 

study of diallel crosses is the one that supplies the most information to the researchers for 

conducting a breeding programme with artificial hybridization. A diallel is a mating 

design involving all possible crosses among a group of parents, which is used to study the 
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polygenic system that determines quantitative characters. Depending on the nature of 

parents, individuals from an open pollinated varieties or lines inferences based on diallel 

results are useful in planning base population for intra or inter-population improvement 

or parents for hybridization. (Viana et al., 1999). 

 

 The Jinks- Hayman method (Jinks and Hayman, 1953, Hayman 1954 a, b; Jinks 

1954) is considered powerful enough for examination of gene action due to the degree of 

the examination that makes it more informative than the other methods (Toledo and Kibl, 

1982). 

 

The genetic examination following Hayman-Jinks model involves two distinct 

phases. In the first step, the data are arranged in diallel tables and analyzed by using 

formal examination of variance technique. This examination partitions the total genetic 

variation into family mean effects i.e. additive genetic effects (‘a’ item), general 

dominance effects (‘b’ item), maternal effects (‘c’ item), and non-maternal or reciprocal 

effects (‘d’ item). The “b” item is divided subsiquently into ‘b1’ indicating directional 

governance effects [ that is mean deviation of F1’s from the mid-parental values], ‘b2’ 

effects because of  parents adds different number of dominance alleles, and ‘b3’ item 

showing specific gene interaction.  

 

In second step of the examination, the variation in the component of each 

selection Vr, the co-variance of all the progeny incorporated in every parental group 

with non-frequent parent Wr and difference of the parental average (Volo = V p) are 
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computed. More statistics involved the estimation of means of array variance (V0L1), 

and the means of array covariances (W0L1). These statistics are used in computing 

genetic components of variation.  

 

3.3.3.1 Assumptions of Diallel Technique and Tests of Their Validity 

The strength of the information describing the genetical characteristics of group 

of genotypes acquireed by the cross of two alleles process is dependent, to some 

extent upon the following assumptions (Crumpacker and Allard, 1962).  

i. Homozygous parents 

ii. Normal diploid segregation of the chromosomes 

iii. No differences between reciprocal crosses 

iv. Independent action of non-allelic genes 

v. No multiple allelism 

vi. Independent distribution of genes among the parents 

 

The parental lines used in the present study were taken from the gene pool of 

the department and other research institutes. The condition of “homozygous parents”  

was satisfied as the parent seed material was selfed regularly and selfing ensures true 

to type and homozygosity. Hence the experimental material satisfied the first 

assumption. Although Triticum aestivum L. is an amphidiploids between the species 

of ‘A’, ‘B’ and ‘D’ genomes but it segregates in diploid manner. For removing 

reciprocal differences, the entries in off-diagonal cells of the  tables of two crosses 

were replaced by their means of cross and reciprocal values prior to examination. 
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The remaining three postulation of “no epistasis”, “no multiple allelesim” and 

“independent gene distribution” were observed through the adequacy tests. In order to 

find out the capability of the preservative-supremacy form to the facts sets resulting 

from crosses of two alleles, tests of two scale that is. regression examination & 

examination of uniformity of W r, V r were carried out. The regression coefficient (b) 

of a covariance on variance of each character is expected to be statistically different 

from zero and at the same time not noteworthyly different from unity, if all the 

assumptions hold true (Jinks and Hayman, 1953).  

 

The second test for adequacy of the model is carried out by the examination of 

variance of uniformity of Wr, Vr. In this test Wr, Vr is expected to be constant over 

arrays, if all the assumptions of additive-dominance model are fulfilled. 

Heterogeneity of Wr, Vr arrays shows that either one or more assumptions are not 

fulfilled for that character. Failure of both the tests completely invalidates the 

additive-dominance model. The data sets which did not qualify the scaling tests were 

not used for genetic interpretation. 

 

If only one test (i.e. Wr, Vr innoteworthyly vary from array to array) validated 

the data set, then the character was considered as partially adequate for additive-

dominance hypothesis and its genetic examination was continued, knowing that their 

results were less reliable than character showing complete adequacy. The characters 
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showing complete or partial adequacy of model were subjective to estimate the 

genetic parameters and graphic examination as well. 

 

3.3.3.2  Genetic Parameters 

With the assumptions validated, the estimates of following genetic character and 

relative conc. were computed as by Haymann (1954) and as elaborated by Singh & 

Chaudhry (2004). 

guess of additive and some portion of additive into additive genetic          

changes 

To check the leading components 

     Estimates of dominance x dominance interaction 

Estimates of relative appearence of leading & hidden 

alleles in parents 

h2  = Overall dominance effects 

E  =   Environmental variance from ANOVA table 

 

Relative Proportions 

=  percentage of genes with +ive & -ive outcomes in the parents 

= Mean degree of dominance 
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The percentage of leading &  

hidden genes in parents 

     = Number of groups of genes which control the character and exhibit 

dominance 

 

Heritability in narrow sense 

 

3.3. 3 .3  Graphic Study 

Affiliation of Wr with Vr gives information about level of dominance for a 

particular character and distribution of dominance and recessive alleles in the parents, 

Therefore, the values of Wr were plotted against the corresponding Vr values. Values for 

external limits of parabola Wri, for construct line of regression (Wrei) and for projected 

slope of regression  (Wrei’) were followed according to Singh and Chaudhry (2004). The 

slope of  regression analysis with Wr-axis, ordinate value ‘a’ was achcieved by using 

following formula: a = Wr _ bVr  

 

3.4         CORRELATION AND PATH COEFFICIENT STUDIES 

 The seeds of 56 F2 families and eight varieties / parental lines were sown in three 

 replications following randomized complete block design. The plot size of F2 families 

comprised of four rows spaced 20 cm with five meter length. The data for the following 

ten plant characters were collected from central 20 plants in each row of F2 progeny.  

1     Days to heading                                        2   Maturity days 
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3     Plant tallness (cm)                                       4   Spkies number /plant 

5     1 thousand grain weight (g)                         6   Grain production /plant (g)                             

7      Lysine content                                           8   Protein content                                                

The methodology of collecting data regarding each of these eight characters was 

followed as pointed out earlier. 

 

3.4.1  Correlation Coefficient Analysis 

 The F2 data collected on these eight plant characters were subjected to variance 

and covariance technique of Steel et al., (1997). Phenotypic and genotypic correlation 

coefficients were calculated according to method proposed by Searle (1961) and Kwon 

and Torrie (1964). 

                  

Where  

                 rp     = Phenotypic correlation 

      Mij   = Mean product of genotypes for “i” and “j” characters 

     Mii and Mjj   = Genotypic mean squares for characters “i” and “j” 

respectively, 

       rg   =  COV gij/ [(Vargi) (Vargj)]
1/2 

Where 

                  rg   =  Genotypic correlation 

       Covgij  =  Genotypic estimate of covariance for “i” and “j” characters 

       Vargi   =   Genetic variance of “i” character 
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       Vargj  =   Genetic variance of “j” character,  

Genotypic correlation coefficients were tested for their significance against the 

value of standard error; the rg was noteworthy if its value divided by respective standard 

error exceeded 1.96. The standard error was calculated by the following formula 

prescribed by Lothrop et al. (1985a, b). 

 

Where;  

    S.E rg = regular error for genotypic relationship  

    r.g   =   Genotypic association 

                h2.
i and h2.

j  =  Heritability estimates for characters “i” & “j” respectively 

                SE h2
i and SE h2

j   = Normal error for transfer of associated i th & j th     

    characters 

 

Phenotypic correlation coefficients were tested for their significance using table 

value of ‘r’ statistic.  

 

3.4.2  Path Coefficient Analysis 

Path coefficient examination was performed according to procedure described by 

 Dewey and Lu (1959). Grain production /plant was kept as resultant variable (effect) and 

other characters as causal variable (causes).  

 

The path diagram was drawn which depicted the direct effects of various 

characters on grain production and indirect effects through alternative pathway.  
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Chapter 4 
 

RESULT AND DISCUSSION 
 

 

4.1 GENETIC VARIABILITY IN WHEAT GENOTYPES 

 The estimation of genetic variability for plant characters of economic significance 

is important to utilize the germplasm efficiently. The breeding programme of any crop 

mainly depends upon the magnitude of genetic variability (Smith et al, 1991) and Li et al. 

(1995). Thirty genotypes including approved varieties and advance breeding lines were 

evaluated for some quantitative characters related to grain production and grain quality in 

wheat. A considerable level of variability was observed among wheat genotypes for the 

characters under study.  

 

 Basic statistics viz. range, mean standard error and variance for grain production 

and quality characters are given in Table 4.1. Sufficient differences were recorded 

between the minimum and maximum values for all the characters. Higher level of 

variance was observed for number of days to heading, maturity days, plant tallness, tillers 

number /m2, grains /spike, and grain weight. Grain filling period, spkies number /plant, 

spikelets in each spike, grain production, moisture content, ash content, protein content, 

wet gluten and lysine content showed low variances. The genetic variance was generally 

small in case of characters related to grain quality, which restricted the scope of selection 

for those characters and improvement through utilization of present wheat lines. 

  

Number of days to heading in wheat ranged from 111 to 135 with mean value of 

123.677 days after planting. The variance in case of days to heading was 41.264. Similar 
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pattern was noted for number of maturity days. Maturity period ranged from 154 to 

172days. The mean and variance were 160.967 and 43.621 respectively for this character. 

Comparatively low genetic variation was recorded for grain filling period. It ranged 

between 32 and 43 with mean value of 36.94 days. Level of variance for this character 

was low (7.87). Plant tallness showed considerable variation among wheat genotypes. 

Height varied from 79 cm to 111 cm with an average value of 93.701 cm. The coefficient 

of variance was 71.374 in case of plant tallness.  

   
Higher genetic variation was noted for tillers number /m2 in wheat. The number 

ranged between 295 and 549 and the mean value was 402.21. Variance has larger 

magnitude i.e. 5088.234 for tillers /m2. Spkies number /plant and spikelets number / spike 

had low variances i.e.1.814 and 5.006 respectively. The range for spikes /plant was 4.7-

9.1 whereas spikelets in each spike ranged from 15.2 to 24.1. The mean values were 

6.741 and 19.14 for spikes /plant and spikelets in each spike respectively. Low variance 

was observed in these two characters, which restricted the scope of selection within 

present wheat germplasm.  

 

Grain number / spike recorded in different wheat genotypes showed considerable 

genetic variation. Varieties showed a range from 33.4 to 54.2 with an average value of 

45.42 grains /spike. Variance was recorded as 33.931.  A wide range of variability 

was found for 1 thousand grain weight among wheat genotypes included in present study. 

Weight of one thousand grain varied from 26.9 to 43.1 (g). The average value was 34.851 

(g) and the variance was 18.254. Grain production /plant ranged from 5.39 7 to 
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Table 4.1 Basic statistics (range, mean, standard error and variance) of grain 
production and quality characters in thirty wheat genotypes. 

 

 

 

 

 

 

 

Characters  Range Mean + Standard error Variance 

Number of days to heading 111 - 135 123.667 + 1.173 41.264 

Number of days  to maturity 154 - 172 160.9667 + 1.206 43.621 

Grain filling period 32 - 43 36.944 + 0.512 7.870 

Plant tallness (cm) 79 - 111 93.701 + 1.546 71.734 

Tillers number /m2 295 - 549 402.210 + 13.023 5088.234 

Spkies number /plant 4.7 - 9.1 6.741 + 0.246 1.814 

Spikelets number / spike 15.2 - 24.1 19.140 + 0.408 5.006 

Grain number / spike 33.4 - 54.2 45.427 + 1.064 33.931 

1 thousand grain weight (g) 26.9 - 43.1 34.851 + 0.780 18.254 

Grain production /plant (g) 5.397 - 13.106 9.332 + 0.403 4.864 

Moisture content 6.61 - 9.27 8.051 + 0.141 0.596 

Ash content 1.552 - 2.027 1.788 + 0.023 0.016 

Protein content 9.3 - 13.3 11.227 + 0.217 1.409 

Wet gluten percentage 21.37 - 30.93 25.701 + 0.509 7.791 

Lysine content 1.694 - 3.525 2.468 + 0.092 0.252 
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13.106(g) and the mean value of all wheat genotypes were 9.332. The magnitude of 

variance for grain production was low (4.864). 

 

A perusal of Table 4.1 exposed that moisture content ranged between 6.61percent 

and 9.27percent. Average moisture percentage was 8.051 and variance for this character 

was very low (0.596). A small variation was noted in case of ash content i.e. 1.552-2.027. 

The average over genotypes was 1.778 and variance was again very low (0.016). Wheat 

genotype included in present study showed a range of 9.3percent to 13.3percent protein 

content with the mean value of 11.227percent. Lower variance (1.409) was noted in 

protein content. Genotypes had variability for wet gluten from 21.37percent to 

30.93percent. The average of this character was 25.701 and the variance was 7.791. 

Lysine content again exhibited a small variation i.e. 1.694-3.525. The mean value of 

lysine content was 2.468 with lower coefficient of variance 0.252.   

  

4.1.1 Cluster Analysis 

 Thirty wheat genotypes were classified into four clusters on the average linkage 

basis (Fig. 4.1). Classification of genotypes through cluster examination is of practical 

significance for wheat breeders. The frequency of each cluster and their genotypic 

membership are presented in Table 4.2. First cluster contained nine wheat genotypes 

including four commercial cultivars i. e. Chakwal-97, Faisalabad-85, Margalla-99 and 

Pirsabak-2005. There were only four verities in second cluster. Clusters III and IV 

comprised of nine and eight wheat genotypes respectively. Mean values and the variances 

for fifteen grain production and quality attributes in each cluster are shown in Table 4.3. 
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Fig. 4.1   Dendrogram depicting genetic relationship of thirty wheat genotypes based on grain production and quality 
characters. 
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Table 4.2   Four clusters grouping thirty wheat genotypes based on grain production 
and quality characters.  
 

Cluster  Frequency Cluster membership

I 9 PR-89, MSH-14, AUP-4606, Chakwal-97,  DN-38, 

Faisalabad-85,  Margalla-99,  NR-285 and Pirsabak-2005 

II 4 Auqab-2000,  Saleem-2000,  Shalimar- 88 and Marvi-2000 

III 9 Rawal-87, Wafaq-2001, GA-2002, AUR-111, AUR-107, 

Inqalab-91, 2KC-50,  TW-0107 and Bhakkar-2002 

IV 8 LT-99022, Sariab-92, Tandojam-83, Sarsabz,  Zarghoon-79, 

PR-88, AUP-4608 and Ufaq-2002 
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Table 4.3   Mean, standard error and variance of four clusters of wheat genotypes on the basis of grain production and quality 
characters. 

