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CHAPTER 1 

INTRODUCTION 

 

Wheat (Triticum aestivum L.) is a member of family Poaceae and is one of the leading cereals of 

many countries of the world including Pakistan. It is the most important food crop of Pakistan 

and is a main source of protein and energy. 
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Its importance lies in the physical and chemical properties of the wheat grain, which contains the 

properties of wheat gluten, a cohesive network of tough endosperm proteins that stretch with the 

expansion of fermenting dough, yet coagulate and remains together when heated to make a 

“risen” loaf of bread. Mainly wheat, and to lesser extent rye and triticale, possess this property. 

Wheat is used for making bread, flour confectionery products (cakes, cookies and pretzels), 

unleavened bread, semolina and breakfast cereals. In Pakistan wheat is used for making chapatti, 

which is a more commonly used to eat than for making bread, especially in the areas where 

wheat is grown. Its diverse uses, nutritive importance and storage qualities have made it a staple 

food for more than one-third of the world‟ population. Wheat has been cultivated in 

Southwestern Asia, its geographic centre of origin, for more than 10,000 years (Sleper and 

Poehlman, 2006).  

Twenty percent diet calories of the world is provided by wheat grain. It pertains 70% 

carbohydrates, 12% protein, 22% crude fibers, 2% fat, 12% water and 1.8% minerals. It is used as 

food for about 149.03 million people of Pakistan with per capita availability of wheat as 140.88 kg 

per annum (GOP, 2003). It also plays a most significant role in food security and economic 

stability in our country. It is grown on 8.5 M hectares with production of 23.5 M tones and thus 

contributing 13.8 % to the value added in agriculture and 3.4 % to GDP of Pakistan (GOP, 2007). 

The population of Pakistan is increasing day by day and to fulfill the demands of rapidly growing 

population we need to increase its grain yield with available resources. In the recent past though 

Pakistan has made an impressive improvement in wheat production and has attained 10
th

 position 

in wheat producing countries of the world accounting for approximately 2.73% of global wheat 

supply (FAO, 2005). The situation of wheat production in Pakistan is much better than the past but 

wheat yield is still behind the agricultural developed countries of the world. There is need to 

advance its stability and improvement. 

Genetically, progress in wheat has been made by contribution of both nature and the selective 

process of man. Present bread wheat came into hexaploid form due to sum of all the evolutionary 

changes. The changes due to conventional breeding mainly confined to the past century. 



 18 

      

Top ten wheat producers, 2005 (million metric ton)  

China     96 

 India 72 

United States 57  

Russia  46 

France       37 

Canada 26 

Australia 24 

Germany     24 

Pakistan 22  

Turkey  21 

World Total 626 

    Source: FAO, 2005  

Now man is still trying to create change in the wheat plant so as to improve its quantitative and 

qualitative traits according to the ever growing and changing requirements of the human beings.  

Bread wheat is a hexaploid species (2n = 6x = 42 = AABBDD). It has an impressive origin and 

provides an example of closely related species and genera combined naturally into a polyploid 

series of crosses. Cytogenetic evidences showed that hexaploid wheat is the combination of three 

ancestral independent gene pools. The species of genus Triticum to which cultivated present day 

bread wheat varieties produce and close relatives may be divided into diploid, tetraploid and 

hexaploid species with chromosome number 2n = 14 = AA, 2n =14 = BB, 2n = 28 = AABB and 

2n = 42 = AABBDD respectively with basic chromosome number = (x) = 7 (Sleper and 

Phoelman, 2006).     

http://en.wikipedia.org/wiki/Image:Flag_of_the_People's_Republic_of_China.svg
http://en.wikipedia.org/wiki/People's_Republic_of_China
http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Image:Flag_of_Russia.svg
http://en.wikipedia.org/wiki/Russia
http://en.wikipedia.org/wiki/France
http://en.wikipedia.org/wiki/Canada
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/Image:Flag_of_Turkey.svg
http://en.wikipedia.org/wiki/Turkey
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Origin of hexaploid wheat 

 

Source: (Sleper and Poehlman, 2006)  

However, DNA analysis revealed a wild diploid Triticum urartu, instead of Triticum 

monococcum, as donor of A genome (Dvorak et al., 1993) and a wild diploid Aegilops speltoides 

as possible donor of B genome (Kilian et al., 2007). 

Due to maximum genetic diversity, wheat provides opportunity to develop new potential 

genotypes with wider adaptation by hybridizing and recombination of desired genes. Increased 

grain yield of wheat crop is mainly concerned to wheat breeders, so throughout the world they 

have been utilizing the available genetic resources to change the existing varieties and evolving 

new crop varieties to meet the ever-changing requirements of their societies. For rapidly 

increasing population, more wheat and quality wheat is need of the day. Before developing the 

wheat varieties, there is a need to search out the genetic material having potential to not only 

grow in prevailing suitable environment but can also yield stably under stress conditions like 

water stress, salinity, diseases and insect pest attack etc. which are emerging issues for 

agriculture, climate change and food security of many countries including Pakistan. So, there is a 

need to develop such genotypes which will be responsive to a range of environments including 
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normal and stress conditions. These lines should be high yielder, physiologically more efficient 

and genetically more stable than the pre-existing wheat varieties. For the development of such 

varieties, selection of parents is a basic step to make desirable gene combinations. For selection 

among plants, information on the nature and types of genes controlling the expression of the trait 

of interest is required. Phenotypic superiority is the outcome of the interaction of good/suitable 

genetic factors and environmental conditions. An economically good genetic character may lose 

its utility under unfavorable conditions. Grain yield in wheat is also affected by a number of 

environmental factors like rainfall, temperature at various Zadok stages etc. 

The success in any breeding programme aimed to evolve new varieties depends upon the 

followings: 

(i) Amount of variability present for different characters in a wheat population, its efficient 

management and utilization (Amawate and Behl, 1995). 

(ii) Proper understanding of genetic mechanisms involved in the expression of important yield 

related characters and planning effective breeding strategies based on this understanding.  

(iii) Knowledge of better combiner parents to achieve genetic gain within limited resources and 

minimum time.  

Various biometrical tools help plant breeders in ascertaining the information explained above 

required a successful breeding programme. Diallel cross technique developed and illustrated by 

Hayman (1954a, b) and Jinks (1954) provides information in early generations on genetic 

mechanism involved in character expression. This technique is particularly suited to autogamous 

crops like wheat. The combining ability analysis developed by Griffing (1956) provides useful 

information regarding the selection of parents in terms of the performance of their hybrids. 

Heritability can give authentic information about genetic variation and thus reflects the extent to 

which a given trait would be transmitted to the next generation. The phenomenon of heterosis 

was first reported in wheat when Freeman (1919) found F1 generally taller than the tall parent. 

Possibility of commercial exploitation of heterosis in wheat was suggested by Briggle (1963) and 

Sajnani (1968). Utilization of heterotic effects for more yield were largely attributed to cross-

pollinated crops. Evidence is now available to prove the presence of such effects in self-

pollinated crops like wheat as well. The present study was initiated to ascertain information on 

the above mentioned aspects using various biometrical tools and to search out the new genetic 
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potential among available plant material in our country. These new combinations will be 

produced and then utilized in further breeding programme to enhance existing yield level. 
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CHAPTER-2 

 

REVIEW OF LITERATURE 

 

2.1. Genetic variability 

Wheat is an important cereal crop used as major human consumable commodity in most areas of 

the world. It is widely grown in the areas where drought is a serious problem. There is a dire 

need to develop such varieties having efficient mechanism to escape, avoid or stand well under 

water stress conditions. So, knowledge about plant and drought related traits provide an 

opportunity to select best parents and cross-combinations to develop high yielding varieties. The 

nature of gene action for yield and yield components in a set of diallel crosses was studied by 

large number of researchers.  

Yield is a quantitative trait controlling a number of genes and is greatly influenced by the 

environment. Variation in yield from year to year due to unpredictable weather and biotic 

stresses can have major economic impact; improved genetic yield potential of wheat varieties 

have impact in both favourable and unfavourable agro-ecosystems (Calenderini and Slafer, 1999; 

Reynolds and Borlaug, 2006). For many years, yield improvement was associated with increased 

dry matter apart from grain but modification in above ground biomass was not made (Austin et 

al., 1980; Khulshrestha and Jain, 1982; Calenderini et al., 1995; Sayre et al., 1997). The yield 

potential in crop plants can be improved by various mechanisms (Singh et al., 1998; Reynolds et 

al., 1999; Donmez et al., 2001; Shearman et al., 2005). Many researchers concluded that due to 

improvement in source and sink relationship, wheat yield can be raised (Richards, 1996; Slafer et 

al., 1996). 

Presence of genetic variability is a pre-requisite of any breeding programme aimed to develop 

varieties with high yield potential and yield stability. Significant differences among wheat 

genotypes for grain yield and related traits were earlier reported and favoured the presence of 

genetic diversity in the plant material (Singh and Paroda, 1985; Singh, 1988; Menon and 

Sharma, 1997; Ambreen et al. 2002; Iqbal and khan, 2006). Genetic information on desirable 
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characters contribute much in the selection of suitable parents and F1 progenies to develop and 

launch effective breeding programme to evolve high yielding varieties. 

2.2. Gene action 

Gene action and gene effects have been extensively studied in many crop species. Gene action is 

important in determining breeding methodology used to develop cultivar type (hybrid, pure line, 

synthetic, etc.). The study of gene action provides information on types of genetic variance 

(additive vs dominant) in populations which leads to the development and analysis of mating 

designs like North Carolina mating designs (Hallauer and Miranda, 1988). Because of the 

difficulties in artificial hybridization, the variance component approach is not used frequently in 

self-pollinated crops; instead generation mean analysis has been the most prominent approach to 

determine gene action in these species.  

In plant breeding research programme, diallel cross designs are mostly used to provide 

information on genetic effects for a number of parental varieties or estimates of general 

combining ability and specific combining ability variance components and heritability for plant 

population from randomly chosen parental varieties. Griffing (1956) proposed four methods to 

provide genetic information on the basis of data from only one generation of plants or one place, 

although more reliable genetic information on plant data was preferred over multiple 

environments for genetic material to be tested (Zhang and Kang, 1997). More over, early 

information on genetic mechanism of various plant traits by diallel cross design was reported on 

the first (F1) generation (Chowdhry et al, 1992). Thus, combining ability studies are mostly used 

to assess newly developed desirable genotypes for the performance of parental lines and also 

evaluate the gene action involved in various plant traits in order to get genetic improvement in 

existing material. Proper choice of parents for hybrid wheat is an important factor to enhance 

yield potential in existing germplasm. To get maximum grain yield, use of hybrid wheat varieties 

on commercial scale is desirable (Nagarajan, 2001). However, heterosis in wheat was studied by 

Freeman (1919) but its commercial exploitation on large scale is not successful mainly due to its 

self-pollinated nature. Plant breeders worked on heterosis in wheat and reported grain yield can 

be maximized from 6% (Borghi et al., 1986) to as high as 41% (Zehr et al., 1997). Thus grain 

yield is one of the important selection criteria for developing high yielding wheat varieties. Many 

researchers worked  on wheat and observed the presence of additive type of gene action for grain 
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yield per plant (Joshi et al., 2002) but some other researchers determined involvement of over 

dominance for this trait (Hussain, 1991). Non-allelic or epistatic interaction had pronounced 

importance in controlling the yield was proposed by Dey-Sarkar and Roy (1993).  

Gene action involving inheritance of plant height and drought related traits were studied by many 

scientists. During last decades, plant breeders worked on plant height in wheat and observed that 

plant height was controlled by few genes including Rht 1 and Rht 2. These genes played an 

important role in reduction of plant height. Dwarf wheat varieties not only enhance grain yield 

but are lodging resistance and nitrogenous fertilizer responsive (Bourlag, 1968). Many 

researchers worked on this trait and found different results. Some researchers like Chowdhry et 

al. (1997), Li et al. (1991) and Khan and Ali (1998) found that plant height was controlled by 

additive type of gene action. However, other researchers like Iqbal (2004), Mishra et al. (1996) 

and Chowdhry et al. (1989) reported partial dominance was involved for controlling plant height.  

Flag leaf area is also an important plant trait due to its contribution to the grain yield. So, such 

lines in wheat having greater flag leaf area yield maximum. The inheritance pattern for this trait 

was studied by many researchers and some of them concluded that additive type of gene action 

was involved (Subhani and Chowdhry, 2000, Joshi et al., 2002 and Mahmood and Chowdhry, 

2002) while other researchers found partial dominance with additive type of gene action (Alam 

et al., 1990, Chowdhry et al., 2001, Ambreen et al., 2002). Over dominance was shown by 

Chowdhry et al. (1997), Ullah (2004), and Hassan and Khaliq (2008). Non-additive type of 

genetic effect was observed by Chowdhry et al. (1992). 

Some leaf related traits are associated with water stress resistance. These traits played an 

important role in developing drought tolerant wheat varieties. Stomata played an important role 

in exchance of gases between plant and the environment. Maintaining gas exchange in plants at 

normal rates is essential for maintaining and enhancing plant growth. Water stress is an 

unfavourable environmental condition which affects the wheat plant growth. Plant traits like 

hygrophillic colloids, leaf venation, stomatal size, stomatal frequency and epidermal cell size 

played an important role in increasing efficiency of the plant to cope with unfavorable irrigation 

conditions. Small aperture size and less stomatal frequency in wheat varieties:  

1- Can help the plant to survive successfully under shortage of water by minimizing its 

water consumption.  
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2- Cause yield stability of a specific variety to make it fit in water shortage conditions. 

Mode of action for leaf venation, stomata size, stomata number, epidermal cell size and 

hygrophillic colloids were studied by many researchers. Partial dominance with additive gene 

action was shown for leaf venation, (Subhani, 1997; Chaudhry et al., 2001; Ambreen et al., 

2002). Partial dominance with additive gene action was observed in epidermal cell size (Tahir, 

1999; Chaudhry et al., 2001; Ambreen et al., 2002), additive genetic effects were found for 

stomata size and stomatal frequency by Subhani, et al. (2000), while over dominance was 

observed by Munir (1997) for both of these traits and hygrophilic colloids. Over dominance for 

leaf venation, stomatal size, number of stomata and epidermal cell size in wheat was observed by 

Hassan and Khaliq (2008). 

Among yield components, number of tillers per plant is an important plant‟s attribute which 

increase grain yield in wheat. To evolve high yielding varieties, not only grain yield but yield 

related traits like number of tillers per plants also required special attention. Additive genetic 

effects control the inheritance of number of tillers per plant in wheat (Chowdhry et al., 1996; 

Chowdhry et al., 2002; Mahmood and Chowdhry, 2002; Chowdhry et al., 2005), additive type 

gene interaction controlling this trait with partial dominance in the absence of epistasis was 

reported by Khan et al. (1982) and Chowdhry et al. (2001), so selection in early generations is 

desirable. But over-dominance gene effects were generally more important than additive effects 

for controlling this trait (Khaliq and Chowdhry, 2001). Peduncle length and extrusion length are 

important morphological plant traits in wheat and are related to early maturity. To develop early 

mature wheat lines, plant breeders should select such plants having more peduncle length and 

extrusion length. Many researchers worked on wheat and found different results. Additive gene 

action involved in controlling peduncle length (Atiq-ur-Rehman et al., 2002; Rahim et al., 2006), 

additive gene action along with partial dominance was reported by Chowdhry et al. (1989).  

Non-additive genetic effects control peduncle length (Chowdhry et al., 2005) as well as 

extrusion length (Chowdhry et al., 1999). 

The inflorescence in wheat is known as spike. It would have direct involvement in grain yield in 

wheat because it consists of a large number of grains. Main objective for wheat breeding is to 

improve yield by selecting and improving yield components including spike characteristics. 

Spike length, number of spikelets per spike, number of grains per spike, spike density and 1000-
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grains weight. Spike length was controlled by additive genetic effects (Chowdhry et al., 2005; 

Malik et al., 2005), non-additive genetic effects (Rahim et al., 2006) while over-dominance 

involved in spike length and spikelets per spike (Riaz and Chowdhry, 2003; Rehman et al., 2003; 

Chowdhry et al., 2003; Habib and Khan, 2003). Additive type gene action was important for 

spikelets per spike (Siddique et al., 2004; Malik et al., 2005). Partail dominance played an 

important role in this trait reported by Habib and Khan (2003), Rehman et al. (2003), Chowdhry 

et al. (1999). Additive type of gene action along with partial dominance was found by spike 

density (Khan et al., 2003) while number of grains per spike and grain yield per plant was 

controlled by over dominance (Khan et al., 2003). Number of grains per spike was controlled by 

partial dominance (Chowdhry et al., 1999; Habib and Khan, 2003; Rehman et al., 2003), non-

additive gene action was reported by Saeed et al. (2001). Additive type genetic effects were 

found in 1000-grains weight (Mahmood and Chowdhry, 2002). Non-additive genetic effects 

influenced on this trait by Rahim et al. (2006), over dominance was reported by Khan et al. 

(1986), Lonts (1986b), Asif et al. (1999) and Mahmood and Chowdhry (1999). 

Biomass per plant and harvest index iare important attributes to enhance yield per plant. Harvest 

index was controlled by additive type of gene action (Ullah, 2004; Joshi et al., 2004).  

 2.3. Heritability 

As for many field crops, the studies regarding the new cultivars for wheat are being conducted 

and the selection continues to be the basic method. The efficacy of the selections of both yield (a 

quantitative character) and the yield components depend on the genetic variation and percentage 

of heritability. It is necessary to identify the components that create the phenotypical difference 

in order to calculate the genetic variability and heritability based on that variation. 

Heritability is the ratio of genetic variance to total variance for a plant trait and is related with 

progress from selection (Hanson, 1963). Heritability estimates indicate that certain 

morphological traits that influence grain yield in wheat are more heritable than yield because 

yield is a polygenic trait and is greatly influenced by the environment. Heritability estimates were 

high for heading date, moderately high for grains weight and plant height, moderate for tiller 

number, and low for spikelets per spike, grains per spike and grain yield in a study of winter 

wheat crosses by Ketata et al. (1976). 
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Some researchers made their efforts to utilize the genetic variability among crop plant and 

improve yield through conventional breeding and they were succeeded to enhance grain yield by 

using various plant traits. Grain yield per plant is an important polygenic trait and is greatly 

influenced by the environment, having low heritability. So, selection of wheat varieties on the 

basis of yield is difficult and needs to be delayed. High heritable estimates for grain yield per 

plant were found by Ahmad (1990), Riaz and Chowdhry (2003), intermediate estimates were 

reported by Subhani (1997), Mahmood and Chowdhry (1999). Pawas et al. (1989), Zaheer and 

Ahmad (1991), Fida et al. (2001), Singh et al. (2003) and Aycicek and Yildirim (2006) observed 

low heritability in wheat.  

Wheat with semi dwarf stature is high yielder. Some researchers worked on various plant traits in 

wheat and observed that plant height in wheat possessed high heritability (Pawas et al., 1989; 

Mosaad et al., 1990; Awaad, 1996; Fida et al., 2001; Singh et al., 2004; Bhutta et al., 2006). So 

selection of this trait for improving grain yield is desirable. Contrary to this, medium heritability 

in wheat has been reported by (Khadr, 1970; Mehta et al., 1997) and low heritability was found 

by Aycicek and Yildirim (2006).  

Flag leaf played an important role in yield increase under normal as well as water stress 

conditions. So for selection of drought resistant wheat varieties, flag leaf is desirable because it 

has lower water potential and turgor pressure but produce maximum photosynthates and thus 

more dry matter production than lower leaves of the plant (Aggarwal and Sinha, 1984). Under 

adequate environment, leaves should have more surface area compared to leaves for drought 

resistant (Foutz et al., 1974). As leaf area is positively correlated with yield (Fischer and Kohn, 

1966) therefore it possess high heritability. Many scientists studied flag leaf area character in 

wheat and observed different results. High heritability was found in flag leaf area in wheat 

varieties (Ahmad, 1990; Subhani ,1997; Ahmed, 2004), low to moderate heritability estimates in 

wheat for flag leaf area was reported by Mornhinweg (1985), Riaz and Chowdhry (2003) and 

Hussan and Khaliq (2008). 

Leaf related morpho-physiological traits including leaf venation, stomata size, stomata number, 

epidermal cell size and hygrophilic colloids are also studied for heritability. Leaf venation plays 

an important role, because denser leaf venation helps for survival of plant under shortage of 

water, thus maintaining yield. Denser leaf venation helps to consume available moisture 
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adequately. High degree of heritability was reported by Shahid (1987), Abid (1987), Riaz and 

Chowdhry (2003) while moderate heritablility estimates were observed by Subhani, 1997 and 

low estimates were observed by Hussan and Khaliq (2008). Similarly, stomatal size and number 

of stomata also contribute for adequate water consumption thus these traits can be selected for 

developing normal and drought resistant wheat varieties. Many researchers worked on wheat and 

found high heritability for stomatal size, number of stomata and epidermal cell size (Ahmad, 

1996; Shahid, 1987; Riaz and Chowdhry, 2003; Ahmed, 2004; Hussan and Khaliq, 2008), while 

moderate heritability for stomatal frequency was found by Subhani (1997).  

Number of tillers per plant is a yield component. Tiller production is important for development 

of plant and contributes in productivity of the plant. Plants grown under normal conditions 

produce more number of tillers than drought conditions. Proper selection of this trait is desirable 

for developing high yielding wheat varieties. Many researchers studied this trait in wheat and 

obtained different results about its heritability. High degree of heritability was observed by 

Collaku and Harrison (2005) and Ahmed et al. (2007). While low to medium heritability was 

noted by Singh et al. (2004). Medium to high heritability estimates were noted by Khan et al. 

(2003). 

Spike related traits can also be selected for increasing grain yield. So these traits should be 

selected having high degree of heritability. Spike length is a character of more importance, 

because larger spike is considered to produce more grains resulting in higher yield per plant. 

Improvement in existing yield status can be achieved by selecting spike length with high 

heritability (Khan et al., 2003; Ahmed et al., 2007). While low heritability in spike length was 

observed by Singh et al. (2004). Number of spikelets per spike is also important for increasing 

grain yield but low values of heritability for this trait have been reported in the studies conducted 

by Singh et al. (2004). High heritability for number of grains per spike was observed by Riaz and 

Chowdhry (2003) and Singh et al. (1999). Moderate to high heritability was determined 

(Chaturvedi and Gupta, 1995; Ahmed et al., 2007), low values for this trait was observed by 

Pawas et al. (1989), Al-Marakby et al. (1994). High estimates of heritability for number of 

grains per spike was studied by Awaad (1996), Singh et al. (1999), Riaz and Chowdhry (2003) 

and Aycicek and Yidirim (2006), middle heritability was obtained by Uddin et al. (1997). Zaheer 

and Ahmad (1991), Fida et al. (2001) and Ahmed et al. (2007) obtained low estimates. 1000-

grains weight per plant had high heritability (Pawas et al., 1989; Awaad, 1996; Mehta et al., 
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1997; Udin et al., 1997; Fida et at., 2001), middle (Chaturvedi and Gupta, 1995), while lower 

estimates were observed by Al-Marakby et al. (1994) and Aycicek and Yidirim (2006). 

Biomass per plant and harvest index are also important parameters for improving yield in wheat, 

because more biological yield will produce more  grain yield. Low heritability for biological 

yield in lentil was observed by Bicer and Sarkar (2004).           

2.4. Combining ability 

Hybridization and selection of desirable lines is an important procedure to improve grain yield in 

wheat. Diallel analysis presents a greater opportunity to assess the performance of parental lines 

in all possible cross combinations. When parental lines are crossed, the next step is to evaluate 

their performance. Hybrid wheat provides best opportunity for high yield. Superiority of F1 

hybrids over their parents in a number of wheat crosses was observed by Briggle (1963), Singh 

and Kandola (1969), Atale and Vitkare (1990), Akhter et al. (2003) and Gooding and Kindred 

(2005). Combining ability analysis is a biometrical method which identifies the parent varieties 

possessing best combining ability and genetic effects involved in inheritance of various plant 

traits (Griffing, 1956). It also helps to: 

 Select the cross combinations having desirable traits to enhance grain yield in wheat.  

 Determine the nature and extent of various types of genetic effects involved in the 

expression of polygenic trait. 

These points are helpful for selecting parents for next hybridization programme. Various 

researchers worked on wheat and revealed different results about grain yield and other traits. 

General combining ability (GCA) is total sum of additive genetic effects and additive × additive 

variances while specific combinng ability (SCA) is the sum of non-additive genetic effects. 

Grain yield per plant is a complex plant trait and its mode of inheritance was studied by many 

researchers. Importance of general combining ability variances can be observed in grain yield per 

plant (Sarkar et al., 1987; Khaliq et al., 1992; Chowdhry et al., 1996; Chowdhry et al., 1999; 

Usman, 1998; Saeed et al., 2001; Chowdhry et al., 2002; Iqbal and Khan, 2006). It means that 

additive type of gene action is important to control inheritance of grain yield per plant. But some 

scientists disagreed with this statement (Chaudhry et al., 1994; Singh and Chatrath, 1997; Ajmal 

et al., 2000; Ullah, 2004; Mahpara et al., 2008) and observed non-additive genetic effects for this 



 30 

trait because they noted high SCA effects during their studies. Both general and specific 

combining ability effects were noted by Malik et al. (1988), Yadav & Singh (1988), Asad et al. 

(1992) and Chaudhry et al. (1992a), and reported the presence of both additive and dominance 

gene action in inheritance of grain yield. Non-significant general and specific combining ability 

was found in grain yield per plant (Khaliq et al., 1991; Sattar et al., 1992; Mahmood and 

Chowdhry, 2002; Malik et al., 2005) and thus found epistasis involved in controlling this trait. 

Plant height is important trait to contribute in yield of plant because short stature wheat varieties 

are more responsive to nitrogen and are lodging resistant. Additive type of gene action was 

involved in controlling plant height (Li et al., 1991; Chaudhry et al., 1994; Wagoire et al, 1998) 

having significant general combining ability values, while presence of non-additive type of gene 

action was studied by Chowdhry et al. (1999) having high magnitude of specific combining 

ability than general combining ability. Importance of both additive and non-additive genetic 

effects was observed by Khaliq et al. (1991), and Singh and Chatrath (1997). 

Flag leaf area was studied by many researchers. Significant general combining ability was found 

by Joshi (1990), Chowdhry et al. (1992), Chowdhry et al. (1994), Khaliq et al. (1994), Usman  

(1998), Mahmood and Chowdhry (2000), Mahmood and Chowdhry (2002), Kashif and Khaliq 

(2003) and Ullah (2004) for this trait indicating predominance of additive genetic effects. Thus 

flag leaf area can be selected as a desirable parameter because it is directly related to enhance 

grain yield in wheat. But non-additive genetic effects were also responsible for its inheritance 

reported by Mohy-ud-din and Shahzad (1998), Khan and Rizwan (2000), Saeed et al. (2001), 

Singh et al. (2004), Malik et al. (2005) and Rahim et al. (2006). While both general and specific 

combining ability was also important to control this trait (Prabhu and Sharma, 1987) indicating 

both additive and non-additive genetic effects involved in this trait. 

Drought related plant traits including leaf venation, stomata size, stomatal frequency, epidermal 

cell size and hygrophilic colloids are important to select for developing drought resistant 

varieties. More number of veins per unit leaf area will increase leaf area. Stomata play an 

important role in regulating drought conditions. Gaseous exchange and transpiration rate also 

depends upon the size of stomata aperture and its number per unit leaf area. Small in number and 

small sized stomata can help the plant to use available water more efficiently. Similarly, stomata 

size and its frequency also help the plant to stand well even under shortage of water. Proper 
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selection of the parents for hybridization is important for developing high yielding wheat 

varieties. Combining ability analysis are mostly used to evaluate the nature of gene action and 

selecting parental lines on the basis of performance of their cross combinations. Many 

researchers worked on these microscopic plant traits and reported different results. The 

magnitude of specific combining ability was higher than general combining ability thus non-

additive gene action was involved in controlling leaf venation (Khan and Rizwan, 2000). Saeed 

et al. (2001) reported negative general combining ability during their study on wheat thus 

additive type of genetic effects were important in inheritance of stomata size and number of 

stomata but non-additive type of gene interaction was observed (Khan and Rizwan, 2000). These 

studies help the plants to grow efficiently under normal conditions and even in moisture stress 

conditions. Epidermal cell size was also studied (Saeed et al., 2001) and presence of additive 

gene action was recorded due to high magnitude of general combining ability. 

Combining ability technique also helps to identify the promising line with more number of tillers 

contributing high yield. An enormous deal of research on number of tillers per plant has been 

carried out by many research workers. Khaliq et al. (1992), Asad et al. (1992), Mishra et al. 

(1994), Chand et al. (1996), Chowdhry et al. (1996), Ali and Khan (1998), Mahmood and 

Chowdhry (2002), Chowdhry et al. (2005), Malik et al. (2005), Rahim et al. (2006) and Mahpara 

et al. (2008) studied combining ability in wheat and found significant general combining ability 

effects. Thus additive type of genetic effects was observed in controlling inheritance of number 

of tillers per plant. Greater value of specific combining ability than general combining ability for 

this trait was observed by Saeed et al. (2001) and Siddique et al. (2004) showing presence of 

non-additive gene action. While presence of additive and non-additive genetic effects  in this 

trait were also observed by Singh and Chatrath (1997), Singh et al. (2004) and Khaliq (2005) by 

observing both significant values of general and specific combining ability. Peduncle length was 

controlled by additive type of gene action (Rahim et al., 2006). Non-additive genetic effects 

were important in controlling this trait (Chaudhry et al., 1994; Atiq-ur-Rehman et al., 2002; 

Chowdhry et al., 2005). Extrusion length was studied by Chowdhry et al. (1999) and observed 

the presence of additive type of gene action. 

An alternate way to increase grain yield in wheat other than expanding area under wheat 

cultivation is to improve spike and its related characteristics by selection and breeding. 

Combining ability analysis helps to identify the parents and cross combinations having these 
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characteristics and their mode of inheritance. Spike length and related traits were studied by 

many researchers. Additive type gene action was found in spike length (Sudesh et al., 2002; 

Kumar et al., 2003; Malik et al., 2005; Chowdhry et al., 2005), spikelets per spike (Chowdhry et 

al., 1994; Khaliq et al., 1994; Asad et al., 1998; Khan and Ali, 1998; Ajmal et al., 2000; Hamada 

et al., 2002; Malik et al., 2005), number of grains per spike (Qari et al., 1986; Palve et al., 1987; 

Khan and Bajwa, 1990; Ali and Khan, 1998; Saeed et al., 2001; Hamada, 2002; Iqbal and Khan, 

2006) and 1000-grains weight (Khan and Bajwa, 1990; Mahmood and Chowdhry, 2002) having 

high values of general combining ability. Significant and high values of specific combining 

ability effects for spike length (Li et al., 1991; Khan and Ali, 1998; Atiq-ur-Rehman et al., 2002; 

Iqbal and Khan, 2006), spikelets per spike (Rehman et al., 2002; Siddique et al., 2004; Iqbal and 

Khan, 2006), spike density (Iqbal and Khan, 2006), grains per spike (Asad et al., 1992; Usman, 

1998; Dhayal and Sastry, 2003), 1000-grains weight (Chaudhry et al., 1994; Mahmood and 

Chowdhry, 2002; Kashif and Khaliq, 2003; Siddique et al., 2004; Rahim et al., 2006) have been 

reported and it was concluded that non-additive type of gene action was involved in controlling 

these traits. Both additive and non-additive gene action was involved in expression of spike 

length (Zubair et al., 1987; Mishra et al., 1996; Khaliq, 2005), spikelets per spike (Zubair et al., 

1987; Singh and Chatrath, 1997; Chowdhry et al., 1999), grains per spike (Yadav and Singh, 

1988; Mishra et al., 1996; Singh and Chatrath, 1997; Chaudhry et al., 1999; Siddique et al., 

2004) and 1000-grains weight (Singh and Chatrath, 1997; Singh et al., 2004; Khaliq, 2005).  

2.5. Heterosis  

The term heterosis was proposed by Shull (1952). He defined heterosis as “increase in vigor, 

growth, size, fruitfulness, speed of development, disease and insect pest resistance etc., of 

hybrids as compared with related parents having different results of hybrids produced by uniting 

parental combinations”. Heterosis or hybrid vigor can also be defined as the dissimilarity due to 

hybrid and the average of the two parents (Falconer and Mackay, 1996). It is usually called mid 

parent heterosis.  

Hybrids and heterosis terms are synonymous. However, it is not clear because in some hybrids, 

heterosis is not involved, but for heterosis, hybrids are important. Hybrids are produced by 

hybridization process involving two varieties and desirable plant traits controlled by additive 

gene action are transmitted to the hybrids. Seeds of these hybrids are sold commercially. 
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Distinction between hybrids and heterosis is of more importance because hybrids possess some 

features unlikely the heterosis including homogeneity and reproducibility etc., for crop 

production. These features are present to little extent in heterosis. In some plant species including 

wheat, hybrids are required as a source to prohibit farmers from saving and growing their own 

seeds and also utilized as research reserves in transgenes. Mackey (1976) suggested the genetics 

of heterosis comparative to heterobeltiosis may result from any one or two of the following 

conditions:  

1- Combined action of desired dominant or partial dominant genes discrete amongst two 

parents i.e. dominance type 

2- Complementary relations of additive dominant or recessive genes at different loci, i.e., 

non-allelic interaction or epistasis.    

3- Interaction between two alleles for a desired trait at the same locus is known as over-

dominance. 