 Characters Cluster I  
(9 genotypes) 

Cluster II  
(4 genotypes)

Cluster III  
(9 genotypes)

Cluster IV  
(8 genotypes)

Mean Variance Mean Variance Mean Variance Mean Variance 

Number of days to 
heading 

122.111+ 1.859 31.111 121.251 + 0.854 2.917 131.111 + 0.841 6.361 118.251 + 1.398 15.643 

Number of maturity 
days 

159.222 + 1.614 23.444 154.750 + 0.479 0.917 168.667 + 1.055 10.0 157.375 + 1.772 25.125 

Grain filling period 36.296  + 0.565 2.873 33.667 + 0.694 1.926 37.370 + 0.973 8.512 38.833 + 0.986 7.778 

Plant tallness (cm) 92.333  + 2.106 39.75 93.751+ 6.651 176.917 96.889 + 3.238 94.361 91.625 + 2.443 47.696 

Tillers number /m2 445.111  + 24.905 5582.361 481.250 + 15.949 1017.583 361.667 + 15.351 2120.75 360.1 + 14.808 1754.286 

Spkies number 
/plant 

7.566  + 0.419 1.581 8.325 + 0.257 0.262 6.022 + 0.316 0.897 5.825 + 0.282 0.636 

Spikelets number / 
spike 

18.867  + 0.722 4.695 21.375 + 1.421 8.076 19.344 + 0.672 4.065 18.10 + 0.615 3.026 

Grain number / 
spike 

49.089  + 1.268 14.256 48.751 + 1.117 4.99 45.244 + 2.011 36.385 39.851 + 1.636 21.417 

1 thousand grain 
weight 

38.156  + 1.053 9.988 34.801 + 1.528 9.347 33.156 + 1.546 21.521 33.063 + 1.333 14.217 

Grain production 
/plant 

10.752  + 0.764 5.261 9.689 + 0.521 1.084 9.663 + 0.636 3.643 7.182 + 0.422 1.424 

Moisture content 7.761  + 0.2475 0.551 7.877 + 0.344 0.474 8.172 + 0.226 0.459 8.329 + 0.331 0.878 
Ash content 1.823  + 0.0467 0.021 1.841 + 0.089 0.031 1.755 + 0.031 0.009 1.758+ 0.043 0.015 
 Protein content 12.011  + 0.287 0.744 10.575 + 0.214 0.183 10.811 + 0.425 1.624 11.137 + 0.473 1.788 
Wet gluten 
percentage 

26.958  + 0.939 7.948 22.721 + 0.529 1.123 26.498 + 0.922 7.645 24.881 + 0.812 5.278 

Lysine content 2.7409  + 0.171 0.263 1.9442 + 0.12854 0.066 2.317 + 0.145 0.188 2.594 + 0.1589 0.202 
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Cluster I contained four approved varieties and five advance lines. Genotypes in this 

cluster showed greater mean value for grain number / spike, protein content, wet gluten 

and lysine content. The magnitude of variance was higher for number of days to heading, 

tillers /m2, spikes /plant, grain production, wet gluten and lysine content in cluster I, 

which provided sufficient genetic variability for selection.  

 

Cluster II contained early maturing genotypes taking less grain filling period, 

whereas, varieties in cluster III were late in maturity. Maximum tillers number /m2, 

spikes /plant and spikelets in each spike were noted in the genotypes grouped in cluster 

II. 

Wheat varieties in cluster IV possessed small stature with mean value of 91.625 cm and 

were also poor yielder. The magnitude of variance for grain filling period (8.512), plant 

tallness (94.361), grain number / spike (36.385) and 1 thousand grain weight (21.521) 

was higher in case of cluster III. Cluster IV comprised of wheat verities showing higher 

variance for number of maturity days and protein content.  

 

4.2 BIOCHEMICAL ANALYSIS OF WHEAT GENOTYPES  

 Seed storage protein as fractioned by SDS-PAGE were used to characterize thirty 

wheat genotypes. Electrophoregram showing protein banding patterns of these genotypes 

is presented in Fig 4.2. A total of twenty four bands were recognized among thirty wheat 

genotypes and out of these 24 bands, eleven were polymorphic in nature showing 

45.8percent polymorphism and thirteen bands were monomorphic. Protein bands  
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 M    1      2       3     4     5       6     7      8      9     10    11   12    13    14    15       

 

Fig. 4.2 Electrophoretic banding pattern generated by SDS-PAGE of seed  
             storage proteins in wheat genotypes. 
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     Fig. 4.3 Dendrogram showing the relationship among wheat genotypes based on SDS-PAGE seed storage proteins. 
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Table 4.4 Existence and absence of protein bands in S.D.S-PAGE 
examination of thirty wheat genotypes. 

 
Bands Number of genotypes 

 Present Absent 
B1 30 0 
B2 30 0 
B3 25 5 
B4 30 0 
B5 27 3 
B6 30 0 
B7 26 4 
B8 28 3 
B9 24 6 
B10 27 3 
B11 28 2 
B12 25 5 
B13 30 0 
B14 23 7 
B15 25 5 
B16 20 10 
B17 30 0 
B18 30 0 
B19 30 0 
B20 30 0 
B21 30 0 
B22 30 0 
B23 30 0 
B24 30 0 
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generated by SDS-PAGE (measured with protein markers having molecular weight from 

10 kDa to 220 kDa) ranged from 20 to 120 kDa. Some protein subunits of low molecular 

weight (LMW) were also observed, but due to inconsistency in reproducibility, they were 

not recorded because lower molecular proteins are separated by blurred. Occasionally, 

variation was also observed in the density or sharpness of a few bands but this variation 

was not taken into consideration. The presence and absence of eletrophoretic banding 

patterns are given in Table 4.4. Thirteen different bands were present in all 30 genotypes. 

However, band (B16) was present in 20 genotypes and absent in 12 genotypes. Similarly 

B14 and B9 were absent in 7 and 6 genotypes respectively. 

 

Only polymorphic bands were included in constructing the dendrogram. The 

dendrogram based on SDS-PAGE markers using UPGMA exposed 6 clusters (Fig. 4.3). 

Cluster II, III and VI comprised at least two approved varieties released from different 

wheat breeding stations. Cluster I comprised of 19 wheat genotypes consisting locally 

developed varieties and advanced promising lines. Cluster IV and V comprised of one 

genotype each, both of which are advanced lines. 

 

4.3 GENETIC MECHANISM OF GRAIN YIELD AND QUALITY 

CHARACTERS 

 In present study an attempt was made to understand the genetic mechanism of 

grain production and grain quality characters in intervarietal crosses of eight wheat 

genotypes.  These results provided useful information about the genetic basis of variation 

for important yield and quality characters only to the genotypes included in this study 
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which are conceivably of theoretical interest to wheat geneticists and of practical use to 

wheat breeders.   

 

 The preliminary data on days to heading, maturity days, grain filling period, plant 

tallness, number of tiller /m2, spike number /plant, spikelets number / spike, grain number 

/ spike, 1 thousand grain weight, grain production /plant, moisture percentage, ash 

content, protein content, wet gluten and lysine content were analyzed using ordinary 

examination of variance technique. The mean squares of the examination showed that 

genotypic differences for all the characters examined were highly noteworthy (Table 4.5). 

Therefore, the data for all the characters were arranged in array tables and formal 

Hayman’s examination of variance was conducted. The results of the examination are 

given as under:  

 

4.3.1   Number of days to heading 

 The Hayman’s examination of variance of parental lines and their F1 progenies for 

number of days to heading is presented in Table 4.6. Noteworthy ‘a’ and ‘b’ items 

suggested that both dominance and additive genes governed this character. The non 

noteworthy ‘b1’ item showed that directional dominance effects of genes were absent. 

Genes for this character were distributed symmetrically as ‘b2’ was non noteworthy. The 

noteworthy ‘b3’ (P<0.01) indicated the presence of specific gene action for days to 

heading. The presence of maternal and reciprocal effects was observed as both ‘c’ and ‘d’ 

were noteworthy (P<0.01).  

 



 

 
 

82

 The noteworthy “c” & “d” suggested the requirement of testing again “a” & “b” 

items against ‘c’ and ‘d’ respectively as suggested by Mather and Jinks (1982). The result 

showed that the maternal effects did not influence the additive genetic variance and  

Table 4.5   Examination of variance for different quantitative characters in F1 
generation of 8 x 8 diallel cross of wheat.  
 

Parameters Genotypic 
mean squares 

Replication 
mean squares 

Error 
mean squares 

Days to heading  38.351** 8.770 4.114 

Maturity days 48.839** 7.661 5.079 

Grain filling period (days)  7.829** 4.083 1.506 

Plant tallness (cm)          99.460**           34.937 6.032 

Tillers number /m2       8046.868**          131.628     254.533 

Spkies number /plant 2.936** 0.063 0.060 

Spikelets number / spike 4.663** 0.031 0.206 

Grain number / spike          41.931** 0.293 1.446 

1 thousand grain weight (g)          26.236** 2.658 1.364 

Grain production /plant (g)            8.152** 0.017 0.102 

Moisture (percent) 0.954** 0.010 0.087 

Ash content (percent) 0.048** 0.002 0.005 

Protein content (percent) 1.861** 0.335 0.154 

Wet gluten (percent)  13.531** 0.680 0.767 

Lysine content (percent) 0.387** 0.043 0.027 

 ** = Noteworthy at 1 percent probability level  
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Table 4.6   Haymann’s  examination of variance for  days to heading  in an 8 x 8 
diallel cross of  wheat. 
 

** = Noteworthy at 1 percent probability level  
 
 
 
 
 
 
 
 
 
 
 

  

basis of 
deviation 

D. F. Sum of square Mean square F. ratio 
Retested  against 

c                d 

a 7 1683.990 240.569 58.152 ** 9.999 **  

b1 1 2.769 2.769 0.619  0.239 

b2 7 32.052 4.5789 1.239  0.395 

b3 20 285.476 14.274 3.524 **  1.231 

b 28 320.297 11.4392 2.874 **  0.987 

c 7 168.417 24.059 5.174 **   

d 21 248.417 11.591 2.820 **   

Total 63 2416.120 38.351    

B x a 14 57.920 4.1369    

B x  b1 2 8.930 4.4673    

B x b2 14 51.750 3.696    

B x b3 40 162.190 4.0548    

B x b 56 222.880 3.980    

B x c 14 65.080 4.649    

B x d 42 172.580 4.109    

Total 
interaction 

126 518.460     
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similarly the effects due to ‘b1’ and ‘b2’ remained unchanged, however noteworthy values 

of ‘b’ and ‘b3’ reduced to non noteworthy revealing that dominance genetic variance and 

presence of specific gene action have been masked by the reciprocal effects.  

 

To test the adequacy of the data set to the simple additive-dominance model, the 

examination of uniformity of Wr, Vr (t2) and regression examination were carried out. 

The results of both scaling tests are presented in Table 4.7. The regression slope deviated 

noteworthyly from zero and was equal to unity suggesting that epistasis was absent and 

genes were distributed independently among the parents for number of days to heading. 

Similarly uniformity of Wr, Vr also suggested the indication of deficiency of nonallelic 

contact of genes. Therefore, both tests suggested that additive-dominance model was 

adequate to determine genetic components of variation for this character. 

 

The estimation of components of variation i.e. D, H1, H2, F , E and h2 was made 

for number of days to heading (Table 4.8) following Mather and Jinks (1982). The 

noteworthy significance of D indicated the magnitude of preservative hereditary 

variation. The estimates of H1 and H2 were almost similar and indicated the presence of 

equal proportion of negative and positive alleles in parents. Same situation was also 

proved by the ratio H2/ 4 H1, which was 0.245. F represents the comparative amount of 

leading and hidden alleles in parental populations & cahange in governance level or loci. 

Positive value of F exposed that dominant alleles were more frequent in case of number 

of days to heading. This was also evidenced by the ratio KD/KR (1.416) indicating the 

large amount of leading alleles relative to that of  leading & hidden genes in the  
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Table 4.7 Adequacy of data sets to additive_dominance form through examination of  
       uniformity of W r-Vr and joint  degeneration examination. 
 

Parameters 

Examination 
of uniformity 

of 
Wr-Vr  (t2) 

Joint Regression Examination 
 
Regression  coefficient  
 +Standard error   Ho : b = 0      Ho : b = 1 

Days to heading 2.226 1.082+  0.431 2.506* 0.1892 

Maturity days 1.250 0.847 + 0.0999 8.469** 1.535 

Grain filling period (days) 3.479 0.208 + 0.195 1.0670 4.056** 

Plant tallness (cm) 10.262 1.384 +  0.170 8.138** 2.259 

Number  of tillers /m2 1.209 1.055 + 0.061 7.230** 0.891 

Spkies number /plant 0.104 0.935 +  0.100 9.313** 0.644 

Number  of spikelets in each 
spike 

0.170 0.970  + 0.051 18.732** 0.575 

Number  of grains /spike 1.020 1.043  + 0.051 20.152** 0.836 

1 thousand grain weight (g) 2.502 1.064 + 0.456 23.294** 1.399 

Grain production /plant (g) 0.075 0.975 + 0.565 17.237** 0.448 

Moisture (percent) 0.069 0.973 + 0.147 6.598** 0.183 

Ash content (percent) 16.788** 0.611 +  0.072 8.426** 5.355** 

Protein content (percent) 0.086 1.007 +  0.059 17.036** 0.116 

Wet gluten (percent) 0.145 1.010 +  0.036 27.510** 0.269 

Lysine content (percent) 0.025 1.001 +  0.048 20.486** 0.012 

** = Noteworthy at 1 percent p value 
* = Noteworthy at 5 percent p value 
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Table 4.8   Genetic components estimation variability and proportional values for    
       days to heading in an 8 x 8 diallel cross of  wheat. 
 

Parameters Estimates 

D 23.295*   +   1.437 

H1 4.932     +  3.303 

H2 4. 840      +    2.874 

F 3.694     +  3.395 

h2 0.207     +   1.927 

E 2.093 *   +   0.479 

(H1/ D) ½ 0.461 

H2/ 4H1 0.245 

KD/KR 1.416 

Heritability (N.S) 0.791 

h2/ H2 - 0.043 

* = noteworthy (when the value of a character divided by regular error exceeds 1.96) 
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Fig 4.4   Co-Variance and variance (Wr, Vr) graph for number of days to heading in wheat 
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parents. The non noteworthy h2 component indicated the poor contribution of dominance 

effects of genes. Importance of additive gene effects for number of days to heading in 

wheat has been reported in earlier findings by Ajmal et a l. (2003b), Inamullah et a l. 

(2005), Malik et al. (2005), Iqbal et al. (2007) & Munir and Chowdhry (2007). However, 

Akbar et al. (2009) reported the involvement of dominance genes for days to heading.  

 

The mean degree of dominance (H1/D)1/2 was found to be less than one (0.461), 

which showed partial dominance. This was evidenced by the position of intercept of the 

regression line on the positive side of the Wr-axis (Fig 4.4). The estimates of narrow 

sense heritability for number of days to heading was high (0.791) due to genes which 

acted additively.  

 

The division of array position with the regression line showed that the cultivar 

Bhakhar-2002 in the close proximity to the point of origin contained max. amount of 

leading genes, whereas, Rawal-87 & AUR-111 is as at quite distance from the origin 

appeared to carry the max. amount of recessive alleles for this character. The remaining 

genotypes were ranked as intermediate. 

 

4.3.2   Number of Days to Maturity  

 The data for number of maturity days were analyzed using Hayman’s examination 

of variance and the results showed in Table:  4.9. The noteworthy ‘a” & ‘b” objects 

showed the presence of both (preservative & dominance) genetic effects.  The values of  
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Table 4.9  Examination of  Hayman’s  variance for maturity days in an 8 x 8 diallel            

                 cross of wheat. 

** = Noteworthy at 1 percent probability level  
  * = Noteworthy at 5 percent probability level 
 

 
 
 
 
 
 
 
 
 
 
 
 

origin of 
difference 

D. F.    S. S M. S F. ratio Retested  
against  c   

A 7 2435.406 347.915 87.263 ** 11.72** 

b1 1  45.394 45.394 349.185 **  

b2 7 30.691  4.3844 1.679   

b3 20 209.921 10.496  1.896*  

b 28 286.005 10.215  2.215**  

c 7 207.833 29.691     2.916*  

d 21 147.667 7.032     1.609  

Total 63      3076.911 48.839   

B x a 14 55.810 3.987   

B x  b1 2 0.260 0.1302   

B x b2 14        36.550 2.611   

B x b3 40      221.390 5.535   

B x b 56       258.201 4.611   

B x c 14       142.541 10.182   

B x d 42 183.460 4.368   

Total interaction 126 640.011    
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‘b1’ and b3 were noteworthy, which indicated the presence of directional dominance and 

importance of specific gene effects respectively, whereas the ‘b2’ was observed to be non 

noteworthy revealing the symmetrical distribution of genes in the parents. The 

noteworthy ‘c’ showed the presence of maternal effects involved in this character. There 

was need of retesting ‘a ’ in opposition to “mean square ” of ‘c ’. After testing again, 

situation still not changed and showed importance of additive genetic effects in the 

manifestation of this character. The value of ‘d’ was non noteworthy.  

 

 The two scaling tests, i.e. the examination of uniformity of Wr, Vr and regression 

examination were carried out to test the validity of the data for examination following 

additive-dominance model (Table 4.7).  The unit slope of regression line (b=0.847) 

provided no evidence of epistasis and indicated that all the assumptions had met, as 

suggested by Hayman (1954a). The adequacy of Hayman Jinks model for interpreting the 

data was also verified by examination of uniformity of Wr, Vr. Therefore, the additive 

dominance model was found adequate to account for the data.  

 

The estimates of components of dissimilarity i.e. D, H 1, H 2, F and h2 for number 

of maturity days in wheat are presented in Table 4.10. The estimate of D was 

noteworthyly greater and indicated the importance of additive genetic variation for this 

character. The value of H1 was non noteworthy, whereas H2 was noteworthy and greater 

than H1. The greater magnitude of H2 exposed asymmetrical distribution of negative and 

positive alleles in the parents. A +ive value of F showed that leading genes for maturity 

days are large. The proportion of dominant & recessive genes in the parents indicated   
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Table 4.10  approximation of genetic components of change and proportional  
values for maturity days in an 8 x 8 diallel cross of wheat.  

 

Parameters           Estimates 

D          30.547*  +  0.608 

H1            1.213   +  1.399 

H2            3.397*  +  1.217 

F            1.797   +  1.438 

h2           5.873*  +  0.316 

E           2.561*   +  0.203 

(H1/ D) ½           0.324 

H2/ 4H1           0.264 

KD/KR           1.199 

Heritability (N.S)           0.848 

h2/ H2           1.729 

 * = noteworthy (when the value of a character divided with regular error greater than 
1.96) 
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Fig 4.5 Co-Variance and variance (Wr, Vr) graph for number of days to maturity in wheat 
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by the ratio KD/KR (1.199) also supported the presence of greater frequency of dominant 

genes. The estimate of net dominance effects of heterozygous loci (h2) was noteworthy. 

The average rate of dominance “H1/ D
1/2” was below from unison indicating the role of 

gene action on partial dominance , as has been signified by the regression slope in Fig 

4.5. For number of maturity days, the degree of narrow sense heritability was 0.848. The 

result of genetic examination for number of maturity days are on line with that of Ajmal 

et al. (2003b), Inamullah et al. (2005) & Iqbal et al. (2007), who were of the view, this 

character was mainly control by additive gene function.  

 

4.3.3   Grain Filling Period 

 The examination of the data for grain filling period exposed noteworthy 

differences for the item “a” which shows the contribution of preservative gene function in 

the genetic control of this character (Table 4.11). The item ‘b’ was found non 

noteworthy, indicating an unimportant role of dominance gene effects in the expression 

of grain filling period. The component ‘b1’ divulged non noteworthy effects. This 

exposed the absence of directional dominance effects. The effects due to ‘b2’ were again 

found to be non noteworthy showing a symmetrical distribution of genes among the 

parental lines. Unimportant specific gene effects were noted due to the non noteworthy 

value of ‘b3’ item. The noteworthy value of ‘c ’, the maternal property support for testing 

again the value of “a” opposite to that “c “. After testing again the effects because of “a” 

item which were noteworthy against its own block interaction reduced to non noteworthy. 

This illustrate that the additive gene effects had been hide due to maternal property. 

Effects due to‘d’ item had non noteworthy value, so testing of “b” in comparison with 
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Table 4.11 Hayman’s examination of variance for grain filling period in an 8 x 8  

       diallel cross of wheat. 

** = Significance at 1 percent probability level 
 

 

 

 

 

 

 

Basis of 
difference 

D.F.    S.Square        M. Saqure F. ratio Retested  
against  c   

A 7 310.323 44.332 72.308 ** 3.039 

b1 1 0.8103 0.811 0.613  

b2 7 11.524 1.646 1.315  

b3 20 29.587 1.479 0.938  

B 28 41.922 1.497 1.007  

C 7 102.083 14.583  10.002 **  

 D 21 38.917 1.853 1.003   

Total 63 493.245 7.829   

B x a 14 8.580 0.613   

B x  b1 2 2.641 1.321   

B x b2 14 17.530 1.252   

B x b3 40 63.081 1.577   

B x b 56 83.250 1.486   

B x c 14 20.421 1.458   

B x d 42 77.580 1.847   

Total 
interaction 

126 189.831    
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 “d” was worthless and earlier positions of “b, b1, b2 & b3” remain quite valid. 

 

Results of two scaling tests i.e. examination of uniformly of Wr, Vr and joint 

regression examination are provided in Table 4.7. Regression line did not differ from 

zero and deviated from unity showing the role of non- allelic interaction. However, 

uniformity of Wr, Vr suggested the adequacy of additive-dominance model. On the basis 

of output of scaling tests, the plain genetic form was partially enough to analyze the data. 

Kearsey and Jinks (1968), and Daly and Robson (1969) pointed out that in studies of 

quantitative inheritance, complete validity of all the assumptions is unlikely. When a 

character exhibits a partial failure of the assumptions, estimates of genetic parameters of 

that character are still possible (Hayman, 1954). 

 

The estimates of components of variation for grain filling period were computed 

and are given in Table 4.12. Estimate of D was noteworthyly greater and exposed the 

predominant role of additive genetic effects. Although the magnitude of dominance 

components i.e. H1 and H2 were non noteworthy, however, the greater magnitude of H2 

than H1 indicated asymmetrical distribution of negative and positive alleles in the parents. 

The unequal distribution of negative and positive alleles was evidenced by the deviation 

of H2/4H1 ratio from 0.25. The negative value of F exposed the presence of grater number 

of recessive alleles. Due to the apperence of preservative genetic variability, the 

approximation of slight sense heritability was 0 .778. The ratio of h2/H2 exposed the 

number of effective factors controlling this character and exhibiting dominance. This 

value indicated that three groups of genes were controlling the character. Findings of  
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Table 4.12  approximation of genetic parts of variability and proportional values  
for grain filling time in an 8 x 8 diallel cross of  wheat.  
 

Parameters Estimates 

D 1.075*   +   0.162 

H1 - 0.008    +  0.372 

H2 - 0. 033   +  0.323 

F - 1.836* +  0.382 

h2 - 0.107    +   0.217 

E - 0.773    +  0.054 

(H1/ D) 1/2 0.087 

H2/ 4H1 1.004 

KD/KR 1.225 

Heritability (N.S) 0.778 

h2/ H2 3.244 

* = noteworthy (when the value of character divided by its regular error is greater than 
1.96)
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Fig 4.6 Co-Variance and variance (Wr, Vr) graph for grain filling period 
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present study regarding genetic control for grain filling period varied from those 

of Ajmal et al. (2003a) and Iqbal et al. (2007), who signified the role of non-additive 

gene property. The variation in sample size, sampling techniques and different genetic 

material showed the difference in findings. In genetic analysis,  results about the pattern 

of genetic basis may be different due to genotype environment interaction, germplasm 

under study and also the size of samples.  

 

 The Wr, Vr graph for grain filling period presented in Fig 4.6 indicated that the 

regression line intercepted the Wr-axis above the point of origin which indicated the 

involvement of partial dominance gene effects. Partial dominance was also exposed by 

the estimate i.e. the ratio < unity (Table 4.12).The regression line of array 

points indicated that Bhakkar-2002 being proximity to dominant genes and its parents 

Rawal-87 and Sarsabz  as a  ancestor  showed recessive genes  character for observation.  

 

4.3.4   Plant Height 

 The examination of variance for F1 data for plant tallness is presented in Table 

4.13. It exposed that ‘a ’ and ‘ b’ objects were noteworthy like ‘b1’ this showed the 

occurance of directional dominance property. The genes were distributed unequally 

within the parents as ‘b2’ was also noteworthy. The value of ‘b3’ (P< 0.01) signified the 

presence of specific genetic effects. Maternal effects were also found to be present as ‘c’ 

was noteworthy. However non significance of ‘d’ exposed the absence of reciprocal 

effects. Due to noteworthy value of ‘c’, the mean squares of ‘a’ were tested again against 

the mean squares of ‘c’. After this the meaning of ‘a ’ unchanged.  
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Table 4.13   Haymann’ s  assessment of varianc for plant tallness  in an 8 x 8 diallel 
cross of  wheat.  
 

 
** = Noteworthy at 1 percent probability level  
  * = Noteworthy at 5 percent probability level 

Origin of 
variability 

D. 
Freedom 

S.Square M.Square F. ratio Retested  
against  c 
 

A 7 5099.501 728.501 130.399 ** 11.752** 

b1 1 55.048 55.048 18.552 *  

b2 7 122.167 17.453 3.668 *  

b3 20 337.952 16.898 2.945 **  

B 28 515.167 18.399 3.409 **  

C 7 439.667 62.809 6.645 **  

D 21 211.667 10.079 1.712  

Total 63 6266.000 99.461   

B x a 14 78.250 5.589   

B x  b1 2 5.930 2.967   

B x b2 14 66.751 4.768   

B x b3 40 229.521 5.738   

B x b 56 302.211 5.397   

B x c 14 132.330 9.452   

B x d 42 247.330 5.889   

Total 
interaction 

126 760.131    
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The two scaling tests i.e. regression examination and examination of uniformity 

of Wr, Vr were carried out to test the data for examination following additive-dominance 

model (Table 4.7). The unit slope of regression line (b=1.384) provided no evidence of 

epistasis and indicated that all the possibility has been meet up, as recommended by 

Haymann (1954 a). The adequacy of Hayman-Jinks form for interpreting the data was 

also verified by examination of uniformity of Wr, Vr, which provided the evidence of the 

presence of dominance and absence of epistatic component in the genetic control of plant 

tallness.  

 

The approximate of components of change i.e. D, H 1, H 2, F & h 2 & proportional 

values for plant tallness in wheat is presented in Table 4.14. The estimate of D was 

noteworthyly greater and exposed the predominant role of additive effects in affecting 

genetic mechanism of this character. Although the magnitude of dominance components 

i.e. H1 and H2 were non noteworthy, however, the greater level of H 1 as compared to H 2 

indicated asymmetrical occurence of -ive and +ive alleles in the parents. The non-equal 

distribution of -ive and +ive alleles was evidenced by the deviation of ratio from 0 

.25. Positive and noteworthy worth of F exposed that dominant alleles were quite 

frequent than recessive alleles in parental lines for plant tallness. The ratio KD/KR also 

showed more number of dominant alleles than the recessive in the parents. 

 

 The mean degree of dominance (H1/D)1/2 showed its value less than one 

indicating the involvement of partial dominance in the inheritance of plant tallness, as 
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Table 4.14  approximation of genetic apparatus of difference and proportional 
values for plant length in an 8 x 8 diallel cross of  wheat. 
 

Parameters      Estimates 

D     83.648 * +  2.561 

H1     10.685   +  5.885 

H2      7.943    +  5.121 

F     26.222 * +  6.049 

h2      7.082*   +  3.434 

E      3.242*   +  0.853      

(H1/ D) ½      0.357 

H2/ 4H1      0.186 

KD/KR      2.562 

Heritability (N.S)      0.879 

h2/ H2      0.892 

* = noteworthy (when the value of a character divided by its regular error is greater than 
1.96) 
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Fig 4.7 Co-Variance and variance (Wr, Vr) graph for plant height in wheat 
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also has been evidenced by the angle of regression row cutting the W r- axis to above the 

point of origin in Fig. 4.7. The estimates of narrow sense heritability was high (0.879) 

due to greater effects of additive genes. Additive gene effects with partial dominance 

provide opportunity to the breeders for selecting the desirable segregants in early 

generations. The research finding of Malik et al. (2005), Chowdhry et al. (2007), Khan et 

al. (2007) and Dagustu (2008) are in accordance with the present results. However, 

present results disagree with those of Chowdhry et al. (2005), Iqbal et al. (2007), Akbar 

et al. (2009) and Cifci and Yagdi (2010). 