If heterosis occurs due to any one or more than one situation then heterosis is incorporated in 

homozygous lines. But it depends upon the linkage of genes involved and recombinants 

produced. It will be particularly difficult to identify recombinants with close linkage and when 

heterosis is expressed by a slight improvement in each of the main yield components.  

Heterosis is more commonly found in cross-pollinated crops because they are heterozygous in 

nature and their floral structure also facilitates the hybridization. Heterosis was also found in 

self-pollinated crops although its exploitation was at less extent because its floral structure 

discourages easy crossing for hybrid production. The exploitation of heterosis in wheat was first 

observed by Freeman et al. (1919). But its exploitation on commercial level has not been 

achieved. The purpose of hybrid wheat breeding is to enhance grain yield and yield stability by 

intervarietal crosses of wheat for genetically distant plants population. Briggle (1963) was also 

among the first to review heterosis in wheat. He found that all parental combinations do not 

result in expression of hybrid vigor, and some do not perform as well as either parent involved 

in the hybrid. Sufficient hybrid vigor would be available only with specific parental 

combinations. Similarly, many researchers worked on hybrid wheat and observed that hybrid 

wheat is developed for high grain yield so that wheat production can attain the level of self-

sufficiency for rapid growing population of the world by increasing per acre yield. Many 
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workers worked on hybrid wheat and found the range of heterosis for grain yield from 6% 

(Borghi et al., 1986) to 41% (Zehr et al., 1997). The value of mid parent heterosis for grain 

yield was obtained as high as 72 % (under normal irrigation conditions) and 127 % (under water 

stress conditions (Solomon, 2006). While other researchers also worked with wheat and found 

maximum heterosis for grain yield (Shamsuddin et al., 1991; Krishna and Ahmad, 1992; Khan 

and Khan, 1996; Subhani et al., 2000; Chowdhry et al., 2001; Rasul et al., 2002; Akhter et al., 

2003; Shah et al., 2004; Iqbal et al., 2004; Singh et al., 2004; Gooding and Kindred, 2005). 

Negative heterosis for grain yield was observed by Farooq and Khaliq (2004). 

High grain yield is very crucial for development of crop varieties for farmer‟s point of view and 

we can get hybrids with desirable traits by heterosis. Standing ability of a crop is also an 

important character which can be improved by this technique. Short statured and lodging 

resistant wheat varieties are developed through heterosis. These varieties increase the grain yield 

because of lodging resistance against strong winds. As plant height is an important plant trait 

and is studied by many researchers (Borojevic, 1965; Brown et al., 1966; Zhao et al., 1985; Li 

et al., 1997; Singh et al., 2004). Some of them found positive and maximum heterosis for this 

trait (Petrovic and Cermin, 1994; Patil et al., 1998; Khan et al., 1995; Jan et al., 2005) and 

others observed negative heterosis (Sadeque et al., 1991; Deshpande and Nayeem, 1999; 

Chowdhry et al., 2001) during their study on wheat.  

Flag leaf area is an important trait in hybrid wheat to determine the yield performance. Many 

researchers worked on this trait and observed that maximum positive heterosis present in flag lef 

area (Subhani et al., 2000; Mahmood and Chowdhry, 2000; Chowdhry et al., 2001; Ullah, 

2004), so such cross combinations are selected which possessed high heterotic effects.  

Leaf related traits are also important to enhance plant efficiency growing normally not only 

under normal conditions but also in moisture stress conditions. Stomata are main source for gas 

exchange between leaves and external environment (Schoch et al., 1980; Brent and Ram, 2000). 

It is found that abour 95% water within plant is lost by transpiration (Mackay et al., 2003; 

Jianwu et al., 2006). In moisture stress conditions, it becomes difficult for plant to grow normal 

and reducing yield by trying to cope water stress condition. So, plant breeders developed such 

varieties having some morpho-physiological modifications within its system by reducing 

number of stomata, its size, more parallel leaf venation, epidermal cell size and hygrophilic 
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colloids. Hybrid wheat has been developed having such desirable plant traits. Positive and lower 

heterotic effects were found in leaf venation (Subhani et al., 2000; Iqbal, 2004) while positive 

heterosis was observed in stomatal size and stomatal frequency and epidermal cell size (Iqbal, 

2004).  In barley, heterogeneity is most important for grain yield uder drought stress conditions.   

Maximum increase in number of tillers per plant in hybrid wheat was observed by Subhani et al. 

(2000), Chowdhry et al. (2001) and Shah et al. (2004), but negative heterosis was found by 

Knobel et al. (1997) and Farooq and Khaliq (2004). Peduncle length in hybrid wheat was found 

to enhance grain yield in many cross combinations (Kumar and Ganguli, 1993; Chowdhry et al., 

2001). 

Spike and its related components are also studied for development of hybrid wheat. Many 

workers studied spike and its related components. Hybrid wheat having long spike with more 

number of spikelets per spike and grains per spike were developed by plant breeder to enhance 

grain yield. Significant heterosis over superior parents for spike length existed (Subhani et al., 

2000; Chowdhry et al., 2001; Rasul et al., 2002; Ullah, 2004; Shah et al., 2004; Jan et al. 2005), 

Subhani et al. (2000), Chowdhry et al. (2001), Rasul et al. (2002), Ullah (2004) and Jan et al. 

(2005) found positive heterosis for spikelets per spike. Positiev and maximum heterosis for 

number of grains per spike was studied by Khan and Bajwa (1989), Chowdhry et al. (2001), 

Rasul et al. (2002), Farooq and Khaliq (2004), Ullah (2004) and Shah et al. (2004). 1000-grains 

weight was also studied by researchers for getting high grain yield through heterosis technique 

and found this plant trait increase grain yield directly in hybrid wheat (Khan and Bajwa, 1989; 

Krishna and Ahmad, 1992; Khan et al., 1995; Subhani et al., 2000; Rasul et al., 2002; Farooq 

and Khaliq, 2004; Iqbal, 2004; Ullah, 2004; Shah et al., 2004; Akbar et al., 2007). Biomass per 

plant was found to be positive in hybrid wheat (Subhani et al., 2000; Chowdhry et al., 2001; 

Akbar, 2007). Harvest index was found positive and had maximum value during heterotic study 

(Krishna and Ahmad, 1992; Kumar and Ganguli, 1993; Iqbal, 2004; Jan et al. 2005) while low 

heterotic effects were observed by Akbar et al. (2007). 

Main objective in the present study is to find out the desirable parents and cross combinations 

that will perform better under normal conditions and maintain their yield even in adverse 

conditions. Grain yield is a polygenic trait and is known to be highly affected by the 

environmental conditions for which there is an indication in Vr-Wr graph for the character, and 
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therefore, may have affected this estimate to a greater degree than the specific combining ability 

estimate for other components of yield. 
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CHAPTER-3 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

3.1. Growing conditions 

The research work presented was carried out in the experimental area of the department of 

Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan under field 

conditions, soil pH and EC of the field was 6.5 and about 4 dS/m respectively while 

photoperiod for wheat was 10 hours in November, 2005. The data for temperature, relative 

humidity and rain fall during the crop season are presented in appendix I. 

3.2. Plant material 

The details of experimental material, seven diverse wheat varieties/lines selected on the basis 

of their important features, are given in the following:  

Variety/ Line Parentage Year of 

release 

Remarks 

 Parwaz94 
 (V.5648)CNO'S'/LR64//SO

N64/3/SON/4/PRL'S' 
 1994 

Normal sown variety. 

 Shahkar95 WL711//F3.71/TRM  1996 Normal sown variety. 

 Iqbal-2000 
 BURGUS/SORT-12-

13//KAL/BB/3/PAK-81 
 2000 

Late sown variety grown in 

irrigated areas of Punjab. 

 Uqab-2000  CROW'S'/NAC//BOW'S'  2000 
Grown in barani areas of 

Punjab. 

 MH-97  ATTILA  1997 Early sown variety. 

4072 LU 26/V-79501/LU26S 1990 Advanced line having good 

“chapatti” quality 

characteristics and its 1000-

grain weight ranges from 48 

to 52 g. 

 Punjab96 
 SA42/3/CC/INIA//BB/INI

A/4/CNO/HD832 
 1996 

Grown in barani and 

irrigated areas of Punjab. 
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3.2.1. Development of genetic material  

Seven wheat parents were sown in the field and later hybridized in all possible combinations at 

heading stage to develop genetic material for genetic studies. Anthesis in wheat starts from the 

middle of the inflorescence and proceeds in both directions. So for emasculation, desirable 

lateral florets in the centre of the spike were retained, and others removed with the help of a 

pair of scissors and forceps. The tiny florets were held between thumb and forefinger, and 1/3
rd

 

upper part of each floret was removed using a pair of scissors. The three immature anthers in 

each floret were removed using fine pointed forceps avoiding damage to the pistil. After 

emasculation the entire spike was covered with a glycine bag. Next day, early in the morning, 

the emasculated spikes were hand pollinated by applying fresh pollen from the requisite male 

parent and covered again with its respective bag till seed setting.  At maturity, F0 seeds from all 

the crosses attempted were collected. 

These varieties/lines were hybridized in a 7×7 complete diallel fashion to achieve the following 

combinations: 

Shahkar-95 Parwaz-94 Uqab-2000  MH-97 

Shahkar-95 Iqbal-2000 Uqab-2000  4072 

Shahkar-95 Uqab-2000 Uqab-2000  Punjab-96 

Shahkar-95 MH-97 MH-97  Shahkar-95 

Shahkar-95 4072 MH-97  Parwaz-94 

Shahkar-95 Punjab-96 MH-97  Iqbal-2000 

Parwaz-94  Shahkar-95 MH-97  Uqab-2000 

Parwaz-94  Iqbal-2000 MH-97  4072 

Parwaz-94  Uqab-2000 MH-97  Punjab-96 

Parwaz-94  MH-97 4072  Shahkar-95 

Parwaz-94  4072  4072  Parwaz-94 

Parwaz-94  Punjab-96 4072  Iqbal-2000 

Iqbal-2000  Shahkar-95 4072  Uqab-2000 

Iqbal-2000  Parwaz-94 4072  MH-97 

Iqbal-2000  Uqab-2000 4072  Punjab-96 
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Iqbal-2000  MH-97 Punjab-96  Shahkar-95 

Iqbal-2000  4072 Punjab-96  Parwaz-94 

Iqbal-2000  Punjab-96 Punjab-96  Iqbal-2000 

Uqab-2000  Shahkar-95 Punjab-96  Uqab-2000 

Uqab-2000  Parwaz-94 Punjab-96  MH-97 

Uqab-2000  Iqbal-2000 Punjab-96  4072 

3.3. Evaluation of genetic material 

During next crop season, seven wheat varieties / lines (parents) and their hybrids (F1) were 

planted in the field following a triplicated randomized complete block design. Thirty plants of 

each genotype were grown in a 5 m long row in each replication. The plants were spaced 15 

and 30 cm apart within and between the rows, respectively. To keep uniformity in the distance 

and depth of the seeds, a template was used. Two seeds were dibbled per hole, and after 

germination one healthy seedling was retained at each hole through thinning. All standard 

agronomic practices i.e., hoeing, weeding, irrigation etc. were adopted uniformly and data were 

recorded at an appropriate time. Ten guarded plants were selected randomly from each row for 

the following traits:  

3.3.1. Plant height (cm) 

Plant height of each of ten randomly selected plants was measured from base of plant to the tip 

of spike excluding awns of mother shoot. Average plant height for each genotype was 

estimated.  

3.3.2. Flag leaf area (cm
2
) 

From the fully developed flag leaf of selected mother shoot, the maximum length and breadth 

was measured in centimeters per square (cm
2
). The data were recorded in the morning hours 

when leaf was fully turgid. Flag leaf area was measured using the following function of Muller 

(1991),  

Flag leaf area = Flag leaf length × Flag leaf Width × 0.74 
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3.3.3. Leaf venation  

The leaf strips were taken from the middle portion of flag leaf of the mother shoot and 

dipped into Carnoy‟s solution (Sheehan and Hrapchak, 1980) for about two days to arrest 

the stomatal structure and removal of chlorophyll content from the leaf tissues. After one 

week the strips were removed from the solution, washed in acetone and stored in formaline 

solution for further examination. The leaves were examined under low power (3.5 x) 

objective of microscope (Ernst Leitz, Wetzlar) for counting the number of parallel veins of 

selected flag leaves from three different parts of upper side of the leaf strips and averaged 

the number of veins.  

3.3.4.  Stomatal frequency 

Number of stomata per microscopic field at 10 x magnifications was counted at three 

different sites from upper side of the same flag leaf strips from three different parts and 

average number of stomata per microscopic f i e l d  w as  co m p u t ed .  

3.3.5.  Stomatal size (µm) 

Size of the stomata was measured in microns. An ocular micrometer (scaled at 10 mm), 

standardized using a 1.0 mm stage micrometer, was used. Each unit of ocular micrometer 

was found to be equal to 3.33 microns at 40 x at the time of standardization. Length and 

width of three stomata per strip was measured to calculate stomatal size. Average stomatal 

size was computed.  

3.3.6.  Epidermal cell  size  (µm) 

Length and width of epidermal cells from the surface of same flag leaf strips was measured 

at 40x using micrometer. Three epidermal cells of each strip were measured to calculate the 

average size of epidermal cell. 

3.3.7. Hygrophilic colloids (%) 

Hygrophilic colloids were estimated by flag leaf powder. The flag leaves were collected 

from the mother shoots of ten randomly selected plants from each genotype after measuring 

its length and width to calculate flag leaf area. These leaves were dried using an electric 

oven (Precision Thelco- model-16) at 70
o
C for 24 hours to remove moisture contents 

completely. Dried leaves were ground to make fine powder using an electric grinder. The 
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powder of leaves was filled in glass stoppered bottles, sealed tightly and placed in the 

electric oven at 50
o
C to keep dry. About 1g powder of each sample was taken and put 

within small crucibles of known weight and placed in a desiccator for 24 hours. After 24 

hours, the crucibles were taken out from desiccators and weighed again. The increase in 

weight of crucibles was due to moisture gained by powder of leaves within crucibles. The 

absorption percentage was calculated as follows. 

Absorption (%) =  Original weight of sample powder    × 100 

Weight gained by the sample after 24 hours 

3.3.8. Number of fertile tillers per plant 

Numbers of fertile tillers of each genotype were counted at maturity in each replication and 

average was computed. 

3.3.9. Peduncle length (cm) 

At maturity the peduncle length of mother shoot was measured from last node (bearing the flag 

leaf) to the base of spike. Average peduncle length for each replication was computed for 

further statistical analysis. 

3.3.10. Extrusion length (cm) 

At maturity, the extrusion length of mother shoot was measured from base of the spike to end 

of flag leaf sheath in centimeters. Average for each replication was computed. 

3.3.11. Spike length (cm) 

Spike length of mother shoot of selected plants was measured in centimeters from base to the 

tip of spike excluding awns. Finally average spike length was obtained.  

3.3.12. Number of spikelets per Spike  

The spike of wheat consists of smaller units called spikelets which bear 3-5 florets. Spikelets 

were counted from the mother spike of selected plants and were averaged.  

3.3.13. Spike density 

Spike density for each genotype was calculated using the formula;    

     Number of spikelets per spike 

  Spike density =   

   Spike length (cm) 



 42 

3.3.14. Number of grains per spike 

The spike of the mother shoot was threshed manually and numbers of grains per spike were 

counted for each genotype. 

3.3.15. 1000-grains weight (g) 

The grains from ten selected plants in a replication of every genotype were bulked separately. 

1000-grains were counted randomly from each bulk and weighed on electric balance 

(Compax- Cx-600).  

3.3.16. Biomass per plant (g)  

Ten randomly selected plants were weighed separately with the help of an electric balance 

(Compax- Cx-600) before threshing for obtaining their biological yield in grams. Average was 

then calculated 

3.3.17. Grain yield per plant (g) 

All spikes of individual selected plants were threshed manually and weighed using electric 

balance (Compax- Cx-600). Average grain yield per plant was estimated for each genotype 

in each replication.    

3.3.18. Harvest index 

Harvest index for each of the genotype was computed using the following formula; 

        Grain yield per plant  

Harvest index =         × 100   

   Biological yield per plant 

 

3.4. Biometrical analysis 

3.4.1. Statistical analysis of variance 

Data collected for all traits were subjected to analysis of variance according to Steel et al. 

(1997) to sort out significant differences among genotypes. Data of those traits which showed 

significant genotypic differences were further analyzed for the determination of other genetic 

parameters. 
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3.4.2. Diallel Analysis 

Data were subjected to diallel analysis according to Mather and Jinks (1982) to derive the 

genetic information and determine the adequacy of the genetic model for various plant traits. 

According to Mather and Jinks (1982), parents (n) were crossed in all possible combinations to 

yield „n
2
‟ progeny. This is called diallel mating and variation present in a diallel population 

was due to the differences among male, female or due to their interaction.  

 Diallel table is the arrangements of data collected from n
2
 progenies and consists of n 

number of rows and columns. Each row has a common female parent and each column has 

a common male parent. Thus, the parental combinations (self) are arranged at diagonal. 

Since there is no restriction on the number of parental lines in an undefined diallel analysis 

(when differences among the parental genotypes are undefined), seven parents were used to 

conduct a diallel analysis.  

Preliminary information about the presence of significant additive or non-additive variation 

was obtained through analysis of diallel table. The main items for differences among the same 

set of genotypes in the absence of complications such as maternal effects, should yield 

estimates of the same component of variation, which will be the additive variation. According 

to Mather and Jinks (1982), where the additive-dominance and additive-environmental models 

are adequate and there are no reciprocal differences, mean squares of most of the items in the 

analysis of variance can be interpreted in relatively simple terms. Thus, „a‟ item tests the 

significance of additive effects of genes and „b‟ item tests the significance of the dominance 

effects. If „b‟ was non-significant, „a‟ item is a test of the additive genetic component. The „b1‟ 

item tests the mean deviation of F1‟s from their mid-parental values. It is significant only if the 

dominance deviations of the genes are predominantly in one direction, i.e., there is a 

directional dominance effect. The „b2‟ item tests whether the mean dominance deviation of the 

F1‟s from their mid-parental values within each array differs over arrays. It will do so if some 

parents contain considerably more dominant alleles than others. The „b3‟ item tests that part of 

dominance deviation that is unique to each F1. This item is equivalent to the specific 

combining ability of Griffing (1956) for a fixed model where the inbred lines are omitted from 

the analysis. 

On the assumption of no genotype × environment interaction and no differences between 

reciprocal crosses, mean squares for „c‟, „d‟ and „block‟ interactions are all estimates of „E‟, 
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the environmental component of variation. If reciprocal crosses differ, „c‟ detects the average 

maternal effects of each parental line and „d‟ the reciprocal differences not ascribed to „c‟. If 

genotype × environment interaction is present, they will be detected as a difference between 

the block interactions for the „a‟ and „b‟ items if the additive and dominance variations are 

influenced to different extent by the environment. 

Information about gene action was determined by plotting covariance (Wr) of each array 

against its variance (Vr). The slope and position of the regression line fitted to the array points 

within the limiting parabola indicated the degree of dominance and the presence or absence of 

gene interaction. A regression line was drawn by using array variances and co-variances within 

the limiting parabola. The standard error of the regression line slope was estimated according 

to Aksel and Johnson (1963). The distance between origin and point where regression line cut 

Wr-axis provides a measure of average degree of dominance as follow; 

i) Partial dominance: when intercept is positive.  

ii) Complete dominance: when regression line passed through origin.  

iii) Over dominance: when intercept is negative, and  

iv) No dominance: when regression line touched parabola limits. 

The position of array points along the regression line in the graph represented the distribution 

of dominant and recessive genes among the parents. The parents with most dominant genes 

were located nearest to the origin while the parents with most recessive genes fall farthest from 

the origin, and the parents with equal frequencies of dominant and recessive genes had their 

points in the middle. 

3.4.2.1. Assumptions of diallel analysis and tests for their validity  

Hayman (1954b) suggested certain assumptions which need to be fulfilled for valid diallel 

analysis. These include normal diploid segregation, absence of reciprocal effects, homozygous 

parents, absence of epistasis, no multiple allelism and independent gene distribution.  

Hexaploid wheat contains diploid chromosome complement of 3 different genomes (A, B and 

D). However, assumption of normal diploid segregation was assured by the fact that Triticum 

aestivum L. behaves cytogenetically as a diploid because of the presence of a dominant gene 

Ph in chromosome 5B, which prevents pairing between homoeologous chromosomes. To 

nullify reciprocal differences, values in the off diagonal cells of the table were replaced by the 
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means of direct and reciprocal cross prior to analysis The parental genetic material included in 

the study were selected from gene pool of the department which are selfed every year to ensure 

true-to-type and homozygosity. Hence material satisfied the assumption of homozygous 

parents. Two tests were applied to the data in order to fulfill the assumptions of no epistasis, no 

multiple allelism and independent gene distribution. The first test was an analysis of regression 

coefficient. Variances (of each array) and covariances (array with its parental values) were 

estimated from the mean diallel table. Then regression of covariance on variances was 

computed. According to Mather and Jinks (1982), regression coefficient is expected to be 

significantly different from zero but not from unity. Failure of this test means that non-allelic 

interaction (epistasis) is present or genes are not independent in their action, or show non-

random association among parents. The second test for adequacy of additive-dominance model 

is the analysis of variance of Wr + Vr and Wr - Vr. If dominance (or certain types of non-

allelic interaction) is present Wr + Vr must change from array to array. Similarly, if there exist 

epitasis, Wr - Vr will vary between arrays. Failure of both tests completely invalidates the 

additive-dominance model. However, if one of them fulfils the assumption, the additive-

dominance model was considered partially adequate 

3.4.2.2. Genetic components of variation 

The procedures given by Hayman (1954 a, b) and Mather and Jinks (1982) were used to 

calculate genetic components of variation. The genetic parameters and their formulae are given 

below: 

3.4.2.2.1. Additive variation (D) 

D = V p -  E 

Where,  

Vp = Parental variance 

E = Environmental variance 

3.4.2.2.2. Variation due to dominant effect of genes 

H1 = 4Vr +Vp–4Wr -3n-2/nE 

Where,  

Vr = mean of array variances  

Wr = mean of covariances between parents and arrays  
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n = number of parents 

3.4.2.2.3. Variation due to dominant effect of genes correlated for gene distribution (H2) 

H2 = 4Vr - 4V r + [{2(n
2
-1)/n

2
}E] 

Where,  

V r  = variance  of mean of arrays  

3.4.2.2.4. Relative frequency of dominant and recessive alleles (F) 

In the presence of unequal gene frequencies, the  sign and magnitude of „F‟ determines 

the relative f requency of dominant and recessive alleles in the parental population 

and the variation in dominance level over loci. „F‟ is positive whenever the dominant 

alleles are more than the recessive ones irrespective of whether these are increasing 

or decreasing in their  effect. It was calculated as under: 

F = 2Vp–4Wr -[{2(n-2)/n}E] 

3.4.2.2.5. Overall dominance effect of heterozygous loci       

h^2
 = 4 (MLI – MLO)

2 
- [4(n-1)/ n

2
] E    

Where, 

(MLI – ML0) = [1/ n {(1/ n × sum total of n
2
 progeny) – (sum of parental 

totals)}]
 2

  

3.4.2.2.6. Environmental variance (E) 

      SSError + SSRep. 

   E = ﴾        ﴿ ÷ No. of Rep. 

  DFError + DFRep. 

Where,  

SS Error = error sum of square  

SS Rep = replication sum of squares in the analysis of variance 

DF Error = error degree of freedom 

DF Rep = replication degree of freedom 

3.4.2.2.7. Average degree of dominance 

√ H1/ D 

3.4.2.2.8. Proportion of genes with positive and negative effects of parents 
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H 2 /4H 1  

3.4.2.2.9. Proportion of dominant and recessive genes in the parents 

√4DH1 + F  

    √4DH1 - F 

3.4.2.2.10. Narrow sense heritability ( h
2

ns) 

   h
2

ns  = 0.5D + 0.5H1 – 0.5H2 – 0.5F___ 

0.5D + 0.5H1 – 0.25H2 – 0.5F + E 

3.4.3. Combining ability analysis  

Data were also subjected to combining ability analysis (Griffing, 1956) using Method I Model 

II i.e., including the parents, direct and reciprocal crosses. The genetic variability in the genetic 

material was partitioned into components of general and specific combining ability, reciprocal 

effects and error. Sums of squares for these components were calculated as following; 

SSGCA = (1/ 2n) Σ (Yi. + Y.j)
2
 – (2/ n

2
) Y

2
.. 

SSSCA = (1/ 2) ΣYij (Yij + Yji) – (1/ 2n) Σ (Y.j + Yi.)
2
 + (1/ n

2
) Y

2
. 

SSreciprocals = (1/ 2) Σ (Yij + Yji)
2
   

Where, 

SSGCA = Sum of square due to GCA
 

SSSCA = Sum of square due to SCA 

SSreciprocals = Sum of square due to reciprocals 

Where,  

Yi. & Y.j = Total of the i
th

 and j
th

 array in the mean table 

Y.. = Grand total of the mean table  

Yij = mean value of the cross of i
th

 parent with j
th

 parent 

Yji = mean value of the cross of j
th

 parent with i
th

 parent (reciprocal cross) 

n = number of parents 

The mean sum of squares due to error obtained in the analysis of variance was used after 

dividing with number of replications because means value are used here, thus   

SSerror = SSerror in ANOVA / r 

Where, 
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SSerror = Sum of square due to error 

r = number of replications 

These values of ANOVA for combining ability in Method I Model II were used as under:  

 

Source of variance DF SS MS F-Ratio 

GCA (p-1) Sg Mg Mg/ Ms 

SCA p(p-1)/ 2 Ss Ms Ms/ Me 

Reciprocal p(p-1)/ 2 Sr Mr Mr/ Me 

Error (r-1)(p
2
-1) Se Me  

 

Estimation of components of variation was carried out as under: 

σ
2

g    = 1/ 2n [Mg – {Me + n (n-1) Ms }] 

n
2 

– n + 1 

σ
2

s =    _n
2
_ (Ms – Me) 

  2(n
2
 – n + 1) 

σ
2

r  = 1/2 (Mr – Me) 

σ
2

e    = Me 

Where, σ
2

g , σ
2

s ,  σ
2

r  and σ
2

e  are the estimates of variance due to general combining ability, 

specific combining ability, reciprocal effects and environmental effetcs, respectively. 

Variances were calculated as following: 

       (n – 1) 

Var. (gi) =           σ
2
e 

            2n
2
   

(n – 1)
2
 

 Var. (sij) =                  σ
2
e 

           n
2
   

  Var. (rij) = 1/ 2 × σ
2
e 

Standard errors were calculated by taking the square root of the respective variance. 

3.4.4. Heterosis   

The percent increase (+) or decrease (-) of F1 cross over mid parent as well as better parent was 

calculated to observe heterotic effects for all the parameters. The estimates of heterosis over 
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the mid parent and better parent (heterobeltiosis) were calculated using the procedure of 

Matzingar et al. (1962).  

     (F1 – MP) 

Heterosis (%) =          × 100 

            MP 

 

    (F1 – BP) 

Heterobeltiosis (%) =               × 100 

                 BP 

Where, 

MP = mid parental value of the particular F1 cross (P1 + P2) / 2, 

BP = better parent value in the particular F1 cross. 

Difference of F1 mean from the respective mid parent and better parent value was evaluated by 

using a t-test according to Wynne et al. (1970). 

   F1ij - MPij 

t =      

   √3/ 8 σ
2

e  

Where 

F1ij      = the mean of the ij
th

 F1 cross,  

MPij   = mid parent value of the ij
th

 cross, and  

σ
2

e   = estimate of error variance 
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CHAPTER-4 

RESULTS 

4.1. Assessment of variability  

The values of different plant traits of 47 genotypes were subjected to analysis of variance   

according to Steel et al. (1997) to sort out significant differences among 47 genotypes. The 

results showed that they were highly significant (P ≤ 0.01) differences among genotypes for all 

the traits except for stomatal size under study (Table 4.1). The significant genotypic differences 

permitted further genetic analysis following the technique of Hayman (1954) and Jinks (1954). 

4.2. Genetic analysis  

4.2.1. Plant height 

The significant (P ≤ 0.01) mean squares due to seven males and seven females indicated the 

presence of additive variation in plant height (Table 4.2a). The male × female interaction was 

also significant (P ≤ 0.05), suggesting the presence of non-additive genetic effects. Significant 

(P ≤ 0.05) differences in the mean squares of male and female signify importance of maternal 

effects in the inheritance of plant height.  

The mean square of plant height in diallel crosses are presented in Table 4.2b. The „a‟ item in 

the Table was highly significant (P ≤ 0.01). It showed that additive gene effects appeared to 

control plant height. The „b‟ item was highly significant (P ≤ 0.01) showing effects of general 

dominance. The item „b1‟ was also significant indicating the presence of specific gene effects 

for plant height. The non-significant „b2‟ indicated that variation in plant height was less due to 

parents containing differing numbers of dominant genes. The significant „b3‟ item showed the 

presence of dominance to F1 for plant height. Maternal effects „c‟ were also significant. Non-

significant „d‟ revealed the absence of reciprocal differences in the crosses for plant height. As 

„c‟ is significant in this case, so it required re-testing of „a‟, „b‟, „b1‟, „b2‟ and „b3‟ items against 

„c‟ item. After re-testing, „b‟, „b1‟, „b2‟ and „b3‟ mean squares changed their differences from 

significant to non-significant. 
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Table 4.1. Mean squares of various plant traits in 7x7 diallel cross of Triticum aestivum L. 

**, Significant at P≤ 0.01; Significant at P≤ 0.05; NS, Non-significant at P> 0.05.  

(This will be followed in subsequent tables)        (Contd….) 

 

 

 

Source 
DF 

Plant 

 height 

Flag leaf  

area 

Leaf  

venation 

Stomatal 

frequency 

Stomatal  

size 

Epidermal  

cell size 

Hygrophilic  

colloids 

Tillers 

per plant 

Peducle  

length 

Replication 2 17.94 4.21 1.02 2477 7002 1003 0.00017 1.16 2.55 
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Table 4.1. Contd… 

 

Genotypes 48 41.38** 21.77** 16.59** 5919** 1394
NS

 5274** 0.0235** 1.61** 13.69** 

Error 96 9.47 2.25 4.14 2460 9444 1025 0.0096 0.84 2.36 

Mean 

CV %  

75.025 

4.101 

15.184 

9.873 

36.398 

5.589 

575.710 

8.616 

1782.14 

5.453 

3697.95 

8.659 

0.164 

28.89 

8.785 

10.44 

31.05 

4.949 

Source 
DF 

Extrusion 

length 

Spike 

Length 

Spikelets 

per spike 

Spike 

density 

Grains 

per spike 

1000-grains 

weight 

Biomass 

per plant 

Grain yield 

per plant 

Harvest 

index 

Replication 2 2.75 1.83 2.22 0.039 16.47 5.81 13.002 2.23 129.55 

Genotypes 48 12.11** 1.54** 1.96** 0.037** 62.39** 12.43** 33.09** 9.12** 87.50** 

Error 96 2.37 0.71 1.014 0.013 27.43 6.251 5.88 3.08 33.10 

Mean 

CV %  

14.964 

10.286 

10.75 

7.828 

18.179 

5.538 

1.702 

6.803 

53.531 

9.783 

35.376 

7.067 

30.988 

7.828 

20.043 

8.764 

65.2525 

11.120 
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Table 4.2a. Partitioned analysis of variance of plant height in 7×7 diallel crosses of 

Triticum aestivum L.  

 

Table 4.2b. Mean squares of components of variation of plant height in 7×7 diallel crosses 

of Triticum aestivum L. 

$  = Retesting against c and d mean squares (This will be followed in subsequent tables) 

B = Blocks 

Source of Variation DF Mean Squares 

Replications 2 17.99 

Male 6 57.34** 

Female 6 124.62** 

Male x Female 36 24.85** 

Error 96 9.46 

Total 146   

Reciproclas 21 21.60** 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 147.87** 4.34*  

b general dominance effects 21 30.72** 5.21
NS

  

b1 directional dominance effects 1 177.33* 0.71
NS

  

b2 effects due to unequal distribution of dominance 
6 24.33

NS
 0.67

NS
  

b3 effects due to dominance deviation unique to F1s 
14 22.99** 0.90

NS
  

c maternal effects 6 34.05**    

d non-maternal reciprocal differences 15 16.62
NS

    

Total 48 41.38    

B×a 12 8.62    

B×b 42 8.02    

B×b1 2 6.39    

B×b2 12 10.91    

B×b3 28 6.89    

B×c 12 8.02    

B×d 30 8.14    

Total × B 96 9.47    
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4.2.2. Flag leaf area  

The results of analysis of variance of flag leaf area (Table 4.3a) indicated that males and 

females were significant (P ≤ 0.01). These results indicated the presence of additive type of 

gene action controlling flag leaf area. The significant male × female interaction (P ≤ 0.01) 

indicated the contribution of non-additive type of gene interaction including dominance, 

epitasis and linkage etc. Significant (P ≤ 0.01) difference in the mean squares of male and 

female indicate importance of maternal effects in the genetic control of flag leaf area. 

Mean squares presented in Table 4.3b revealed that additive genetic effects controlled variation 

in flag leaf area. The „b‟ item was significant which indicated the involvement of dominant 

effects of genes and presence of „b2‟ item was significant (P ≤ 0.05) suggested seven parents 

may exhibited different number of genes. Non-significant „b1‟ and „b3‟ indicated absence of 

directional dominance effects and involvement of specific dominant gene in the genetic control 

of this character. The „c‟ and „d‟ items were significant indicated maternal and non-maternal 

effects were also present. Significant „a‟ item was detected as significant when re-tested 

against „c‟ and „d‟ items while „b‟ items remained non-significant for flag leaf area. 