  

  A perusal of division of array position with the falling off line of unity indicated 

the parental lines Chakwal-97 and AUR-111 were closes to the point of origin and 

possessed an excess of dominant genes, whereas wheat variety GA-2002 situated farthest 

from the origin carrying maximum number of recessive genes.  

 

4.3.5    Number of Tillers /m2  
 

The results of Hayman’s examination of variance of genotypic effects for tillers 

number /m2 are given in table 4.15. This examination demonstrated highly noteworthy 

diversity for the item “a” a true picture of the occurrence of preservative effects 

dependable for the appearance for this character. The non noteworthy value 
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Table 4.15  Hayman’s examination of variance for tillers number /m2 in an 8 x 8  
diallel cross of wheat. 

 

** = Noteworthy at 1 percent probability level  
 

 

 

Base of 
variation 

D.F.   S.S M.S F. ratio Retested  against   
 c                 d 

A 7 45859.900 65514.271  213.502**   30.073**  

b1 1 1163.505 1163.505 9.943  2.028 

b2 7 2401.260 343.037 2.725  0.598 

b3 20 17490.802 874.540 3.014**  1.524 

B 28 21055.561 751.984 3.096**  1.311 

C 7 15249.342 2178.478 10.244**   

D 21 12047.862 573.708 2.153**   

Total 63 506952.701 8046.868    

B x a 14 4295.960 306.855    

B x  b1 2 234.041 117.0214    

B x b2 14 1762.532 125.895    

B x b3 40 11605.290 290.132    

B x b 56 13601.861 242.891    

B x c 14 2982.942 213.067    

B x d 42 11190.482 266.441    

Total 
interaction 

126 32071.242     
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for ‘b1’ suggested the absence of directional dominance. Genes for tillers number /m2 

were distributed symmetrically in the parents as the ‘b2’ item was non noteworthy. A 

specific gene action was evidenced from the noteworthy value of ‘b3’. The noteworthy 

value of “c”, the maternal changes support for retesting the mean squares of ‘a’ against 

that of “c”. After testing again, the output because of additive genetic variance remained 

unchanged, thus exposed the importance of genes acting additively.  

 

 
 The noteworthy value of ‘d’ necessitated retesting of the item ‘b’. The values of 

‘b’ and ‘b3’ which were previously noteworthy against their own interactions, reduced to 

non noteworthy. The b1 and b2 items, which showed non noteworthy differences against 

their own block interaction remained unchanged after retesting against ‘d’. This signified 

the non-presence of directional dominance & equal distribution of genes among the 

parents.  

 

Joint regression examination as well as examination of uniformity of Wr, Vr were 

carried out to determine fitness of the data set to additive dominance model (Table 4.7). 

The regression slope (b= 1.055) deviated noteworthyly from zero and wass of unit slope 

statistically. Results of examination of Wr, Vr indicated the presence of dominance and at 

the same time absence of non allelic interaction in the genetic control of tillers number 

/m2. Thus the stabilizer gene dominance form was found to be large in number to account 

the data for genetic interpretation. Farooq et al. (2010) reported the partial adequacy of 

the data set for tillers number in each plant through two scaling tests and carried out the 

genetic examination for this character. 
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 Results pertaining to components of variation for number of tiller /m2 are given in 

Table 4.16. The estimates of D were noteworthyly greater showing that this character 

expressed itself under the control of additive gene effects. The magnitude of dominance 

components i.e. H1 and H2 was non noteworthy. The H2 component was found greater 

than that of H1 indicating asymmetrical distribution of negative and positive alleles in the 

parents. The evidence of unequal gene frequencies in the parents was also shown by 

H2/4H1 (0.234). F indicated the comparative occurance of leading alleles in the parental 

populations & changes in the dominance level for loci. The positive and noteworthy 

value of F presented that leading alleles were more in number than recessive alleles for 

this character. The estimate of h2 component was non noteworthy. The average rate of 

supremacy (H1/ D) was smaller than 1 and indicated the presence of partial dominance 

with high heritability value (0.942). This situation was also verified by the graphic 

examination for tillers number in each plant where the regression line intercepted the Wr-

axis above the origin showing thereby partial dominance type of gene action along with 

additive effects in the control of this characters (Fig 4.8). In the presences of high 

additive effects with partial dominance controlling this character, genetic manipulation of 

these genotypes for more tillers was easily accessible. Similar results were reported by 

Rahim et al. (2006),  
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Table 4.16   approximation of genetic components of difference and proportional 
values for number of  tillers /m2 in an 8 x 8 diallel cross of  wheat.  
 

Parameters        Estimates 

D      6165.302* +   68.962 

H1       155.520   +   158.533 

H2      332.914   +   137.923 

F      749. 436* +   162.950 

h2      132.838   +   92.497 

E      126. 307* +  22.987 

(H1/ D) ½          0.240 

H2/ 4H1          0.234 

KD/KR         1.678 

Heritability (N.S)         0.942 

h2/ H2         0.399 

* = noteworthy (when the value of a character divided by regular error is greater than 
1.96) 
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Fig 4.8 Co-Variance and variance (Wr, Vr) graph for number of tillers per m2 in wheat 
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Rathi et al. (2006), Chowdhry et al. (2007) and Farooq et al. (2010), who were of the 

view that number of fertile tillers was under the control of genes acting additively.  

 

Fig 4.8 exposed that wheat cultivar GA-2002 are very near to the origin have 

max. dominant genes and varieties Inqalab-91, Bhakkar-2002 and Sarsabz acquired max. 

recesive genes for the character under consideration. 

 

4.3.6    Number of Spikes /Plant 

 The data for spkies number / plant were analyzed for components of variation 

following additive dominance model. Results of this examination are presented in Table 

4.17, which exposed that all the items were highly noteworthy except b1, which was non 

noteworthy. Noteworthy ‘a ’ and ‘ b’ items told the presence of both additive & 

dominance gene effects for spkies number /plant. Directional dominance was absent as 

‘b1’ item was non noteworthy. The component ‘b2’ was found to be noteworthy 

indicating asymmetrical distribution of genes and similarly noteworthy ‘b3’ item exposed 

the importance of specific genetic effects.  

 

Additive gene function was implicated in the transfer of spkies number /plant as 

presented from estimates of preservative gene variance ‘D’ (Table 4.18). The variances 

due to dominance gene effects, H1, H2 and h2 were non noteworthy. The negative value of 

F showed the greater frequency of recessive alleles than dominant alleles in the parents. 

Excess of recessive genes than dominant ones was also exposed by the ratio K D/KR. 
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Table 4.17  Hayman’s  examination of variance for  number of  spikes /plant in an  
8 x 8 diallel cross of wheat. 

 

** = Noteworthy at 1 percent probability level  
  * = Noteworthy at 5 percent probability level 

Basis of 
variation 

D.Fr
eedo

m 
S.Square M.Square F. ratio 

Retested  against 
c                 d 

a 7 164.987 23.569 620.237 ** 72.774 **  

b1 1 0.9429 0.9429 11.501  3.082 

b2 7 0.669 0.956 19.510 **  3.124* 

b3 20 9.678 0.484 8.345 **  1.582 

b 28 11.287 0.403 7.196**  1.317 

c 7 2.269 0.324 5.684**   

d 21 6.436 0.306 4.191**   

Total 63 184.979 2.936    

B x a 14 0.541 0.0385    

B x  b1 2 0.160 0.0825    

B x b2 14 0.681 0.0486    

B x b3 40 2.312 0.0578    

B x b 56 3.161 0.0564    

B x c 14 0.801 0.0571    

B x d 42 3.072 0.0731    

Total 
interaction 

126 7.571     
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Table 4.18   Approximation of genetic components of change and proportional 
values Of spkies number /plant in an 8 x 8 diallel cross of  wheat.  
 

Parameters       Estimates 

D     1.928*  + 0 .553 

H1     0 .237   + 0 .128 

H2     0 .228   + 0 .111 

F    -0 .021  +  0 .132 

h2     0 .128   +0 .074 

E     0 .021   + 0 .019 

(H1/ D) ½     0 .350 

H2/ 4 H1     0 .240 

K D/K R     0 .968 

Heritability (N.S)     0 .926 

h2 / H2     0.563 

* = noteworthy (when the value of a character divided by regular error is greater than 
1.96)
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Fig 4.9 Co-Variance and variance (Wr, Vr) graph for number of spikes per plant in wheat 
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 The value of  H1/ D
1/2 is below unity showed the occurence of half dominance 

which was also evidenced from the intercept of regression line above the origin in Fig 

4.9. Symmetrical gene distribution was observed as the value of H2/4 H1 was close to 

0.25. The estimates of genetic parameters exposed the non significance of dominance 

gene effects and showed the active role of additive genes. In literature, Khattab et al. 

(2010) reported the importance of both additive and non additive gene effects in 

governing the inheritance of spkies number /plant. 

 

The graphic examination presented in Fig 4.9 showed that variety GA-2002 was 

closer to the origin and possessed maximum dominant genes for spkies number / plant. 

Wheat cultivars Sarsabz and Bhakkar-2002 contained maximum recessive genes for the 

character as these were farther from the origin.  

 

4.3.7   Number of Spikelets /Spike 

 The results pertaining to formal examination of variance for spikelets number / 

spike are shown in Table 4.19. It is apparent from given table that “a” & “b” gave the 

noteworthy variation showing the preponderance of preservative & dominance gene 

effects prevailing this character. The non noteworthy result for the items ‘b1’ and ‘b2’ 

suggested the absence of directional dominance and uniform gene distribution among 

parents respectively. The noteworthy value of ‘b3’ revealed the significance of specific 

genes effects. The variability because of  maternal effects were much prominent shown 

by the noteworthy outcomes due to item c. Reciprocal effects other than ‘c’ were also 

found to be    
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Table 4.19   Hayman’s  examination of variance for  spikelets in each spike  in an 8 x 
8 diallel cross of  wheat. 
 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
** = Noteworthy at 1 percent probability level  

Basis of 
variation 

D.Fr
eedo

m 
S.Square M.Square F. ratio 

Retested  
against 

c                 d 

A 7 237.179 33.883 125.960 ** 9.798**  

b1 1 1.658 1.658 4.605  2.791 

b2 7 2.237 0.319 1.131  0.537 

b3 20 16.066 0.803 4.139**  1.352 

b 28 19.961 0.713 3.211**  1.200 

C 7 24.207 3.458 18.296**   

d 21 12.471 0.594 3.453**   

Total 63 293.817 4.664    

B x a 14 3.780 0.271    

B x  b1 2 0.721 0.360    

B x b2 14 3.950 0.2829    

B x b3 40 7.752 0.194    

B x b 56 12.411 0.222    

B x c 14 2.661 0.191    

B x d 42 7.220 0.172    

Total 
interaction 

126 26.080     
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noteworthy, which are revealed by the item “d”. Mean square values of “a” & “b” were 

retested against mean square value of ‘c’ and ‘d’ respectively. The effects due to ‘a’ 

remained unchanged even after retesting. However, non noteworthy ‘b’ and ‘b3’ 

suggested the predominant role of reciprocal effects on the development of spikelets 

number / spikes. The non noteworthy values of ‘b1’ and ‘b2’ did not change after retesting 

against mean squares of‘d’ item.  

 

To see the fitness of the data regarding spkies number /plants to Hayman-Jinks 

model of genetic examination, examination of uniformity of Wr, Vr and regression 

examination were carried out (Table 4.7). The regression coefficient (b=0.970) departed 

noteworthyly from zero and it did not differ noteworthyly from unity. Similarly the non 

noteworthy differences in Wr, Vr provided no evidence for the presence of non allelic 

interaction and genes for spikes /plant were independent in their distribution among the 

parents. Hence both tests of scaling rendered that preservative leading model was 

adequate to account for the data. 

The estimates of genetic components of variation for spikelets number / spike are 

presented in Table 4.20. The variances due to D, H1 and h2 were noteworthy for this 

character suggesting the preponderance of additive and dominance gene effects. The 

variance of H2 was non noteworthy, yet its value was close to the estimates of H1 

indicating the equal proportion of negative and positive alleles. Noteworthy and +ive 

value of F presented the more occurance of dominant genes than the recessive ones in the 

parents. Genes were symmetrically distributed as presented by ratio of H2 /4 H1. The 

proportional value of K D/ KR tells that leading genes were greater than recessive genes. 
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Table 4.20   approximation of genetic components of changes and proportional 
values Of  spikelets / spike in an 8 x 8 diallel cross of  wheat.  
 

Parameters Estimates 

D      3.145*  +   0 .0302 

H1       0 .3679* +  0 .0694 

H2       0.3391  +    0 .604 

F       0 .3674* +  0 .0713 

h2       0 .2119 * +   0 .0405 

E      0 .1021*    +   0 .01006 

H1/ D
 ½      0 .3421 

H2/ 4 H1      0 .2304 

K.D/K.R      1.4119 

Heritability (N.S)      0 .9018 

h2/ H2      0.6250 

* = noteworthy (when the value of a characetr divided by its regular error greater than 
1.96) 
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Fig 4.10 Co-Variance and variance (Wr, Vr) graph for number of spikelets per spike in wheat 
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The involvement of additive gene effects for spikelets number / spike was 

reported by Bakhsh et al. (2004), Malik et al. (2005), Chowdhry et al. (2007), Munir and 

Chowdhry (2007) and Dagustu (2008). The findings of Ajmal et al. (2004), Iqbal and 

Khan (2006a), Akbar et al. (2009), Akram et al. (2009) and Cifci and Yagdi (2010) 

reported the major role of non additive genes for the same character. Narrow sense 

heritability was 90percent. 

 

  Over dominance was noted as the regression line of unit slope intersected the Wr-

axis below the point of origin (Fig 4.10). The distribution of array points showed the 

concentration of dominant genes in wheat cultivar AUR- 111 followed by Chakwal-87 

and Sarsabz. Inqalab-91 situated farthest from the origin was carrying maximum 

recessive genes.  

4.3.8   Number of Grains /Spike 

The result of Hayman’s examination of variance for grain number / spike are presented in 

(Table 4.21) showed significance results. The item “b” was observed to be non 

noteworthy indicating as unimportant role of governance variance in the expression of 

this character. Non noteworthy ‘b1’ value indicated the absence of directional dominance. 

There was equal distribution of genes among the parents as effects due to ‘b2’ were found 

to be non noteworthy. Specific gene effects were absent due to non significance of ‘b3’. 

Noteworthy effects due to ‘c’ necessitated retesting of ‘a’ against ‘c’. The value of 

noteworthy ‘a’ did not change after retesting against ‘c’ signifying the role of additive 

genetic effects for grain number / spike. Due to non noteworthy value of ‘d’, retesting of 

‘b’ was not made.  
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Table 4.21   Hayman’s  examination of variance for  number of  grains /spike  in  an 
8 x 8 diallel cross of wheat. 

 ** = Noteworthy at 1 percent probability level  
  * = Noteworthy at 5 percent probability level 

 

 

 

 

 

 

 

Basis of 
variation 

D.Free
dom 

S.Square M.Square F. ratio Retested  against   
 c                 d 

A 7 2522.221 360.314 172.812** 59.389**  

b1 1 0.021 0.021 0.013  0.019 

b2 7 2.582 0.369 0.600  0.345 

b3 20 59.951 2.597 1.597  2.430 

B 28 54.553 1.948 1.418  1.822 

C 7 42.469 6.067 3.306*   

D 21 22.458 1.069 0.889   

Total 63 2641.701 41.932    

B x a 14 29.191 2.085    

B x  b1 2 3.250 1.626    

B x b2 14 8.601 0.614    

B x b3 40 65.080 1.627    

B x b 56 76.931 1.374    

B x c 14 25.691 1.835    

B x d 42 50.501 1.202    

Total 

interaction 

126 182.310     
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Results presented in Table 4.7 regarding adequacy for additive dominance model 

indicated that the uniformity of Wr, Vr (t2 test) as well as regression examination for 

grain number / spike validated the model and fulfilled the assumptions. Therefore, data 

for grains /spike were further processed for genetic examination. Farooq et al. (2010) 

validated the data sets for grains /spikes through scaling tests. The estimation of 

components of variation i.e. D, H1, H2, F, E and the proportional values was made for 

grain number / spike following Mather and Jinks (1982). The noteworthy value of D 

indicated the importance of additive genetic variation for this character (Table 4.22). The 

components due to H1 and H2 were non noteworthy and showed the unequal distribution 

of positive and negative alleles in the parents. Unequal distribution of genes with positive 

and negative effects of alleles was evidenced by the deviation of ratio H2/4H1 from 0.25. 

The noteworthy and positive value of F exposed the presence of greater number of 

dominant alleles. The net dominance effects were indicated by h2 component, which was 

noteworthy. The mean degree of dominance H1/D
1/2 was smaller than 1 indicating the 

role of half dominance gene action, as has been signified by Fig 4.11.  

 

The findings of most of the researchers (Mahmood e t al., 2003, Ajmal et al., 

2003c, Joshi et a l., 2004, Rathi et al., 2006, Chowdhry et al ., 2007 Khan et al., 2007, 

Dagustu , 2008 and Farooq et al., 2010) are in accordance with presents results signifying 

the role of additive genetic control. However, Sanjeev et al. (2005), Iqbal and Khan 

(2006a) and Cifci and Yagdi (2010) disagreed with the present results and reported the 

major contribution of non additive gene effects in the inheritance mechanism of grains 

/spike. 
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Table 4.22   approximation of genetic parts of changes and proportional  
                    values for grains /spike in an 8 x 8 diallel cross of wheat.  
 

Parameters         Estimates 

D      29.446*  +  0. 1397    

H1        0.081   +   0.321 

H2       0.346   +   0.279 

F       0.726* +   0.332 

h2       0.205   +   0.187 

E       0.714   +   0.046 

(H1/ D) ½       0.053 

H2/ 4H1      1.065 

KD/KR      0.619 

Heritability (N.S)      0.964 

h2/ H2    - 0.5928 

* = noteworthy (when the value of a character divided by regular error greater than 1.96) 
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Fig 4.11 Co-Variance and variance (Wr, Vr) graph for number of grains per spike in wheat 
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From the relative distribution of array points along the regression line, it was 

obvious that Rawal-87 possessed most dominant genes for grain number / spike and by 

contrast variety Inqalab-91 carried the most recessive genes. The remaining genotypes 

were ranked as intermediate.  

   

4.3.9   One Thousand Grain Weight 

 The result of Haymann’s examination of variance of data of two alleles for 1 

thousand grain weight as presented in Table 4.23. The noteworthy ‘a ’ & ‘b’ items 

exhibited the occurence of additive & governance genetic effects. The non noteworthy 

‘b1’ exposed the deficiency of directional governance. Similarly items b2 & b3 were also 

non noteworthy indicating the uniform distribution of genes and the absence of specific 

gene effects respectively. Due to noteworthy ‘c’ and ‘d’ items, maternal effects and 

reciprocal effects respectively were also present, and thus items ‘a’ was retested against 

‘c’ and mean squares of “b”, “b1”, “b2” & “b3” comparing wuth “d” mean square. After 

retesting ‘a’ item, which was previously highly noteworthy had reduced to noteworthy 

(P< 0.05) and thus indicated the preponderance effects of genes acting additively. The 

non noteworthy values of ‘b1’, ‘b2’ and ‘b3’ remained unchanged after testing against ‘d’. 

However, the noteworthy effects due to ‘b’ were reduced to non noteworthy. This 

showed that general dominance effects were suppressed due to reciprocal effects.  
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Table 4.23  Hayman’ s  examination of variance for  1 thousand grain weight  in 8 x 
8 diallel cross of wheat. 

 ** = Noteworthy at 1 percent probability level 
 
 
 
 
 
 
 
 
 
 
 

 

Basis of 
variability 

D.Free
dom 

S.Square M.Square F. ratio Retested  
against              

        c                 d 
A 7 1468.437 209.7767 81.622 ** 23.080**  

b1 1 4.354 4.354    5.342  1.780 

b2 7 12.447 1.778    2.731  0.727 

b3 20 52.641 2.632    0.444  1.076 

B 28 69.443 2.481 2.417 **  1.014 

C 7 63.628 9.089 6.624 **   

D 21 51.361 2.446    1.736    

Total 63 1652.868 26.236    

B x a 14 36.031 2.574    

B x  b1 2 1.632 0.815    

B x b2 14 9.110 0.651    

B x b3 40 46.732 1.168    

B x b 56 57.471 1.026    

B x c 14 19.202 1.372    

B x d 42 59.161 1.409    

Total 
interaction 

126 17188     
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 The results of both the scaling tests i.e. joint regression examination and 

examination of uniformity of Wr, Vr are presented in Table 4.7. Regression examination 

exposed the noteworthy departure of regression coefficient (b= 1.064) from unity and it 

did not deviate from zero statistically. It showed the absence of epistasis in the genetic 

control of 1 thousand grain weight.  Non noteworthy differences within arrays (Wr, Vr) 

also indicated the absence of non allelic interaction. Thus the preservative domination 

form was found to be fully adequate to account for the data for genetic interpretation. 

Partial adequacy for the data for 1 thousand grain weight was reported by Farooq et al. 

(2010). 

 

Both additive and non additive types of gene action were involved in the inheritance of 1 

thousand grain weight as indicated by the noteworthy values of additive and dominance 

variances (Table 4.24). The additive gene effects, however, seemed to be more prominent 

due to higher magnitude of D than dominance variances. The overall dominance effects, 

h2 was noteworthy. A positive F value indicated that governing alleles has more 

frequency than the non governing alleles. KD/KR also indicated that dominant alleles 

were in excess. The fraction of genes having +ive & -ive effects H2/4 H1 in the parents 

was smaller than 0.25 denoting the non-symmetry at the loci showing dominance. Mean 

rate of supremacy (H1/D)½ was low as compared to unity indicating role of half 

dominance type of gene action. This was also evidenced by the slope of regression line 

on Wr-axis (Fig 4.12). Both additive and non additive genetic effects were found 

important in genetic control of 1 thousand grain weight in present study which was in  
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Table 4.24 Approximation of genetic components of changes and proportional value 
for 1 thousand grain wt. in an 8 x 8 diallel cross of  wheat 
 

Parameters           Estimates 

D       21.043 * +   0.155 

H1         0.829*  +   0.357 

H2         0.731*   +  0.310 

F         3.776 *  +  0.367 

h2         0 .433*  +   0.208 

E         0 .692*  +   0.052 

H1/ D
 ½         0 .198 

H2/ 4 H1         0 .220 

K D/K R         2.649 

Heritability (N.S)         0.931 

h2/ H2         0.593 

* = noteworthy (when the value of a character divided with standard error is greater than 
1.96) 
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Fig 4.12 Co-Variance and variance (Wr, Vr) graph for 1000 grain weight in wheat 
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 agreement with the findings of Kamaluddin et al. (2007). High magnitude of narrow 

sense heritability indicated the greater importance of additive genes for this character.  

The position of array points on the regression line exposed that variety Sarsabz 

carried the maximum dominant genes whilst the maximum recessive genes were 

contained in wheat genotype Inqalab-91. 

 

4.3.10   Grain Production /Plant 

 The examination of variance of diallel data showed highly noteworthy differences 

for all the items except ‘b1’ which was reduced to non significance (Table: 4.25). The 

noteworthy “a” and “b” items indicted the role of preservative and dominance properties 

of gene in the transfer of grain production /plant. The noteworthy ‘b1” suggested the non 

presence of directional dominance. The component ‘b2’ was found to be noteworthy (P< 

0.01) indicating asymmetrical distribution of genes, and similarly noteworthy ‘b3’ item 

exposed the importance of specific genetic effects.  

  

The noteworthy “c” & “d” items presented the existence of maternal & reciprocal 

outcomes in the expression of this parameter. It suggested the testing of “a” & “b” items 

again as compared to mean squares of “c” & “d” respectively. After retesting the 

significance of ‘a’ and ‘b’ items did not alter and thus exposed the importance of genes 

having additive and dominance gene effects.  

 

The result of joint regression examination and examination of uniformity of Wr 

and Vr are given in Table 4.7. The regression line deviated noteworthyly from zero and is 
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Table 4.25   Hayman’ s  examination of variability of grain production in each plant 
in 8 x 8  two allele of wheat. 
         

** = Noteworthy at 1 percent probability level  

Source of 
variation 

D.F.   
Sum of 
squares        

Mean 
squares           

F. ratio 
 Retested  against      
    c                      d 

a 7 466.814 66.688 569.982** 98.539**  

b1 1 0.029 0.029 1.5581  0.125 

b2 7 6.166 0.881 4.686**  3.814** 

b3 20 30.971 1.549 17.404**  6.706** 

b 28 37.167 1.327 11.955**  5.745** 

c 7 4.7442 0.678 9.040**   

d 21 4.850 0.231 2.406**   

Total 63 513.567 8.152    

B x a 14 1.631 0.117    

B x  b1 2 0.040 0.019    

B x b2 14 2.631 0.187    

B x b3 40 3.570 0.089    

B x b 56 6.241 0.111    

B x c 14 1.041 0.074    

B x d 42 4.040 0.096    

Total 
interaction 

126 12.962     
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 of unit slope statistically. In second test covariance and variances for grain production 

/plant were constant over arrays, hence all the assumptions of additive dominance model 

are fulfilled for this character. Results of the two scaling tests for grain production /plant 

were also exposed as fully validated by Farooq et al. (2010).  

 

The guesstimate of components of variability i.e. D, H 1, H 2, F & h2 for grain 

production /plant are showed in Table: 4.26. Both preservative & non preservative types 

of gene action were presented in the transfer of this character as it is obvious from their 

noteworthy variances. However, Additive genetic variance was found to play an 

important role in the expression of this character due to its higher magnitude. The +ive F 

value indicating greater frequency of governing alleles than recessive ones. The 

proportion of positive and negative alleles H2/4 H1 diverge from its probable value 0.25 

and exposed the asymmetrical gene allocation. Partial dominance was suggested for this 

character on the basis of average degree of dominance over loci (H1/D)½. Results of 

genetic examination and components of variation depicted the prevalence of both 

additive and non additive genetic variances in the inheritance of grain production. 

Importance of additive and dominance genetic effects has been reported in earlier 

findings (Kamaluddin, 2007; Rathod et al., 2008; Singh et al., 2009 and Khattab et al., 

2010). Improvement in the present material following pedigree method of breeding, 

which can effectively utilize genetic variability arising due to additive genetic effects, 

would mean only partial exploitation of the existing genetic variance. Hence, there is a 

need to modify the breeding methodology for capitalizing the genetic variance arising 

due to both additive and non additive effects (Singh and Bains, 1982). 
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Table 4. 26   approximation of genetic particals of difference and proportional 
values for grain production /plant in an 8 x 8 diallel cross of  wheat. 
 

Parameters          Estimates 

D       3.758* +  0.852 

H1        1.021* +  0.196 

H2       0.817 *+  0.171 

F       1.596* +  0.201 

h2     - 0 .011  +   0.114 

E       0 .051   +  0.028 

(H1/ D) ½       0.519 

H2/ 4 H1       0.202 

K D/K R       0.419 

Heritability (N.S)       0.921 

h2/ H2      -0.013 

* = noteworthy (when the value of a character divided by regular error of greater than 
1.96) 
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Fig 4.13 Co-Variance and variance (Wr, Vr) graph for grain yield per plant in wheat 
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Graphic representation also supported the partial type of dominance as it is 

apparent in Fig 4.13. The position of arrays on the graph depicted that AUR-111 and 

Rawal-87 possessed the most dominant genes and by contrast Inqalab-91 carried the most 

recessive genes. 

 

4.3.11   Moisture Percentage 

 The data for moisture percentage were analyzed using genetic examination of 

variance, and the results are showed in Table: 4.27. The noteworthy a and b items 

suggested the role of preservative and general dominance gene function. The noteworthy 

‘b1’ (P<0.05) indicated the presence of directional dominance. The genes for moisture 

content were distributed equally among the parents as ‘b2’ was non noteworthy. The 

noteworthy ‘b3’ signified the presence of specific genetic effects. The presence of 

maternal as well as reciprocal outcomes were also indicated as “c” & “d” were exposed 

to be noteworthy. Due to noteworthy differences of ‘c’ and ‘d’ items, the “a” & “b” items 

were tested by comparing with the mean squares of “c” & “d”. The significance of ‘a’ 

item remained unchanged after retesting and thus it became obvious that maternal effects 

did not affect the additive variances. The values of ‘b’ ‘b1’ and ‘b3’, which were 

previously noteworthy against their own block interactions, reduced to non significance. 

The ‘b2’item which showed non noteworthy differences remained unchanged after 

retesting against ‘d’, which signified the symmetry of gene distribution among the 

parents.  
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Table 4.27  Hayman’s  examination of variance for moisture percentage in an 8 x 8       
         diallel cross of wheat. 
 