4.2.3. Leaf venation 

Table 4.4a depicts significant (P ≤ 0.01) differences among 7 males and 7 females for leaf 

venation. These results indicated the presence of additive type of gene action controlling leaf 

venation. The significant (P ≤ 0.05) male × female interaction indicated the contribution of 

non- additive type of gene action including dominance, epitasis and linkage etc. Presence of 

maternal effects in the inheritance of leaf venation was reported due to lower male × female 

interaction than that of both male and female. 

An examination of formal analysis of variance of leaf venation (Table 4.4b) showed the 

importance of additive gene effects. Items „b‟ and „b3‟ were significant (P ≤ 0.05) that 

indicated the presence of dominance effects of genes and effects of number of dominant genes 

contributed by parents were also influenced on leaf venation. Maternal effects and reciprocal 

effects in the inheritance of variation in leaf venation were significant.  
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Table 4.3a. Partitioned analysis of variance of flag leaf area in 7×7 diallel crosses of 

Triticum aestivum L.  

Source of Variation DF Mean Squares 

Replications 2 4.2 

Male 6 71.54** 

Female 6 68.93** 

Male x Female 36 5.62** 

Error 96 2.25 

Total 146   

Reciproclas  21 7.17** 

Table 4.3b. Mean squares of components of variation of flag leaf area in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
  

c d 

a additive effects 6 128.65** 10.88** 24.22** 

b general dominance effects 21 5.84* 0.49
NS

 1.09
NS

 

b1 directional dominance effects 1 14.54
NS

 1.23
NS

 2.73
NS

 

b2 effects due to unequal distribution of dominance 
6 4.79* 0.40

NS
 0.90

NS
 

b3 effects due to dominance deviation unique to F1s 
14 5.66

NS
 0.48

NS
 1.06

NS
 

c maternal effects 6 11.82*    

d non-maternal reciprocal differences 15 5.31*    

Total 48 21.77    

B×a 12 1.22    

B×b 42 2.88    

B×b1 2 4.51    

B×b2 12 1.49    

B×b3 28 3.35    

B×c 12 2.6    

B×d 30 1.61    

Total × B 96 2.24 
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Table 4.4a. Partitioned analysis of variance of leaf venation in 7×7 diallel crosses of 

Triticum aestivum L.  

Source of Variation DF Mean Squares 

Replications 2 0.96 

Male 6 19.68** 

Female 6 71.83** 

Male x Female 36 6.86* 

Error 96 4.14 

Total 146   

Reciprocals 21 20.54** 

Table. 4.4b. Mean squares of components of variation of leaf venation in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$ 
 

c d 

a additive effects 6 43.95** 0.92
NS

 4.53** 

b general dominance effects 21 4.83
NS

 0.01
NS

 0.02
NS

 

b1 directional dominance effects 1 0.24
NS

 0.14
NS

 0.51
NS

 

b2 effects due to unequal distribution of dominance 
6 4.95

NS
 0.11

NS
 0.53

NS
 

b3 effects due to dominance deviation unique to F1s 
14 5.10

NS
 0.10

NS
 0.47

NS
 

c maternal effects 6 47.59**    

d non-maternal reciprocal differences 15 9.71**    

Total 48 16.59    

B×a 12 4.36    

B×b 42 2.68    

B×b1 2 2.05    

B×b2 12 3.25    

B×b3 28 2.48    

B×c 12 3.79    

B×d 30 3.05    

Total × B 96 3.14    
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After re-testing of „a‟, „b‟ items against „c‟ and „d‟ items, significant „a‟ item was remained the 

same. 

4.2.4. Stomatal frequency  

The results presented in Table 4.5a indicated the contribution of additive effect was more 

prominent due to significant differences (P ≤ 0.01) among seven males and seven females. 

While male × female interaction was non-significant (P > 0.05) and indicated absence of 

maternal effects for stomatal frequency.  

Significant mean squares (P ≤ 0.01) for „a‟ showed
 
that variation in stomatal frequency was 

controlled by genes with additive effects (Table 4.5b). Non-significant (P > 0.05) mean squares 

of „b‟ item indicated the absence of general dominance for this character. The „b1‟, „b2‟ and 

„b3‟ items were also non-significant. The „c‟ and „d‟ item was non-significant (P > 0.05).  

4.2.5. Stomatal size 

Mean squares given in Table 4.6a indicated that both males and females were different highly 

significantly (P ≤ 0.01) and it was suggested that presence of additive type of gene action was 

involved in controlling stomatal size. But non-significant (P > 0.05) male × female interaction 

showed the contribution of non-additive type of genes was negligible for inheritance of 

stomatal size.  

Table 4.6b revealed that the mode of inheritance of stomatal size was due to additive effects of 

genes as „a‟ item was significant only (P ≤ 0.05). While non-significant (P > 0.05) „b‟, „b1‟, 

„b2‟, „b3‟, „c‟ and „d‟ items were observed. 

4.2.6. Epidermal cell size 

Differences among 7 males and 7 females appeared to be significant (P ≤ 0.01), indicating that 

variation in epidermal cell size was ascribable to additive gene effects (Table 4.7a). The 

significant (P ≤ 0.05) male × female interaction was revealed that variation in the character was 

also affected by dominance, epistasis and linkage etc.  

The results of formal analysis of variance for epidermal cell size were presented in Table 4.7b. 

The results showed that „a‟ item was significant indicating presence of  
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Table 4.5a. Partitioned analysis of variance of stomatal frequency in 7×7 diallel crosses of 

Triticum aestivum L.  

 

Table 4.5b. Mean squares of components of variation of stomatal frequency in 7×7 diallel 

crosses of Triticum eastivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 18780.10** 1.94
NS

   

b general dominance effects 21 2264.61
NS

 0.58
NS

   

b1 directional dominance effects 1 5599.92
NS

 0.32
NS

   

b2 effects due to unequal distribution of dominance 
6 3090.40

NS
 0.17

NS
   

b3 effects due to dominance deviation unique to F1s 
14 1672.52

NS
 0.23

NS
   

c maternal effects 6 9672.01*    

d non-maternal reciprocal differences 15 4388.50
NS

    

Total 48 5918.70    

B×a 12 972    

B×b 42 3002.30    

B×b1 2 15244.41    

B×b2 12 1097.70    

B×b3 28 2944.12    

B×c 12 2436.70    

B×d 30 2306.13    

Total × B 96 2460.24    

Source of Variation DF Mean Squares 

Replications 2 2485.41 

Male 6 14979.15** 

Female 6 13477.69** 

Male x Female 36 3149.15
NS

 

Error 96 2459.98 

Total 146   

Reciprocals 21 5898.10** 
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Table 4.6a. Partitioned analysis of variance of stomatal size in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 70161.88 

Male 6 28484.07** 

Female 6 35416.39** 

Male x Female 36 7938.03
NS

 

Error 96 9441.07 

Total 146   

Reciprocals 21 1187.05
NS 

 

Table 4.6b. Mean squares  of components of variation of stomatal size in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 58841.90**    

b general dominance effects 21 3854.81
NS

    

b1 directional dominance effects 1 324
NS

    

b2 effects due to unequal distribution of 

dominance 
6 1408.80

NS
    

b3 effects due to dominance deviation unique to 

F1s 
14 5155.30

NS
    

c maternal effects 6 4956.32
NS

    

d non-maternal reciprocal differences 15 13679.44
NS

    

Total 48 13936.14    

B×a 12 5376.81    

B×b 42 8235.42    

B×b1 2 11465.30    

B×b2 12 5179.81    

B×b3 28 9314.23    

B×c 12 13425.52    

B×d 30 11168.94    

Total × B 96 9443.53    

Source of Variation DF Mean Squares 
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Table 4.7a. Partitioned analysis of variance of epidermal cell size in 7×7 diallel crosses of 

Triticum aestivum L. 

Table 4.7b. Mean squares of components of variation of epidermal cell size in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF 
Mean squares 

Retesting against
$
 

c d 

a additive effects 6 2031763** 1.921
NS

 7.067** 

b general dominance effects 21 117468* 0.111
NS

 0.408
NS

 

b1 directional dominance effects 1 14602
NS

 0.014
NS

 0.051
NS

 

b2 effects due to unequal distribution of dominance 
6 49010

NS
 0.046

NS
 0.170

NS
 

b3 effects due to dominance deviation unique to F1s 
14 154154** 0.146

NS
 0.536

NS
 

c maternal effects 6 1057719**    

d non-maternal reciprocal differences 15 287500**    

Total 48 527421    

B×a 12 82777    

B×b 42 64993    

B×b1 2 166082    

B×b2 12 106057    

B×b3 28 40174    

B×c 12 121879    

B×d 30 111856    

Total × B 96 88971    

 

 

Replications 2 100038 

Male 6 1241411** 

Female 6 1847814** 

Male x Female 36 188335* 

Error 96 102530 

Total 146   

Reciprocals 21 507562.74** 
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Additive gene effects in the inheritance of epidermal cell size. The „b‟ item was also significant 

showing the presence of dominance gene effects and involvement of specific gene interaction 

in the genetic control of this character.  Significant „c‟ and „d‟ items were only due to the 

involvement of maternal and non-maternal reciprocal effects, and required re-testing of „a‟ and 

„b‟ items. Significant „a‟ item changed to non-significant after re-testing against „c‟ item. 

 4.2.7. Hygrophilic colloids 

Table 4.8a showed the importance of additive gene effects (P ≤ 0.01) due to significant 

differences among 7-females only. Significant (P ≤ 0.01) male × female interaction suggested 

the presence of non-additive effects in expression of the trait. The magnitude of male × female 

interaction was lesser than 7-female indicated involvement of maternal effects in the 

inheritance of hygrophilic colloids. 

Highly significant (P ≤ 0.01) „a‟ item showed involvement The results of analysis of variance 

of the diallel Table showed that the Additive effects were highly significant (Table 4.8b). The 

significant „b‟ item suggested the presence of dominance effects in the inheritance of 

Hygrophilic colloids. The significant „b1‟ item showed the presence of directional dominance 

in inheritance of hygrophilic colloids. The non-significant „b2‟ item indicated that the parents 

involved in the crossing might carry similar number of dominant genes for hygrophilic 

colloids. The non-significant „b3‟ item indicated the absence of specific gene interaction. 

Maternal effects were significant but non-maternal effects were non-significant in inheritance 

of hygrophilic colloids. 

4.2.8. Number of tillers per plant 

 Differences among 7 males and 7 females appeared to be significant (P ≤ 0.01), indicating that 

variation in number of tillers per plant was ascribable to additive gene effects (Table 4.9a). 

While males × females interaction was non-significant, (P ≤ 0.05), indicating the absence of 

non-additive type of gene action was involved to control this trait.  
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Table 4.8a. Partitioned analysis of variance of hygrophilic colloids in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 1.63 

Male 6 1.54
NS

 

Female 6 5.89** 

Male x Female 36 1.89** 

Error 96 9.63 

Total 146   

Reciprocals 21 1.37
NS

 

Table 4.8b. Partitioned analysis of variance of hygrophilic colloids in 7×7 diallel crosses 

of Triticum aestivum L.  

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6      0.052** 2.40
NS

   

b general dominance effects 21      0.025* 1.14
NS

   

b1 directional dominance effects 1      0.077
NS

 3.54
NS

   

b2 effects due to unequal distribution of dominance 
6       0.063** 2.87

NS
   

b3 effects due to dominance deviation unique to F1s 
14       0.005

NS
 0.23

NS
   

c maternal effects 6       0.022*    

d non-maternal reciprocal differences 15       0.011
NS

    

Total 48       0.023    

B×a 12       0.008    

B×b 42       0.013    

B×b1 2       0.014    

B×b2 12       0.01    

B×b3 28        0.015    

B×c 12        0.006    

B×d 30        0.006    

Total × B 96        0.010    
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Table 4.9a. Partitioned analysis of variance of number of tillers per plant in 7×7 diallel 

crosses of Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 1.16 

Male 6 2.89** 

Female 6 4.73** 

Male x Female 36 0.86
NS

 

Error 96 0.84 

Total 146   

Reciprocals 21 1.36
NS

 

Table 4.9b. Mean squares of components of variation of number of tillers per plant in 7×7 

diallel crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 6.85**    

b general dominance effects 21 0.32
NS

    

b1 directional dominance effects 1 0.16
NS

    

b2 effects due to unequal distribution of dominance 
6 0.07

NS
    

b3 effects due to dominance deviation unique to F1s 
14 0.44

NS
    

c maternal effects 6 0.76
NS

    

d non-maternal reciprocal differences 15 1.60
NS

    

Total 48 1.59    

B×a 12 1.05    

B×b 42 0.78    

B×b1 2 0.25    

B×b2 12 1.05    

B×b3 28 0.71    

B×c 12 0.83    

B×d 30 0.99    

Total × B 96 0.84    
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The „a‟ item was significant (P ≤ 0.01) for number of tillers per plant which indicated the 

presence of additive gene effects (Table 4.9b). Non-significant (P > 0.05) items „b‟, „b1‟, „b2‟ 

and „b3‟ indicated that dominance was not directional and the absence of different  number of 

genes in the parents. Maternal effects and non-maternal reciprocal effects were also non-

significant (P > 0.05).  

4.2.9. Peduncle length  

The results of analysis of variance (Table 4.10a) showed that 7 males and 7 females were 

significantly (P ≤ 0.01) different. These results indicated the presence of additive type of gene 

action controlling peduncle length. The significant male × female interaction (P ≤ 0.01) 

suggested the contribution of non-additive type of gene interaction including dominance, 

epistasis and linkage etc. The difference in the extent of mean squares due to males and 

females was large that indicated importance of maternal effects in the inheritance of peduncle 

length.   

The „a‟ item was significant (P ≤ 0.01) for peduncle length which suggested the presence of 

additive gene effects (Table 4.10b). The „b‟ item was also significant (P ≤ 0.01) and showed 

the presence of dominance effects as well. The „b3‟ item was significant suggesting the 

involvement of specific dominant gene interaction in F1 „s. Maternal effects were non-

significant (P > 0.05) but „d‟ item was significant and showed presence of non-maternal 

reciprocal differences. After retesting „b‟ and „b3‟ item against „d‟ item modified them 

significance and non-significant (P > 0.05). 

4.2.10. Extrusion length 

The results in the Table 4.11a exhibited significant (P ≤ 0.01) 7 females and 7 males showing 

the importance of additive gene effects for controlling extrusion length. Significant (P ≤ 0.01) 

male × female interaction suggested the contribution of non-additive gene effects in the 

expression of extrusion length. Lesser the magnitude of male × female interaction showed the 

importance of maternal effects in the inheritance of extrusion length. 

The results given in Table 4.11b revealed the presence of additive effects as „a‟ item was 

highly significant (P ≤ 0.01). Significant (P ≤ 0.01) „b‟ item showed the presence  
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Table 4.10a. Partitioned analysis of variance of peduncle length in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 2.53 

Male 6 33.92** 

Female 6 39.08** 

Male x Female 36 6.08** 

Error 96 2.36 

Total 146   

Reciprocals 21 6.59** 

Table 4.10b. Mean squares of components of variation of peducle length in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 69.460**   8.90** 

b general dominance effects 21 4.851**   0.62
NS

 

b1 directional dominance effects 1 8.828
NS

   1.13
NS

 

b2 effects due to unequal distribution of dominance 
6 1.078

NS
   0.14

NS
 

b3 effects due to dominance deviation unique to F1s 
14 6.183*   0.79

NS
 

c maternal effects 6 3.546
NS

    

d non-maternal reciprocal differences 15 7.804**    

Total 48 13.687    

B×a 12 3.752    

B×b 42 1.933    

B×b1 2 2.640    

B×b2 12 1.731    

B×b3 28 1.968    

B×c 12 2.709    

B×d 30 2.265    

Total × B 96 2.361    
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Table 4.11a. Partitioned analysis of variance of extrusion length in 7×7 diallel crosses of 

Triticum aestivum L. 

Table 4.11b. Mean squares of components of variation of extrusion length in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 42.82** 2.57
NS

 4.98** 

b general dominance effects 21 4.55** 0.27
NS

 0.53
NS

 

b1 directional dominance effects 1 30.62
NS

 1.84
NS

 3.56
NS

 

b2 effects due to unequal distribution of dominance 
6 2.26

NS
 0.14

NS
 0.26

NS
 

b3 effects due to dominance deviation unique to F1s 
14 3.67* 0.22

NS
 0.42

NS
 

c maternal effects 6 16.63*    

d non-maternal reciprocal differences 15 8.60**    

Total 48 12.11    

B×a 12 2.19    

B×b 42 1.34    

B×b1 2 3.63    

B×b2 12 2.39    

B×b3 28 1.34    

B×c 12 4.13    

B×d 30 2.59    

Total × B 96 2.37    

Source of Variation DF Mean Squares 

Replications 2 2.75 

Male 6 13.62** 

Female 6 45.83** 

Male x Female 36 6.24** 

Error 96 2.37 

Total 146   

Reciprocals 21 10.89** 
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of dominance effects of genes for extrusion length. Presence of specific dominant gene 

interaction unique in F1 was also found in controlling the trait because „b3‟ item was also 

significant (P ≤ 0.05). Maternal and reciprocal effects in the inheritance of variation in 

extrusion length were important. Significant „c‟ and „d‟ items required retesting of the 

significance of „a‟ item changed to non-significant against „c‟ item only whilst significant „b‟ 

and „b3‟ items changed to non-significant against both „c‟ and „d‟ items. 

4.2.11- Spike length 

The mean squares of Table 4.12a showed 7 males and 7 females were significantly (P ≤ 0.01) 

different. These results indicated the presence of additive type of gene action controlling spike 

length. The non-significant male × female interaction (P > 0.05) suggested the absence of 

contribution of non-additive type of gene interaction. The magnitude of mean squares due to 

interaction in male and female was smaller than that of both males and females indicated the 

importance of maternal effects in the inheritance of this trait.    

  

The „a‟ item only was significant (P ≤ 0.01) for spike length which indicated the presence of 

additive gene effects (Table 4.12b). While other items like „b‟, „b1‟, „b2‟, „b3‟, „c‟ and „d‟ items 

were non-significant (P > 0.05).  

4.2.12. Number of spikelets per spike  

Significant (P ≤ 0.01) mean squares for 7 males and 7 females indicated the presence of 

additive type of gene action controlling number of spikelets per spike (Table 4.13a). The non-

significant male × female interaction (P > 0.05) suggested the absence of contribution of non-

additive type of gene interaction in controlling the trait. The magnitude of mean squares due to 

male × female interaction was smaller than that of both males and females indicated the 

importance of maternal effects in the inheritance of this trait.   

Only significant (P ≤ 0.01) „a‟ item was found for number of spikelets per spike indicated the 

presence of additive gene effects (Table 4.13b). While „b‟, „b1‟, „b2‟, „b3‟ and „c‟ items were 

non-significant (P > 0.05). Significant (P ≤ 0.05) „d‟ item require  
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Table 4.12a. Partitioned analysis of variance of spike length in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 1.83 

Male 6 4.42** 

Female 6 2.89** 

Male x Female 36 0.84
NS

 

Error 96 0.71 

Total 146   

Reciprocals 21 1.03
NS

 

Table 4.12b. Mean squares of components of variation of spike length in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 6.55**    

b general dominance effects 21 0.62
NS

    

b1 directional dominance effects 1 0.28
NS

    

b2 effects due to unequal distribution of dominance 
6 0.22

NS
    

b3 effects due to dominance deviation unique to F1s 
14 0.81

NS
    

c maternal effects 6 0.76
NS

    

d non-maternal reciprocal differences 15 1.14
NS

    

Total 48 1.54    

B×a 12 0.95    

B×b 42 0.43    

B×b1 2 0.25    

B×b2 12 0.49    

B×b3 28 0.41    

B×c 12 1.17    

B×d 30 0.82    

Total × B 96 0.71    



 69 

Table 4.13a. Partitioned analysis of variance of spikelets per spike in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 2.23 

Male 6 3.84** 

Female 6 3.90** 

Male x Female 36 1.33
NS

 

Error 96 1.01 

Total 146   

Reciprocals 21 2.03
NS

 

Table 4.13b. Mean squares of components of variation of spikelets per spike in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 6.69**   2.762* 

b general dominance effects 21 0.54
NS

   0.223
NS

 

b1 directional dominance effects 1 0.48
NS

   0.198
NS

 

b2 effects due to unequal distribution of dominance 
6 0.12

NS
   0.049

NS
 

b3 effects due to dominance deviation unique to F1s 
14 0.73

NS
   0.299

NS
 

c maternal effects 6 1.03
NS

    

d non-maternal reciprocal differences 15 2.42*    

Total 48 1.96    

B×a 12 0.78    

B×b 42 1.07    

B×b1 2 3.23    

B×b2 12 0.63    

B×b3 28 1.11    

B×c 12 0.61    

B×d 30 1.18    

Total × B 96 1.04    
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retesting of „a‟ and „b‟ items. After retesting, there was no change in the significance of „a‟ and 

„b‟ items against „d‟ item. 

4.2.13. Spike density 

Table 4.14a indicated that 7 males and 7 females were significantly (P ≤ 0.01) different. These 

results indicated the presence of additive type of gene action controlling spike density. The 

non-significant male × female interaction (P > 0.05) suggested the absence of contribution of 

non-additive type of gene interaction in the expression of spike density. Results exhibited that 

magnitude of interaction between both male × female was smaller than that of males and 

females indicated the importance of maternal effects in the inheritance of this trait. 

    

Only „a‟ item was significant (P ≤ 0.01) for spike density which indicated the presence of 

additive gene effects (Table 4.14b). Whilst all other items „b‟, „b1‟, „b2‟, „b3‟, „c‟ and „d‟ were 

found to be non-significant (P > 0.05).  

4.2.14. Number of grains per spike 

Table 4.15a showed that 7 males and 7 females were different significantly (P ≤ 0.01) 

indicating the presence of additive type of gene action controlling number of grains per spike. 

The non-significant (P > 0.05) male × female interaction indicated the absence of contribution 

of non-additive type of gene interaction in expression of the trait. Maternal effects were 

involved in the inheritance of number of grain per spike.  

The „a‟ item was significant (P ≤ 0.01) for number of grains per spike which indicated the 

involvement of additive gene effects in the expression of this trait (Table 4.15b). While „b‟, 

„b2‟ „b3‟ and „c items were non-significant (P > 0.05). Significant (P ≤ 0.05) „d‟ item required 

retesting of „a‟ and „b‟ items. After retesting, no change in the significance of „a‟ and „b‟ items 

occurred. 
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Table 4.14a. Partitioned analysis of variance of spike density in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 3.77 

Male 6 5.11** 

Female 6 6.41** 

Male x Female 36 1.91
NS

 

Error 96 1.34 

Total 146   

Reciprocals 21 2.31* 

Table 4.14b. Mean squares of components of variation of spike density in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 0.094**    

b general dominance effects 21 0.015
NS

    

b1 directional dominance effects 1 0.022
NS

    

b2 effects due to unequal distribution of dominance 
6 0.004

NS
    

b3 effects due to dominance deviation unique to F1s 
14 0.020

NS
    

c maternal effects 6 0.021
NS

    

d non-maternal reciprocal differences 15 0.024
NS

    

Total 48 0.029    

B×a 12 0.012    

B×b 42 0.011    

B×b1 2 0.009    

B×b2 12 0.009    

B×b3 28 0.011    

B×c 12 0.025    

B×d 30 0.014    

Total × B 96 0.013    
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Table 4.15a. Partitioned analysis of variance of grains per spike in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 16.48 

Male 6 209.71** 

Female 6 112.55** 

Male x Female 36 29.48
NS

 

Error 96 27.42 

Total 146   

Reciprocals 21 54.36* 

Table 4.15b. Mean squares of components of variation of grains per spike in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 263.04**   5.02** 

b general dominance effects 21 13.09
NS

   0.25
NS

 

b1 directional dominance effects 1 0.78
NS

   0.01
NS

 

b2 effects due to unequal distribution of dominance 
6 7.99

NS
   0.15

NS
 

b3 effects due to dominance deviation unique to F1s 
14 16.16

NS
   0.31

NS
 

c maternal effects 6 59.23
NS

    

d non-maternal reciprocal differences 15 52.41*    

Total 48 62.39    

B×a 12 27.23    

B×b 42 24.82    

B×b1 2 5.34    

B×b2 12 24.42    

B×b3 28 26.38    

B×c 12 44.66    

B×d 30 24.26    

Total × B 96 27.42    
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4.2.15. 1000-grains weight  

Mean square presented in Table 4.16a indicated that 7 males and 7 females were different 

significantly (P ≤ 0.01). These results depicted the presence of additive type of gene action 

controlling 1000-grains weight. The non-significant (P > 0.05) male × female interaction 

suggested the absence of contribution of non-additive type of gene interaction in the expression 

of the trait. The magnitude of mean squares due to male × female interaction was smaller than 

that of both males and females indicated the importance of maternal effects in the inheritance 

of this trait.    

Only „a‟ item was significant (P ≤ 0.01) for 1000-grain weight which indicated the presence of 

additive gene effects (Table 4.16b). While all remaining items were non-significant (P > 0.05).  

4.2.16. Biomass per plant 

Significant (P ≤ 0.01) differences among 7 males and 7 females were exhibited for biomass per 

plant and evidenced for the involvement of additive type of gene action (Table 4.17). The 

significant (P ≤ 0.01) male × female interaction indicated the contribution of non-additive type 

of gene interaction including dominance, epistasis and linkage etc in the expression of biomass 

per plant. The extent of mean squares due to male × female interaction was much smaller than 

that of both males and females indicated involvement of maternal effects in the inheritance of 

this trait. 

Mean squares presented in Table 4.17b showed that additive genetic effects controlled 

variation in biomass per plant as „a‟ item was significant (P ≤ 0.01). The „b‟ and „b3‟ items 

were also appeared to be significant (P ≤ 0.05). While „b‟, „b1‟ and „b2‟ items were non-

significant (P > 0.05). The „c‟ and „d‟ items were significant (P ≤ 0.01) and indicated the 

presence of maternal and non-maternal reciprocal effects. Significant „a‟ item was changed to 

non-significant when retested against „c‟ while all other items remaining unchanged against „c‟ 

and „d‟ items. 
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Table 4.16a. Partitioned analysis of variance of 1000-grains weight in 7×7 diallel cross of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 5.83 

Male 6 20.70** 

Female 6 48.26** 

Male x Female 36 5.07
NS

 

Error 96 6.25 

Total 146   

Reciprocals 21 7.98
NS

 

Table 4.16b. Mean squares of components of variation of 1000-grains weight in 7×7 

diallel crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 58.69**    

b general dominance effects 21 3.65
NS

    

b1 directional dominance effects 1 1.83
NS

    

b2 effects due to unequal distribution of dominance 
6 1.24

NS
    

b3 effects due to dominance deviation unique to F1s 
14 4.81

NS
    

c maternal effects 6 10.26
NS

    

d non-maternal reciprocal differences 15 7.07
NS

    

Total 48 12.43    

B×a 12 4.82    

B×b 42 5.61    

B×b1 2 0.20    

B×b2 12 7.64    

B×b3 28 5.13    

B×c 12 7.74    

B×d 30 7.12    

Total × B 96 6.25    
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Table 4.17a. Partitioned analysis of variance of biomass per plant in 7×7 diallel crosses of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 13.02 

Male 6 136.55** 

Female 6 39.59** 

Male x Female 36 14.76** 

Error 96 5.88 

Total 146   

Reciprocals 21 33.44** 

Table 4.17b. Mean squares of components of variation of biomass per plant in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 129.37** 2.76
NS

 4.60** 

b general dominance effects 21 5.23* 0.11
NS

 0.19
NS

 

b1 directional dominance effects 1 3.05
NS

 0.06
NS

 0.11
NS

 

b2 effects due to unequal distribution of dominance 
6 5.92

NS
 0.13

NS
 0.21

NS
 

b3 effects due to dominance deviation unique to F1s 
14 5.09* 0.11

NS
 0.18

NS
 

c maternal effects 6 46.78**    

d non-maternal reciprocal differences 15 28.10**    

Total 48 33.09    

B×a 12 6.85    

B×b 42 2.90    

B×b1 2 13.77    

B×b2 12 3.32    

B×b3 28 1.94    

B×c 12 3.48    

B×d 30 5.27    

Total × B 96 4.21    



 76 

4.2.17. Grain yield per plant 

Table 4.18a showed that seven males and seven females were significantly (P ≤ 0.01) different 

which indicated the involvement of additive type of gene action controlling grain yield per 

plant. Male × female interaction was significant (P ≤ 0.05) which showed the contribution of 

non-additive type of gene interaction in the expression of the trait. The magnitude of mean 

squares due to male × female interaction was smaller than that of both males and females 

indicated the importance of maternal effects in the inheritance of this trait. 

Significant (P ≤ 0.01) „a‟ item for grain yield per plant indicated the presence of additive gene 

effects (Table 4.18b). While mean squares of general dominance effects „b‟ and dominance 

effects due to parents having differing number of dominant genes „b2‟ were also significant (P 

≤ 0.05).  Directional dominance effects „b1‟ and specific dominant gene interaction unique to 

F1 „s „b3‟ for grain yield per plant were revealed to be non-significant (P > 0.05). Maternal 

effects and non-maternal reciprocal differences for this trait were present. When re-testing the 

items „a‟, „b‟, „b1‟, „b2‟ and „b3‟ against „c‟ and „d‟ items then only significant „a‟ was detected 

as non-significant against „d‟ item while all other items remained unchanged against „c‟ and „d‟ 

items. 

4.2.18. Harvest index  

Table 4.19a showed that 7 males and 7 females were different significantly (P ≤ 0.01) 

indicating the presence of additive type of gene action controlling harvest index. Significant (P 

≤ 0.05) male × female interaction suggested the contribution of non-additive type of gene 

interaction in the expression of trait. The magnitude of mean squares due to male × female 

interaction was smaller than that of both males and females indicated the importance of 

maternal effects in genetic control of harvest index. 

Significant (P ≤ 0.01) „a‟ item for harvest index revealed the presence of additive gene effects 

(Table 4.19b). While non-significant (P > 0.05) mean squares were revealed for general 

dominance effects „b‟, directional dominance effects „b1‟ and absence of effects due to parents 

having differing number of dominant genes „b2‟ and specific dominant gene interaction unique 

to F1„s „b3‟. Maternal effects for harvest index were absent and  
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Table 4.18a. Partitioned analysis of variance of grain yield per plant in 7×7 diallel crosses 

of Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 2.22 

Male 6 19.45** 

Female 6 21.47** 

Male x Female 36 5.34* 

Error 96 3.08 

Total 146   

Reciprocals 21 10.35** 

Table 4.18b. Mean squares of components of variation of grain yield per plant in 7×7 

diallel crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 26.91** 1.92
NS

 3.03* 

b general dominance effects 21 2.81* 0.20
NS

 0.32
NS

 

b1 directional dominance effects 1 1.92
NS

 0.14
NS

 0.22
NS

 

b2 effects due to unequal distribution of dominance 
6 4.95* 0.35

NS
 0.56

NS
 

b3 effects due to dominance deviation unique to F1s 
14 1.95

NS
 0.14

NS
 0.22

NS
 

c maternal effects 6 14.01**    

d non-maternal reciprocal differences 15 8.89**    

Total 48 9.12    

B×a 12 2.18    

B×b 42 1.54    

B×b1 2 2.67    

B×b2 12 1.19    

B×b3 28 1.60    

B×c 12 1.73    

B×d 30 3.25    

Total × B 96 2.18    
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Table 4.19a. Partitioned analysis of variance of harvest idex in 7×7 diallel cross of 

Triticum aestivum L. 

Source of Variation DF Mean Squares 

Replications 2 129.69 

Male 6 145.79** 

Female 6 232.01** 

Male x Female 36 53.70* 

Error 96 33.10 

Total 146   

Reciprocals 21 99.02** 

Table 4.19b. Mean squares of components of variation of harvest index in 7×7 diallel 

crosses of Triticum aestivum L. 

Components of variation DF Mean squares 

Retesting against
$
 

c d 

a additive effects 6 261.72**   2.84* 

b general dominance effects 21 26.18*   0.28
NS

 

b1 directional dominance effects 1 4.04
NS

   0.04
NS

 

b2 effects due to unequal distribution of dominance 
6 21.71

NS
   0.23

NS
 

b3 effects due to dominance deviation unique to F1s 
14 29.68**   0.32

NS
 

c maternal effects 6 115.98
NS

    

d non-maternal reciprocal differences 15 92.24*    

Total 48 87.49    

B×a 12 23.61    

B×b 42 14.23    

B×b1 2 43.55    

B×b2 12 19.57    

B×b3 28 9.85    

B×c 12 42.06    

B×d 30 41.81    

Total × B 96 33.10    
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non-maternal reciprocal differences were present. No change in the significance of „a‟ and „b‟ 

items was exhibited when retested against „d‟ item. 

4.3. Adequacy of additive-dominance model  

Adequacy of additive-dominance model for various plant characters of spring wheat and 

validity of some of the assumptions underlying genetic model, were tested by joint regression 

analysis,  and analysis of variance of (Wr + Vr) and (Wr – Vr). The results of two tests are 

presented in Table 4.20. The regression coefficient „b‟ for all the characters departed 

significantly from zero but not deviated from unity. This property of the regression line 

indicated the presence of intra-allelic interaction, independent distribution of the genes among 

the parents for the trait, and genes were independent in their action. The unit slope of 

regression lines for all the plant traits studied suggested that all the assumptions underlying the 

additive-dominance model were met (Mather and Jinks, 1982). 