         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
** = Noteworthy at 1 percent probability level  
 * = Noteworthy at 5 percent probability level 

Basis of 
variabilit
y 

D. 
Freedo

m 

S. 
Square 

M.Squa
re 

F. ratio 
Retested  
against 

c                 d 

A 7 47.634 6.805 
43.344 

** 
15.7
89** 

 

b1 1 0.390 0.390 97.501*  1.902 

b2 7 0.741 0.106 0.377  0.517 

b3 20 4.044 0.202 2.557**  0.985 

B 28 5.175 0.185 2.890**  0.902 

 7 3.014 0.431 4.105*   

D 21 4.304 0.205 2.329**   

Total 63 60.127 0.95    

B x a 14 2.201 0.157    

B x  b1 2 0.070 0.004    

B x b2 14 0.391 0.281    

B x b3 40 3.201 0.079    

B x b 56 3.600 0.064    

B x c 14 1.470 0.105    

B x d 42 3.720 0.088    

Total 
interacti
on 

126 10.981     
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  The two degree examination that is. joint regression examination & examination 

of uniformity of W r, V r were carried out to test the validity of the data for examination 

following additive dominance model (Table 4.7). The unit slope of regression line 

(b=0.973) provided no evidence of epistasis and indicated that all assumptions had been 

met as suggested by Hayman (1954a). The adequacy of Hayman-Jinks model for 

interpreting the data was also verified by the examination of uniformity of Wr, Vr. 

Results of this test also provided evidence of absence of epistatic component in the 

genetic control of moisture percentage. Therefore, the additive dominance model was 

adequate to account for the data.  

 

The estimates of components i.e. D, H1, H2, F and h2 for moisture percentage are given in 

Table 4.28. The variances due to D, H1 and H2 were noteworthy suggesting the 

preponderance properties of additive and dominance genes in the expression of this 

character. However, the greater magnitude of D suggested that genes showing additive 

properties were more frequent than genes showing dominance effects. The values of H1 

and H2 were noteworthy and almost similar indicating the identical allocation of +ive & -

ive alleles in the parents. This was evidenced by the ratio H2/4H1 (0.233), which is close 

to 0.25. The positive and noteworthy F value exposed that dominant alleles were more 

frequent than recessive alleles. The estimate of net dominance effects, h2 was noteworthy. 

The mean degree of dominance (H1/D2)
1/2 showed the value less than one revealing 

involvement of partial dominance as also has been evidenced by the slope of regression  

line on Wr-axis (Fig. 4.14). The estimate of heritability (N.S.) was high, 0.861 due to 

greater effect of genes acting additively.  The distribution of array points in Fig 4.14  
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Table 4.28  approximation of genetic components of difference and proportional 
values for moisture percentage in an 8 x 8 diallel cross of  wheat.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* = noteworthy (when the value of a character divided by regular error of greater than 
1.96) 

Parameters      Estimates 

D    0 .458* +   0 .015 

H1    0 .071* +  0 .034 

H2    0 .066*  +    0 .029 

F    0 .098* +  0 .035 

h2    0 .444* +   0 .019 

E    0 .043* +   0 .005 

H1/ D
 ½    0 .394 

H2/ 4H1    0 .233 

K.D/K.R    0 .574 

Heritability (N.S)    0 .861 

h2/ H2    0 .673 
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Fig 4.14 Co-Variance and variance (Wr, Vr) graph for moisture percentage in wheat 
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showed the concentration of dominant genes in GA-2002 followed by Bhakkar-2002. 

Wheat varieties Sarsabz and Rawal-87 contained the maximum number of recessive 

genes.  

 

4.3.12   Ash Content  

 The results of Haymann’s examination of data of variation of two alleles for ash 

content are given in Table 4.29. Noteworthy ‘a’ and ‘b’ items indicated that additive and 

dominance gene effects are playing their role in the inheritance of this character. The non 

significance of b1 & b2 suggested the absence of directional dominance effects and equal 

number of dominant genes among the parents respectively. The noteworthy value of ‘b3’ 

showed the presence of specific dominance gene action other than attributed to ‘b1’and 

‘b2’. Maternal effects were not observed as ‘c’ item was non noteworthy. Similarly non 

noteworthy ‘d’ also ruled out the preponderance of any reciprocal effects on the 

dominance genetic variances. Hence retesting of “a” & “b” items were not compared with 

mean squares of “c” & “d”.  

 

Results of two scaling tests of the data sets to additive dominance model are 

presented in Table 4.7. Regression coefficient (b= 0.611) deviated noteworthyly from 

zero and also unity suggesting that non allelic interaction was present in the inheritance 

of ash content. In second test, heterogeneity of Wr, Vr over arrays indicted that one or 

more assumptions of Hayman’s additive dominance model have not been fulfilled. 

Therefore, the data were found unfit for further genetic examination.  
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Table 4.29   Hayman’s  examination of variance for ash content in a 8 x 8 diallel 
cross of wheat. 
 

 
 
** = Noteworthy at 1 percent probability level  
 

 

 

 

 

 

 

Basis of 
variability 

D. 
Freedom 

S.Square M.Square F. ratio 

A 7 2.417 0.345 77.414** 

b1 1 0.001 0.001 0.146 

b2 7 0.030 0.004 1.510 

b3 20 0.308 0.015 2.920** 

B 28 0.339 0.012 2.591** 

C 7 0.107 0.015 2.123 

D 21 0.171 0.008 1.120 

Total 63 0.034 0.048  

B x a 14 0.061 0.004  

B x  b1 2 0.0101 0.005  

B x b2 14 0.041 0.002  

B x b3 40 0.210 0.005  

B x b 56 0.261 0.005  

B x c 14 0.101 0.007  

B x d 42 0.310 0.007  

Total interaction 126 0.731   
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4.3.13   Protein Content 

 The examination of variance of diallel table showed that ‘a’ and ‘b’ items 

exhibited noteworthy differences among the hybrids and parental lines for protein content 

(Table 4.30). The noteworthy ‘a’ and ‘b’ items exposed the pronounced contributing of 

genes showing additive and dominance gene effects. Asymmetry of gene distribution 

among the parents was indicated by noteworthy ‘b2’ item (P<0.01). Non noteworthy 

values of ‘b1’ and ‘b3’ exposed the absence of directional dominance effects and specific 

genetic effects respectively. The effects due to ‘c’ were noteworthy indicating the 

presence of maternal effects and also necessitated the retesting of ‘a’ against mean 

squares of ‘c’. However, reciprocal results were not found as variance due to item ‘d’ was 

non noteworthy. After retesting the variance of additive component ‘a’, which was highly  

noteworthy against its own interaction, remained unaltered. This signified the pronounced 

effects of genes acting additively. The two scaling tests were carried to assess the 

adequacy of simple additive dominance model for genetic explanation of the character 

(Table 4.7). The regression coefficient (b = 1.007) deviated noteworthyly from zero and 

not from unity. It indicated the absence of epistasis in the inheritance of protein content. 

The adequacy of Hayman Jinks model for interpreting the data was also verified by 

examination of uniformity of Wr, Vr. Therefore, the additive dominance model was 

found adequate to account for the data. 

  

The components of variation for grain protein content were estimated and are 

given in Table 4.31. The noteworthy importance of D, H 1, H2 & h2 exposed that genes 

having both preservative & dominance properties were vital in exploring the variation in  



 

 
 

141

Table 4.30   Hayman’s  examination of variance for  protein contents  in an 8 x 8 
diallel  cross of wheat. 
 

 
** = Noteworthy at 1 percent probability level  
 

 

 

 

 

 

 

Basis of 
variability 

D.Freedom S.Square M.Square F. ratio Retested  
against  c      

A 7 103.546 14.792 71.115** 17.443** 

b1 1 1.541 1.5404    16.382  

b2 7 0.401 0.057     1.583  

b3 20 8.922 0.446     2.263  

B 28 10.864 0.388 2.536**  

C 7 0.593 0.847 9.976**  

D 21 2.301 0.109 0.673  

Total 63 117.303 1.862   

B x a 14 2.911 0.208   

B x  b1 2 0.190 0.094   

B x b2 14 0.510 0.036   

B x b3 40 7.861 0.196   

B x b 56 8.590 0.153   

B x c 14 1.191 0.085   

B x d 42 6.790 0.162   

Total 
interaction 

126 19.460    
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the character. However, the greater level of D suggested that genes showing additive 

properties are valuable than genes showing dominance effects. Positive F value indicated 

an excess of dominant alleles. KD/KR ratio also suggested the greater proportion of 

dominant alleles than the recessive ones in the parents. Asymmetrical gene distribution 

was apparent as H2/4H1 ratio deviated form its expected value of 0.25. Mean degree of 

dominance over loci, (H1/D)1/2 depicted the partial dominance gene effects. Protein 

content was controlled by both stabilizer and non preservative genetic processes.  

These findings are same as like the result of Rathod et al. (2008) and Singh et al. 

(2009), who found the involvement of additive and dominance genes in the inheritance of 

protein content in wheat. However, the result of Joshi et al. (2003), Joshi et al. (2004), 

Rathi et al. (2006), Iqbal and Khan (2006b) and Akram et al. (2007) suggested the role of 

genes acting additively for this character. The variation in finding might be due to 

difference in experimental material, their genetic back ground and the genotype 

environment interaction.  

 

The important role of partial dominance gene effects was also confirmed from the 

incline of regression line cutting the W r-axis above the origin (Fig 4.15). As the protein 

content was shown to be manifested mainly by additive genetic effects, the estimate of  

narrow sense heritability was quite high, 0.87. Graphic configuration showed that Rawal-

87 and AUR-111 contained the maximum dominant genes, whereas, Inqalab-91 and 

Sarsabz carried the most recessive genes for this character.  
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Table 4.31 approximation of genetic components of variability and proportional  
                   values for protein content  in an 8 x 8 diallel cross of wheat.  
 

Parameters         Estimates 

D       1.309*  +   0 .029 

H1       0 .129*  +   0 .067 

H2       0 .154*  +   0 .059 

F       0 .065   +   0 .069 

h2       0 .202*  +   0 .039 

E       0 .079*  +   0 .010 

H1/ D
 ½       0 .314 

H2/ 4H1       0 .298 

KD/KR       1.171 

Heritability (N.S)      0 .870 

h2/ H2      1.311 

* = noteworthy (when the value of a character divided by regular error greater than 1.96) 
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1

2

3

4

5

6

7

8

Inqalab-91

Sarsabz

Bhakkar-2002

GA-2002

Wafaq-2001

Rawal-87

AUR-111

Chakwal-97

Vr

Fig 4.15 Wr, Vr graph for protein content in  wheat
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4.3.14   Wet Gluten Percentage  

    The data for wet gluten percentage were subjected to Hayman’s examination of 

variance and the results regarding this examination are presented in Table 4.32. The 

noteworthy differences for items ‘a’ and ‘b’ indicated the substantial role played by 

additive and dominance gene effects. The ‘b1’ item was found to be non noteworthy 

showing the absence of directional dominance. Non noteworthy ‘b2’ component 

suggested symmetrical genes distribution among the parental lines. Similarly the ‘b3’ 

item was also found to be non noteworthy which indicated the absence of specific gene 

effects.  

 

 The maternal effects ‘c’ and other reciprocal effects ‘d’ were found noteworthy 

suggesting their role in the expression of gluten content. Finding ‘c’ and ‘d’ components 

noteworthy, the mean squares of ‘a’ and ‘b’ were retested against ‘c’ and ‘d’ respectively. 

After retesting, the value of ‘a’ remained unaltered. The noteworthy ‘b’ became non 

noteworthy which indicated that effects of ‘d’ reciprocal other than maternal effects has 

masked the dominance gene effects. The values of ‘b2’ and ‘b3’ remained non noteworthy 

as before retesting. However, the non noteworthy ‘b1’ item has been altered to 

noteworthy (P< 0.05). 

           

Joint regression examination and examination of uniformity of covariances and 

variances over arrays were conducted to test the adequacy of the model for wet gluten 

(Table 4.7). Regression coefficient (b= 1.01) deviated noteworthyly from zero and it was 

of unit slope fulfilling the assumption of additive dominance model. Similarly  
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Table 4.32  Hayman’s examination of variance for  wet gluten  in an 8 x 8  
                    diallel cross of  wheat. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

** = Noteworthy at 1 percent probability level  
 

 

 

 

 

Basis of 
variation 

D. 
Freedom 

S.Square M.Square F. Ratio 
Retested  
against  c    

 

A 7 761.814 108.831 82.136** 47.093** 

b1 1 7.024 7.024 6.339  

b2 7 2.903 0.415 1.273  

b3 20 43.265 0.163 0.190  

B 28 53.192 1.899  2.590 **   

C 7 16.184 2.312 4.847 **  

D 21 21.288 1.014 1.402   

Total 63 852.477 13.53   

B x a 14 18.551 1.325   

B x  b1 2 2.220 1.108   

B x b2 14 4.560 0.326   

B x b3 40 34.281 0.857   

B x b 56 41.061 0.733   

B x c 14 6.680 0.477   

B x d 42 30.380 0.723   

Total 
interaction 

126 96.670    
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homogeneity of Wr, Vr over arrays also validated the data for further genetic 

interpretation. The results presented in Table 4.33 showed that the guess of preservative 

(D) and non additive e.g. H1 & H2 genetic variances were noteworthy indicating the 

importance of additive & dominance types of gene function. However, the magnitude of 

additive gene effects (D) was higher revealing the predominant role of this component. 

The amount of genes having +ive & -ive outcomes, H2/4H1 in parents observed greater as 

compared expected value 0.25 denoting asymmetry at the loci showing dominance. 

Recessive alleles were in excess as it was apparent from the proportion KD/KR.  

Partial dominance was involved in this character because the mean degree of 

dominance over loci (H1/D)1/2 was less than unity. The estimate of narrow sense 

heritability was high, 0.91 due to greater effects of additive genes.  

 

The finding of Akram et al. (2007), however, disagreed with the present result 

and showed the involvement of non additive gene effects in the inheritance of gluten 

percentage. The finding of Akram et al. (2007), however, disagreed with the present 

result and showed the involvement of non additive gene effects in the inheritance of 

gluten percentage.  

 

The regression line cuts the Wr-axis above the point of origin signifying the 

partial dominance type of gene action in the inheritance mechanism of wet gluten (Fig. 

4.16). It was obvious from the graphic examination that wheat parental line AUR-111 

possessed the maximum dominant genes. While, Wafaq-2001 carried the most recessive 

genes.  
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Table 4.33   approximation of genetic components and change proportional  
         values for wet gluten in an 8 x 8 diallel cross of  wheat.  

 

Parameters         Estimates 

D       8.351*    +  0 .090 

H1       0 .663*   +  0 .208 

H2       0 .756*  +    0 .181 

F       0 .742*    +  0 .214 

h2       0 .913*  +   0 .121 

E       0 .383*    +   0 .030 

H1 / D
 ½       0 .283 

H2/ 4H1      0 .283 

KD/KR      0 .728 

Heritability (N.S)      0 .910 

h2/ H2      1.207 

* = noteworthy (when the value of a parameter divided by regular error greater than 1.96) 
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Fig 4.16 Co-Variance and variance (Wr, Vr) graph for gluten in wheat 
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4.3.15   Lysine content  

The examination of variance following additive dominance model was performed 

for lysine content and the results pertaining to this examination are given in Table 4.34. 

The noteworthy ‘a’ item exposed the pronounced contribution of genes showing additive 

effects. Similarly the ‘b’ item being noteworthy (P< 0.05) predominated the role of 

dominance variance. The items ‘b1’ ‘b2’ and ‘b3’ divulged non noteworthy effects, telling 

the non-presence of directional governance and uniform allocation of genes within the 

parents and unimportant specific genes function. The non noteworthy values of ‘c’ and 

‘d’ showed the absence of maternal effects and other reciprocal effects. Hence retesting 

of ‘a’ and ‘b’ against ‘c’ and ‘d’ was worthless and the previous significance of additive 

and dominance variances stood valid.  

 

The 2 level tests that is joint regression examination & examination of uniformity 

of Wr, Vr were carried out in order to determine the fitness of the data to the additive 

dominance model (Table 4.7). The unit slope of regression line (b= 1.001) provided no 

evidence of epistasis and indicated that all assumptions had been met as suggested by 

Hayman (1954a). The adequacy of Hayman Jinks model for interpreting the data was also 

 

The magnitude of dominance component (H1 & H2) was non noteworthy & 

almost identical indicating the symmetrical distribution of positive and negative alleles in 

the parents. The value of F was positive and non noteworthy which expressed the 

presence of greater number of dominant alleles. The net dominance effects of 

heterozygosity were also shown by noteworthy h2.  The mean degree of dominance over  
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Table 4.34  Hayman’s  examination of variance for lysine content in 8 x 8 diallel  
                  cross of  wheat.  

 
         ** = Noteworthy at 1 percent probability level  
         * = Noteworthy at 5 percent probability level 
  

Basis of 
variability 

D.Fre
edom 

S.Square M.Square F. Ratio 

A 7 21.796 3.114 81.947** 

b1 1 0.189 0.189 9.400 

b2 7 0.153 0.022 1.375 

b3 20 0.809 0.040 1.481 

B 28 1.151 0.041 1.708* 

C 7 0.566 0.081 2.314 

D 21 0.882 0.042 1.501 

Total 63 24.394 0.387  

B x a 14 0.531 0.038  

B x  b1 2 0.040 0.020  

B x b2 14 0.221 0.016  

B x b3 40 1.081 0.027  

B x b 56 1.340 0.024  

B x c 14 0.490 0.035  

B x d 42 1.170 0.028  

Total interaction 126 3.531   
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Table 4.35  approximation of genetic constituents of variability and proportional 
values for  lysine content  in an 8 x 8 diallel cross of   wheat.  

 

Parameters           Estimates 

D      0 .259* + 0 . 003 

H1      0 .007  +  0 .006 

H2      0 .008  +    0 .005 

F      0 .0003 +  006 

h2      0 .023* +   0 .004 

E      0 .125* +   0009 

H1/ D
 ½      0 .164 

H2/ 4H1      0 .3077 

KD/KR      1.006 

Heritability (N.S)      0 .917 

h2/ H2      2.726 

* = noteworthy (when the value of a character divided by regular error greater than 1.96) 
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loci H1/D
1/2 was smaller than 1 indicating the role of half dominance gene function, as it 

has been  signified by the regression slope in Fig 4.17. From the comparative division of 

array points with regression line, it was apparent that Bhakkar-2002 and GA-2002 

contained the most dominant genes for lysine control. By contrast Chakwal-97 carried the 

most recessive genes.  

 

4.4 GENETIC VARIABILITY AND HERITABILITY IN F2 POPULATION   

The examination of variance for number of days to heading, maturity days, plant 

tallness, spkies number /plant, 1 thousand grain weight, grain production /plant, lysine 

content and protein content in F2 generation was carried out. Mean squares values for all 

the characters are presented in Table 4.36. The coefficients of genotypic and phenotypic 

variation and estimates of heritability for all the characters were computed. The results of 

examination and other statistics are given in Table 4.37. The mean square values from 

examination of variance exposed that difference among parental lines and F2 progenies 

were highly noteworthy (P<0.01) for all the characters under study. The magnitude of 

GCV was higher in case of plant tallness, 1 thousand grain weight and grain production 

/plant, the values being 32.85, 21.94 and 23.96 respectively. The coefficients of 

genotypic variation were moderate for spkies number /plant (12.45), days to heading 

(9.12) and maturity days (8.96), whereas, GCV for lysine content and protein content 

were observed as low. Generally the extent of phenotypic coefficients of variation as 

compared to the coefficients of GV was higher for all the characters which depicted the 

role played by the environment. However, the differences between genotypic and  
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Table 4.36   Examination of variance for different quantitative characters in F2 
generation of  8 x 8 diallel cross of  wheat.  
 

Parameters 
Genotypic 
mean squares 

Replication 
mean squares 

Error mean 
squares 

Days to heading  42.546** 9.818 6.543 

Maturity days 52.849** 8.672 6.128 

Plant tallness (cm) 102.496** 38.128 7.125 

Spkies number /plant 3.418** 0.135 0.128 

1 thousand grain weight (g) 28.398** 3.158 1.864 

Grain production /plant (g) 9.354** 0.025 0.161 

Protein content (percent) 2.317** 0.575 0.271 

Lysine content (percent) 0.496** 0.058 0.038 

** = Noteworthy at 1 percent probability level  
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Table 4.37 Genotypic and phenotypic coefficients of variation and heritability(broad 
sense) for grain production and quality characters in F2 generation of 8 
x 8 wheat diallel cross. 

Characters 
Genotypic 
coefficient of 
variation 

Phenotypic 
coefficient of 
variation 

Heritability
(BS) 

Number of days to heading 9.12 12.41 73.49 

Number of maturity days 8.96 12.08 74.15 

Plant tallness (cm) 32.85 39.21 83.77 

Spkies number /plant 12.45 13.23 94.11 

1 thousand grain weight 21.94 25.57 85.88 

Grain production /plant 23.96 24.88 96.30 

Lysine content 4.70 5.98 81.08 

Protein content 4.44 5.48 78.59 
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 phenotypic coefficients of variation in spkies number /plant and grain production were 

small and reflected the greater role of genetic cause.  

 

The magnitude of broad sense heritability was high for all the characters. 

Estimates ranged between 73.30 and 96.30. High magnitude of heritability indicated the 

greater importance of additive gene effects for these characters. Grain production /plant 

exhibited extremely high estimation of heritability (96.30percent) followed by spkies 

number /plant (94.11). This verified the presence of high proportion to the total 

variability due to genetic cause. The lowest estimate was observed in case of days to 

heading followed by maturity days.  

 

4.5 CORRELATION STUDIES  

The correlation examination of F2 data was carried out in order to determine the 

genotypic and phenotypic relationship among the characters studied and the coefficients 

are given in Table 4.38 and Table 4.39 respectively. The comparison of the coefficients 

showed that the estimates of character association at genotypic level are generally of  

higher magnitude than those of phenotypic ones. This exposed that the relationship 

among the characters was under genetic control and the manifestation was masked by the 

effects of environments. The interrelationship among different plant characters are given 

as under.  
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4.5.1  Number of Days to Heading  

The estimates of genotypic and phenotypic correlations among different plant 

characters are depicted in Tables 4.38 and 4.39 respectively. Number of days to heading 

had noteworthy association with maturity days, grain production /plant, lysine content 

and protein content at both genotypic and phenotypic levels. The coefficients of 

correlation with first two characters i.e. maturity and yield were positive, whereas the 

relationship was negative with lysine content and protein content. Although, the 

correlation of days to heading with plant tallness was positive, but the coefficient was 

non noteworthy. Similarly the relationship with spkies number /plant and 1 thousand 

grain weight was non noteworthy and negative.  

 

Noteworthy positive association of number of days taken to heading with grain 

production suggested it as a criterion for increasing yield. Results of present study are 

supported by Chandra et al. (2004) and Dharmendra and Singh (2010), who exposed 

similar association between these two plant characters. However, Mahmood et al. (2006), 

Muhammad et al. (2006), and Aycicek and Yildrim (2006) reported the negative 

correlation between days to heading and grain production. 

 

4.5.2 Number of Days to Maturity  

 The results of correlation examination (Tables 4.38 and 4.39) showed that number 

of maturity days was positively and noteworthyly associated with grain production /plant, 

both at genotypic and phenotypic levels. The correlation with lysine content and protein 

content was negative. Maturity days had no influence on plant tallness, spkies number 
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/plant and 1 thousand grain weight, as the magnitude of the coefficients was non 

noteworthy with these characters. Likewise days to heading, number of maturity days 

also showed noteworthy positive association with grain production and negative with 

grain quality characters indicating it as an important factor for increasing yield in wheat. 

The similar data had already been reported by Anwar et al. (2009), Dharmendra and 

Singh (2010) and Khokhar et al. (2010), who exposed positive correlation of maturity 

days with grain production. Whereas, Mahmood et al. (2006), Muhammad et al. (2006) 

and Khan et al. (2007) observed negative association between these two characters. This 

controversy of degree of relationship between yield and maturity days has been arisen 

due to difference in genetic material used. 

 

4.5.3  Plant Height 

 The association between plant tallness and grain production /plant was found to 

be positively and noteworthyly correlated at genotypic and phenotypic levels. This gave a 

clear indication that improvement of this character will result in enhancing the grain 

yield. The relationship of height of the plant with lysine content and protein content was 

noteworthyly negative. The correlation coefficients of spikes /plant and 1 thousand grain 

weight with plant tallness were negative and non noteworthy. This depicted a week 

association of plant tallness with these two characters. 



 

 
 

160

Table 4.38    Genotypic correlation coefficients among grain production and quality characters in F2 generations of 8 x 8 wheat 
          diallel cross.  

 
Characters Number of  

days to 

heading  

Number of 

maturity 

days 

Plant 

tallness 

(cm) 

Spkies 

number 

/plant  

1 thousand 

grain 

weight  (g) 

Lysine 

content 

Protein 

content  

Grain 

production 

/plant (g) 

Number of days to heading 1 0.814** 0.181 -0.237 -0.104 -0.533** -0.492** 0.504** 

Number of maturity days  1 0.165 -0.068 0.082 -0.475** -0.451** 0.624** 

Plant tallness (cm)  1 -0.189 -0.037 -0.467** -0.538** 0.281* 

Spkies number /plant  1 0.432** 0.543** 0.628** -0.096 

1 thousand grain weight (g)  1 -0.245* -0.116 0.624** 

Lysine content  1 0.969** -0.784** 

Protein content  1 -0.708** 

** = Noteworthy at 1 percent probability level  
   * = Noteworthy at 5 percent probability level 
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Table 4.39 Phenotypic correlation coefficients among grain production and quality characters in F2 generations of 8 x 8 wheat 
       diallel cross.  

 
Charactes Number of  

days to 

heading  

Number of  

maturity 

days 

Plant 

tallness 

(cm) 

Spkies 

number 

/plant  

1 

thousand 

grain 

weight (g) 

Lysine 

content 

Protein 

content  

Grain 

production 

/plant (g) 

Number of  days to heading       1 0.592**     0.131 -0.193 -0.090 -0.396** -0.363** 0.408** 

Number of maturity days  1     0.138 -0.059 0.072 -0.353** -0.398** 0.528** 

Plant tallness (cm)           1 -0.181 -0.039 -0.383** -0.412** 0.253* 

Spkies number /plant  1 0.401** 0.489** 0.524** -0.089 

1 thousand grain weight(g)  1 -0.182 -0.116 0.571** 

Lysine content  1 0.794** -0.696** 

Protein content  1 -0.613** 

** = Noteworthy at 1 percent probability level 
 * = Noteworthy at 5 percent probability level
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Findings of present study are substantiated by the results of previous work on correlation 

between plant tallness and grain production in wheat by Aycicek and Yildrim (2006), 

Aydin et al. (2010) and Dharmendra and Singh (2010). Mahmood et al. (2006), 

Muhammad et al. (2006) and Khokhar (2010) did not agree with the present results and 

indicated the negative relationship plant tallness and grain production. 

 

4.5.4  Number of spkies /plant 

  The results of correlation examination (Tables 4.38 and 4.39) showed that 

spkies number /plant had highly noteworthy and positive relationship with 1 thousand 

grain weight, lysine content and protein content at both genotypes and phenotypic levels. 

Noteworthy and positive association of this character with quality parameters suggested 

that selection of plants with more spkies number /plant would lead towards improvement 

in grain protein and lysine. Spikes /plant was negatively correlated with grain production 

and the association was shown to be non noteworthy. This indicated that correlation 

between these two characters was not much pronounced. Although weak and negative 

association existed in present study between spkies number /plant and grain production, 

however, the evidence that does exit in literature showed that spkies number /plant was 

positively correlated with grain production (Majumder et al., 2008). 

 

4.5.5  One thousand grain weight 

 Genotypic and Phenotypic correlation coefficients given in Table 4.38 and 4.39 

respectively exposed that 1 thousand grain weight had strong positive association with 

grain production /plant. This clearly indicated that grain production in wheat can be 
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enhanced through selection of heavier grains. The relationships of 1 thousand grain 

weight with lysine content and protein content were negative at genotypic and phenotypic 

levels. The coefficient with lysine content was noteworthy, whereas, it was non 

noteworthy with protein content. The results of present examination exposed that 1 

thousand grain weight was the most important plant characters showing positive 

relationship with grain production /plant. The significance of this characters had been 

emphasized by the previous researchers (Aycicek and Yildrim, 2006; Saleem et a l. 2006; 

Akram et a l. 2008; Majumder et al. 2008; Ajmal et a l. 2009; Dharmendra and Singh, 

2010 and Khan and Dar,2010) for enhancing grain production in wheat. 

 

4.5.6 Protein Content 

 Lysine content and protein content were recorded to be positively and highly 

noteworthyly associated with each other at genotypic and phenotypic levels (Tables 4.38 

and 4.39). Protein content had strong negative correlation with grain production /plant. 