The mean squares of analysis of variance of (Wr + Vr) and (Wr – Vr) showed that significant 

differences (P ≤ 0.05- 0.01) between the arrays (Wr + Vr) and non-significant (P > 0.05) 

differences within the arrays (Wr – Vr) for plant height, flag leaf area, hygrophillic colloids 

and harvest index indicated that dominance was present and epistasis was absent. Thus, the 

results of both the tests proposed that the simple genetic model was fully adequate for these 

traits. However, non-significant differences (P > 0.05) between the arrays (Wr + Vr) for leaf 

venation, stomatal frequency, stomata size, epidermal cell size, number of tillers per plant, 

peduncle length, extrusion length, spike length, spikelets per spike, spike density, grains per 

spike, 1000-grains weight, biomass per plant, and grain yield per plant showed the absence of 

dominant effects and presence of epistasis. Non-significant differences within the arrays (Wr – 

Vr) for all the traits except epidermal cell size and 1000-grains weight indicated absence of 

epistasis. Thus, based upon the results of two tests simple genetic model was partially adequate 

for analyzing the data set for plant traits like leaf venation, stomatal frequency, stomatal size, 

epidermal cell size, number of tillers per plant, peduncle length, extrusion length, spike length, 

number of spikelets per spike, spike density, grains per spike, 1000-grains  
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Table 4.20. Scaling tests for adequacy of additive-dominance model for various plant traits of Triticum aestivum L.  

 

 

 

Traits 

   Regression slope      Mean squares 

Remarks b0 b1 Wr + Vr Wr - Vr 

Plant height 6.89* 0.23
NS

 366.21* 16.35
NS

 Model is fully adequate 

Flag leaf area 13.16* 0.74
NS

 158.89** 2.16
NS

 Model is fully adequate 

Leaf venation 8.52* -0.57
NS

 37.19
NS

 6.85
NS

 Model is partially adequate 

Stomatal frequency 5.19* 0.37
NS

 1.25
NS

 1324
NS

 Model is partially adequate 

Stomatal size 7.14* 0.61
NS

 3.84
NS

 7814
NS

 Model is partially adequate 

Epidermal cell size 4.63* 0.10
NS

 3.35
NS

 4.92* Model is partially adequate 

Hygrophillic colloids 12.92* 0.33
NS

 1.65** 2.74
NS

 Model is fully adequate 

Tillers per plant 4.22* 0.99
NS

 0.22
NS

 0.15
NS

 Model is partially adequate 

Peduncle length 10.63* -0.50 
NS

 24.55
NS

 1.22
NS

 Model is partially adequate 

Extrusion length 5.47* 0.63
NS

 13.50
NS

 0.94
NS

 Model is partially adequate 
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Table 4.20. Contd… 

 

 

 

   Traits 

    Regression slope Mean squares 

Remarks b0 b1 Wr + Vr Wr - Vr 

Spike length 6.66* 0.85
NS

 0.29
NS

 2.069
NS

 Model is partially adequate 

Spikelets per spike 3.41* 0.19
NS

 0.35
NS

 7.69
NS

 Model is partially adequate 

Spike density 4.30* 0.90
NS

 1.32
NS

 9.05
NS

 Model is partially adequate 

Grains per spike 2.61* 0.15
NS

 330.12
NS

 99.0067
NS

 Model is partially adequate 

1000-grains weight 7.85* 0.51
NS

 26.67
NS

 9.22* Model is partially adequate 

Biomass per plant 10.38* -0.88
NS

 55.26
NS

 0.93
NS

 Model is partially adequate 

Grain yield per plant 4.62* 0.75
NS

 2.76
NS

 0.48
NS

 Model is partially adequate 

Harvest index 3.95* 0.44
NS

 924.98* 123.31
NS

 Model is fully adequate  



weight, biomass per plant and grain yield per plant. The data for all the characters were 

analyzed following the Hayman-Jinks model, for estimating components of variation. 

4.4. Estimation of components of variation 

4.4.1. Plant height 

Components of variation given in Table 4.21 showed that D, H1 and H2 are positive and 

significant. The value of H1 is close to D indicated that plant height was under control of 

dominance effect but additive portion of genes are also important for inheritance of the 

trait. The values of H1 were greater than H2 revealed unequal contribution of dominant 

genes for transmission of plant height. Positive value of „F‟ indicated the presence of more 

dominant genes in parents and it was supported by high value of √4DH1 + F/ √4DH1 – F = 

1.44. The value of „h^
2
‟ was positive, which indicated that dominance effect of genes is 

considerable. The degree of dominance was greater than one, indicated the presence of 

over-dominance type of gene action with heritability 0.51, which is desirable. 

The Vr / Wr graph (Fig. 4.1) indicated that both the varieties Uqab-2000 and Punjab-96 

possessed the maximum dominant genes responsible for inheritance of plant height. While 

maximum recessive genes were exhibited by the variety Parwaz-94, followed by Shahkar-

95. Since the regression line intercepted the Wr axis below the point of origin, showing 

the presence of over-dominance type of gene action in case of plant height.  

4.4.2. Flag leaf area  

An examination of Table 4.22 showed that „D‟ and „H2‟ were positive and significant. The 

extent of value of „D‟ and „H2‟ were almost close and indicated genes showing additive 

effect and dominance effects were significantly important in the inheritance of flag leaf 

area. The values of H1 and H2 were different which indicated the unequal distribution of 

genes in the parents. 

The value of H2 / 4H1 ratio was less than 0.25, which indicated unequal distribution of 

genes for the trait among the parents. Positive „F‟ value signified the important role of 

dominant genes which was supported by high value of √4DH1 + F/ √4DH1 – F which is 

2.38. The positive value of „h^
2
‟ was noted. The degree of dominance was less than one  
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Table 4.21. Estimates of components of variation for plant height of 7×7 diallel cross 

of Triticum aestivum L. 

Components         Estimates 

 E = environmental variance       2.41 ± 0.44  

D = additive variance        15.67 ± 1.24 

H1 = dominance variance        16.98 ± 2.98 

H2 = proportion of positive and negative genes in the parents  13.63 ± 2.62 

F = Relative frequency of dominant and recessive alleles in the parents 5.91 ± 2.97 

h^
2
 = dominance effect (over all loci in heterozygous phase)  6.66 ±1.76  

√H1/D = mean degree of dominance      1.041 

H2 / 4H1 = proportion of genes with positive and negative effects   0.20 

  in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.44 

in the parents           

Heritability (n.s)         0.51 

n.s = Narrow sense  
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 Fig.1: Wr/Vr graph for plant height 

 

 

 

 

 

 

b = 0.968 ± 0.141 
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Table 4.22. Estimates of components of variation for flag leaf area of 7×7 diallel cross 

of Triticumaestivum L. 

Components         Estimates 

E = environmental variance       0.81 ± 0.17  

D = additive variance        14.06 ±0.47 

H1 = dominance variance        2.83 ± 1.13 

H2 = proportion of positive and negative genes in the parents  13.63 ± 0.99 

F = Relative frequency of dominant and recessive alleles in the parents 2.61 ± 1.13 

h^
2
 = dominance effect (over all loci in heterozygous phase)  1.97± 0.67  

√H1/D = mean degree of dominance      0.45 

H2 / 4H1 = proportion of genes with positive and negative effects  0.20 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.52 

in the parents  

Heritability (n.s)        0.81 
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Fig.2: Wr/Vr graph for flag leaf area 

 

 

 

 

 

b = 0.946 ± 0.072 
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suggesting the presence of partial-dominance in F1 hybrid. The estimate of narrow sense 

heritability was 0.81 which is high. 

The graphical representation of flag leaf area in Fig. 4.2 showed that Parwaz-94 followed 

by Shahkar-95 had maximum number of dominant genes for the trait. Iqbal-2000 had 

maximum recessive genes for controlling the trait followed by Punjab-96. So, selection of 

that variety with more flag leaf area is a desirable for high yield in wheat. 

4.4.3. Leaf venation 

The estimates of genetic components of variation are given in Table 4.23. The results 

showed that value of „D‟ was greater than that of „H1‟ and „H2‟ which indicated that 

additive type of gene action was involved in the inheritance of leaf venation trait. The 

positive value of „F‟ revealed the presence of more dominant genes for leaf venation in the 

parents and this was also supported by high ratio of √4DH1 + F /√4DH1 – F = 1.33. The 

negative sign of „h^
2
‟ was observed. The degree of dominance was less than one, 

supporting the presence of partial dominance in the F1 hybrids and this was supported by 

the slope of regression line in Fig. 4.2. The ratio of H2 / 4H1 is lower than 0.25, which 

provide the unequal distribution of the genes in the parents. The estimate of narrow sense 

heritability for leaf venation was 0.58. 

The distribution of varietal points along the regression line (Fig. 4.3) depict that Punjab-96 

followed by MH-97 possessed the highest number of dominant genes and 4072 followed 

by Uqab-2000, which occupied the farthest position along the regression line, carried the 

highest number of recessive genes for leaf venation. 

4.4.4. Stomatal frequency 

Estimation of genetic components of variation for stomatal frequency (Table 4.24) 

revealed significant additive (D) effects. Almost equal values of „H1‟ and „H2‟ components 

showed that distribution of the genes for stomatal frequency seem to be equal. H2 / 4H1 

ratio was more than 0.25, which provide further evidence of equal distribution of the 

genes for the trait among the parents. Significant and positive „F‟ value signified the 

important role of dominant genes which was supported by the high value of √4DH1 + F 

/√4DH1 – F = 2.38. The positive sign of „„h^
2
‟‟ was noted. The  
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Table 4.23. Estimates of components of variation for leaf venation of 7×7 diallel cross 

of Triticum 

Components         Estimates 

E = environmental variance       1.45 ± 0.122  

D = additive variance        4.58± 0.35 

H1 = dominance variance        2.50 ±0.83 

H2 = proportion of positive and negative genes in the parents  1.25± 0.73 

F = Relative frequency of dominant and recessive alleles    0.96 ± 0.83 

in the parents   

h^
2
 = dominance effect (over all loci in heterozygous phase)  -0.67± 0.25  

√H1/D = mean degree of dominance       0.74 

H2 / 4H1 = proportion of genes with positive and negative effect   0.12 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.33 

 in the parents                                                                                                                 

Heritability (n.s)         0.58 
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Table 4.24. Estimates of components of variation for stomatal frequency of 7×7 

diallel cross of 

Components         Estimates 

E = environmental variance       20.66 ± 35.02  

D = additive variance        360.5 ±110.13 

H1 = dominance variance        260.88 ± 85.3 

H2 = proportion of positive and negative genes in the parents   280.75 ± 92.5 

F = Relative frequency of dominant and recessive alleles    250.4 ± 98.23 

in the parents   

h^
2
 = dominance effect (over all loci in heterozygous phase)   135.0 ± 50.45 

√H1/D = mean degree of dominance       0.85 

H2 / 4H1 = proportion of genes with positive and negative effect  0.27 

 in the parents 

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes   2.38 

in the parents  

Heritability (n.s)         0.33 
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degree of dominance was less than one which was supported by regression slope in Fig. 

4.4 and revealed partial dominance. The estimate of narrow sense heritability was 0.33. 

The graphical representation of stomatal frequency in Fig. 4.4 showed that Punjab-96 

following by MH-97 and Iqbal-2000 had maximum number of dominant genes for 

stomatal frequency respectively. Uqab-2000 had maximum recessive genes for stomatal 

frequency. 

4.4.5. Stomatal size 

Estimation of genetic components of variation for stomatal size (Table 4.25) revealed 

significant additive (D) effects. H1 and H2 were almost equal to each other indicated the 

distribution of the genes for stomatal size seem to be equal, the value of H2 / 4H1 ratio was 

near to  0.25, which provide further evidence of equal distribution of the genes in the 

parents. Positive F value signified the important role of dominant genes which was 

supported by high value of √4DH1 + F /√4DH1 – F = 1.44. The positive value of „h^
2
‟ was 

noted. The degree of dominance was less than one suggesting the presence of partial 

dominance in F1 hybrid which was supported by the slope on the regression line in Fig. 

4.5. The estimate of narrow sense heritability was 0.44. 

The graphical representation of stomatal size in Fig. 4.5 showed that Parwaz-94 following 

by Punjab-96 and Iqbal-2000 had maximum number of dominant genes for stomatal size 

respectively. Uqab-2000 had maximum recessive genes for controlling stomatal size.  

4.4.6. Epidermal cell size 

An examination of Table 4.26 showed that „D‟ is positive and significant. Higher value of 

H1 indicated contribution of dominant genes for the inheritance of epidermal cell size. The 

degree of dominance was less than one and suggested presence of partial dominance in the 

expression of epidermal cell size, which was supported by the slope on the regression line 

in Fig. 4.6. The value of H2 /4H1 ratio was more than 0.25, which indicated presence of 

positive genes for the trait among the parents. Positive F value signified the important role 

of dominant genes which was favored by high value of  



 93 

Table 4.25. Estimates of components of variation for stomatal size of 7×7 diallel cross 

of Triticum aestivum L. 

Components         Estimates 

E = environmental variance        1092 .51 

D = additive variance        3944 ± 318.23 

H1 = dominance variance        3038 ± 766.13  

H2 = proportion of positive and negative genes in the parents  2915 ± 675.07  

F = Relative frequency of dominant and recessive alleles    1248 ± 763.43 

in the parents   

h^
2
 = dominance effect (over all loci in heterozygous phase)          1804.5 ± 453.41 

√H1/D = mean degree of dominance      0.88 

H2 / 4H1 = proportion of genes with positive and negative effects  0.24 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.44 

in the parents  

Heritability (n.s)         0.44 
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Fig.5: Wr/Vr graph for stomatal size 
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Table 4.26. Estimates of components of variation for epidermal cell size of 7×7 diallel 

cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       925 ± 281  

D = additive variance        3666 ± 364.21 

H1 = dominance variance        2084.295.20 

H2 = proportion of positive and negative genes in the parents  2437 ± 248.81 

F = Relative frequency of dominant and recessive alleles in the parents 1423 ± 394.53 

h^
2
 = dominance effect (over all loci in heterozygous phase)  1543 ± 234.60  

√H1/D = mean degree of dominance                 0.75 

H2 / 4H1 = proportion of genes with positive and negative effects   0.29 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 1.69 

 in the parents  

Heritability (n.s)        0.95 
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Fig.6: Wr/Vr graph for epidermal cell size 
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√4DH1 + F /√4DH1 – F. The negative value of „h^
2
‟ was noted and the estimate of narrow 

sense heritability was 0.95 which is highly heritable. 

The graphical representation of stomatal size in Fig. 4.7 showed that Parwaz-94 carried 

maximum number of dominant genes for epidermal cell size. 4072 had maximum 

recessive genes for controlling epidermal cell size.  

4.4.7. Hygrophilic colloids  

Components of variation given in Table 4.27 showed that D, H1 and H2 are positive and 

significant. Additive genes were more important in controlling hygrophilic colloids than 

non-additive genes. The values of H1 and H2 were not equal to each other indicating that 

unequal distribution of dominant genes for hygrophilic colloids in the parents. Positive 

value of „F‟ indicated the presence of more dominant genes for hygrophilic colloids in the 

parents and it was supported by high value of √4DH1 + F /√4DH1 – F. The value of „h^
2
‟ 

was positive which indicated unequal contribution of dominant genes for hygrophilic 

colloids. The degree of dominance was greater than one, indicated the presence of over-

dominance type of gene action with heritability 0.20. 

Fig. 4.6 indicated that MH-97, Punjab-96, Shahkar-95, Parwaz-94 and Uqab-2000 

possessed maximum dominant genes responsible for inheritance of hygrophilic colloids. 

The maximum recessive genes were carried by Iqbal-2000 for hygrophilic colloids.  

4.4.8. Number of tillers per plant 

 The results from Table 4.28 indicated positive and significant values of D, H1 and H2. The 

extent of D was greater than H1 and H2 indicated additive type genes contribute more than 

non-additive genes. The value of H2 / 4H1 ratio was more than 0.25, which indicated equal 

distribution of genes for the trait among the parents. Negative F value signified the 

important role of recessive genes which was supported by low value of √4DH1 + F 

/√4DH1 – F. The positive value of „h^
2
‟ was noted. The degree of dominance was less than 

one suggesting the presence of over-dominance in F1 hybrid which was supported by Fig. 

4.8. The estimate of narrow sense heritability was 0.57.  
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Table 4.27. Estimates of components of variation for hygrophillic colloids of 7×7 

diallel cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance        2.25 ± 0.75 

D = additive variance         3.26 ± 1.50 

H1 = dominance variance        4.24 ± 2.06 

H2 = proportion of positive and negative genes in the parents  2.01 ± 1.18 

F = Relative frequency of dominant and recessive alleles in the parents 4.11 ± 3.59 

h^
2
 = dominance effect (over all loci in heterozygous phase)   1.11± 2.14  

√H1/D = mean degree of dominance       1.14 

H2 / 4H1 = proportion of genes with positive and negative effects  0.25 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  2.13 

in the parents  

Heritability (n.s)        0.20 
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Fig.7: Wr/Vr graph for hygrophilic colloids 

b = 0.975 ± 0.075 



 100 

Table 4.28. Estimates of components of variation for number of tillers per plant in 

7×7 diallel cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance        0.96 ± 0.20 

D = additive variance        4.51 ± 0.48 

H1 = dominance variance        2.03 ± 0.58 

H2 = proportion of positive and negative genes in the parents  3.32 ± 0.38 

F = Relative frequency of dominant and recessive alleles in the parents -1.51 ± 0.29 

h^
2
 = dominance effect (over all loci in heterozygous phase)  3.57 ± 3.57  

√H1/D = mean degree of dominance      0.67 

H2 / 4H1 = proportion of genes with positive and negative effects    0.41 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 0.98 

 in the parents  

Heritability (n.s)        0.57 
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Fig.8: Wr/Vr graph for number of tillers per plant 
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Fig. 4.8 showed that 4072 and Uqab-2000 contained maximum number of dominant genes 

for tillers per plant. Shahkar-95 had maximum recessive genes for controlling tillers per 

plant. 

4.4.9. Peduncle length 

The estimation of genetic components of variation showed that value of „D‟ was positive 

ad significant indicating the presence of additive effects in controlling peduncle length 

(Table 4.29). The extent of H1 and H2 was less than D indicating that genes showing 

dominance effect for peduncle length were less important than additive genes. 

The value of H2 / 4H1 ratio was near to 0.25, which indicated equal distribution of genes 

for the trait among the parents. Positive F value signified the important role of dominant 

genes which was supported by high value of √4DH1 + F /√4DH1 – F = 1.18. The positive 

value of „h^
2
‟ was noted. The degree of dominance was less than one suggesting the 

presence of partial dominance in F1 hybrid which was supported by the regression slope in 

Fig. 4.9. The estimate of narrow sense heritability was 0.50. 

Fig. 4.9 showed that MH-97 had maximum number of dominant genes for peduncle 

length. The line 4072 had maximum recessive genes for peduncle length.  

4.4.10. Extrusion length 

Table 4.29 depicted that D was positive and significant. The value of H1 and H2 are less 

than D indicated that genes showing dominance effect for extrusion length were less 

important than additive genes. 

The H2 / 4H1 ratio was more than 0.25, which indicated equal distribution of genes for 

extrusion length among the parents. Negative F value signified the important role of 

recessive genes which was supported by low value of √4DH1 + F /√4DH1 – F = 0.71. The 

positive value of „h^
2
‟ was noted. The degree of dominance was less than one suggesting 
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the presence of partial-dominance in F1 hybrid. The estimate of narrow sense heritability 

was 0.62. 

 

 

Table 4.29. Estimates of components of variation for peduncle length of 7×7 diallel 

cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       2.67 ± 0.84  

D = additive variance        7.52 ± 0.24 

H1 = dominance variance        3.21 ± 0.59 

H2 = proportion of positive and negative genes in the parents  3.05 ± 0.52 

F = Relative frequency of dominant and recessive alleles in the parents 0.80 ± 0.59 

h^
2
 = dominance effect (over all loci in heterozygous phase)  1.03 ± 0.35  

√H1/D = mean degree of dominance      0.65 

H2 / 4H1 = proportion of genes with positive and negative effects  0.23 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 1.18 

 in the parents  

Heritability (n.s)         0.50                            
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Fig.9: Wr/Vr graph for peduncle length 

b = 1.050 ± 0.099 
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Table 4.30. Estimates of components of variation for extrusion length of 7×7 diallel 

cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance        0.84 ± 9.27 

D = additive variance         3.21 ± 0.26 

H1 = dominance variance        1.28 ± 0.63 

H2 = proportion of positive and negative genes in the parents  1.34± 0.55 

F = Relative frequency of dominant and recessive alleles in the parents -0.68 ± 0.63 

h^
2
 = dominance effect (over all loci in heterozygous phase)  4.58± 0.37  

√H1/D = mean degree of dominance      0.63 

H2 / 4H1 = proportion of genes with positive and negative effects   0.26 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 0.71 

 in the parents  

Heritability (n.s)        0.62 

 

 

 

 

 

 



 106 

 

 

 

 

Shahkar-95

Parwaz-94

Iqbal-2000

Uqab-2000

MH-97

4072

Punjab-96

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

W
r

 

 

 

Fig.10: Wr/Vr graph for extrusion length 
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Fig. 4.10 showed that MH-97 carried maximum number of dominant genes for extrusion 

length. Iqbal-2000, Parwaz-94 and Uqab-2000 had maximum recessive genes for 

controlling extrusion length.  

4.4.11. Spike length 

The genetic component D was positive but non-significant in Table 4.31. The genetic 

components H1 and H2 were positive and non-significant. The results showed that additive 

type gene effects contributed much than non-additive effects. The ratio of H2 / 4H1 ratio 

was less than 0.25, which indicated unequal distribution of genes for spike length among 

the parents. Positive F value signified the more contribution of dominant genes in 

controlling spike length which was also favored by high value of √4DH1 + F /√4DH1 – F = 

1.05. The positive value of „h^
2
‟ was noted. The degree of dominance was less than one 

suggesting the presence of partial-dominance in F1 hybrid. The estimate of narrow sense 

heritability was 0.54. 

Wr / Vr graph showed that MH-97 and Uqab-200 had maximum number of dominant 

genes for spike length. 4072, Parwaz-94 and Punjab-96 had maximum recessive genes for 

controlling spike length.  

4.4.12. Number of spikelets per spike 

The relative value of components of H1 and H2 were almost equal in magnitude and D was 

positive about significant (Table 4.32). The value of H2 / 4H1 ratio was less than 0.25, 

which indicated unequal distribution of genes for the trait among the parents. Positive F 

value signified the important role of dominant genes which was supported by high value 

of √4DH1 + F /√4DH1 – F. The positive value of „h^
2
‟ was noted. The degree of 

dominance was less than one suggesting the presence of partial dominance in F1 hybrid 

which was supported by the slope on the regression line in Fig. 4.12. The estimate of 

narrow sense heritability was 0.41 which is moderate and selection of this trait is effective 

but selection for this trait will carefully do. 

The graphical representation of this trait in Fig. 4.12 indicated that Iqbal-2000 had 

maximum number of dominant genes for the trait. Punjab-96 had maximum recessive 

genes for controlling the trait.  
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Table 4.31. Estimates of components of variation for spike length in 7×7 diallel cross 

of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       0.26±1.56 

D = additive variance        0.70 ± 0.44 

H1 = dominance variance        0.24 ± 0.10 

H2 = proportion of positive and negative genes in the parents  0.10 ± 0.07 

F = Relative frequency of dominant and recessive alleles in the parents 1.93 ± 0.10 

h^
2
 = dominance effect (over all loci in heterozygous phase)  7.98 ± 1.79  

√H1/D = mean degree of dominance      0.58 

H2 / 4H1 = proportion of genes with positive and negative effects   0.10 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.05 

in the parents  

Heritability (n.s)        0.54 
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Fig.11: Wr/Vr graph for spike length 
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Table 4.32. Estimates of components of variation for number of spikelets per spike in 

7×7 diallel cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       0.11± 0.06  

D = additive variance        0.72 ± 0.11 

H1 = dominance variance        0.61 ± 0.13 

H2 = proportion of positive and negative genes in the parents  0.55 ± 0.11 

F = Relative frequency of dominant and recessive alleles in the parents 0.44 ± 0.13 

h^
2
 = dominance effect (over all loci in heterozygous phase)  0.10 ± 0.11  

√H1/D = mean degree of dominance       0.92 

H2 / 4H1 = proportion of genes with positive and negative effects  0.22 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.98 

in the parents  

Heritability (n.s)        0.41 
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Fig.12: Wr/Vr graph for number of spikelets per spike 
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4.4.13 Spike density 

The component of variation D in the Table 4.33 showed that it was positive.  The values 

of H1 and H2 were unequal. The value of H2 / 4H1 ratio was more than 0.25, which 

indicated unequal distribution of dominant genes for the trait among the parents. Negative 

F value signified the important role of recessive genes which was supported by low value 

of √4DH1 + F/ √4DH1 – F. The positive value of „h^
2
‟ was noted. The degree of 

dominance was less than one suggesting the presence of partial-dominance in F1 hybrid. 

The estimate of narrow sense heritability was 0.43 which is moderate and selection of this 

trait is effective in further breeding programme. 

The distribution of varietal points along the regression line (Fig. 4.13) depicts that 

Shahkar-95, MH-97 following by Uqab-2000 had maximum number of dominant genes 

for the trait respectively. Punjab-96 had maximum recessive genes for controlling the trait. 

4.4.14. Number of grains per spike 

The genetic components from the Table 4.34 showed that H1, H2 and D component were 

positive and significant. The value of H2 / 4H1 ratio was less than 0.25, which indicated 

unequal distribution of genes for the trait among the parents. Positive F value signified the 

important role of dominant genes which was supported by high value of √4DH1 + F 

/√4DH1 – F = 1.98. The positive value of „h^
2
‟ was noted. The degree of dominance was 

less than one suggesting the presence of partial dominance in F1 hybrid which was 

supported by the regression slope in Fig. 4.14. The estimate of narrow sense heritability 

was 0.41 which is near to moderate and selection of this trait is effective. 

Fig. 4.14 showed that Iqbal-2000 had maximum number of dominant genes for number of 

grains per spike. Punjab-96 had maximum recessive genes for controlling number of 

grains per spike. So, Iqbal-2000 is considered a best parent for number of grains and 

Punjab-96 is considered pooorest parent for contributing number of grain per spike. 
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Table 4.33. Estimates of components of variation for spike density in 7×7 diallel 

crosses of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       4.93 ± 2.93 

D = additive variance        7.41 ± 2.28 

H1 = dominance variance        2.04 ± 0.90 

H2 = proportion of positive and negative genes in the parents  5.88 ± 1.75 

F = Relative frequency of dominant and recessive alleles in the parents -2.78 ± 1.08 

h^
2
 = dominance effect (over all loci in heterozygous phase)  1.17 ± 0.18  

√H1/D = mean degree of dominance      0.52 

H2 / 4H1 = proportion of genes with positive and negative effects   0.72 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 0.47 

 in the parents  

Heritability (n.s)        0.43 
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Fig.13: Wr/Vr graph for spike density 
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Table4.34. Estimates of components of variation for number of grains per spike in 7×7 

diallel crosses of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       8.53 ± 1.32  

D = additive variance        18.67 ± 1.24 

H1 = dominance variance        10.98 ± 2.98 

H2 = proportion of positive and negative genes in the parents  8.63 ± 2.62 

F = Relative frequency of dominant and recessive alleles in the parents 5.91 ± 2.97 

h^
2
 = dominance effect (over all loci in heterozygous phase)  5.63 ±1.76  

√H1/D = mean degree of dominance      0.77 

H2 / 4H1 = proportion of genes with positive and negative effects  0.20 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.52 

in the parents  

Heritability (n.s)        0.41 
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Fig.14: Wr/Vr graph for Number of grains per spike 
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4.4.15. 1000-grains weight 

The magnitude of „D‟ component in Table 4.35 was positive and significant. While the 

magnitude of H1 and H2 were different. The extent of H1 and H2 less than D indicated that 

genes showing dominance effect for 1000-grains weight were less important than additive 

genes. The ratio of H2 / 4H1 was less than 0.25, which indicated unequal distribution of 

genes for 1000-grains weight among the parents. Positive „F‟ value signified the important 

role of dominant genes which was supported by lower value of √4DH1 + F /√4DH1 – F = 

0.85. The positive value of „h^
2
‟ was noted. The degree of dominance was less than one 

suggesting the presence of partial-dominance in F1 hybrid. The estimate of narrow sense 

heritability was 0. 59 which is high and selection of this trait is effective. 

Wr / Vr graph for 1000-grains weight presented in Fig. 4.15 showed that Iqbal-2000 and 

MH-97 had maximum number of dominant genes for 1000-grains weight respectively. 

Shahkar-95 and Parwaz-94 had maximum recessive genes for 1000-grains weight. 

4.4.16. Biomass per plant 

Table 4.36 showed that D, H1 and H2 were positive and significant. The extent of value H1 

and H2 less than D indicated that genes showing dominance effect for the trait were less 

important than additive genes. The equal values of H1 and H2 indicated the distribution of 

genes for biomass per plant seem to be equal, which was further supported by the ratio of 

H2 / 4H1 having value more than 0.25. Positive „F‟ value signified the important role of 

dominant genes which was supported by high value of √4DH1 + F /√4DH1 – F = 1.18. The 

positive value of „h^
2
‟ was noted. The degree of dominance was less than one suggesting 

the presence of partial dominance in F1 hybrid. The estimate of narrow sense heritability 

was 0.56. 

Fig. 4.16 showed that Parwaz-94 carried maximum number of dominant genes for 

biomass per plant. Punjab-96 and MH-97 carried maximum recessive genes for 

controlling biomass per plant.  
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Table 4.35. Estimates of components of variation for 1000-grain weight in 7×7 diallel 

cross of Triticum aestivum L. 

Components         Estimates 

E = environmental variance       2.22 ± 0.95  

D = additive variance        5.56 ± 0.23 

H1 = dominance variance        3.29 ± 0.55 

H2 = proportion of positive and negative genes in the parents  1.99 ± 0.48 

F = Relative frequency of dominant and recessive alleles in the parents 0.68 ± 0.24 

h^
2
 = dominance effect (over all loci in heterozygous phase)  0.78 ± 0.32  

√H1/D = mean degree of dominance      0.77 

H2 / 4H1 = proportion of genes with positive and negative effects  0.15 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  0.85 

in the parents  

Heritability (n.s)        0.59 
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Fig.15: Wr/Vr graph for 1000-grains weight 

  

 

 

 

 

 

b = 0.939 ± 0.120 
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Table 4.36. Estimates of components of variation for biomass per plant in 7×7 diallel 

cross of 

Components         Estimates 

E = environmental variance       1.65 ± 0.16 

D = additive variance        8.09 ± 0.44 

H1 = dominance variance        4.92 ± 1.06 

H2 = proportion of positive and negative genes in the parents  4.79 ± 0.93 

F = Relative frequency of dominant and recessive alleles in the parents 1.05 ± 0.24 

h^
2
 = dominance effect (over all loci in heterozygous phase)  0.55 ± 0.62  

√H1/D = mean degree of dominance      0.61 

H2 / 4H1 = proportion of genes with positive and negative effects   0.32 

in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 1.18 

 in the parents  

Heritability (n.s)        0.56 
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Fig.16: Wr/Vr graph for biomass per plant 

 

 

 

 

 

 

b = 1.093 ± 0.105 
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4.4.17. Grain yield per plant  

The results given in Table 4.37 revealed that D, H1 and H2 were positive and significant. 

The value of „D‟ was greater than H1 and H2 indicated that genes showing additive effects 

were more important than dominance effect for grain yield per plant. The value of H2 / 

4H1 ratio was less than 0.25, which indicated unequal distribution of genes for the trait 

among the parents. Positive „F‟ value signified the important role of dominant genes 

which was supported by high value of √4DH1 + F /√4DH1 – F = 1.62. The value of „h^
2
‟ 

was positive. The degree of dominance was less than one suggesting the presence of 

partial dominance in F1 hybrid. The estimate of narrow sense heritability was 0.50 which 

showed presence of moderate heritability for this trait.  

The graphical representation of biomass per plant in Fig. 4.17 showed that Uqab-2000 and 

4072 had maximum number of dominant genes for grain yield per plant. MH-97 had 

maximum recessive genes for controlling grain yield per plant.  

4.4.18 Harvest index 

Positive and significant additive component „D‟ was observed in Table 4.38. The extent of 

H1 and H2 wass less than D indicated that genes showing dominance effect controlling 

harvest index were less important than additive genes. The value of H2 / 4H1 ratio was less 

than 0.25, which indicated unequal distribution of genes for the trait among the parents. 

Positive F value indicated more contribution of dominant genes which was supported by 

high value of √4DH1 + F /√4DH1 – F = 1.05. The negative value of „h^
2
‟ was noted. The 

degree of dominance was less than one suggesting the presence of partial-dominance in F1 

hybrids. The estimate of narrow sense heritability was 0.43. 

Fig. 4.18 exhibited that MH-97 contained maximum number of dominant genes for 

harvest index, becoming the desirable parent for this trait while Shahkar-95 carried 

maximum recessive genes for harvest index and become a poor parent for harvest index. 
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Table-4.37. Estimates of components of variation for grain yield per plant in 7×7 diallel 

cross of Triticum aestivum L.  