The negative relationship between these two characters is in accordance with findings of 

Rhattabti et al. (2000) 

 

4.5.7 Lysine Content  

 The interrelationship between lysine content and grain production was recorded as 

negative and noteworthy at both genotypic and phenotypic levels (Tables 4.38 and 4.39).  
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4.6   PATH COEFFICIENT ANALYSIS 

The examination of path coefficient measures the pathways of different variables 

towards yield or other desirable plant characters. This technique partitions the coefficient 

of genetic correlation into direct and indirect effects influencing towards the effect. The 

magnitude of direct and indirect effects of number of days taken to heading, maturity 

days, plant tallness, spkies number /plant, one thousand grain production, protein content 

and lysine content were estimated and are presented in Table 4.40. The results of path 

coefficient examination are diagrammatically shown in Fig 4.18.  

 

4.6.1 Number of Days to Heading  

Days to heading and grain production /plant were recorded to be +ively & 

noteworthyly associated at genotypic as well as phenotypic levels. However, the direct 

effect of days to heading was negative on grain production and its magnitude was very 

small (-0.0542) as compared to the coefficient of genotypic correlation. The major 

indirectly positive contributor  to the grain production through days to heading was 

number of number of maturity days. Whereas, spkies number /plant, lysine content and 

protein content also showed indirect positive role towards grain production. The 

important characters with indirect negative contribution towards grain production were 

plant tallness and 1 thousand grain weight.  

 

  As maturity days, spikes /plant, lysine content and protein content made a 

positive contribution towards grain production through days to flowering, their 
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improvement will modify the negative effect of days to flowering and ultimately it will 

improve the grain production. 

  

4.6.2    Number of Day to Maturity  

Genotypic and phenotypic correlation between number of maturity days and grain 

production /plant were verificatied as +ive & very large. The direct effect of maturity 

days on grain production was observed +ive with quite large degree (0 .3067). The other 

valuable indirect providers were days to heading, 1 thousand grain weight, lysine content 

and protein content. Maturity days had negative indirect contribution through plant 

tallness towards grain production. 

 

Due to +tive & high direct effect of maturity days on grain production and +tive 

and noteworthy genotypic correlation, maturity days or long duration was considered as 

reliable selection criterion alongwith 1 thousand grain weight. Khokhar et al. (2010) 

reported positive contribution of maturity days towards grain production and showed 

maximum direct effect. This parameter was recommended as selection criterion for 

increasing wheat grain production. 

 

4.6.3   Plant Height 

Plant height and grain production were found positively and noteworthyly 

correlated among each other at genotypic level. However, the direct effect of plant 

tallness was observed negative and the effect was not much pronounced (-0.0138).
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Table 4.40   Direct (in parenthesis) and indirect effect matrix along with genotypic correlation of independent variables            
with rain yield. 

Characters Number of 

days to 

heading 

Number of 

maturity 

days 

Plant 

tallness     

(cm) 

Spkies 

number 

/plant 

1 thousand 

grain 

weight (g) 

Lysine 

content 

Protein 

content 

Genotypic 

correlation 

with grain 

production 

Number of days to 

heading 

(-0.0542) 0.2496 -0.0025 0.0033 -0.0529 0.1244 0.1345 0.504 

Number of  maturity 

days 

0.0441 (0.3067) -0.0023 -0.001 0.0418 0.1108 0.1236 0.6327 

Plant tallness (cm) -0.0098 -0.0505 (-0.0138) -0.0027 0.0186 0.189 0.1473 0.2814 

Spkies number 

/plant 

-0.0128 -0.0210 0.0026 (0.0141) 0.2197 -0.1266 -0.1718 -0.0958 

1 thousand grain 

weight (g) 

-0.0056 0.0252 0.005 0.0061 (0.5091) 0.0571 0.0317 0.624 

Lysine content -0.0289 -0.1457 0.0065 0.0076 -0.1246 (-0.2332) -0.2654 -0.7837 

Protein content -0.0266 -0.1385 0.0074 0.0088 -0.589 -0.2261 (-0.2736) -0.7076 



 

 
 

167

 

P
ay

 =
 -

 0
.0

54
2

Pb
y 

= 
0.

30
67

Pcy = - 0
.0138

Pdy = 0.0141

Pey = 0.5091

Pfy = - 0.2332Pgy = - 0.2738

Y         

R

r
=0.814

ab

r
=0.181

ac

a 

b 

c 

d 

e 

f 

g

r
=

 - 0.237
a

d

r
=0.104

ae

r
=0.533

af

r=0.492

ag

r
= 0.165

bc

r
= -0.068

b
d

r
=

0.082
b

e

r
=0.475

bf

r
=0.451

bg

r
=

 - 0.189
c

d

r
= - 0.037

c
e

r
= - 0.467

cf

r
= - 0.538

cg

r
=

 0.432
d

e

r
= 0.543

df

r
= 0.628

dg

r
= - 0.116

eg

r
= - 0.245

ef

r
= 0.969

fg

Key
Number of days to heading
Number of days to maturity
Plant height
Number of spikes per plant
1000 grain weight
Lysine content
Protein content

a.
b.
c.
d.
e.
f.
g.

Fig 4.18      Path diagram



 

 
 

168

 The indirect negative contribution of plant tallness was also observed through number of 

days to heading, maturity days and spikes /plant. Plant tallness showed indirect positive 

effect towards grain production through 1 thousand grain weight, protein content and 

lysine content. 

 

The work of Kashif and Khaliq (2004), Saleem et al. (2006a) and Aydin et al. 

(2010) showed positive direct effect of plant tallness on grain production in wheat. Aydin 

et al. (2010) also suggested to consider plant tallness as primary criterion for improving 

grain production. The discrepancy in the results might have been due to different genetic 

material and genotype x environment interaction.   

 

4.6.4 Number of Spikes /Plant 

Spkies number /plant had a weak negative association with grain production at 

both genotypic and phenotypic levels. The direct effect of spikes /plant on yield was 

positive, although very small. It showed positive indirect effect on grain production 

through plant tallness and 1 thousand grain weight. Whereas, the influence of spkies 

number on grain production was negative through days to heading, maturity days, protein 

content and lysine content. These results are supported by the earlier researchers like 

Okuyama et al. (2004) and Majumder et al. (2008).  

 

4.6.5 One Thousand Grain Weight 

The correlation between 1 thousand grain weight and grain production was 

observed to be positive and noteworthy at genotypic level (Table 4.38). The path 
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examination of rg estimates showed that 1 thousand grain weight had profound influence 

on grain production (0.0591). Thousand grain weights also contributed positively towards 

yield via all other plant characters except number of days to heading, whose effect very 

small. The results are in close conformation with those of Saleem et al. (2006a), Dagustu 

(2008), Majumder et al. (2008) and Khan and Dar (2010). 

 

4.6.6 Protein Content  

The genetic correlation between protein content and grain production was 

exposed to be negative and noteworthy. Similarly the direct effect of protein content was 

also shown to be negative and much pronounced (-0.2736). Protein content indirectly 

affected the grain production negatively through days to heading, maturity days, 1 

thousand grain weight and lysine content. Plant tallness and spkies number /plant showed 

positive indirect contribution through protein content.   

 

4.6.7  Lysine Content  

Genotypically lysine content and grain production were found to be negatively 

and noteworthyly associated. The direct effect due to lysine content on yield was negative 

(-0.2332). The indirect effects of lysine content via days to heading, maturity days, 1 

thousand grain weight and protein content were negative and decreased the grain 

production, whereas, the effects of lysine content through plant tallness and spkies 

number /plant were positive.  

The material used in present study comprised of thirty wheat genotypes, which 

exhibited sufficient genetic variation for physiological, morphological and biochemical 
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characteristics. The results of genetic examination following the hybridization among 

eight wheat genotypes having contrasting grain production and quality attributes gave 

very useful information. Both additive and non additive genetic effects were found 

important in governing the inheritance of most of the characters investigated. However, 

additive gene action predominated for heading days, time for filling of grains & amount 

of grains / spike. The graphical figures of genetic examination gave the pronounced 

effects of partial dominance in all the characters under study except for number of 

spiklets /spike. On the basis of genetic examination, it was possible to provide useful clue 

for the selection of parental combinations which are likely to give better segregates.  

 Although pedigree method could effectively be practiced to utilize the genetic 

variability arising due to additive effects alongwith partial dominance. Better segregants 

with desirable character combinations can be selected in early segregating generation. 

However, for better capitalizing of existing genetic variance arising due to both additive 

and non additive effects, there is a need to modify the breeding methodology (Singh and 

Bains 1982). Diallel selective mating through mass selection with concurrent random 

mating has been suggested as a useful breeding procedure for autogamous crops.  

  

Among the breeding lines/wheat varieties, AUR-111 and Rawal 87 were 

considered as best genotypes possessing maximum dominant alleles for plant tallness, 

spikelets in each spike, grains /spike, grain production and quality characters. Similarly 

GA 2002 was observed having more dominant alleles for maximum tillers number. For 

further studies regarding genetic analysis on wheat grain, these genotypes must be 
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included in the research material and similarly the segregants  possessing these varieties 

may be considered for developing new promising lines.  
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SUMMARY 
 
 The research report in this manuscript consisted of four experiments which were 

conducted at PMAS-Arid Agriculture University Rawalpindi, Pakistan. The first two 

experiments were planned to estimate the amount of genetic variability in thirty wheat 

genotypes. The nature of genetic mechanism controlling grain production, related 

attributes and grain quality characters was determined in an 8 x 8 complete diallel cross. 

Character association among various yield and quality characters and cause and effect 

relationship were generated from F2 generation of an 8 x 8 diallel cross.  

 

 Thirty wheat genotypes compromising some approved varieties and advance 

promising lines were evaluated for grain production and quality characters under field 

and laboratory conditions at PMAS-Arid Agriculture University Rawalpindi, Pakistan. 

The data were recorded on number of days to heading maturity days, grain filling period, 

plant tallness, number of tiller /m2, spkies number /plant and spikelets number / spike in 

the field. Data for other characters like grain number / spike, grain production /plant, 1 

thousand grain weight, and total protein content, lysine and gluten contents, moisture and 

ash contents were carried in the laboratory. Statistical examination exposed medium to 

high level of genetic variation among wheat genotypes for recorded characters.  
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 All the thirty wheat genotypes were grouped into four clusters on the average 

linkage basis. Cluster I comprised of nine genotypes, which included four approved 

varieties. Genotypes in first cluster had greater mean values for grain number / spike, 

grain production /plant, protein content, wet gluten and lysine content. Early maturing 

genotypes were classified in cluster II, whereas cluster III contained genotypes late in 

flowering and maturity. Wheat varieties/ genotypes in cluster IV processed small stature, 

less spkies number /plant, fewer grains /spike and were also poor yielder.  

 

 Genetic basis of variation were ascertained in a complete diallel of eight wheat 

genotypes having contrasting yield and quality attributes. Results of genetic examination 

showed the pronounced effect of additive gene action for heading days, time for filling of 

grains & grain amounts / spike, preservative and supremacy gene effects were well in the 

transfer mechanism of maturity days, plant tallness, tillers number /m2, spkies number 

/plant, spikelets in each spike, grains /spike, one thousand grain weight, grain production 

and all quality characters. Maternal effects were also noted in most of the characters.  

 

 Adequacy tests,  for example examination of uniformity of Covariance vs 

Variances (Wr, Vr) and regression examination were carried out to validate the data set to 

simple additive-dominance model. Both the scaling tests suggested that additive–

dominance model was adequate to determine the genetic components of variation and 

graphical examination for all the characters except ash content. The estimates of 

components of genetic variation evidenced the significance of additive and dominance 

gene effects involved in various plant characters.  
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 The results of graphical examination showed the preponderance effects of partial 

dominance in all the parameters under study, except for spikelets number in each of the 

spikes, which was under the control of over-dominance type of gene action. The 

distribution of array points along the regression line indicted that a promising wheat line 

of Arid Agriculture University Rawalpindi, AUR 111 contained maximum dominant 

genes for plant height, spikelets number / spike, grain production,  wet gluten and  protein 

content, Variety Rawal-87 possessed more dominant alleles than recessive ones for 

maturity days, grain number / spike, grain production, wet gluten and protein content. 

Maximum dominant alleles for number of tiller /m2 and spkies number /plant were noted 

in variety GA-2002. Wheat variety Inqalab-91 possessed more recessive alleles for most 

of the characters under study.  The ratio of dominance is high than the recessive.  

 

 Examination of character association among various grain production and grain 

quality related characters in F2 population of 8 x 8 diallel cross exposed that number of 

days to heading, maturity days, plant tallness and one thousand grain weight were 

positively and noteworthyly correlated with grain production /plant. The correlation 

coefficient of grain production with lysine content and protein content was negative. 

Maturity days, spkies number /plant and one thousand grain weight exerted maximum 

direct contribution towards grain production /plant. However, the direct effect of number 

of days to heading, plant height, lysine content and protein content on grain production 

was negative.         
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Appendix 1  Wheat varieties / breeding lines grouped in six clusters based on SDS-

PAGE examination 
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Appendix 2  Variance, covariance and other estimates of arrays of 8x 8 diallel cross 

of wheat for number of days to heading  

 

 

  Appendix 3  Variance, covariance and other estimates of arrays of 8x 8 diallel cross 

of wheat for number of maturity days 
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Appendix 4 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for grain filling period 

 
 

 

 

 

Appendix 5 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for plant tallness 
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Appendix 6 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for tillers number /m2 

 

 

 

 

Appendix 7 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for spkies number /plant  
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 Appendix 8  Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for spikelets number / spike 

 

Array Wr Vr Wri Wrei Wrei/ 

1 1.995853175 1.382058532 2.107346 2.029953 2.046579861

2 1.246150794 0.639742063 1.433755 1.309781 1.304263393

3 1.457063492 0.746428571 1.548698 1.413285 1.410949901

4 1.632043651 0.941066468 1.738932 1.602117 1.605587798

5 1.689960317 1.041805556 1.829641 1.69985 1.706326885

6 1.608015873 0.899047619 1.699667 1.561351 1.563568948

7 1.079861111 0.423526786 1.166576

1.one 

thousand16 1.088048115

8 1.204861111 0.523963294 1.297547 1.197456 1.188484623

Total 11.91380952 6.597638889    

Mean 1.48922619 0.824704861    

 

 
Appendix 9   Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for grains /spike 
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Appendix 10 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for 1 thousand grain weight 

 

 

 

 

 

Appendix 11 Variance, covariance and other estimates of arrays of 8x 8 diallel cross 

of wheat for grain production /plant  
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Appendix 12 Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for moisture percentage  

 

 

 
 
 
Appendix 13   Variance, covariance and other estimates of arrays of 8x 8  diallel cross  

of wheat for ash content 
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Appendix 14  Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for protein content  

 

 
 

 

Appendix 15  Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for wet gluten percentage 
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Appendix 16  Variance, covariance and other estimates of arrays of 8x 8 diallel cross  

of wheat for lysine content  

 

 
 
 
 
 

 

            

 

 