Components         Estimates 

E = environmental variance       1.10 ± 0.15  

D = additive variance        4.68 ± 0.19 

H1 = dominance variance        2.24 ± 0.47 

H2 = proportion of positive and negative genes in the parents  1.31 ± 0.41 

F = epistatic variance         2.83 ± 0.47 

h^
2
 = dominance effect (over all loci in heterozygous phase)  0.22 ± 0.08  

√H1/D = mean degree of dominance      0.69 

H2 / 4H1 = proportion of genes with positive and negative effects  0.15 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes 1.62 

 in the parents  

Heritability (n.s)        0.50 
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Fig.17: Wr/Vr graph for grain yield per plant 

 

 

 

 

 

b = 0.861 ± 0.186 
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Table 4.38. Estimates of components of variation for harvest index in 7×7 diallel cross of  

Components         Estimates 

E = environmental variance        12.45± 0.91  

D = additive variance        18.83± 2.56 

H1 = dominance variance        11.17 ± 3.17 

H2 = proportion of positive and negative genes in the parents   7.45 ± 2.44 

F = Relative frequency of dominant and recessive alleles in the parents 0.74 ± 0.10 

h^
2
 = dominance effect (over all loci in heterozygous phase)   5.44 ± 3.65  

√H1/D = mean degree of dominance      0.77 

H2 / 4H1 = proportion of genes with positive and negative effects  0.17 

 in the parents  

√4DH1 + F /√4DH1 - F = proportion of dominant and recessive genes  1.05 

 in the parents  

Heritability (n.s)         0.43 
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Fig.18: Wr/Vr graph for harvest index 

 

 

 

 

 

 

 

 

 

 

b = 0.899 ± 0.228 
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4.5. Estimation of combining abilities  

After obtaining significant differences among genotypes for all the traits, combining 

ability analysis was done to see superior progeny when one parent combined with another 

parent. General combining ability (GCA) provides mainly an assessment of degree of 

additive gene action, and specific combining ability (SCA) exhibits the performance of 

two particular varieties/ lines in a specific cross and will reflect the non-additive type of 

gene action. Results obtained from the analysis of the diallel cross data using combining 

ability approach (Griffing, 1956) are given as follows; 

4.5.1. Analysis of variance for combining ability  

Total variation among the genotypes was partitioned into variation due to general and 

specific combining ability and reciprocal effects. The values of different plant traits were 

subjected to analysis of variance   according to Griffing (1956) to sort out significant 

differences among 47 genotypes for general combining ability, specific combining ability 

and reciprocal effects. The results showed that mean squares for GCA were highly 

significant (P ≤ 0.01) and greater than that of SCA (Table 4.39) for all the traits except for 

hygrophilic colloids and spike density. The Mean squares due to SCA and reciprocal 

effects were also highly significant. High value of GCA than SCA indicated the effects of 

additive genes were more prominent than non-additive type of genes. Non-additive gene 

effects were involved in genetic control of hygrophilic colloids because of high SCA value 

than GCA. Higher value of reciprocal effects was observed in spike density indicated 

maternal effects have significant role in inheritance of spike density. 

Components of variation also revealed preponderance of additive effects due to high GCA 

variance (Table 4.40) in flag leaf area, stomatal size, number of tillers per plant, peduncle 

length, spike length, number of spikelets per spike, number of grains per spike, 1000-

grains weight and high GCA / SCA ratios for these traits also supported the results. 

Variances due to higher SCA than that of GCA was observed in plant traits like plant 

height, grain yield per plant and spike density, which indicated that non-add 
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Table 4.39. Mean squares for combining ability for various plant traits in Triticum aestivum L. 

 

Source DF 

Plant 

 height 

Tillers 

per 

plant 

Leaf 

venation 

Stomatal 

frequency 

Stomatal 

size 

Epidermal 

cell size 

Hygrophilic 

colloids 

Flag 

leaf 

area 

Peduncle 

length 

GCA 6 49.28** 2.29** 14.65** 6259.51** 19608.22** 677255.7** 1.75** 42.88** 23.15** 

SCA 21 10.24** 0.11** 1.61** 754.84** 1285.47** 39155.58** 8.31** 1.94** 1.62** 

Reciprocal 21 7.20** 0.45** 6.84** 1966.03** 3729.02** 169187.6** 4.58** 2.39** 2.19** 

Error 96 9.47 0.28 1.38 819.99 3147.02  34176.85  3.21  0.75  0.79 
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Table. 4.39. Contd… 

Source DF 

Extrusion  

length 

Spike  

length 

Spikelets  

per spike 

Spike  

density 

Grains  

per spike 

1000-Grains 

weight  

Biomass 

Per plant 

Grain yield 

Per plant 

Harvest  

index 

GCA 2 14.27** 1.29** 2.23** 3.13** 87.69** 19.56** 43.12** 8.96** 87.24** 

SCA 21 1.52** 0.21** 0.18** 5.23** 4.36** 1.22** 1.74** 0.94** 8.73** 

Reciprocal 21 3.63** 0.34** 0.67** 7.71** 18.12** 2.66** 11.15** 3.45** 33.01** 

Error 96 0.79 0.24 0.37 4.47 9.14 2.08 1.96 1.03 11.03 
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Table 4.40. Estimates of variation components of general (
2
g ) and specific (

2
s) combining ability, reciprocal effects ( 

2
r), 

error  (
2

e) and GCA/SCA ratios in a 7x7diallel cross of wheat 

Traits 
2
g 

2
s 

2
r 

2
e GCA/SCA ratio 

Plant height 2.8 4.04 2.02 3.14 0.69 

Flag leaf area 2.93 0.68 0.82 0.75 4.13 

Leaf venation 0.93 0.13 2.73 1.38 7.15 

Stomatal frequency 393.08 -37.12 573.02 819.99 -10.58 

Stomatal size 1305.68 -1060.65 290.99 3147.02 -1.23 

Epidermal cell size 45586.85 2836.72 67505.38 34176.85 16.07 

Hygrophilic colloids 0.0006 0.002 0.0006 3.21 0.3 

Tillers per plant 0.15 -0.09 0.08 0.28 -11.11 

Peduncle length 1.54 0.47 0.70 0.79 3.27 

Extrusion length  0.91 0.41 1.42 0.79 2.22 

(Contd…)
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Table 4.20. Contd… 

Traits 
2

g 
2

s 
2

r 
2

e GCA/SCA ratio 

Spike length 0.14 -0.02 0.05 0.24 -7 

Spikelets per spike 0.15 0.08 0.17 0.34 1.87 

Grains per spike 5.94 -2.72 4.49 9.14 -2.18 

Spike density 0.002 0.0004 0.002 4.47 5 

1000-grains weight 1.31 0.49 0.29 2.08 2.67 

Biomass per plant 2.95 -0.12 4.59 1.96 -24.95 

Grain yield per plant 0.57 -5.26 1.21 1.03 -0.11 

Harvest index 5.6 -1.31 10.99 11.03 -4.27 
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components played important role in controlling theses traits having low GCA / SCA  ratio 

especially in case of plant height, spike density and grain yield per plant. In some plant traits 

like leaf venation, stomata frequency, epidermal cell size, extrusion length, biomass per plant 

and harvest index exhibited higher variances due to reciprocal effects which indicated that 

maternal effects were involved in genetic control of these traits. Presence of both additive and 

non-additive type of gene effects were involved in case of hygrophilic colloids, spikelets per 

spike and spike density due to equal values of variance due to GCA and reciprocal effects. 

Maximum variance due to GCA (1305.68) was observed in stomata size.   

4.5.2. General, specific combining ability and reciprocal effects  

4.5.2.1. Plant height 

The general and specific combining ability and reciprocal effects were given Table 4.41. Three 

of seven parental genotype, Parwaz-94 (-2.27) displayed maximum negative GCA effects 

followed by Iqbal-2000 and 4072. Other three parents exhibited positive GCA effects.. Thus, 

Parwaz-94 was considered the best general combiner for plant height. Highest negative SCA 

effect (-2.64) was recorded in hybrid Iqbal-2000 × MH-97 for plant height. Highest positive 

SCA effect was found in the cross of Parwaz-94 × Uqab-2000. The indirect or reciprocal effect 

was found in Parwaz-94 × Punjab-96 which displayed positive SCA effect. The hybrid Parwaz-

94 × MH-97 and Iqbal-2000 × 4072 showed highest negative SCA effect.  

4.5.2.2. Flag leaf area 

Table 4.42 indicated that Four out of seven genotypes exhibited positive general combining 

ability. The maximum positive GCA (2.36) effects were found in Punjab-96 followed by Iqbal-

2000 (1.71). It showed that Punjab-96 was best general combiner for flag leaf area. Highest 

positive SCA effects (1.72) was found in Punjab-96 × Iqbal-2000 and Uqab-2000 ×  Shahkar-

95 (0.82) was recorded for flag leaf area respectively. The indirect or reciprocal effects were 

found in Iqbal-2000 × Parwaz-94 (2.78) which displayed positive and maximum SCA effect. 
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Table 4.41. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for plant height. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -1.71 -1.96 -0.56 1.77 0.84 0.15 1.71 

Parwaz-94 -0.30 -2.27 0.29 1.69 0.47 2.09 1.87 

Iqbal-2000 0.23  3.73 -0.86 -2.12 -2.64 0.20 3.79 

Uqab-2000 1.00 -0.32 0.38 1.90 0.55 0.68 -2.03 

MH-97 1.27 -1.47 1.23 0.62 0.24 3.37 0.05 

4072 1.77  2.38 -1.47 2.97 3.27 -0.24 -0.81 

Punjab-96 -0.30  4.50 1.10 1.50 -0.58 0.25 2.93 

  S.E (gi) = 0.44   S.E (sij) = 1.09  S.E (rij) = 1.26 

 

Table 4.42. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for flag leaf area. 

Genotypes 

Shahkar  

-95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -2.32 0.46 -1.47 0.82 0.22 0.34 -1.12 

Parwaz-94 0.40 -1.91 -1.29 0.56 0.15 0.01 -1.52 

Iqbal-2000 0.16 2.78 1.71 -1.13 -0.60 0.21 1.72 

Uqab-2000 0.39 -0.32 0.83 -0.61 -0.15 -0.09 0.53 

MH-97 1.00 0.28 0.54 -0.80 0.06 0.15 0.45 

4072 -0.02 0.01 -1.64 -0.73 -2.56 0.71 -0.98 

Punjab-96 -1.62 0.09 -0.30 -1.24 -0.20 0.31 2.36 

S.E (gi) = 0.21   S.E (sij) = 0.53  S.E (rij) = 0.61 
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4.5.2.3. Leaf venation 

Maximum positive GCA (1.58) effects were recorded in the genotype MH-97 followed by 

Iqbal-2000 (0.79) and Punjab-96 (0.55) which proved to be the best general combiner for leaf 

venation (Table 4.43). GCA effects of four genotypes were negative. Highest positive SCA 

effect 1.32) was found in 4072 × Parwaz-94 while greatest negative effect (-1.07) was found 

between Punjab-96 × Iqbal-2000. It was observed that hybrids showing positive SCA effects 

were greater in number than that of exhibited negative SCA. Reciprocal effects in positive 

sense were maximum in hybrid 4072 × Parwaz-94 (4.15) while maximum negative reciprocal 

effect (-3.16) was found between Uqab-2000 × Iqbal-2000.   

4.5.2.4. Stomatal frequency 

The combining ability and reciprocal effects were given Table 4.44. Two of seven parental 

genotype, Punjab-96 (-34.52) and Iqbal-2000 (-21.74) displayed maximum negative GCA 

effects. The genotype Pujab-96 was the best general combiner for stomatal frequency. Highest 

negative SCA effects (-48.93) were observed in hybrid Uqab-2000 × Iqbal-2000 for stomatal 

frequency. Highest positive SCA effect was found in the cross of 4072 × Iqbal-2000 (22.85) 

followed by MH-97 × Iqbal-2000 (20.26). The indirect or reciprocal effect was found in Ukab-

2000× Shahkar-95 (-49.88). 

4.5.2.5. Stomatal size 

The combining ability and reciprocal effects were given Table 4.45. Maximum negative GCA 

(-66.34) effects were observed in Uqab-2000 being the best general combiner for stomatal size. 

While four genotypes showed positive GCA effects. Negative SCA effects were found in 11 

crosses. Crosses showing maximum negative SCA (-43.57), (-34.24) are Uqab-2000 × 

Shahkar-95 and MH-97 × Uqab-2000 hybrids. Maximum positive SCA effects (43.68) were 

found in Punjab-96 × Uqab-2000. The indirect or reciprocal effect was found in MH-97 

×Parwaz-94 which displayed maximum negative SCA effect (-59.38) followed by Punjab-96 × 

Iqbal-2000 (-58.86).  
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Table 4.43. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for leaf venation. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -1.17 -0.99 0.31 -0.43 0.15 0.96 0.63 

Parwaz-94 1.33 -0.13 0.25 -0.53 -0.39 1.32 -0.41 

Iqbal-2000 2.82 1.32 0.49 0.38 -0.64 0.25 -1.07 

Uqab-2000 0.99 0.37 -3.16 -0.58 0.95 -0.77 1.30 

MH-97 0.74 2.90 0.55 1.52 1.58 1.11 0.97 

4072 -1.14 4.15 -0.74 1.89 -1.43 -1.05 0.97 

Punjab-96 -0.14 1.99 -2.21 -0.10 -1.86 -0.80 0.55 

  S.E (gi) = 0.29   S.E (sij) = 0.72  S.E (rij) = 0.83 

 

Table 4.44. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for stomatal frequency. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -2.22 -3.40 2.65 5.79 -4.65 -2.96 1.14 

Parwaz-94 -41.55 17.95 -0.67 2.80 3.74 -13.08 -14.66 

Iqbal-2000 -47.05 -23.35 -21.74 -48.93 20.26 22.85 11.50 

Uqab-2000 -49.88 -31.70 -22.98 23.04 -16.48 8.49 11.50 

MH-97 -24.87 -15.95 58.13 -27.61 10.68 -3.29 8.36 

4072 -1.19 -32.72 16.82 10.33 -36.1 6.82 -13.08 

Punjab-96 -21.03 -19.26 -20.93 18.95 48.71 19.32 -34.52 

  S.E (gi) = 7.08   S.E (sij) = 17.59  S.E (rij) = 20.25 
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Table 4.45. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for stomatal size. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 15.38 -17.56 14.86 -43.57 39.29 -14.88 22.04 

Parwaz-94 33.88 -4.37 -10.39 40.18 -1.19 14.71 -21.92 

Iqbal-2000 -39.22 -13.91 -25.37 28.39 -26.22 4.86 -10.50 

Uqab-2000 9.63 62.22 -14.39 -66.34 -34.24 5.25 43.68 

MH-97 12.78 -59.38 -39.80 4.57 8.05 10.12 -10.18 

4072 -25.39 89.02 83.42 36.59 12.34 22.09 -20.02 

Punjab-96 -42.52 24.62 -58.86 25.68 -28.80 49.21 50.53 

  S.E (gi) = 13.88   S.E (sij) = 34.47  S.E (rij) = 39.67 

 

Table 4.46. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for epidermal cell size. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 31.93 -37.92 -109.39 218.62 -77.97 101.89 -22.88 

Parwaz-94 142.87 -37.99 -117.34 272.23 -17.28 -142.79 42.94 

Iqbal-2000 256.78 -138.35 177.46 46.21 -49.74 76.14 91.86 

Uqab-2000 180.66 -202.11 -287.40 -340.50 68.12 -334.49 -210.95 

MH-97 -180.43 -156.69 -561.67 -82.89 -90.52 22.03 65.79 

4072 110.13 -121.18 26.98 -26.90 -184.41 351.69 29.18 

Punjab-96 -59.70 -376.58 -293.38 -333.96 -832.03 -193.41 -92.07 

  S.E (gi) = 45.74   S.E (sij) = 113.59 S.E (rij) = 130.72 

 



 137 

4.5.2.6. Epidermal cell size 

Table 4.46 indicated that three out of seven genotypes showed positive GCA effects for 

epidermal cell size. Maximum positive GCA (351.69) effect was observed in 4072 followed by 

Iqbal-2000 (177.46) and maximum negative GCA (-340.50) effects were found in Uqab-2000. 

It showed that 4072 was considered the best general combiner for epidermal cell size having 

maximum dominant genes. Number of hybrids having positive SCA effects was 11 out of 21 

SCA hybrids. The best specific combiner for this trait was considered the hybrid Uqab-2000 × 

Parwaz-94 with maximum positive value (272.23). Maximum positive (256.78) effect was 

found in Iqbal-2000 × Shahkar-95. 

4.5.2.7. Hygrophilic colloids 

The combining ability and reciprocal effects were given Table 4.47. Two out of seven parental 

genotype, Iqbal-2000 (0.07) and Shahkar-95 (0.014) displayed positive GCA effects, while 

remaining five genotypes showed negative GCA effects. Maximum negative effects were 

found in 4072 (-0.035), Parwaz-94 (-0.033) displayed maximum negative GCA effects. 

Highest negative SCA effect (-0.084) was recorded in hybrid Iqbal-2000 ×.Parwaz-94. Highest 

positive SCA (0.039) effect was found in the cross of Parwaz-94 × Shahkar-95. The indirect or 

reciprocal effect (0.053) was found in Punjab-96 × MH-94, while maximum negative effect (-

0.100) was found between 4072 × Iqbal-2000 × Iqbal-2000.   

4.5.2.8. Number of tillers per plant  

Table 4.48 indicated that five out of seven genotypes showed positive GCA while the 

remaining two exhibited negative GCA effects. Maximum positive GCA effects (0.67) were 

recorded in the genotype MH-97 being the best general combiner for number of tillers per 

plant. While genotype Shahkar-95 (-0.60) was considered the poorest general combiner. 

Number of hybrids showing positive SCA effects were 11 out of 21. Maximum figure (0.61) 

followed by 4072 × Iqbal-2000 (0.32). Reciprocal effects were positive and highest (1.37) in 

the cross Shahkar-95 × Iqbal-2000. 
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Table 4.47. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for hygrophilic colloids. 

Genotypes 

Shahkar 

-95 

Parwaz 

-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab 

-96 

Shahkar-95 0.014 0.039 -0.081 0.001 0.024 -0.024 -0.001 

Parwaz-94 0.017 -0.033 -0.084 0.027 0.004 -0.019 0.027 

Iqbal-2000 -0.033 -0.017 0.070 -0.042 -0.079 0.001 -0.044 

Uqab-2000 -0.003 -0.017 -0.083 -0.008 -0.004 0.031 -0.031 

MH-97 -0.067 -0.033 -0.080 -0.050 -0.001 0.026 0.024 

4072 0.015 0.007 -0.100 0.0180 -0.080 -0.035 0.010 

Punjab-96 -0.030 -0.018 -0.050 -0.002 0.053 -0.033 -0.006 

  S.E (gi) = 0.014   S.E (sij) = 0.035  S.E (rij) = 0.040 

 

Table 4.48. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for number of tillers per plant. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -0.60 -0.18 -0.36 0.004 0.61 0.10 -0.25 

Parwaz-94 0.32 0.15 -0.01 0.04 0.06 0.07 0.09 

Iqbal-2000 1.37 0.40 0.01 0.06 -0.15 0.32 0.14 

Uqab-2000 -0.57 -0.02 0.10 0.04 -0.33 -0.16 0.19 

MH-97 0.53 0.17 0.12 -0.17 0.67 -0.20 -0.25 

4072 0.15 0.17 0.75 0.13 -0.45 -0.37 -0.08 

Punjab-96 -0.70 0.05 0.47 0.45 -0.13 -0.43 0.11 

  S.E (gi) = 0.13   S.E (sij) = 0.32  S.E (rij) = 0.37 
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4.5.2.9. Peduncle length 

The combining ability and reciprocal effects were given Table 4.49. Three of seven parental 

genotype, Punjab-96 (2.29), MH-97 (0.09) and Iqbal-2000 (0.07) displayed positive GCA 

effects. The genotypes Punjab-96 had maximum dominant genes for peduncle length because it 

possessed maximum positive GCA effect. Highest negative GCA (-1.83) effects were found in 

Parwaz-94.  

Highest positive SCA effect (1.34) was recorded in hybrid MH-97 × Parwaz-94 for peduncle 

length. The indirect or reciprocal effect was found in Uqab-2000 × Shahkar-95 which 

displayed positive effect (2.20).  

4.5.2.10. Extrusion length 

The results (Table 4.50) showed that four out of seven genotypes showed positive GCA 

effects. Punjab-95 with maximum positive GCA effects (1.81) was the best general combiner 

for extrusion length. The poorest general combiner was Parwaz-94 with maximum negative 

GCA effects (-1.19). Positive SCA effects were recorded in 12 out of 21 crosses. Crosses 

showing high positive effects were Punjab-96 × Iqbal-2000 (1.37) and 4072 × Parwaz-94 

(1.33) respectively were thought to be the best specific combiner for extrusion length. 

Reciprocal effects were positive in 17 crosses out of 21 being maximum in the cross Uqab-

2000 × Parwaz-94.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

4.5.2.11. Spike length 

The combining ability and reciprocal effects were given Table 4.51. Three of seven parental 

genotype, Punjab-96 (1.47), Uqab-2000 (0.35) and Iqbal-2000 (0.34) displayed positive GCA 

effects. The genotype Punjab-96 was the best general combiner for spike length because it 

possessed positive GCA effect. But Parwaz-94 was the poorest general combiner for spike 

length having maximum negative GCA effects (-0.61). Highest positive SCA effect (0.51) was 

recorded in hybrid Uqab-2000 × Shahkar-95 for spike length. Highest negative SCA effect was 

found in the cross of Punjab-96 × Iqbal-2000. Maximum indirect or reciprocal effect was found 

in Punjab-96 × Shahkar-95 exhibited positive SCA effect (0.73).  
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Table 4.49. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for peduncle length. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 0.35 -0.07 0.33 -0.25 0.74 -0.79 1.17 

Parwaz-94 0.66 -1.83 1.05 1.07 1.34 -0.67 -1.34 

Iqbal-2000 -1.4 1.17 0.07 -0.81 -0.23 -0.25 0.33 

Uqab-2000 2.2 0.4 -0.86 -0.61 -0.38 0.94 0.04 

MH-97 0.9 0.55 -0.24 -0.3 0.09 -0.23 -1.35 

4072 0.45 -0.83 0.52 0.62 -0.24 -0.88 1.46 

Punjab-96 1.67 0.83 1.25 1 -2.12 -0.42 2.29 

S.E (gi) = 0.22   S.E (sij) = 0.54  S.E (rij) = 0.63 

 

Table 4.50. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for extrusion length. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -1.05 0.31 -0.05 -0.61 0.29 -0.66 0.36 

Parwaz-94 -0.50 -1.19 -0.79 -0.45 0.93 1.33 0.25 

Iqbal-2000 0.20 0.32 0.34 0.49 -0.18 0.42 1.37 

Uqab-2000 0.83 2.94 1.40 0.07 0.79 0.55 0.49 

MH-97 0.78 0.28 -0.13 0.17 -0.33 -0.36 -1.28 

4072 0.00 1.34 0.60 1.07 -1.32 -0.32 -0.02 

Punjab-96 0.31 1.50 2.52 0.67 -3.17 1.23 1.81 

  S.E (gi) = 0.22   S.E (sij) = 0.54  S.E (rij) = 0.63 

 



 141 

Table 4.51. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for spike length. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -0.13 0.19 -0.34 -0.28 0.19 -0.11 0.32 

Parwaz-94 0.13 -0.61 0.39 0.51 0.39 -0.46 -0.60 

Iqbal-2000 -0.25 0.20 0.34 -0.08 -0.07 0.02 -0.01 

Uqab-2000 -0.48 0.00 -0.46 0.35 -0.02 0.12 -0.07 

MH-97 0.38 -0.67 -0.17 0.12 -0.19 0.16 -0.36 

4072 -0.05 -0.12 -0.55 0.00 0.17 -0.22 0.47 

Punjab-96 0.73 0.00 -0.18 0.50 -1.00 -0.50 1.47 

S.E (gi) = 0.12   S.E (sij) = 0.30  S.E (rij) = 0.34 

 

Table 4.52. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for number of spikelets per spike. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 0.09 -0.44 0.17 -0.10 0.14 -0.01 0.05 

Parwaz-94 -0.27 -0.76 0.34 0.46 -0.08 -0.39 -0.08 

Iqbal-2000 -0.12 0.90 -0.26 -0.34 -0.06 0.34 -0.78 

Uqab-2000 -0.38 -0.03 0.03 0.45 -0.15 -0.07 0.19 

MH-97 -0.15 -1.18 1.07 -0.05 0.07 0.10 0.09 

4072 0.97 -0.47 -0.03 0.67 -0.12 0.10 0.09 

Punjab-96 0.95 0.60 0.23 0.45 -0.5 -0.33 0.31 

S.E (gi) = 0.14   S.E (sij) = 0.36  S.E (rij) = 0.41 
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4.5.2.12. Number of spikelets per spike 

Five out of seven parents showed positive GCA effects for number of spikelets per spike 

(Table 4.52).  

Three of seven parental genotype, Parwaz-94 (-2.27), Shahkar-95 (-1.71) and Iqbal-2000 

displayed negative GCA effects. The genotypes Punjab-96 had maximum dominant genes for 

plant height because it possessed positive GCA effect. The best general combiner having 

greatest GCA effects (0.45) was Uqab-2000. The genotype Parwaz-94 had maximum negative 

GCA effects (-0.76). Combinations showing highest positive SCA effects were Uqab-2000 × 

Parwaz-94 (0.49), Iqbal-2000 × Shahkar-95 (0.34) and 4072 × Iqbal-2000 (0.34). Reciprocal 

effects were positive in 21 crosses while the crosses MH-97 × Iqbal-2000 (1.07) and 4072 × 

Shahkar-95 (0.97) showed maximum positive reciprocal effects.      

4.5.2.13. Spike density 

Present results (Table 4.53) indicated that maximum positive GCA effects were found in 4072 

(0.045) and MH-97 (0.038). So, 4072 was considered the best general combiner for spike 

density. While Iqbal-2000 (-0.079) was considered the poorest general combiner for spike 

density. Best cross combinations showing high positive SCA effects were Punjab-96 × Parwaz-

94 (0.087) and Punjab-96 × MH-97 (0.074). The hybrid MH-97 × Parwaz-94 showed the 

maximum negative SCA (-0.079). Highest indirect or reciprocal effects were in MH-97 × 

Iqbal-2000 (0.122) and Punjab-96 × MH-97 (0.119). 

4.5.2.14. Number of grain per spike 

The combining ability and reciprocal effects were given Table 4.54. Three of seven parental 

genotype showed positive GCA effects i.e., Punjab-96 (3.82), Uqab-2000 (2.79) and 4072 

(0.09) displayed positive GCA effects. The genotypes Punjab-96 had maximum dominant 

genes for number of grains per spike because it possessed maximum positive GCA effect. Best 

cross combinations showing high positive SCA effects were MH-97 × Uqab-2000 (2.83) and 

Uqab-2000 × Parwaz-94 (1.77). Only ten  
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Table 4.53. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for spike density. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 0.028 -0.063 0.066 0.037 -0.010 0.015 -0.048 

Parwaz-94 -0.037 0.028 -0.037 -0.038 -0.079 0.040 0.087 

Iqbal-2000 0.031 0.054 -0.079 -0.013 0.006 0.027 -0.068 

Uqab-2000 0.049 0.003 0.071 -0.016 -0.012 -0.023 0.028 

MH-97 -0.070 -0.009 0.122 -0.025 0.038 0.019 0.074 

4072 0.102 -0.026 0.083 0.061 -0.051 0.045 -0.076 

Punjab-96 -0.022 0.062 0.043 -0.037 0.119 0.042 -0.044 

  S.E (gi) = 0.0003  S.E (sij) = 0.003 S.E (rij) = 0.002 

 

Table 4.54. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for number of grains per spike. 

  S.E (gi) = 0.75   S.E (sij) = 1.86  S.E (rij) = 2.14 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -2.81 -0.99 0.11 -2.55 0.27 1.29 0.93 

Parwaz-94 -3.70 -0.09 1.59 1.77 -0.54 -0.02 -1.95 

Iqbal-2000 -3.37 4.70 -2.13 -0.91 0.92 -1.01 0.68 

Uqab-2000 2.97 2.67 -2.97 2.79 2.83 0.35 -0.87 

MH-97 -1.67 2.77 -1.33 -0.50 -1.66 -0.96 -2.52 

4072 1.23 0.83 0.85 1.57 2.33 0.09 0.90 

Punjab-96 -5.47 -2.97 -0.23 -5.60 -0.17 5.00 3.82 
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crosses showed positive reciprocal effects which were highest (5.00) in Punjab-96 × 4072. 

4.5.2.15. 1000-grains weight 

The combining ability and reciprocal effects were given Table 4.55. Only two out of seven 

parental genotypes were positive while remaining was negative for 1000-grain weight. Highest 

GCA effects were found in Punjab-96 (1.68) and Uqab-2000 (1.37). Cross combinations like 

Punjab-96 × Parwaz-94 showed the highest SCA effects (1.80). Maximum positive reciprocal 

effects (2.33) were recorded in Punjab-96 × Parwaz-94.  

4.5.2.16. Biomass per plant 

Table 4.56 showed that three out of seven showed positive GCA effects. Highest GCA effects 

(3.13) were found in MH-97, which was considered the best general combiner for biomass per 

plant. The poorest general combiner was Punjab-96 having maximum negative GCA (-2.39). 

Only seven out of 21 crosses showed positive SCA effects for biomass per plant. The cross 

combination Punjab-96 × 4072 showed maximum SCA effects (1.81). 11 out of 21 reciprocal 

effects were positive and maximum positive reciprocal effects (6.20) were recorded in Punjab-

96 × MH-97. 

4.5.2.17. Grain yield per plant 

The results from Table 4.57 showed that MH-97 showed highest positive GCA effects (0.82) 

which showed the best general combiner for grain yield per plant. Maximum negative GCA 

effect (-1.17) was found in Punjab-96. Maximum SCA effects were found in Punjab-96 × 

Parwaz-94 (0.66) and Punjab-96 × 4072 (0.63). 12 out of 21 positive reciprocal effects were 

found having maximum positive effects (2.65) in Punjab-96 × MH-97.  

4.5.2.18. Harvest index 

The combining ability and reciprocal effects were given Table 4.58. Four of seven parental 

genotypes, Parwaz-94 (3.33), Shahkar-95 (2.42), Punjab-96 (1.22) and 4072 (0.09) displayed 

positive GCA effects. The genotype Parwaz-94 was considered the best general combiner for 

harvest index. Highest positive SCA effect (2.24) was  
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Table 4.55. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for 1000-grains weight. 

  S.E (gi) = 0.35   S.E (sij) = 0.89  S.E (rij) = 1.02 

 

Table 4.56. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for biomass per plant. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -0.47 0.58 1.09 -0.45 0.26 -0.98 -1.01 

Parwaz-94 0.01 -0.89 -0.05 -0.20 -1.55 -0.10 0.98 

Iqbal-2000 0.09 2.82 -0.89 0.19 -0.38 -0.34 -0.82 

Uqab-2000 -0.37 0.16 -0.12 0.83 -0.41 -0.95 1.05 

MH-97 -1.13 -1.24 2.42 -3.23 3.13 0.10 -0.06 

4072 1.38 -1.16 -0.31 3.82 4.55 0.69 1.81 

Punjab-96 2.58 -0.86 0.58 -1.55 6.20 -1.59 -2.39 

  S.E (gi) = 0.35   S.E (sij) = 0.86  S.E (rij) = 0.99 

 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 -1.59 -0.39 0.96 1.48 0.75 -0.78 -0.62 

Parwaz-94 0.17 -0.96 0.12 -0.96 -0.18 0.14 1.80 

Iqbal-2000 1.32 2.27 -0.05 -0.49 -0.12 -0.10 -0.37 

Uqab-2000 -0.60 0.03 1.21 1.37 -0.83 0.97 -0.17 

MH-97 -1.23 1.53 -0.77 -0.78 -0.43 0.45 -0.15 

4072 0.28 0.01 0.74 -0.90 0.02 -0.02 -0.55 

Punjab-96 0.59 2.33 -2.13 1.20 0.98 -0.02 1.68 
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Table 4.57. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for grain yield per plant. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 0.47 0.30 -0.90 0.43 -0.59 0.03 -0.36 

Parwaz-94 -0.26 0.42 -0.38 -0.82 -1.18 0.55 0.66 

Iqbal-2000 -1.59 1.41 -1.09 0.54 0.18 0.26 0.07 

Uqab-2000 -0.26 -1.12 0.34 0.07 0.23 -0.50 0.07 

MH-97 -1.89 -0.33 0.70 -0.94 0.82 -0.17 -0.41 

4072 -1.59 0.39 1.93 1.86 0.14 0.47 0.63 

Punjab-96 1.25 0.29 0.62 0.02 2.65 -2.49 -1.17 

  S.E (gi) = 0.25   S.E (sij) = 0.62  S.E (rij) = 0.72 

 

Table 4.58. General combining ability (diagonal), specific combining ability (above 

diagonal) and reciprocal (below diagonal) effects of 7 wheat genotypes and their 

crosses for harvest index. 

Genotypes 

Shahkar-

95 Parwaz-94 

Iqbal-

2000 

Uqab-

2000 MH-97 4072 

Punjab-

96 

Shahkar-95 2.42 -0.39 -5.11 2.14 -2.48 2.24 1.56 

Parwaz-94 -0.87 3.33 -0.53 -2.51 -1.01 1.66 -0.05 

Iqbal-2000 -5.28 -2.44 -1.83 1.52 1.21 1.24 1.95 

Uqab-2000 -0.18 0.42 1.15 -1.64 1.70 0.30 -0.90 

MH-97 -3.49 0.99 -2.31 3.22 -3.59 -0.09 -1.44 

4072 -8.48 3.93 7.14 -1.81 -7.67 0.09 -2.40 

Punjab-96 -2.37 3.22 0.83 3.31 -3.47 -4.86 1.22 

S.E (gi) = 0.82   S.E (sij) = 2.04  S.E (rij) = 2.35 
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recorded in hybrid 4072 × Shahkar-95 for harvest index. Highest negative SCA effect (-5.511) 

was found in the cross of Iqbal-2000 × Shahkar-95. The reciprocal effect (7.14) was found in 

4072 × Iqbal-2000. The hybrid 4072 × MH-97 showed highest negative reciprocal (-7.67) 

effect.  

4.6. Heterosis studies 

4.6.1. Plant height 

Heterosis studies (Table 4.59) revealed that majority of the crosses showed a significant 

increase over the mid parent while only 6 crosses showed a reduction in plant height. The 

crosses showed highest significant increases in plant height as compared to respective mid 

parent value include Punjab-96 × Parwaz-94 (15.32) and 4072 × Parwaz-94 (14.16). The cross 

combinations exhibited highest negative heterosis were Iqbal-2000 × MH-97 (-4.17) and Iqbal-

2000 × Uqab-2000 (-3.60) respectively. Negative heterobeltiosis was indicated in 18 crosses of 

which only 3 resched the level of significance. They were Parwaz-94 × Iqbal-2000, Iqbal-2000 

× Uqab-2000 and Shahkar-95 × iqbal-2000. Six crosses showed significant positive 

heterobeltiosis which was maximum (11.81) in  4072 × Parwaz-94. 

4.6.2. Flag leaf area 

Positive heterosis for flag leaf area was indicated in 11 crosses out of 42 crosses (Table 4.60). 

Only one hybrid MH-97 × 4072 showed significant heterosis for flag leaf area. Majority of the 

crosses displayed reduction in flag leaf area as compared to their mid parents. Cross which 

showed highest heterosis also contained high heterobeltiosis while 37 out of 42 crosses 

exhibited negative heterobeltiosis . 

4.6.3. Leaf venation   

Heterosis for leaf venation was given in Table 4.61. The results showed that 23 crosses 

exhibited increase in leaf venation over mid parent values out of which only 6 were significant. 

Maximum positive heterosis was found in Iqbal-2000 × Uqab-2000 (10.23) and MH-97 × 4072 

(9.89). While positive heterobeltiosis was found in 13 crosses out of which 4072 × Parwaz-94 

(10.26) exhibited maximum positive heterobeltiosis for leaf venation. 
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Table 4.59.  Heterosis (H) and heterobeltiosis (HB) estimates for plant height in 42 crosses of 

wheat 

 

Crosses   H          HB

 
Shahkar-95 × Parwaz-94  2.29

NS
   -0.38

NS
 

Shahkar-95 × Iqbal-2000                     0.46 
NS

   -3.58** 

Shahkar-95 × Uqab-2000                    2.72
NS

   -2.93
NS

 

Shahkar-95 × MH-97                          2.61
NS

   0.34
NS

 

Shahkar-95 × 4072                              3.17
NS

   2.58
NS

 

Shahkar-95 × Punjab-96                          7.23**   2.57
NS

 

Parwaz-94 × Shahkar-95                     1.40
NS

                          -1.24
NS

 

Parwaz-94 × Iqbal-2000                     -2.44
NS

   -7.89** 

Parwaz-94 × Uqab-2000                    6.24*   -2.08
NS

 

Parwaz-94 × MH-97                          7.89**   2.81
NS

 

Parwaz-94 × 4072                             7.09*   4.88* 

Parwaz-94 × Punjab-96                    2.67
NS

   4.23
NS

 

Iqbal-2000 × Shahkar-95                 0.18
NS

   -2.95
NS

 

Iqbal-2000 × Parwaz-94                  8.19**   2.15
NS

 

Iqbal-2000 × Uqab-2000                 -3.60
NS

   -6.04* 

Iqbal-2000 × MH-97                           -4.17
NS

   -5.11
NS

 

Iqbal-2000 × 4072                               5.59*   1.70
NS

 

Iqbal-2000 × Punjab-9                        5.95*   4.58
NS

 

Uqab-2000 × Shahkar-95  5.42*   -0.38
NS

 

Uqab-2000 × Parwaz-94  5.36*   -2.89
NS

 

Uqab-2000 × Iqbal-2000  -2.59
NS

   -5.06
NS

 

Uqab-2000 × MH-97   1.99
NS

   -1.53
NS

 

Uqab-2000 × 4072   1.10
NS

   -4.98
NS

 

Uqab-2000 × Punjab-96   -1.25
NS

   -2.51
NS

 

MH-97 × Shahkar-95   6.16*   3.82
NS

 

MH-97 × Parwaz-94   3.66
NS

   -1.20
NS

 

MH-97 × Iqbal-2000   -0.82
NS

   -1.79
NS

 

MH-97 × Uqab-2000   3.62
NS

   0.04
NS

 

MH-97 × 4072    6.01*   3.09
NS

 

MH-97 × Punjab-96   5.68*   3.32
NS

 

4072 × Shahkar-95   8.27**   7.65* 

4072 × Parwaz-94   14.16**   11.81** 

4072 × Iqbal-2000   1.48
NS

   -2.24
NS

 

4072 × Uqab-2000   9.17**   2.59
NS

 

4072 × MH-97    15.22**   12.05** 

4072 × Punjab-96   5.62*   0.48
NS

 

Punjab-96 × Shahkar-95    6.41*   1.79
NS

 

Punjab-96 × Parwaz-94   15.32**   7.55** 

Punjab-96 × Iqbal-2000   8.87**   7.47** 

Punjab-96 × Uqab-2000   2.63
NS

   1.31
NS

 

Punjab-96 × MH-97   4.12
NS

   1.79
NS

 

Punjab-96 × 4072    6.31*   1.13
NS

  

* = P≤ 0.05 and ** =P ≤ 0.01  
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Table 4.60.  Heterosis (H) and heterobeltiosis (HB) estimates for flag leaf area in 42 crosses of wheat 

 

Crosses                                          H                         HB 

Shahkar-95 × Parwaz-94  -9.24
 NS

   -15.18
 NS

 

Shahkar-95 × Iqbal-2000  -20.17**  -38.78** 

Shahkar-95 × Uqab-2000          2.63
 NS

   -5.49
 NS

 

Shahkar-95 × MH-97             -7.81
 NS

   -19.34* 

Shahkar-95 × 4072              -1.37
 NS

   -17.88* 

Shahkar-95 × Punjab-96              -2.01
 NS

   -24.39** 

Parwaz-94 × Shahkar-95             -2.62
 NS

   -9.00
 NS

 

Parwaz-94 × Iqbal-2000              -36.08**  -48.41** 

Parwaz-94 × Uqab-2000  2.60
 NS

    0.99
 NS

 

Parwaz-94 × MH-97   -5.79
 NS

   -12.26
 NS

 

Parwaz-94 × 4072   -6.73
 NS

   -17.67** 

Parwaz-94 × Punjab-96      -17.05**  -32.61** 

Iqbal-2000 × Shahkar-95    -18.22**  -37.28** 

Iqbal-2000 × Parwaz-94    -3.49
 NS

   -22.11** 

Iqbal-2000 × Uqab-2000    -17.11**  -32.27** 

Iqbal-2000 × MH-97   -12.66*   -25.24** 

Iqbal-2000 × 4072   2.07
 NS

   -8.00
 NS

 

Iqbal-2000 × Punjab-96   1.45
 NS

    0.58
 NS

 

Uqab-2000 × Shahkar-95         9.02
 NS

    0.39
 NS

 

Uqab-2000 × Parwaz-94  -2.25
 NS

    -3.78
 NS

 

Uqab-2000 × Iqbal-2000  -7.54
 NS

    -24.46** 

Uqab-2000 × MH-97   7.35
 NS

    1.48
 NS

 

Uqab-2000 × 4072   4.79
 NS

    -6.20
 NS

 

Uqab-2000 × Punjab-96   9.35
 NS

    -10.05* 

MH-97 × Shahkar-95   7.42
 NS

    -6.02
 NS

 

MH-97 × Parwaz-94   -1.83
 NS

   -8.56
 NS

 

MH-97 × Iqbal-2000   -6.64
 NS

   -20.09** 

MH-97 × Uqab-2000   -3.88
 NS

   -9.14
 NS

 

MH-97 × 4072    16.53**   9.95
 NS

 

MH-97 × Punjab-96   1.93
 NS

    -12.12* 

4072 × Shahkar-95   -1.65
 NS

    -18.12** 

4072 × Parwaz-94   -6.57
 NS

   -17.53** 

4072 × Iqbal-2000   -15.18**  -23.55** 

4072 × Uqab-2000   -4.84*   -14.82* 

4072 × MH-97    -15.47**  -20.24** 

4072 × Punjab-96    -10.16*   -18.40** 

Punjab-96 × Shahkar-95     -22.20**  -39.98** 

Punjab-96 × Parwaz-94   -15.88*   -31.66** 

Punjab-96 × Iqbal-2000   -1.46
 NS

   -2.30
 NS

 

Punjab-96 × Uqab-2000   -5.14
 NS

   -21.97** 

Punjab-96 × MH-97   -0.32
 NS

   -14.05** 

Punjab-96 × 4072   -6.89
 NS

   -15.44** 
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Table 4.61.  Heterosis (H) and heterobeltiosis (HB) estimates for leaf venation in 42 crosses of wheat 

 

Crosses                                          H                   HB 

Shahkar-95 × Parwaz-94  -9.27**   -11.19** 

Shahkar-95 × Iqbal-2000  -9.25**   -12.97** 

Shahkar-95 × Uqab-2000  -4.65
NS

   -5.99
NS

 

Shahkar-95 × MH-97   -3.18
NS

   -8.25* 

Shahkar-95 × 4072   1.48
NS

   -2.78
NS

 

Shahkar-95 × Punjab-96   0.82
NS

   -1.65
NS

 

Parwaz-94 × Shahkar-95  -1.90
NS

   -3.98
NS

 

Parwaz-94 × Iqbal-2000   -4.50
NS

   -6.49
NS

 

Parwaz-94 × Uqab-2000  -2.35
NS

   -5.72
NS

 

Parwaz-94 × MH-97   -9.48**    -12.42** 

Parwaz-94 × 4072   -6.49
NS

   -12.24** 

Parwaz-94 × Punjab-96   -7.06*   -7.40
NS

 

Iqbal-2000 × Shahkar-95  6.04
NS

   1.68
NS

 

Iqbal-2000 × Parwaz-94   2.47
NS

   0.34
NS

 

Iqbal-2000 × Uqab-2000  10.23**   4.29
NS

 

Iqbal-2000 × MH-97   -3.60
NS

   -4.78
NS

 

Iqbal-2000 × 4072   4.78
NS

   -3.55
NS

 

Iqbal-2000 × Punjab-96   2.77
NS

   0.99
NS

 

Uqab-2000 × Shahkar-95  1.07
NS

   -0.33
NS

 

Uqab-2000 × Parwaz-94  -0.25
NS

   -3.70
NS

 

Uqab-2000 × Iqbal-2000  -7.09*   -12.10** 

Uqab-2000 × MH-97   -0.18
NS

   -6.65
NS

 

Uqab-2000 × 4072   -3.74
NS

   -6.52
NS

 

Uqab-2000 × Punjab-96   5.62
NS

   1.61
NS

 

MH-97 × Shahkar-95   0.79
NS

   -4.47
NS

 

MH-97 × Parwaz-94   5.72
NS

   2.28
NS

 

MH-97 × Iqbal-2000   -0.76
NS

   -1.98
NS

 

MH-97 × Uqab-2000   8.05*   1.04
NS

 

MH-97 × 4072    9.89**   0.01
NS

 

MH-97 × Punjab-96   2.60
NS

   -0.37
NS

 

4072 × Shahkar-95   -5.25
NS

   -9.23** 

4072 × Parwaz-94   17.47**   10.26** 

4072 × Iqbal-2000   0.63
NS

   -7.38* 

4072 × Uqab-2000   7.58*   4.48
NS

 

4072 × MH-97    1.91
NS

   -7.25* 

4072 × Punjab-96   8.36*   1.36
NS

 

Punjab-96 × Shahkar-95   0.05
NS

   -2.41
NS

 

Punjab-96 × Parwaz-94   3.70
NS

   3.32
NS

 

Punjab-96 × Iqbal-2000   -8.90*   -10.47** 

Punjab-96 × Uqab-2000   5.08
NS

   1.09
NS

 

Punjab-96 × MH-97   -7.11*   -9.81** 

Punjab-96 × 4072 `  3.75
NS

   -2.95
NS
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4.6.4. Stomatal frequency 

Results for heterosis (Table 4.62) revealed that number of crosses showing negative heterosis 

for stomatal frequency was greater and 28 crosses indicated decrease in stomatal frequency 

over mid parent value out of which only 6 crosses were significant. Maximum heterosis was 

found in a cross Uqab-2000 × Iqbal-2000 (-16.78) and Uqab-2000 × Punjab-96 (-13.92). 

Negative heterobeltiosis was found in 34 crosses out of 42 from which 15 crosses exhibited 

significant heterobeltiosis for stomatal frequency but maximum heterobeltiosis was found in 

same crosses having maximum negative heterosis. 

4.6.5. Stomatal size 

A perusal of the Tbale 4.63 indicated that 19 crosses displayed decrease in stomatal size over 

their mid parental values while 23 of the crosses indicated increase stomatal size. Highest 

decrease in size of stomata was found in MH-97 × Iqbal-2000 (4.32). While out of 42 crosses 

30 crosses showed decrease in stomatal size and maximum decrease in case of heterobeltiosis 

was found in Punjab-96 × Iqbal-2000 (-7.56) cross. 

4.6.6. Epidermal cell size   

Table 4.64 for heterosis in epidermal cell size revealed that positive heterosis was observed in 

20 crosses but only 5 of these reached the level of significance. Highest value (25.66) was 

recorded in MH-97 × Punjab-96 hybrid followed by Parwaz-94 × Uqab-2000 (15.32). One out 

of eight crosses showed significant positive heterobeltiosis which was same cross having 

maximum positive heterosis value. Whilst 34 crosses showed  drecrease in epidermal cell size. 

4.6.7. Hygrophilic colloids 

A perusal of the Table 4.65 showed that 13 crosses showed decrease in hygrophilic colloids 

over their mid parent value. Results showed that 11 hybrids out of 28 exhibited significant 

reduction in hygrophilic colloids. MH-97 × Uqab-2000 (-81.67), Uqab-2000 × Iqbal-2000 (-

75.0) and Iqbal-2000 × Parwaz-94 (-72.85) had maximum decrease in hygrophillic colloids. 

Number of crosses showed positive heterosis were 12. Maximum negative heterobeltiosis was 

found in the same cross combinations having  
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Table 4.62.  Heterosis (H) and heterobeltiosis (HB) estimates for stomatal frequency in 42 crosses of 

wheat 

 

Crosses                                          H       HB 

Shahkar-95 × Parwaz-94  4.099
NS

   -1.14
NS

  

Shahkar-95 × Iqbal-2000  9.62
NS

   5.01
NS

 

Shahkar-95 × Uqab-2000  3.34
NS

   -5.39
NS

 

Shahkar-95 × MH-97   4.04
NS

   2.59
NS

 

Shahkar-95 × 4072   -0.51
NS

   -2.00
NS

 

Shahkar-95 × Punjab-96   1.52
NS

   -2.02
NS

 

Parwaz-94 × Shahkar-95  -9.64
NS

   -14.19** 

Parwaz-94 × Iqbal-2000   2.38
NS

   -6.63
NS

 

Parwaz-94 × Uqab-2000  -1.80
NS

   -5.54
NS

 

Parwaz-94 × MH-97   1.79
NS

   -2.01
NS

 

Parwaz-94 × 4072   1.05
NS

   -2.63
NS

 

Parwaz-94 × Punjab-96   -3.59
NS

   -11.48* 

Iqbal-2000 × Shahkar-95  -7.52
NS

   -11.41
NS

 

Iqbal-2000 × Parwaz-94   -5.65
NS

   -13.97* 

Iqbal-2000 × Uqab-2000  -9.21
NS

   -20.06** 

Iqbal-2000 × MH-97   -5.39
NS

   -10.58
NS

 

Iqbal-2000 × 4072   1.67
NS

   -3.99
NS

 

Iqbal-2000 × Punjab-96   4.39
NS

   3.59
NS

 

Uqab-2000 × Shahkar-95  -12.46**  -19.86** 

Uqab-2000 × Parwaz-94  -11.36*   -14.74** 

Uqab-2000 × Iqbal-2000  -16.78**  -26.73** 

Uqab-2000 × MH-97   -2.92
NS

   -9.98* 

Uqab-2000 × 4072   -5.65
NS

   -12.42* 

Uqab-2000 × Punjab-96   -13.92**  -23.70** 

MH-97 × Shahkar-95   -4.52
NS

   -5.85
NS

 

MH-97 × Parwaz-94   -3.40
NS

   -7.02
NS

 

MH-97 × Iqbal-2000   15.47**   9.15* 

MH-97 × Uqab-2000   -11.56*   -17.99** 

MH-97 × 4072    6.14
NS

   6.02
NS

 

MH-97 × Punjab-96   -8.80
NS

   -13.17* 

4072 × Shahkar-95   -0.92
NS

   2.41
NS

 

4072 × Parwaz-94   -9.60
NS

   -12.90* 

4072 × Iqbal-2000   7.70
NS

   1.70
NS

 

4072 × Uqab-2000   -2.42
NS

   -9.43
NS

 

4072 × MH-97    -6.09
NS

   -6.19
NS

 

4072 × Punjab-96   -8.18
NS

   -12.66* 

Punjab-96 × Shahkar-95   -6.08
NS

   -9.36
NS

 

Punjab-96 × Parwaz-94   -10.18*   -17.53** 

Punjab-96 × Iqbal-2000   -3.52
NS

   -4.25
NS

 

Punjab-96 × Uqab-2000   -7.72
NS

   -18.21** 

Punjab-96 × MH-97   8.56
NS

   3.36
NS

 

Punjab-96 × 4072   -1.30
NS

   -6.12
NS
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Table 4.63.  Heterosis (H) and heterobeltiosis (HB) estimates for stomatal size in 42 crosses of wheat 

 

Crosses                                          H         HB 

Shahkar-95 × Parwaz-94  -2.75
 NS

   -3.91
 NS

 

Shahkar-95 × Iqbal-2000  3.08
 NS

   0.74
 NS

 

Shahkar-95 × Uqab-2000  -1.94
 NS

   -7.43* 

Shahkar-95 × MH-97   0.84
 NS

   0.62
 NS

 

Shahkar-95 × 4072   0.58
 NS

   0.21
 NS

 

Shahkar-95 × Punjab-96   3.58
 NS

   1.72
 NS

 

Parwaz-94 × Shahkar-95  1.02
 NS

   -0.17
 NS

 

Parwaz-94 × Iqbal-2000   0.33
 NS

   -0.77
 NS

 

Parwaz-94 × Uqab-2000  -0.01
 NS

   -4.53
 NS

 

Parwaz-94 × MH-97   2.72
 NS

   1.28
 NS

 

Parwaz-94 × 4072   -4.02
 NS

   -5.51
 NS

 

Parwaz-94 × Punjab-96   -2.36
 NS

   -5.22
 NS

 

Iqbal-2000 × Shahkar-95  -1.34
 NS

   -3.57
 NS

 

Iqbal-2000 × Parwaz-94   -1.25
 NS

   -2.34
 NS

 

Iqbal-2000 × Uqab-2000  3.78
 NS

   0.16
 NS

 

Iqbal-2000 × MH-97   0.16
 NS

   -2.32
 NS

 

Iqbal-2000 × 4072   4.38
 NS

   -6.89
 NS

 

Iqbal-2000 × Punjab-96   2.79
 NS

   -1.29
 NS

 

Uqab-2000 × Shahkar-95  -0.81
 NS

   -6.36
 NS

 

Uqab-2000 × Parwaz-94  7.34*   2.49
 NS

 

Uqab-2000 × Iqbal-2000  2.05
 NS

   -1.50
 NS

 

Uqab-2000 × MH-97   -1.75
 NS

   -7.44* 

Uqab-2000 × 4072   -0.66
 NS

   -6.55
 NS

 

Uqab-2000 × Punjab-96   2.25
 NS

   -5.09
 NS

 

MH-97 × Shahkar-95   2.25
 NS

   2.03
 NS

 

MH-97 × Parwaz-94   -3.89
 NS

   -5.23
 NS

 

MH-97 × Iqbal-2000   -4.32
 NS

   -6.69
 NS

 

MH-97 × Uqab-2000   -1.22
 NS

   -6.94
 NS

 

MH-97 × 4072    -0.73
 NS

   -0.88
 NS

 

MH-97 × Punjab-96   0.48
 NS

   -1.10
 NS

 

4072 × Shahkar-95   -2.20
 NS

   -2.57
 NS

 

4072 × Parwaz-94   5.87
 NS

   4.23
 NS

 

4072 × Iqbal-2000   4.99
 NS

   2.23
 NS

 

4072 × Uqab-2000   3.59
 NS

   -2.54
 NS

 

4072 × MH-97    0.61
 NS

   0.46
 NS

 

4072 × Punjab-96   -3.65
 NS

   -5.03
 NS

 

Punjab-96 × Shahkar-95   -1.01
 NS

   -2.79
 NS

 

Punjab-96 × Parwaz-94   0.33
 NS

   -2.60
 NS

 

Punjab-96 × Iqbal-2000   -3.72
 NS

   -7.56* 

Punjab-96 × Uqab-2000   5.20
 NS

   -2.36
 NS

 

Punjab-96 × MH-97   -2.62
 NS

   -4.16
 NS

 

Punjab-96 × 4072   1.66
 NS

   0.20
 NS

 

 

 



 154 

Table 4.64.  Heterosis (H) and heterobeltiosis (HB) estimates for epidermal cell size in 42 crosses of 

wheat 

 

Crosses                                          H            HB 

 

Shahkar-95 × Parwaz-94  -3.95
NS

   -4.83
NS

  

Shahkar-95 × Iqbal-2000  -9.25
NS

   -13.94* 

Shahkar-95 × Uqab-2000  3.12
 NS

   -7.10
NS

 

Shahkar-95 × MH-97   4.00
 NS

   1.41
NS

 

Shahkar-95 × 4072   -2.30
NS

   -12.38* 

Shahkar-95 × Punjab-96   1.96
NS

   -0.40
NS

 

Parwaz-94 × Shahkar-95  3.86
NS

   -2.91
NS

 

Parwaz-94 × Iqbal-2000   -0.26
NS

   -6.23
NS

 

Parwaz-94 × Uqab-2000  15.32**   4.74
NS

 

Parwaz-94 × MH-97   4.06
NS

   2.40
NS

 

Parwaz-94 × 4072   -3.50
NS

   -14.16** 

Parwaz-94 × Punjab-96   11.69*   10.09
NS

 

Iqbal-2000 × Shahkar-95  3.90
NS

   -1.46
NS

 

Iqbal-2000 × Parwaz-94   -7.41
NS

   -12.96* 

Iqbal-2000 × Uqab-2000  9.39
NS

   -5.99
NS

 

Iqbal-2000 × MH-97   12.76*   4.41
NS

 

Iqbal-2000 × 4072   -2.41
NS

   -8.01
NS

 

Iqbal-2000 × Punjab-96   9.22
NS

   1.29
NS

 

Uqab-2000 × Shahkar-95  14.00*   2.68
NS

 

Uqab-2000 × Parwaz-94  3.04
NS

   -6.41
NS

 

Uqab-2000 × Iqbal-2000  -6.85
NS

   -19.96** 

Uqab-2000 × MH-97   5.85
NS

   -2.42
NS

 

Uqab-2000 × 4072   -10.55*   -26.83** 

Uqab-2000 × Punjab-96   4.65
NS

   -3.68
NS

 

MH-97 × Shahkar-95   -6.02
NS

   -8.36
NS

 

MH-97 × Parwaz-94   -4.72
NS

   -6.25
NS

 

MH-97 × Iqbal-2000   -16.71**  -22.88** 

MH-97 × Uqab-2000   0.54
NS

   -7.32
NS

 

MH-97 × 4072    2.15
NS

   -10.39* 

MH-97 × Punjab-96   25.66**   25.45** 

4072 × Shahkar-95   2.98
NS

   -7.64
NS

 

4072 × Parwaz-94   -9.36*   -19.38** 

4072 × Iqbal-2000   -1.18
NS

   -6.85
NS

 

4072 × Uqab-2000   -11.97*   -27.99** 

4072 × MH-97    -6.88
NS

   -18.33** 

4072 × Punjab-96   2.36
NS

   -10.08* 

Punjab-96 × Shahkar-95   -1.34
NS

   -3.63
NS

 

Punjab-96 × Parwaz-94   -9.40
NS

   -10.70
NS

 

Punjab-96 × Iqbal-2000   -6.14**   -12.96* 

Punjab-96 × Uqab-2000   -15.97**  -22.66** 

Punjab-96 × MH-97   -21.72**  -21.85** 

Punjab-96 × 4072   -7.10
NS

   -18.40** 
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Table 4.65.  Heterosis (H) and heterobeltiosis (HB) estimates for hygrophillic colloids in 42 crosses of 

wheat 

 

Crosses                                          H                        HB 

Shahkar-95 × Parwaz-94  -0.99
NS 

                       -28.57
 NS

 

Shahkar-95 × Iqbal-2000             -53.85**                      -68.42** 

Shahkar-95 × Uqab-2000             -13.33
NS

         -25.71
 NS

 

Shahkar-95 × MH-97               33.33
NS

               14.29
 NS

 

Shahkar-95 × 4072               -31.87
NS

             -55.71
 NS

 

Shahkar-95 × Punjab-96                          0.00
NS

                     -14.29
 NS

 

Parwaz-94 × Shahkar-95              18.81
NS

               -14.29
 NS

 

Parwaz-94 × Iqbal-2000                         -63.80**             -78.95** 

Parwaz-94 × Uqab-2000              23.46
NS

               0.00
 NS

 

Parwaz-94 × MH-97                           23.46
NS

               0.00
 NS

 

Parwaz-94 × 4072                -19.23
NS

  -32.26
 NS

 

Parwaz-94 × Punjab-96                25.93
NS

               2.00
 NS

 

Iqbal-2000 × Shahkar-95             -69.23**             -78.95** 

Iqbal-2000 × Parwaz-94             -72.85**             -84.21** 

Iqbal-2000 × Uqab-2000           -33.33*                         -57.89** 

Iqbal-2000 × MH-97            -41.67**            -63.16** 

Iqbal-2000 × 4072            -14.69
NS

             -52.63** 

Iqbal-2000 × Punjab-96             -41.67**             -63.16** 

Uqab-2000 × Shahkar-95           -16.67
NS

             -28.57
 NS

 

Uqab-2000 × Parwaz-94         -1.23
NS

                    -20.00
 NS

 

Uqab-2000 × Iqbal-2000          -75.00**             -84.21** 

Uqab-2000 × MH-97            20.00
NS

              20.00
 NS

 

Uqab-2000 × 4072           12.68
NS

            -20.00
 NS

 

Uqab-2000 × Punjab-96           -28.00
NS

          -28.00
 NS

 

MH-97 × Shahkar-95           -33.33
NS

        -42.86
 NS

 

MH-97 × Parwaz-94           -25.93
NS

          -40.00
 NS

 

MH-97 × Iqbal-2000           -81.67
**

            -88.42** 

MH-97 × Uqab-2000          -40.00
NS

             -40.00
 NS

 

MH-97 × 4072          97.18
NS

            40.00
 NS

 

MH-97 × Punjab-96         24.00
NS

         -24.00
 NS

 

4072 × Shahkar-95         -12.09
NS

        -42.86
 NS

 

4072 × Parwaz-94          -3.85
NS

       -19.35
 NS

 

4072 × Iqbal-2000         -71.56**          -84.21** 

4072 × Uqab-2000          43.66
NS

           2.00
 NS

 

4072 × MH-97         -38.03
NS

           -56.00
 NS

 

4072 × Punjab-96         40.85
NS

               0.00
 NS

 

Punjab-96 × Shahkar-95       -30.00
NS

           -40.00
 NS

 

Punjab-96 × Parwaz-94       -1.23
NS

            -20.00
 NS

 

Punjab-96 × Iqbal-2000       -66.67
**

         -78.95** 

Punjab-96 × Uqab-2000        -30.00
NS

          -30.00
 NS

 

Punjab-96 × MH-97        40.00
NS

             40.00
 NS

 

Punjab-96 × 4072       -15.49
NS

           -40.00
 NS
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maximum heterosis. These results showed thtat Uqab-2000 and Iqbal -2000 proved to be best 

parents dor decreasing hygrophilic colloids. 

4.6.8. Number of tillers per plant   

Positive heterosis was observed in 18 crosses out of 42 crosses as given in Table 4.66. 

Maximum positive heterosis was found in crosses4072 × Iqbal-2000 (13.10) followed by 

Iqbal-2000 × Shahkar-95 (11.74). Number of crosses showing positive heterobeltiosis were 

only 8 out of 42. Crosses showing high heterobeltiosis in order were Uqab-2000 × Iqbal-2000 

(10.26) and 4072 × MH-97 (7.95) for more number of tillers per plant. Reduction in number of 

tillers per plant for heterobeltiosis was found in 32 crosse out of 42. 

4.6.9. Peduncle length  

Heterosis for peduncle length was given in Table 4.67. The results showed that 29 crosses 

exhibited positive heterosis out of which only 10 hybrids were significant. Maximum positive 

heterosis was found in Punjab-96 × Shahkar-95 (11.03) and Iqbal-2000 × Parwaz-94 (10.98). 

While 13 cross combinations shaowed negative heterosis in case of peduncle length. Positive 

heterobeltiosis was found in 10 crosses out of which Shahkar-95 × Iqbal-2000 (5.63) and 

Uqab-2000 × Shahkar-95 exhibited maximum positive hetetrobeltiosis for peduncle length. But 

negative heterobeltiosis was found in 32 crosses out of which 7 hybrids showed significant 

heterobeltiosis. 

4.6.10. Extrusion length 

Increase in extrusion length over mid parent was indicated in 38 crosses out of which 13 cross 

combinations showed signifcant increase in extrusion length (Tbale 4.68). Cross 4072 × 

Parwaz-94 (38.13) and Punjab-96 × Iqbal-2000 (32.21) showed highest increase in extrusion 

length over their mid parents. While only 4 cross combinations out of 42 showed negative 

heterosis. Maximum heterobeltiosis was observed in the cross possessing maximum heterosis. 

While negative heterobeltiosis was found in 18 crosses out of 42. Maximum decrease in 

heterobeltiosis was indicated in Punjab-96 × MH-97 (-27.20). 
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Table 4.66.  Heterosis (H) and heterobeltiosis (HB) estimates for number of tillers per plant in 42 

crosses of wheat 

 

Crosses                                          H            HB 

 

Shahkar-95 × Parwaz-94  -6.00
NS

                  -12.96
 NS

 

Shahkar-95 × Iqbal-2000           -21.46**            -26.52** 

Shahkar-95 × Uqab-2000          5.18
NS

        -2.94
 NS

 

Shahkar-95 × MH-97            -1.11
NS

           -14.10* 

Shahkar-95 × 4072            -0.85
NS

                         -2.92
 NS

 

Shahkar-95 × Punjab-96               3.97
NS

                         -4.38
 NS

 

Parwaz-94 × Shahkar-95            1.60
NS

    -5.93
 NS

 

Parwaz-94 × Iqbal-2000              -4.12
NS

    -5.19
 NS

 

Parwaz-94 × Uqab-2000             0.00
NS

    -0.37
 NS

 

Parwaz-94 × MH-97                -2.06
NS

    8.65
 NS

 

Parwaz-94 × 4072             -0.39
NS

    -5.93
 NS

 

Parwaz-94 × Punjab-96       0.00
NS

    -0.73
 NS

 

Iqbal-2000 × Shahkar-95             11.74
NS

     4.55
 NS 

 

Iqbal-2000 × Parwaz-94             4.87
NS

     3.70
 NS

 

Iqbal-2000 × Uqab-2000        -1.49
NS

    -2.94
 NS

 

Iqbal-2000 × MH-97        -4.17
NS

               -11.54
 NS

 

Iqbal-2000 × 4072                  -4.76
NS

     -9.09
 NS

 

Iqbal-2000 × Punjab-96              -4.46
NS

     -6.20
 NS

 

Uqab-2000 × Shahkar-95             -8.37
NS

         -15.44* 

Uqab-2000 × Parwaz-94          -0.37
NS

      -0.74
 NS

 

Uqab-2000 × Iqbal-2000             0.75
NS

      -0.74
 NS

 

Uqab-2000 × MH-97            -4.11
NS

   10.26
 NS

 

Uqab-2000 × 4072                   -4.30
NS

      -9.93
 NS

 

Uqab-2000 × Punjab-96               -4.76
NS

      -5.11
 NS

 

MH-97 × Shahkar-95                       10.70
NS

      -3.85
 NS

 

MH-97 × Parwaz-94                     1.37
NS

      -5.45
 NS

 

MH-97 × Iqbal-2000                     -1.74
NS

      -9.29
 NS

 

MH-97 × Uqab-2000            -7.53
NS

          -13.46 * 

MH-97 × 4072              1.45
NS

       -10.26
 NS

 

MH-97 × Punjab-96            -3.41
NS

    -9.29
 NS

 

4072 × Shahkar-95             2.98
NS

   0.83
 NS

 

4072 × Parwaz-94              3.53
NS

    -2.22
 NS

 

4072 × Iqbal-2000              13.10
NS

     7.95
 NS

 

4072 × Uqab-2000                -1.17
NS

    -6.99
 NS

 

4072 × MH-97                 -8.33
 NS

       -18.91** 

4072 × Punjab-96                3.50
 NS

    -2.92
 NS

 

Punjab-96 × Shahkar-95               -12.70
 NS

        -19.71** 

Punjab-96 × Parwaz-94              1.10
 NS

    0.37
 NS

 

Punjab-96 × Iqbal-2000             5.95
 NS

    4.01
 NS

 

Punjab-96 × Uqab-2000             5.13
 NS

    4.74
 NS

 

Punjab-96 × MH-97             -6.14
 NS

       -11.86
 NS

 

Punjab-96 × 4072             -6.61
 NS

         -12.41
 NS
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Table 4.67.  Heterosis (H) and heterobeltiosis (HB) estimates for peduncle length in 42 crosses of 

wheat 

 

Crosses                                           H           HB 

Shahkar-95 × Parwaz-94  1.91
NS

   -3.70
 NS

 

Shahkar-95 × Iqbal-2000       8.37**    5.63
 NS

 

Shahkar-95 × Uqab-2000       -5.17
NS

        -8.84* 

Shahkar-95 × MH-97         1.19
NS

   -2.23
 NS

 

Shahkar-95 × 4072      1.53
NS

    0.87
 NS

 

Shahkar-95 × Punjab-96      0.70
NS

   -8.02
 
** 

Parwaz-94 × Shahkar-95        6.74*    0.87
 NS

 

Parwaz-94 × Iqbal-2000      2.76
NS

   -5.20
 NS

 

Parwaz-94 × Uqab-2000     5.78
NS

   -3.68
 NS

 

Parwaz-94 × MH-97           5.00
NS

      -3.94
 NS

 

Parwaz-94 × 4072                 3.95
NS

   -1.16
 NS

 

Parwaz-94 × Punjab-96            1.09
NS

       -12.26** 

Iqbal-2000 × Shahkar-95           -0.97
NS

          -3.47
 NS

 

Iqbal-2000 × Parwaz-94         10.98
NS

   2.38
 NS

 

Iqbal-2000 × Uqab-2000          1.83
NS

   0.38
 NS

 

Iqbal-2000 × MH-97     0.55
NS

         -0.36
 NS

 

Iqbal-2000 × 4072        -1.12
NS

          -4.23
 NS

 

Iqbal-2000 × Punjab-96           -1.66
NS

       -8.02** 

Uqab-2000 × Shahkar-95       9.29**           5.05
 NS

 

Uqab-2000 × Parwaz-94       8.55**       -1.16
 NS

 

Uqab-2000 × Iqbal-2000      -3.68
NS

    -5.05
 NS

 

Uqab-2000 × MH-97           0.53
NS

       0.00
 NS

 

Uqab-2000 × 4072            2.81
NS

      -1.79
 NS

 

Uqab-2000 × Punjab-96       -1.49
NS

         -6.60* 

MH-97 × Shahkar-95      7.14*         3.51
 NS

 

MH-97 × Parwaz-94           8.84**          -0.43
 NS

 

MH-97 × Iqbal-2000       -1.02
NS

    -1.91
 NS

 

MH-97 × Uqab-2000                          -1.38
NS

    -1.89
 NS

 

MH-97 × 4072                  0.61
NS

    -3.40
 NS

 

MH-97 × Punjab-96                 2.60
NS

     -3.21
 NS

 

4072 × Shahkar-95                -1.57
NS

     -2.21
 NS

 

4072 × Parwaz-94                -2.13
NS

         -6.94
 NS

 

4072 × Iqbal-2000                  2.35
NS

    -0.87
 NS

 

4072 × Uqab-2000                  6.89*        2.11
 NS

 

4072 × MH-97                  -0.99
NS

      -4.94
 NS

 

4072 × Punjab-96                 7.01*       -2.83
 NS

 

Punjab-96 × Shahkar-95               11.03**         1.42
 NS

 

Punjab-96 × Parwaz-94               -4.35
NS

       -16.98** 

Punjab-96 × Iqbal-2000                5.90*         -0.94
 NS

 

Punjab-96 × Uqab-2000                4.48
NS

        -0.94
 NS

 

Punjab-96 × MH-97                -10.10**    -15.19** 

Punjab-96 × 4072                   4.42
NS

          -5.19
 NS
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Table 4.68.  Heterosis (H) and heterobeltiosis (HB) estimates for extrusion length in 42 crosses of 

wheat 
 

Crosses                                          H              HB 

 

Shahkar-95 × Parwaz-94  11.69
NS

   2.37
 NS

 

Shahkar-95 × Iqbal-2000   1.50
NS

      -2.55
 NS

 

Shahkar-95 × Uqab-2000             -7.37
NS

    -9.44
 NS

 

Shahkar-95 × MH-97              -1.50
NS

      -6.56
 NS

 

Shahkar-95 × 4072                1.17
NS

    -2.17
 NS

 

Shahkar-95 × Punjab-96               2.98
NS

   -9.39
 NS

 

Parwaz-94 × Shahkar-95             3.44
NS

   -5.19
 NS

 

Parwaz-94 × Iqbal-2000               2.44
NS

   -9.51
 NS

 

Parwaz-94 × Uqab-2000            -15.88*   -24.47** 

Parwaz-94 × MH-97              14.71*   0.23
 NS

 

Parwaz-94 × 4072              15.13
NS

   8.91
 NS

 

Parwaz-94 × Punjab-96               0.89
NS

   -17.62** 

Iqbal-2000 × Shahkar-95             4.40
NS

     0.23
 NS

 

Iqbal-2000 × Parwaz-94               7.57
NS

    -4.99
 NS

 

Iqbal-2000 × Uqab-2000             2.58
NS

    0.70
 NS

 

Iqbal-2000 × MH-97               7.22
NS

     5.88
 NS

 

Iqbal-2000 × 4072              10.81
NS

      3.02
 NS

 

Iqbal-2000 × Punjab-96              0.52
NS

   -8.24
 NS

 

Uqab-2000 × Shahkar-95             4.95
NS

      2.60
 NS

 

Uqab-2000 × Parwaz-94           31.44**       18.02* 

Uqab-2000 × Iqbal-2000            22.43**     20.19** 

Uqab-2000 × MH-97             11.99
NS

    8.60
 NS

 

Uqab-2000 × 4072              8.45
NS

    2.60
 NS

 

Uqab-2000 × Punjab-96             6.70
NS

    -4.21
 NS

 

MH-97 × Shahkar-95             9.71
NS

    4.07
 NS

 

MH-97 × Parwaz-94            19.11**   4.07
 NS

 

MH-97 × Iqbal-2000             5.38
NS

    4.07
 NS

 

MH-97 × Uqab-2000            14.33*    10.86
 NS

 

MH-97 × 4072              23.09**    13.12
 NS

 

MH-97 × Punjab-96             18.26**     9.20
 NS

 

4072 × Shahkar-95             1.17
NS

   -2.17
 NS

 

4072 × Parwaz-94            38.13**   30.67** 

4072 × Iqbal-2000            19.79**   11.37
 NS

 

4072 × Uqab-2000            24.75**   18.02* 

4072 × MH-97              3.64
NS

    -4.75
 NS

 

4072 × Punjab-96             2.20
NS

    -12.64* 

Punjab-96 × Shahkar-95            6.99
NS

     -5.86
 NS

 

Punjab-96 × Parwaz-94           22.00**    -0.38
 NS

 

Punjab-96 × Iqbal-2000           32.21**   20.69** 

Punjab-96 × Uqab-2000          15.24*    3.45
 NS

 

Punjab-96 × MH-97        -21.16**   -27.20** 

Punjab-96 × 4072          18.78**   1.53
 NS
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4.6.11. Spike length  

Table 4.69 for heterosis in spike length depicted that positive heterosis was found in 26 cross 

combinations out of which only 2 hybrids exhibited significant heterosis. Maximum heterosis 

was found in a cross betweenParwaz-94 × MH-97 (14.62). While negative herosis was found 

in 16 crosses and maximum significant heterosis and heterobeltiosis was found in Punjab-96 × 

MH-97 with values (-12.04) and  (-18.77) respewctively. Positive heterobeltiosis was found in 

only 9 hybrids out of 42 with maximum increase in spike lengthin the same cross which 

displayed maximum positive heterosis in spike length. 

4.6.12. Number of spiklets per spike  

18 cross combinations in Table 4.70 displayed increase in number of spikelets per spike. 

Maximum number of spikelets per spike was found in Parwaz-94 × MH-97 (5.98) and Iqbal-

2000 × Parwaz-94 (5.65). Similarly, positive heterobeltiosis was found 10 crosses out of 42 

hybrids. Highest value for increase in heterobeltiosis was found in 4072 × Shahkar-95 

(4.32).While maximum negative heterobeltiosis was found in MH-97 × Parwaz-94 (-11.13). 

4.6.13. Spike density 

Increase over the mid parent was indicated in 13 cross combinations (Table 4.71), however, 

this increase was significant in only one of the crosses which was Punjab-96 × MH-97 (10.00). 

While 29 crosses possessed reduction in spike density. Maximum reduction in spike density 

was observed in Iqbal-2000 × MH-97 (-8.67). Maximum heterobeltiosis (3.90) was observed in 

Punjab-96 × MH-97 closely followed by 4072 × Shahkar-95 (3.63) hybrids. 

4.6.14. Number of grains per spike  

Table 4.72 for number of grains per spike indicated that 20 hybrid combinations out of 42 were 

positive while remaining crosses showed negative heterosis. Positively significant heterosis 

was found in a cross between Iqbal-2000 × Parwaz-94 (8.40). Maximum heterobeltiosis (7.73) 

and (6.62) was found in Iqbal-20000 × Parwaz-94 and Shahkar-95 × Parwaz-94 respectively. 
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Table 4.69.  Heterosis (H) and heterobeltiosis (HB) estimates for spike length in 42 crosses of wheat 

 

Crosses                                          H         HB 

 

Shahkar-95 × Parwaz-94  2.51
NS

     -4.37
 NS

 

Shahkar-95 × Iqbal-2000          -1.48
NS

    -5.78
 NS

 

Shahkar-95 × Uqab-2000            2.48
NS

    -0.89
 NS

 

Shahkar-95 × MH-97           -0.67
NS

     -2.79
 NS

 

Shahkar-95 × 4072           0.36
NS

    -1.84
 NS

 

Shahkar-95 × Punjab-96           -4.88
NS

    -10.36
 NS

 

Parwaz-94 × Shahkar-95          5.23
NS

    -1.84
 NS

 

Parwaz-94 × Iqbal-2000            3.33
NS

   -7.51
 NS

 

Parwaz-94 × Uqab-2000          7.95
NS

   -2.37
 NS

 

Parwaz-94 × MH-97           14.62**    9.13
 NS

 

Parwaz-94 × 4072            -0.24
NS

   -4.97
 NS

 

Parwaz-94 × Punjab-96               -4.82
NS

    -15.97** 

Iqbal-2000 × Shahkar-95             -6.01
NS

   -10.12* 

Iqbal-2000 × Parwaz-94               7.20
NS

       -4.05
 NS

 

Iqbal-2000 × Uqab-2000             3.68
NS

     2.49
 NS

 

Iqbal-2000 × MH-97                   1.79
NS

   -4.62
 NS

 

Iqbal-2000 × 4072                  5.86
NS

   -0.87
 NS

 

Iqbal-2000 × Punjab-96               0.14
NS

   -1.40
 NS

 

Uqab-2000 × Shahkar-95             -6.39
NS   

-9.47
 NS

 

Uqab-2000 × Parwaz-94                     7.95
NS

   -2.37
 NS

 

Uqab-2000 × Iqbal-2000             -4.42
NS   

-5.52
 NS

 

Uqab-2000 × MH-97                    0.87
NS

    -4.44
 NS

 

Uqab-2000 × 4072                      3.13
NS

     2.37
 NS

 

Uqab-2000 × Punjab-96               -5.04
NS

    -7.56
 NS

 

MH-97 × Shahkar-95                        6.76
NS

     4.50
 NS

 

MH-97 × Parwaz-94                        .73
NS

   -4.10
 NS

 

MH-97 × Iqbal-2000                        -1.30
NS

   -7.51
 NS

 

MH-97 × Uqab-2000         3.06
NS

    -2.37
 NS

 

MH-97 × 4072                 2.58
NS

     2.51
 NS

 

MH-97 × Punjab-96                 6.16
NS

    -1.96
 NS

 

4072 × Shahkar-95                  -0.62
NS

    -2.79
 NS

 

4072 × Parwaz-94                  -2.68
NS

    -7.28
 NS

 

4072 × Iqbal-2000              -4.32
NS

     -10.40* 

4072 × Uqab-2000                    3.13
NS

     -2.37
 NS

 

4072 × MH-97                     5.89
NS

     5.82
 NS

 

4072 × Punjab-96                    9.26*     0.84
 NS

 

Punjab-96 × Shahkar-95               8.20
NS

     1.96
 NS

 

Punjab-96 × Parwaz-94               -4.82
NS

   -15.97** 

Punjab-96 × Iqbal-2000               -2.99
NS

   -4.48
 NS

 

Punjab-96 × Uqab-2000               3.60
NS

   0.84
 NS

 

Punjab-96 × MH-97                      -12.04*   -18.77** 

Punjab-96 × 4072                        0.15
NS

      -7.56
 NS
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Table 4.70.  Heterosis (H) and heterobeltiosis (HB) estimates for number of spikelets per spike in 42 

crosses of wheat 

 

Crosses                                          H                      HB 

 

Shahkar-95 × Parwaz-94  -1.98
NS

    -6.47
 NS

 

Shahkar-95 × Iqbal-2000             0.18
NS

    -1.26
 NS

 

Shahkar-95 × Uqab-2000             1.06
NS

    -0.35
 NS

 

Shahkar-95 × MH-97               1.27
NS

     0.54
 NS

 

Shahkar-95 × 4072              -5.77
NS

    -6.12
 NS

 

Shahkar-95 × Punjab-96               -6.19
NS

                         -7.67* 

Parwaz-94 × Shahkar-95             -5.00
NS

       -9.35* 

Parwaz-94 × Iqbal-2000               -4.69
NS

     -7.78* 

Parwaz-94 × Uqab-2000             2.51
NS

      -3.50
 NS

 

Parwaz-94 × MH-97                 5.98
NS

        1.82
 NS

 

Parwaz-94 × 4072               -0.09
NS

      -4.35
 NS

 

Parwaz-94 × Punjab-96               -5.28
NS

     -10.98** 

Iqbal-2000 × Shahkar-95             -1.09
NS

      -2.52
 NS

 

Iqbal-2000 × Parwaz-94               5.65
NS

    2.22
 NS

 

Iqbal-2000 × Uqab-2000             -2.88
NS

       -5.60
 NS

 

Iqbal-2000 × MH-97              -6.99*      -7.66* 

Iqbal-2000 × 4072              1.10
 NS

    0.00
 NS

 

Iqbal-2000 × Punjab-96              -7.36*      -10.10** 

Uqab-2000 × Shahkar-95             -3.01
NS

   -4.37
 NS

 

Uqab-2000 × Parwaz-94             2.14
NS

   -3.85
 NS

 

Uqab-2000 × Iqbal-2000            -2.52
NS

   -5.24
 NS

 

Uqab-2000 × MH-97             -0.36
NS

   -2.45
 NS

 

Uqab-2000 × 4072             -3.91
NS

   -5.60
 NS

 

Uqab-2000 × Punjab-96             -2.27
NS

   -2.44
 NS

 

MH-97 × Shahkar-95            -0.36
NS

    1.08
 NS

 

MH-97 × Parwaz-94            7.50*      -11.13** 

MH-97 × Iqbal-2000             4.78
NS

    4.01
 NS

 

MH-97 × Uqab-2000            -0.89
NS

   -2.97
 NS

 

MH-97 × 4072               0.91
NS

    0.54
 NS

 

MH-97 × Punjab-96             2.85
NS

    0.52
 NS

 

4072 × Shahkar-95            4.69
NS

    4.32
 NS

 

4072 × Parwaz-94           -5.39
NS

   -9.42* 

4072 × Iqbal-2000           0.73
NS

   -0.36
 NS

 

4072 × Uqab-2000             3.20
NS

    1.40
 NS

 

4072 × MH-97             -0.36
NS

   -0.72
 NS

 

4072 × Punjab-96             1.24
NS

   -0.67
 NS

 

Punjab-96 × Shahkar-95             3.89
NS

    2.26
 NS

 

Punjab-96 × Parwaz-94             1.39
NS

   -4.70
 NS

 

Punjab-96 × Iqbal-2000           -4.85
NS

   -7.67* 

Punjab-96 × Uqab-2000            2.44
NS

    2.26
 NS

 

Punjab-96 × MH-97           -2.50
NS

   -4.70
 NS

 

Punjab-96 × 4072           -2.31
NS

   -4.18
 NS
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Table 4.71.  Heterosis (H) and heterobeltiosis (HB) estimates for spike density in 42 crosses of wheat 
 

Crosses                                          H                      HB 

 

Shahkar-95 × Parwaz-94   -3.98
NS

   -6.21
 NS

 

Shahkar-95 × Iqbal-2000             1.47
NS

    -4.22
 NS

 

Shahkar-95 × Uqab-2000            -1.39
NS

       -3.31
 NS

 

Shahkar-95 × MH-97              2.10
NS

        0.51
 NS

 

Shahkar-95 × 4072            5.90
NS

       -7.60
 NS

 

Shahkar-95 × Punjab-96            -1.64
NS

       -5.70
 NS

 

Parwaz-94 × Shahkar-95            -8.11*     -10.26* 

Parwaz-94 × Iqbal-2000             -8.47*     -15.50** 

Parwaz-94 × Uqab-2000             -5.45
NS

       -9.42* 

Parwaz-94 × MH-97             -7.34
NS

       -8.09
 NS

 

Parwaz-94 × 4072              0.24
NS

       -0.30
 NS

 

Parwaz-94 × Punjab-96             -1.24
NS

       -7.42
 NS

 

Iqbal-2000 × Shahkar-95             5.11
NS

       -0.78
 NS

 

Iqbal-2000 × Parwaz-94             -2.20
NS

       -9.70* 

Iqbal-2000 × Uqab-2000            -6.34
NS

       -9.90* 

Iqbal-2000 × MH-97            -8.67*     -15.06** 

Iqbal-2000 × 4072           -4.87
NS

      -11.72** 

Iqbal-2000 × Punjab-96          -7.68
NS

       -9.17
 NS

 

Uqab-2000 × Shahkar-95          4.27
NS

         2.22
 NS

 

Uqab-2000 × Parwaz-94         -5.12
NS

       -9.10
 
* 

Uqab-2000 × Iqbal-2000          2.32
NS

       -1.16
 NS

 

Uqab-2000 × MH-97         -1.03
NS

        -4.45
 NS

 

Uqab-2000 × 4072          -6.32
NS

        -9.79* 

Uqab-2000 × Punjab-96           3.20
NS

        0.87
 NS

 

MH-97 × Shahkar-95          -5.69
NS

    -7.17
 NS

 

MH-97 × Parwaz-94          -8.36*        -9.09* 

MH-97 × Iqbal-2000          5.83
NS

        -1.57
 NS

 

MH-97 × Uqab-2000   -3.84
NS

    -7.17
 NS

 

MH-97 × 4072    -0.30
NS

    -0.56
 NS

 

MH-97 × Punjab-96   -3.82
NS

    -9.17* 

4072 × Shahkar-95   5.54
NS

     3.63
 NS

 

4072 × Parwaz-94   -2.60
NS

    -3.13
 NS

 

4072 × Iqbal-2000   4.94
NS

    -2.62
 NS

 

4072 × Uqab-2000   0.61
NS

    -3.10
 NS

 

4072 × MH-97    -5.87
NS

    -6.11
 NS

 

4072 × Punjab-96   -7.90
NS

    -13.22** 

Punjab-96 × Shahkar-95   -4.31
NS

   -8.26
 NS

 

Punjab-96 × Parwaz-94   5.95
NS

   -0.68
 NS

 

Punjab-96 × Iqbal-2000   -2.27
NS

   -3.84
 NS

 

Punjab-96 × Uqab-2000   -1.27
NS

   -3.50
 NS

 

Punjab-96 × MH-97   10.00*   3.90
 NS

 

Punjab-96 × 4072   -3.02
NS

   -8.63
 NS
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Table 4.72.  Heterosis (H) and heterobeltiosis (HB) estimates for number of grains per spike in 42 

crosses of wheat 

 

Crosses                                          H          HB 

 

Shahkar-95 × Parwaz-94  4.27
NS

                      -0.25
 NS

 

Shahkar-95 × Iqbal-2000             7.69
NS

     6.62
 NS

 

Shahkar-95 × Uqab-2000             -10.53
NS

  -17.90** 

Shahkar-95 × MH-97               3.00
NS

      1.59
 NS

              

Shahkar-95 × 4072             -0.23
NS

    -4.27
 NS

 

Shahkar-95 × Punjab-96              8.01
NS

       4.79
 NS

 

Parwaz-94 × Shahkar-95           -10.20
NS

   -14.09* 

Parwaz-94 × Iqbal-2000             -4.87
NS

       -9.85
 NS

 

Parwaz-94 × Uqab-2000           -1.13
NS

         -5.36
 NS

 

Parwaz-94 × MH-97             -6.50
NS

      -9.35
 NS

 

Parwaz-94 × 4072             -1.19
 NS

      -1.50
 NS

 

Parwaz-94 × Punjab-96             -0.79
NS

      -8.96
 NS

 

Iqbal-2000 × Shahkar-95            -6.24
NS

     -7.17
NS

   

Iqbal-2000 × Parwaz-94             13.68*       7.73
 NS

 

Iqbal-2000 × Uqab-2000            5.83
NS

    -3.76
 NS

 

Iqbal-2000 × MH-97     6.05
NS

       3.59
 NS

 

Iqbal-2000 × 4072           -1.72
NS

    -6.59
 NS

 

Iqbal-2000 × Punjab-96            0.36
NS

   -12.29* 

Uqab-2000 × Shahkar-95           0.53
NS

     -7.75
 NS

 

Uqab-2000 × Parwaz-94           8.40
NS

       3.76
 NS

 

Uqab-2000 × Iqbal-2000            -5.33
NS

          -13.91* 

Uqab-2000 × MH-97           6.75
NS

       -0.80
 NS

 

Uqab-2000 × 4072         -1.08
NS

      -5.59
 NS

 

Uqab-2000 × Punjab-96          5.93
NS

        1.35
 NS

 

MH-97 × Shahkar-95          -3.74
NS

       5.05
 NS

 

MH-97 × Parwaz-94          4.18
NS

      0.10
 NS

 

MH-97 × Iqbal-2000           0.61
NS

      -1.73
 NS

 

MH-97 × Uqab-2000      4.91
NS

     -2.51
 NS

 

MH-97 × 4072      -5.81
NS

     -8.41
 NS

 

MH-97 × Punjab-96     -6.60
NS

   -16.67** 

4072 × Shahkar-95      4.61
NS

      0.38
 NS

 

4072 × Parwaz-94     1.94
NS

      1.62
 NS

 

4072 × Iqbal-2000     1.65
NS

      3.39
 NS

 

4072 × Uqab-2000     4.54
NS

     -0.23
 NS

 

4072 × MH-97      3.23
NS

      0.38
 NS

 

4072 × Punjab-96     -8.94
NS

   -16.67** 

Punjab-96 × Shahkar-95     -11.37*   -21.88** 

Punjab-96 × Parwaz-94     -10.90*   -18.23** 

Punjab-96 × Iqbal-2000     -0.48
NS

   -13.02* 

Punjab-96 × Uqab-2000     -12.36*    -16.15** 

Punjab-96 × MH-97     -7.18
NS

   -17.19** 

Punjab-96 × 4072      8.14
NS

     -1.04
 NS
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4.6.15. 1000-grains weight  

A perusal of the Table 4.73 showed that 24 crosses showed increase in 1000-grains weight 

over their mid parent value. Results showed that 18 hybrids exhibited reduction in 1000-grains 

weight. Punjab-96 × Parwaz-94 (12.17), Iqbal-2000 × Shahkar-95 (9.04) and Shahkar-95 × 

MH-97 (8.11) had maximum positive hetrosis in 1000-grains weight. Number of crosses 

showed negative heterosis were 18. Maximum positive heterobeltiosis was found in a cross 

between Iqbal-2000 × Shahkar-95 (4.20).  

4.6.16. Biomass per plant 

Positive heterosis was observed in 15 crosses out of 42 crosses as given in Table 4.74 out of 

which only 4 crosses showed positive and significant heterosis. Maximum heterosis was found 

in cross Punjab-96 × MH-97 (19.21) followed by 4072 × Punjab-96 (14.53). Number of 

crosses showing positive heterobeltiosis were only 5 out of 42. Cross showing highly positive 

heterobeltiosis was Iqbal-2000 × Parwaz-94 (8.17) for biomass per plant. Reduction in biomass 

per plant for heterobeltiosis was found in 37 crosse out of 42. 

4.6.17. Grain yield per plant  

Heterosis for grain yield per plant was given in Table 4.75. The results showed that 20 crosses 

exhibited increase in grain yield per plant over mid parent values out of which only 2 were 

significant. Maximum positive heterosis was found in 4072 × Punjab-96 (21.95). While 

positive heterobeltiosis was found in 7 crosses out of which same hybrid having maximum 

positive heterobeltiosis (11.33) was found for grain yield per plant. 

4.6.18. Harvest index 

Heterosis for harvest index was given in Table 4.76. The results showed that 17 crosses 

exhibited positive heterosis out of which only 5 hybrids were significant. Maximum positive 

heterosis was found in Punjab-96 × MH-97 (19.21) and 4072 × Punjab-96 (14.54). While 22 

cross combinations showed negative heterosis in case of harvest index. Positive heterobeltiosis 

was found in only 8 crosses out of which Iqbal-2000 × MH-97 (22.59) exhibited maximum 

positive hetetrobeltiosis for harvest index.But negative heterobeltiosis was found in 32 crosses 

out of which 12 hybrids showed significant heterobeltiosis. 
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Table 4.73.  Heterosis (H) and heterobeltiosis (HB) estimates for 1000-grains weight in 42 crosses of 

wheat 

 

Crosses                                          H                        HB 

Shahkar-95 × Parwaz-94  1.31
NS

   -2.02
 NS

 

Shahkar-95 × Iqbal-2000             1.06
NS

   -5.39
 NS

 

Shahkar-95 × Uqab-2000             8.08
NS

   -2.36
 NS

 

Shahkar-95 × MH-97                 8.11
NS

   2.12
 NS

 

Shahkar-95 × 4072                -0.88
NS

   -7.14
 NS

 

Shahkar-95 × Punjab-96               -1.52
NS

   -11.71* 

Parwaz-94 × Shahkar-95             2.35
NS

   -1.01
 NS

 

Parwaz-94 × Iqbal-2000               -5.52
NS

   -8.65
 NS

 

Parwaz-94 × Uqab-2000             -2.06
NS

   -8.74
 NS

 

Parwaz-94 × MH-97              -4.40
NS

   -6.71
 NS

 

Parwaz-94 × 4072                 1.35
NS

   -1.93
 NS

 

Parwaz-94 × Punjab-96               -0.84
NS

   -8.33
 NS

 

Iqbal-2000 × Shahkar-95             9.04
NS

   2.08
 NS

 

Iqbal-2000 × Parwaz-94               7.76
NS

   4.20
 NS

 

Iqbal-2000 × Uqab-2000             -4.63
NS

   -8.22
 NS

 

Iqbal-2000 × MH-97                1.72
NS

   0.76
 NS

 

Iqbal-2000 × 4072               -2.19
NS

   -2.27
 NS

 

Iqbal-2000 × Punjab-96               4.68
NS

   -0.09
 NS

 

Uqab-2000 × Shahkar-95             4.58
NS

   -5.52
 NS

 

Uqab-2000 × Parwaz-94             -1.88
NS

   -8.57
 NS

 

Uqab-2000 × Iqbal-2000             1.94
NS

   -1.89
 NS

 

Uqab-2000 × MH-97                -0.28
NS

   -4.90
 NS

 

Uqab-2000 × 4072                 5.25
NS

   1.22
 NS

 

Uqab-2000 × Punjab-96               -3.64
NS

   -4.47
 NS

 

MH-97 × Shahkar-95                0.56
NS

   -5.01
 NS

 

MH-97 × Parwaz-94                4.64
NS

   2.12
 NS

 

MH-97 × Iqbal-2000                -2.67
NS

   -3.59
 NS

 

MH-97 × Uqab-2000      -4.56
NS

    -8.99
 NS

 

MH-97 × 4072    1.32
NS

     0.44
 NS

 

MH-97 × Punjab-96   -3.27
NS

    -8.51
 NS

 

4072 × Shahkar-95   0.84
NS

    -5.53
 NS

 

4072 × Parwaz-94   1.38
NS

    -1.90
 NS

 

4072 × Iqbal-2000   2.00
NS

     1.92
 NS

 

4072 × Uqab-2000   0.35
NS

    -3.50
 NS

 

4072 × MH-97    1.41
NS

     0.53
 NS

 

4072 × Punjab-96   -1.33
NS

    -5.89
 NS

 

Punjab-96 × Shahkar-95   1.87
NS

    -8.68
 NS

 

Punjab-96 × Parwaz-94   12.17
NS

     3.69
 NS

 

Punjab-96 × Iqbal-2000   -6.84
NS

   -11.08* 

Punjab-96 × Uqab-2000         2.60
NS

      1.72
 NS

 

Punjab-96 × MH-97   2.07
NS

     -3.45
 NS

 

Punjab-96 × 4072   -1.46
NS

     -6.01
 NS
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Table 4.74.  Heterosis (H) and heterobeltiosis (HB) estimates for biomass per plant in 42 crosses of 

wheat 

 

Crosses                                          H                       HB 

 

Shahkar-95 × Parwaz-94  0.50
NS

    -1.13
 NS

 

Shahkar-95 × Iqbal-2000             2.03
NS

     0.26
 NS

 

Shahkar-95 × Uqab-2000             -2.23
NS

    -6.41
 NS

 

Shahkar-95 × MH-97                0.36
NS

   -10.80* 

Shahkar-95 × 4072                -8.96
NS

    -12.11* 

Shahkar-95 × Punjab-96               -10.41
NS

  -19.68** 

Parwaz-94 × Shahkar-95             0.53
NS

      -1.10
 NS

 

Parwaz-94 × Iqbal-2000               -10.84*   -10.93
 NS

 

Parwaz-94 × Uqab-2000             -2.91
NS

    -8.50
 NS

 

Parwaz-94 × MH-97               -4.34
NS

     -16.23** 

Parwaz-94 × 4072                2.09
NS

    -3.00
 NS

 

Parwaz-94 × Punjab-96               9.87
NS

     -0.02
 NS

 

Iqbal-2000 × Shahkar-95             2.59
NS

   0.80
 NS

 

Iqbal-2000 × Parwaz-94               8.29
NS

      8.17
 NS

 

Iqbal-2000 × Uqab-2000             -0.71
NS

     -6.53
 NS

 

Iqbal-2000 × MH-97             -11.58**  -22.60** 

Iqbal-2000 × 4072               -1.36
NS

     -6.36
 NS

 

Iqbal-2000 × Punjab-96               -2.11
NS

   -10.83
 NS

 

Uqab-2000 × Shahkar-95             -4.52
NS

     -8.60
 NS

 

Uqab-2000 × Parwaz-94             -1.90
NS

   -7.56
 NS

 

Uqab-2000 × Iqbal-2000             -1.47
NS

     -7.24
 NS

 

Uqab-2000 × MH-97                3.87
NS

   -3.90
 NS

 

Uqab-2000 × 4072              -16.27**  -17.00** 

Uqab-2000 × Punjab-96               11.09*     -4.17
 NS

 

MH-97 × Shahkar-95                -6.13
NS

   -16.58** 

MH-97 × Parwaz-94               -11.58**  -22.53** 

MH-97 × Iqbal-2000     2.50
NS

   -10.27* 

MH-97 × Uqab-2000   -13.89**  -20.32** 

MH-97 × 4072    -15.84**  -22.76** 

MH-97 × Punjab-96   -19.84**  -35.20** 

4072 × Shahkar-95   -0.24
NS

   -3.70
 NS

 

4072 × Parwaz-94   -5.33
NS

   -10.05
 NS

 

4072 × Iqbal-2000   3.34
NS

   -8.24
 NS

 

4072 × Uqab-2000   6.78
NS

   5.86
 NS

 

4072 × MH-97    9.40*   0.40
 NS

 

4072 × Punjab-96   14.53**   -0.44
 NS

 

Punjab-96 × Shahkar-95   8.43
NS

   -2.78
 NS

 

Punjab-96 × Parwaz-94   3.44
NS

   -5.87
 NS

 

Punjab-96 × Iqbal-2000   2.21
NS

   -6.89
 NS

 

Punjab-96 × Uqab-2000   0.35
NS

   -13.41** 

Punjab-96 × MH-97   19.21**   -3.62
 NS

 

Punjab-96 × 4072   3.40
NS

   -10.12
 NS
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Table 4.75.  Heterosis (H) and heterobeltiosis (HB) estimates for grain yield per plant in 42 crosses of 

wheat 

 

Crosses                                          H                       HB 

  

Shahkar-95 × Parwaz-94  -1.93
NS

   -2.60
 NS

 

Shahkar-95 × Iqbal-2000             0.12
NS

   -8.91
 NS

 

Shahkar-95 × Uqab-2000             1.44
NS

   -3.61
 NS

 

Shahkar-95 × MH-97               -0.93
NS

   -4.20
 NS

 

Shahkar-95 × 4072               7.04
NS

    2.46
 NS

 

Shahkar-95 × Punjab-96              -8.42
NS

   -19.62** 

Parwaz-94 × Shahkar-95            -4.03
NS

   -4.95
 NS

 

Parwaz-94 × Iqbal-2000           -11.72*    -19.19** 

Parwaz-94 × Uqab-2000            0.09
NS

      -4.27
 NS

 

Parwaz-94 × MH-97            -9.93*      -13.47* 

Parwaz-94 × 4072             0.57
NS

     -3.09
 NS

 

Parwaz-94 × Punjab-96              2.36
NS

        -9.63
 NS

 

Iqbal-2000 × Shahkar-95           -15.67**    -23.28** 

Iqbal-2000 × Parwaz-94              2.43
NS

     -6.23
 NS

 

Iqbal-2000 × Uqab-2000            1.35
NS

     -3.20
 NS

 

Iqbal-2000 × MH-97            -7.66
NS

   -18.50** 

Iqbal-2000 × 4072           -7.17
NS

   -11.99
 NS

 

Iqbal-2000 × Punjab-96           -0.78
NS

     -4.66
 NS

 

Uqab-2000 × Shahkar-95          -1.03
NS

      -5.95
 NS

 

Uqab-2000 × Parwaz-94         -10.66*   -14.55* 

Uqab-2000 × Iqbal-2000            4.92
NS

      0.20
 NS

 

Uqab-2000 × MH-97              1.62
NS

     -6.46
 NS

 

Uqab-2000 × 4072             -8.98
NS

     -9.68
 NS

 

Uqab-2000 × Punjab-96              6.05
NS

     -2.50
 NS

 

MH-97 × Shahkar-95           -17.54**  -20.26** 

MH-97 × Parwaz-94            -12.88**  -16.31** 

MH-97 × Iqbal-2000            -0.94
NS

   -12.56* 

MH-97 × Uqab-2000    -7.00
NS

   -14.39** 

MH-97 × 4072    -3.99
NS

   -10.99
 
* 

MH-97 × Punjab-96   -17.41**  -29.57** 

4072 × Shahkar-95   -8.10
NS

   -12.02* 

4072 × Parwaz-94   4.32
NS

      0.52
 NS

 

4072 × Iqbal-2000   13.01*      7.14
 NS

 

4072 × Uqab-2000   9.58
NS

      8.74
 NS

 

4072 × MH-97    -2.74
NS

     -9.83
 NS

 

4072 × Punjab-96   21.95**   11.33
 NS

 

Punjab-96 × Shahkar-95   4.48
NS

     -8.31
 NS

 

Punjab-96 × Parwaz-94   5.36
NS

     -6.98
 NS

 

Punjab-96 × Iqbal-2000   6.40
NS

       2.23
 NS

 

Punjab-96 × Uqab-2000   6.25
NS

      -2.32
 NS

 

Punjab-96 × MH-97   8.90
NS

     -7.14
 NS

 

Punjab-96 × 4072     -5.05
NS

    -13.31* 
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Table 4.76.  Heterosis (H) and heterobeltiosis (HB) estimates for harvest index in 42 crosses of wheat 

 

Crosses                                        H                        HB 

  

Shahkar-95 × Parwaz-94  0.49
NS

   -1.13
NS

 

Shahkar-95 × Iqbal-2000  2.02
NS

    0.26
NS

 

Shahkar-95 × Uqab-2000  -2.23
NS

    -6.41
NS

 

Shahkar-95 × MH-97             0.35
NS

   -10.80* 

Shahkar-95 × 4072              -8.95*   -12.11* 

Shahkar-95 × Punjab-96              -10.41
NS

   -19.67** 

Parwaz-94 × Shahkar-95            0.53
NS

    -1.10
NS

 

Parwaz-94 × Iqbal-2000              -10.84*   -10.94
NS

 

Parwaz-94 × Uqab-2000             -2.91
NS

   -8.51
NS

 

Parwaz-94 × MH-97             -4.39
NS

      -16.24**    

Parwaz-94 × 4072            2.09
NS

   -2.99
NS

  

Parwaz-94 × Punjab-96            9.86
NS

   -0.02
NS

 

Iqbal-2000 × Shahkar-95             2.59*   0.80
NS

 

Iqbal-2000 × Parwaz-94           8.28
NS

      8.16
NS

 

Iqbal-2000 × Uqab-2000           -0.71
NS

    -6.53
NS

 

Iqbal-2000 × MH-97            -11.57**  22.59**  

Iqbal-2000 × 4072          -1.36
NS

   -6.37
NS

 

Iqbal-2000 × Punjab-96           -2.16
NS

   -10.84
NS

 

Uqab-2000 × Shahkar-95          -4.52**   -8.61
NS

 

Uqab-2000 × Parwaz-94             -1.90
NS

   -7.56
NS

 

Uqab-2000 × Iqbal-2000          -1.47
NS

                         -7.24
NS

 

Uqab-2000 × MH-97          3.87
NS

   -3.90
NS

 

Uqab-2000 × 4072           -16.27**  -16.99** 

Uqab-2000 × Punjab-96          11.08*    -4.16
NS

 

MH-97 × Shahkar-95           -6.14
NS

       -16.58** 

MH-97 × Parwaz-94         -11.58**     -22.53** 

MH-97 × Iqbal-2000          2.50
NS

        -10.27* 

MH-97 × Uqab-2000                 -13.88**  -20.33** 

MH-97 × 4072                 -15.85**  -22.77** 

MH-97 × Punjab-96                -19.84**   -35.19** 

4072 × Shahkar-95               -0.25
NS

      -3.70
NS 

 

4072 × Parwaz-94               -5.34
NS

   -10.05
NS

 

4072 × Iqbal-2000                -3.34
NS

   8.24
NS

 

4072 × Uqab-2000                -6.79
NS

   5.86
NS

 

4072 × MH-97                  9.40*   0.41
NS

 

4072 × Punjab-96                14.54**     0.45
NS

 

Punjab-96 × Shahkar-95               8.43
NS

   -2.77
NS

 

Punjab-96 × Parwaz-94               3.44
NS

     -5.86
 NS

 

Punjab-96 × Iqbal-2000               2.21
NS

    -6.89
 NS

 

Punjab-96 × Uqab-2000               0.36
NS

     -13.42**
 
 

Punjab-96 × MH-97              19.21**   -3.62
 NS

 

Punjab-96 × 4072   3.41
NS

   -10.12
 NS
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CHAPTER 5 

DISCUSSION 

 

5.1. Genetic variability 

Two basic components which are necessary for evolutionary changes are following:  

1. Character which is going to be selected should possess variation. 

2.  The variability should be heritable for that character. 

Information on both the components is necessary for effective exploitation of crop resources 

through selection and breeding. There are several biometrical methods used today for crop 

plants, which will be utilized by breeders to make genetic investigations. North carolina designs 

(Comstock and Robinson, 1952), combining ability technique (Griffing, 1956), triple test cross 

method and diallel cross method (Hayman, 1954a, b; Jinks, 1954, Kang, 2003) are the most 

common methods among the mating designs for the development of genetic material. Diallel 

cross method is an important biometrical technique and provides authentic information on the 

pattern of inheritance of variation in the plant material in early segregating generations therefore 

it is used to study the genetic basis of variation in various physiological, morphological and 

morpho-physiological traits of wheat.    

During this study, a programme was initiated to evaluate the genetic variability among seven 

wheat varieties/ lines and their F1 hybrids, selected on the basis of their high yield and yielding 

traits. These genotypes and their F1 hybrids showed genetic variation in their genetic behaviour 

when they were subjected to analysis of variance, all genotypes were different significantly for 

all plant traits like plant height, flag leaf area, leaf venation, stomatal frequency, epidermal cell 

size, hygrophilic colloids, number of tillers per plant, peduncle length, extrusion length, spike 

length, number of spikelets per spike, spike density, number of grains per spike, 1000-grains 

weight, biomass per plant, grain yield per plant and harvest index except for stomatal size. 

Significant differences among genotypes for grain yield and related traits in different varieties of 

wheat were also reported (Singh and Paroda, 1985; Singh, 1988; Menon and Sharma, 1997; 

Ambreen et al. 2002). It was suggested that genetic variability is an important feature in crop 
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plants for creating new gene combinations having maximum ability to yield better. According to 

Fehr (1978), the variation within quantitative characters is due to its complex inheritance and the 

influence of the environment. All traits under this study are quantitative in nature. Thus, these 

traits are also influenced by the environment when subjected to evaluate under different 

environments.  

5.2. Gene action 

The preliminary analysis of F1 data revealed significant variation in all the characters being 

studied. Further, plant height and hygrophilic colloids exhibited dominance properties were 

evident from the degree of dominance, which were greater than unity. While flag leaf area, 

stomatal size, stomatal frequency, leaf venation, epidermal cell size, number of tillers per plant, 

peduncle length, extrusion length, spike length, number of spikletes per spike, spike density, 

1000-grains weight, number of grains per spike, biomass per plant and grain yield per plant 

showed dominance ratio less than unity, suggesting some degree of partial dominance. Although 

both additive and dominance gene effects appeared to be important in controlling the plant traits 

and the non-additive genes seem to have more influence on the genetic control of plant height 

and hygrophillic colloids. 

Two scaling tests showed that additive-dominance model was fully adequate for analysis of the 

F1 data on plant height, hygrophilic colloids, flag leaf area and harvest index. The remaining 

characters showed partial adequacy of the genetic model. The partial failure of the additive-

dominance model for these plant characters may be due to the presence of non-allelic interaction, 

linkage and non-independent distribution of the genes in the parents as suggested by Mather and 

Jinks (1982). Although the data of the characters did not meet the assumptions underlying the 

additive-dominance model thus suggesting not to be analyzed for genetic interpretation, several 

partial adequacy of the simple genetic model to the data set, never the less analyzed the diallel 

cross data, for example in rice (Moelijopawiro and Ikehashi, 1981), sorghum (Azhar and 

MacNeilly, 1988), upland cotton (Azhar et al., 1994) and wheat (Hussain, 1991; Khaliq et al., 

1991; Tahira, 2005).  Thus, in view of the evidence present in the literature, data of all the plant 

characters that showed partial adequacy to the model were also analyzed here. Many researchers 

have also estimated components of variance for such type of partially adequate models (Johnson 

and Aksel, 1964; Azhar and McNeilly, 1988; Subhani, 1997; Mahmood and Chowdhry, 1999 

and Tahira. 2005).  
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Genes for plant height and hygrophilic colloids exhibited dominance properties evident from the 

degree of dominance, which were greater than unity. While flag leaf area, stomatal size, stomatal 

frequency, leaf venation, epidermal cell size, number of tillers per plant, peduncle length, 

extrusion length, spike length, number of spikletes per spike, spike density, 1000-grains weight, 

number of grains per spike, biomass per plant and grain yield per plant showed dominance ratios 

less than unity, suggesting some degree of partial dominance. Although both dominance and 

additive gene effects appeared to be important in controlling the plant traits and the non-additive 

genes seem to have more influence on the genetic control of plant height and hygrophilic 

colloids. 

Yield is a trait controlled by polygenes and is the result of interplay between many genetic and 

non-genetic components (Poehlman and Sleper, 1997). The main objective of wheat breeding is 

to increase wheat production by exploiting the potential of existing genetic materials available to 

them. In F1 generation, genes controlling yield showed partial dominance and the direction of 

dominance was between the parents for high yield. Dissimilar results were given by Tahira, 

(2005), Azhar et al., (1998), Azhar and MacNeilly, (1988) and Salam, (1993). 

Three kinds of genetic effects, additive, dominance and epistasis, appeared to play a major role 

in inheritance of the traits under the study for determining estimates of variation. Additive 

genetic effects were important for plant traits like stomatal size, number of tillers per plant, spike 

length, spikelets per spike, spike density, grains per spike, 1000-grains weight, suggesting the 

development of a variety with considerable homozygosity for these traits. Plant height, flag leaf 

area, stomatal frequency, epidermal cell size, hygrophilic colloids, peduncle length, extrusion 

length, biomass per plant, grain yield per plant and harvest index showed significant additive and 

dominance genetic effects. It means that inheritance of these traits is relatively simple and it is 

assumed that the genes involved are independent of each other in producing their effects.     

Gene action indicated that additive type of gene action was involved in controlling the plant 

traits like plant height, flag leaf area, leaf venation, stomatal frequency, stomatal size, epidermal 

cell size, hygrophilic colloids, number of tillers per plant, peduncle length, extrusion length, 

spike length, number of spikelets per spike, spike density, number of grains per spike, 1000-

grains weight, biomass per plant grain yield per plant and harvest index. Similar findings were 
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given by Chowdhry et al. (1989) but contrary results were given by Lumpton (1961) and Tahira, 

(2005). 

Narayanan and Rangasamy (1991) revealed significant additive and dominance effects for 

number of days, plant height, number of tillers, panicle length, number of spikelets per panicle, 

1000-grain weight and dry matter accumulation under different environments in rice. They found 

significant additive genetic effects for grain yield only under saline conditions and suggested that 

varieties with more additive gene effects for grain yield would perform better in stress 

conditions. While in the present study, it was observed that the inheritance of grain yield was 

under the control of additive type gene action but dominant genes were also involved in 

controlling the grain yield.  

By Vr-Wr graphs, gene action expressed for various plant characters indicated additive gene 

action which was dissimilar with results of Lumpton (1961) who reported non-additive type of 

gene action for various plant traits and gave an indication of duplicate epistasis and high 

environmental interactions for the characters like spike number and grain yield, which is clearly 

reflected in the general and specific combining ability estimates. Importance of non-allelic 

interaction for number of spike per plant and grain yield has also been observed by Lumpton 

(1961) and for grain weight by Patterson and Bitzer (1966). The character 1000-grains weight is 

mainly controlled by additive gene action by the earlier workers (Kronstad and Foote, 1964; 

Brown et al., 1966; Lumpton, 1961). However, indications of over dominance and genetic 

interactions may be due to the fact that though there were significant differences in genetic 

potential of the parental varieties, hence the parents may have different dominant genes which 

may be the cause for the observed over-dominance. Johnson (1966) also observed considerable 

degree of over dominance for this character. In the present investigation, it was observed that 

partial dominance was important for leaf venation and number of grains per spike, biomass per 

plant and harvest index. These results were in agreement with some researchers (Hussain, 1991 

and Khaliq et al., 1991). 

The Vr-Wr graphs showed over dominance for plant height and hygrophilic colloids. While 

partial dominance was observed in various plant characters like flag leaf area, number of tillers 

per plant, stomatal size, stomatal frequency, spike length, number of spikelets per spike, spike 
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density, number of grain per spike, 1000-grains weight, grain yield per plant, biomass per plant 

and harvest index. 

 

5.3. Heritability 

Selection efficiency for a plant trait depends on extent of its heritability and genetic variation 

(Falconer and Mackay, 1996). The existing genetic variability shows that the population has high 

genetic potential for improvement of the characters by selection programmes.  

Moderate heritability was found to control plant height which were similar in results given by 

Mehta et al. (1997) but mostly high values had been obtained for  plant height in the studies that 

have been previously conducted (Pawas et al., 1989; Mosaad et al., 1990; Mladenov, 1993; 

Chaturvedi and Gupta, 1995; Awaad, 1996; Fida et al., 2001). So, selection of plants on the 

basis of plant height could be effective for high yield. In barley, low heritability for number of 

tillers per plant and spike length under saline conditions than non-saline conditions was observed 

except for 1000-grains weight while increase in heritability and additive variance occurs as the 

stress level will increase (Mather and Jinks, 1971; Blum et al., 1981).  

The magnitude of heritability was moderate for most of the plant characters that have been dealt 

with like grain number per spike (h
2
 = 0.41). Although low values for heritability such as 0.42 

(Zaheer and Ahmad, 1991) and 0.35 (Fida et al., 2001) have been obtained for the grain number 

per spike in some studies that were conducted previously, Udin et al. (1997) obtained middle, 

Awaad (1996) and Singh et al. (1999) reported high heritability. Collaku (1994) obtained low 

heritability during experiment as a result of the drought stress but Rana et al. (1999) stated that 

they have conducted under wet and dry conditions that the grain number per spike is a 

significant property for the phenotypical selection. Heritability is a technique used by the plant 

breeders for effectively isolating the amount of genetic variation from the total phenotypic 

variation. The value of heritability obtained for 1000 grains-weight was averaged. It is 

considered to be medium matches with many researchers (Chaturvedi and Gupta, 1995) and 

high (Pawas et al., 1989; Awaad, 1996; Mehta et al., 1997; Udin et al., 1997; Fida et al,. 2001) 

in which middle or averaged heritability regarding 1000-grains weight have been obtained (Al-

Marakby et al. 1994).  
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Heritability of grain yield per plant was found to be average in this manuscript, the heritability 

obtained in the other studies for the yield, that is a quantitative character, were also middle 

(Moghaddam et al., 1997) and low values (Pawas et al., 1989; Zaheer and Ahmad, 1991; Fida et 

al., 2001). The reason of fluctuation of grain yield is that it is a polygenic trait and is greatly 

influenced by the environment. So, grain yield in this case can be enhanced by selecting those 

yield components having high heritability. Flag leaf area contributed much in yield of plant, it 

possessed high heritability and also controlled by additive type of gene action. All traits observed 

in the study are quantitative in nature. These are called complex characters also but because they 

are controlled by many genes. Variation within quantitative characters is due to its complex 

inheritance and to the influence of the environment (Fehr, 1978). Falconer (1981) reported that 

heritability estimates were subjected to considerable environmental conditions and therefore, 

would be interpreted, and used with extensive care in plant improvement process. In the present 

studies, heritability was found moderate to high for most of the plant traits so it is assumed that 

genetic improvement in wheat by selection and breeding can be generated because additive 

genetic effects predominantly affect the genetic mechanism to control the variation in the 

character. 

5.4. Combining ability 

Much of the genetic gain in yield of wheat is believed due to the "accumulation" of genes with 

small additive effects
 
on yield. This conclusion is partly a rationalization of breeders'

 
experience 

that progress due to hybridizing the best with
 
the best and selecting the best. It is supported by 

results
 
from trials of F1 hybrid winter wheat and their parents (Morgan et al., 1989). Combining 

ability estimates help in the identification of promising parents and desirable combinations for 

the improvement of plant traits through selection and breeding. The estimates of general 

combining ability and specific combining ability identify the relative importance of additive and 

additive causes of variation. The GCA is the total effects of additive and additive × additive 

variances and SCA is the sum of total effects of dominance and dominance × dominance 

variances. In the present studies, the analysis of the diallel cross data was carried out following 

combining ability approach of Griffing (1956). 

The pooled analysis of variance for combining ability reflected that both the GCA and SCA 

mean squares were significant for all the traits under study. Thus, both additive and non-additive 
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types of gene effects figured important in controlling inheritance of all the characters studied. 

Additive gene action was more prominent for yield components, while non-additive gene action 

was strong for single plant yield. Therefore, such breeding methods should be designed to exploit 

both additive and non-additive gene actions. Diallel selective mating of Jensen (1970) has 

suggested usefulness of such situation. But method involved in many crosses among diverse 

parents and intermatings in F1 populations makes it difficult for practical utilization. However, 

the crosses which have shown significant SCA effects for single plant yield may be used in the 

development of hybrid variety. Another possibility of these crosses is that the non-additive genes 

of the crosses would give wider transgressive segregation. Careful selection of the potential 

transgressive segregants by family selection method would be significance for yield 

improvement. 

Highly significant and greater mean squares due to GCA were reported for plant height, flag leaf 

area, leaf venation and grain yield and yield related traits, except for hygrophillic colloids and 

spike density in this manuscript. Other researchers like Li. et al. (1991) and Chaudhry et al. 

(1994) also reported highly significant and greater mean squares due to GCA for all plant traits 

but Asad et al. (1992) and Borghi and Perenziin (1991) reported significant mean squares due to 

both GCA and SCA, similarly, Ali and Khan (1998) also reported significant reciprocal effects 

for plant height. Significant GCA mean squares for number of tillers per plant was observed by 

Li et al. (1991) and Arshad and Chowdhry (2002) during their work on wheat. Moreover, all 

plant traits in this study were controlled by additive type of gene action. So, these findings are in 

agreement with observations of Khan and Ali (1998) and Hamada et al. (2002) while non-

additive type of gene action was involved in controlling number of spikelets per spike (Rehman 

et al., 2002). Along with additive type of gene effects, non-additive gene action was also 

involved in controlling the plant traits; it was supported by Zubair et al. (1987). Apart from 

conventional breeding methods relying upon additive or additive × additive types of gene action, 

population improvement appears to be a promise alternative. Diallel analysis (Jensun, 1970) 

seems to be a desirable technique, which delays fixation of genes quickly, allows break down of 

linkage, general fostering of cross combinations and focus of favorable genes, into central gene 

pool, by a series of multiple crosses. 

The general combining ability for various plant traits showed that the magnitude of general 

combining ability effects was much higher in case of plant height, flag leaf area, leaf venation, 



 177 

stomatal frequency, stomatal size, epidermal cell size, number of tillers per plant, peduncle 

length, extrusion length, spike length, number of spikelets per spike and 1000-grains weight, 

number of grains per spike, spike density, grain yield per plant and though statistically both 

general and specific combining ability variances were significant. These findings are in 

accordance with Kronstad and Foote (1964) and Brown et al. (1966) who also found that most 

of the variation in yield and other characters of Fl hybrids in wheat was associated with the high 

general combining ability rather than with specific combining ability variance. 

The study demonstrates that both additive (fixable) and non-additive (non-fixable) components 

of genetic variances were involved in governing inheritance of plant traits under study although 

additive genetic variance was predominant. Therefore, bi-parental mating (Joshi and Dhawan, 

1966) and diallel selective mating (Jensen, 1970) which allows intermating of selections in 

different cycles to exploit both additive and non-additive gene effect, which could be useful in 

genetic improvement of characters of hexaploid wheat. Restricted recurrent selection by way of 

intermating the most desirable segregants followed by selection may also prove to be an effective 

alternative approach to improving grain yield in this important species. Inclusion of F1 hybrids 

showing high SCA and having parents with good GCA, into multiple crosses, could also prove a 

worthwhile approach for tangible advancement of grain yield in hexaploid wheat. Whitehouse et 

al. (1958) observed that gene interactions were important for grain yield per plant.  

Parents like Punjab-96 proved as a best general combiner for flag leaf area, leaf venation, 

stomata frequency, epidermal cell size, peduncle length, extrusion length, spike length, number 

of grains per spike and 1000-grains weight and harvest index. Uqab-2000 was also found as a 

best general combiner for stomata size, epidermal cell size, flag leaf area, number of spikelets 

per spike, grain yield per spike and 1000-grains weight and biomass per plant and MH-97 for 

stomata size, epidermal cell size, number of tillers per plant, grain yield per plant, spike density 

biomass per plant. Best specific combinations like 4072 × Punjab-96, Punjab-96 × Uqab-2000 

and Iqbal-2000 × Parwaz-94 may be evaluated in further breeding programmes because of their 

best performance in many plant traits. These cross combinations showing desirable SCA effects 

for yield and most of its components may produce transgressive segregants in succeeding 

generations, which can be selected and improved for increasing yield. In order to synthesize a 

dynamic population with most of the favourable genes accumulated, it will be pertinent to make 
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use of these three parents, which are good general combiners for several characters, in multiple 

crossing programmes. 

5.5. Heterosis 

The superiority of hybrids over the better parent is important for determining the feasibility of 

commercial utilization of heterosis and identifying the parental combinations capable of 

producing the highest level of transgressive segregants. In this study, because the parent wheat 

varieties are highly adapted varieties, heterosis over the mid-parent and over the better-parent has 

played a highly significant role for improvement in yield. Investigation about the magnitude of 

heterosis is desirable for deciding the directions of future breeding programmes.  

Hybrid wheat possesses potential for improved performance / high yield and stability across 

different environments. However, according to Dreisigacker et al. (2005), three components are 

considered crucial for its implementation:  

i- a cost effective process of seed production 

ii- an appropriate amount of heterosis 

iii- the development of heterotic combinations and patterns to make sure future progress in case 

of plant yield through hybrid breeding.  

These situations are met in breeding for cross-pollinated crops. However, in self-pollinated 

breeding progress has been made through the use of chemical hybridizing agents, the degree of 

heterosis and absence of heterotic groups remain the restrictive factors in hybrid wheat breeding 

programmes. Some researchers (Austin, 1999; Maluszynski et al., 2001; Fasoula and Fasoula, 

2002) also reported that maximum heterosis should be transferred successfully in pure lines 

through conventional breeding. 

In most breeding programmes, maximum crop yield is a main objective and emphasis for 

development of wheat varieties with maximum superior traits. Production of F1 hybrids along 

with desirable plant and yield traits is major aim of our research. Choice of parents used for 

hybridization contributes much for the development of superior hybrids. Parents used in the 

breeding programme must be superior genetically and diverse in traits under study. The increase 

or decrease in the productivity and vigour of hybrids as compared to their parents is main 

contribution for heterotic effects which expressed in F1 and following generations. 
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Plant height is an important trait and largely contributes in biological yield of wheat and is 

nitrogenous responsive. Negative estimates of heterosis and heterobeltiosis for plant height are 

preferred over their mid and better parents in wheat breeding because short stature is a desirable 

character for high yield. It may be suggested that effective selection of desirable recombinants 

from such genetic material is possible. These results are in agreement with the findings of 

Abdullah et al. (2002), Yagdi and Karan (2000) and Rasul et al. (2002).  While maximum mid 

parent heterosis in hygrophilic colloids was found to be as high as (-81.67 %) among the plant 

traits during the study of seven parental complete diallel analysis which showed that hygrophilic 

colloids played an important role in yield contribution and stability of yield because this negative 

sign showed decreased the amount of hygrophilic colloids in cross hybrids, there would be 

increase in yield  

 Similarly, epidermal cell size is also an important plant trait and contributes in high yield and 

yield stability. So, those crosses having maximum and positive heterosis are to be selected for 

future breeding programme. Positive heterosis over mid parents was observed for spike length in 

most of crosses. It is noted that if length of spike increased, then number of grains per spike and 

spike density also increased. These results are in agreement with Rasul et al. (2002), Yagdi and 

Karan (2000) and Iqbal (2004). Number of spikelets per spike is also an important yield 

contributing component and plays an important role in grain yield. Positive heterosis was found 

for spikelets per spike in this manuscript and same kind of heterotic effects were reported by 

Abdullah et al. (2002), Iqbal et al. (1990), Mehla et al. (2000) and Rasul et al. (2002). Several 

yield components appeared to be important yield determinants in high yielding cross (Liver and 

Hyne, 1968; Mahajan et al., 1999). Results indicated that the crosses showing heterosis for grain 

yield per plant were not heterotic for all the characters. It was supported by the finding of Grafius 

(1959), who suggested that there could be no separate genetic system for yield because yield is 

an end product of complex interactions between its various components. Further more, yield and 

yield related traits having significant positive heterosis are important for selection of these traits 

in crosses for future breeding programme.  

At present, wheat production‟s situation in Pakistan is better than past, but it is direly required to 

increase its productivity through incorporation of desirable genes into wheat. Now plant breeders 

are trying to develop high yielding wheat genotypes which are superior and adaptive to a wide 

range of environments. Choice of parent varieties used in the hybridization process contributes 
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significantly for the development of a suitable and potential genotype. Genetically superior 

parents having the desired trait under study are utilized for varietal development.  
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CHAPTER-6 

SUMMARY 

Efforts to improve wheat plant have been made at various plant characters. Yield component 

breeding and modification of the plant architecture offer possibilities to develop more efficient 

breeding systems for increased grain yield. The objective of the study is to search genes having 

potential for high yield and yield stability in genetic material available by crossing the 

genotypes in diallel fashion that can be used in future breeding programme. Gene action, 

combining ability and extent of heterosis was studied by analyzing diallel cross data between 

seven spring wheat varieties which included Parwaz-94, Shahkar-95, Punjab-96, MH-97, 4072, 

Iqbal-2000 and Uqab-2000. The data obtained at maturity of plant were analyzed following the 

methods given by Mather and Jinks (1982) and Hayman and Jinks (1954). 

Results showed that all the genotypes differed significantly for all the traits under study except 

for stomatal size when data were subjected to analysis of variance followed by Steel et al. 

(1997). Genetic analysis following the technique of Hayman (1954a, b) and Jinks (1954) for all 

the traits including plant height, flag leaf area, leaf venation, stomata frequency, stomata size, 

epidermal cell size, hygrophillic colloids, number of tillers per plant, peduncle length, extrusion 

length, spike length, number of spikelets per spike, spike density, number of grains per spike, 

1000-grains weight, biomass per plant, grain yield plant and harvest index was done in this 

study. During genetic analysis, all seven wheat varieties were hybridized in all possible 

combinations. The results showed that both males and females parents were highly significantly 

different for all the traits which indicated that almost all the traits were governed by additive 

type of gene action. While male × female interaction was significant in plant traits like plant 

height, flag leaf area, leaf venation, epidermal cell size, hygrophillic colloids, peduncle length, 

extrusion length, biomass per plant, grain yield plant and harvest index which exhibited non-

additive type of gene action along with additive gene action. 

Scaling tests were used to test the adequacy of the data for analyzing additive-dominance model 

which showed that additive-dominance model was partially adequate for plant traits like plant 

height, hygrophillic colloids, flag leaf area and harvest index. All the remaining traits exhibited 

the fully adequacy of additive-dominance model.  
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Vr-Wr graphs showed over dominance for plant height and hygrophillic colloids while partial 

dominace is involved in controlling grain yield and yield related traits. Spikes per plant, number 

of spikelets per spike, 1000-grains weight and grain yield per plant. In general the predictions 

regarding the parents made from general and specific combining abilities are in line with gene 

action indicated by the Vr-Wr graphs for different characters. 

Heritability estimates for grain yield and yield related traits indicated that epidermal cell size had 

maximum ability to transfer the genes to the next generation. For high yield, flag leaf area, and 

extrusion length also play an important role. So selection of desirable parents and gene 

combinations for high yield on the basis of these traits will be effective for further breeding 

programme. 

Parents like Punjab-96 proved as a best general combiner for flag leaf area, leaf venation, 

stomata frequency, epidermal cell size, peduncle length, extrusion length, spike length, number 

of grains per spike and 1000-grains weight and harvest index. Uqab-2000 was also found as a 

best general combiner for stomata size, epidermal cell size, flag leaf area, number of spikelets 

per spike, grain yield per spike and 1000-grains weight and biomass per plant and MH-97 for 

stomata size, epidermal cell size, number of tillers per plant, grain yield per plant, spike density 

biomass per plant. Best specific combinations like 4072 × Punjab-96, Punjab-96 × Uqab-2000 

and Iqbal-2000 × Parwaz-94 may be evaluated in further breeding programme because of their 

best performance in many plant traits. These cross combinations showing desirable SCA effects 

for yield and most of its components may produce transgressive segregants in succeeding 

generations, which can be selected and improved for increasing yield. In order to synthesize a 

dynamic population with most of the favourable genes accumulated, it will be pertinent to make 

use of these three parents, which are good general combiners for several characters, in multiple 

crossing programmes. 

The results of heterosis suggest that hybrid vigour is available for the commercial production of 

wheat and selection of desirable hybrid among the crosses having heterotic effects in other 

characters is the best way to improve the grain yield of bread wheat. 

It may be concluded that grain yield is an important selection criterion for breeding programmes. 

Grain yield is related with various traists such as morphological, physiological and yield 

components. These yield related traits like number of tillers per plant, plant height, flag leaf area, 
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leaf characters (leaf venation, stomata size, number of stomata, epidermal cell size and 

hygrophillic colloids) and spike characteristics like spike length, spike density, spikelets per 

spike etc. play important role to improve yield stability and potential. These plant traits may 

contribute towards high grain yield and can help the plant to perform well in normal and stress 

conditions. The information derived for these traits during these studies may be used to evolve 

high yielding varieties which can produce economic yield and help the yield sustainability in 

those areas where water shortage is a main problem.  
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Appendix- 1.  Temperature, rain fall and humidity data during wheat growing season at 

University of Agriculture, Faisalabad, Pakisatn. 

 

Month Averaged 

Maximum Temp. 

ºC 

Averaged 

Minimum Temp. 

ºC 

Averaged 

Relative 

Humidity 

% 

Averaged 

Rainfall 

mm 

November, 2005 29.1 12.6 50.5 0.0 

December, 2005 23.9 05.3 52.0 0.0 

January, 2006 20.8 06.3 58.1 8.2 

February, 2006 27.6 13 52.4 14.6 

March, 2006 28.1 14.6 40.7 37.0 

April, 2006 37.6 20.7 23.4 0.0 

 


