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A B S T R A C T   
Six bread wheat cultivars/lines viz., Faisalabad-08, Lasani-08, Sehar-06, Chakwal-86, 

Chakwal-50 and 6302 were hybridized in full diallel fashion. Thirty F1 crosses along with six 

parents were planted in a triplicate randomized complete block design in the experimental area 

of Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad. 

Experiment was sown under both normal and drought conditions. Data on attributes viz., plant 

height, flag leaf area, number of tillers per plant, number of spikelets per spike, number of 

grains per spike, 1000-grain weight, spike length, spike density, grain weight per spike, biomass 

per plant, grain yield per plant, harvest index, extrusion length, stomatal frequency, stomata 

size, epidermal cell size and leaf venations were recorded and subjected to the analysis of 

variance technique to find out the genotypic differences for the characters, which were found 

significant under both environmental  conditions. Data were further subjected to diallel analysis 

for genetic studies. 

The Vr-Wr graphs indicated over-dominance type of gene action for spike length and 

grain weight per spike and leaf venations under both sowing conditions and for flag leaf area, 

biomass per plant, harvest index and stomatal frequency under normal condition, whereas for 

number of tillers per plant under drought condition. 

Additive with partial dominance type of gene action was observed   for number of spikelets per 

spike, number of grains per spike, plant height, 1000-gran weight, grain yield per plant, extrusion 

length, spike density, stomata size and epidermal cell size under both sowing conditions and for 

number of tillers per plant under normal condition and for biomass per plant, harvest index, 

stomatal frequency and flag leaf area under drought condition.  

Over-dominance type of gene action detected under normal condition for flag leaf area, 

biomass per plant, harvest index, and stomatal frequency was changed to additive with partial 

dominance type of gene action under drought condition, while additive with partial dominance 

gene action under normal condition for number of tillers per plant was altered to over-dominance 

type of gene action under drought condition 
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CHAPTER 1        

INTRODUCTION 

Wheat (Triticum aestivum L.) is the foremost and has occupied 3rd position, 

among cereals being harvested in world (Ram and Singh, 2003). Although, it is 

cultivated under different climatic conditions, but still it is a leading grain crop of the 

temperate climates of the world just like rice in the tropics. Wheat grain provides 

about twenty percent of the world’s diet calories. It contains 59.4% carbohydrates, 

11.3% protein, 13.2% fibers, 1.8% lipids, 12.6% water and 1.7% minerals (Koehler and 

Wieser, 2013). It is also playing the most significant role in food security and economic 

stability in our country. 

In Pakistan, wheat is a principal food grain being produced. 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. It is grown on an area of 8.9 million hectares with an average yield per 

hectare is 2833 kg ha-1 in the year 2010-11. It contributes 12.5% to value added in 

agriculture and 2.6 % to GDP (Anonymous, 2012). The population of Pakistan is 

increasing day by day and to fulfill the demands of rapidly growing population we need 

to increase wheat production with available resources. In the past few years, Pakistan has 

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

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

wheat supply (FAO, 2009). The situation of wheat production in Pakistan is much better 

than the past but wheat yield is still behind the developed countries of the world. There is 

need to boost up its stability and yield improvement. 

Wheat productivity is decreasing due to various abiotic and biotic stresses (Shao 

et al., 2009). Environmental abiotic stresses (drought, extreme temperature, cold and 

salinity) tend to impair the plant growth and development and slow down the optimum 

productivity (Seki et al., 2003; Farooq et al., 2009 and 2011, Noorka et al., 2013a). 

Drought alone being the most devastating stress decreases the overall yield as compared 

to any other type of stresses (Lambers et al., 2008, Noorka and Heslop-Harrison, 2013 and 

2014). According to the statistical data, drought is affecting more than 99 Million hectare 

area across the developing nations and more than 60 million hectares across the 

developed parts of the world (Rajaram, 2000). In Pakistan, about 15 million hectares of 

land is affected by this environmental stress caused by the short supply of water (Mujtaba 
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and Alam, 2002). Yield loss ranging from 17 to 70% is attributed to the drought stress 

(Nouri-Ganbalani et al., 2009). It has been proved that the crop losses due to water 

shortage are greater than any other type of biotic or abiotic stress across the globe 

(Kramer, 1983).  

Drought is considered to be a global issue and many countries located in different 

ecological zones and geographical locations are found to be suffering from this 

cosmopolitan issue and still others are on the verge of a possible stress in the near future 

(Ludlow and Muchow, 1990). Drought is an environmental stress that is characterized by 

the water limiting conditions. It is divided into different types on the basis of their 

occurrence and intensity. Agricultural drought deals with the lack of moisture that is 

needed by the plants for completing their normal life cycle (Manivannan et al., 2008). 

Meteorological drought deals with the short fall in precipitation over a long period of time 

combined with the higher evapotranspiration rates (Mishra and Cherkauer, 2010).  

Drought stress has a definite impact on the morphology, biochemistry and 

genetics of plant, as the genetic or molecular alterations are negative towards the growth 

and productivity of plants (Wang et al., 2005). Subsequent reduction in the biomass 

accumulations as well as crop growth rate is the result of continuous drought conditions 

(Li et al., 2009; Farooq et al., 2009). Deficiency of water creates an increase in the 

biosynthesis of abscisic acid (ABA) which in turns decreases the conductance of stomata 

and in the end the transpiration losses are greatly reduced (Yamaguchi-Shinozaki and 

Shinozaki, 2006). To cope with these challenges there is a need to understand the effects 

of drought on the morphology as well as the physiology of the plant (Yamaguchi-

Shinozaki and Shinozaki, 2006). Development of the drought tolerant and resistant 

cultivars seems to be the only solution in the era of global warming and water depletion. 

Genetic and molecular studies are therefore needed to control the possible aggravated 

drought responses in the near future (Piepho, 2000).  

Drought has detrimental effect on the growth and development in general but 

varies with the intensity of drought as well as the growth stage of the crop. Water 

potential plays a significant role in crop productivity and drought affects the water 

relations in roots and shoots (Liu et al., 2004). Drought also affects the leaf water 

potential (Tezara et al., 2002). Generally, when water availability is limited the root: 

shoot ratio of plants increases because roots are less sensitive than shoots to growth 
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inhibit by low water potentials (Wu and Cosgrove, 2000). Similarly, a subsequent rise in 

the leaf temperature has been observed as a result of non-regulation of leaf temperature 

due to the drought conditions in wheat crop (Siddique et al., 2001). Nutrients uptake is 

badly affected in drought conditions. Subramanian et al. (2006) confirmed the lower 

availability of Nitrogen and Phosphorus contents in the shoot and root part under the 

drought conditions. Similarly, McWilliams (2003) reported the reduced nitrogen and 

potash availability in cotton crop.  

Germination is impaired and results in poor stand establishment under drought 

conditions (Harris et al., 2002). Growth process is severely damaged during the drought 

period as the phases of cell division, elongation and differentiation are greatly disturbed 

(Kiani et al., 2007; Farooq et al., 2009; Taiz and Zeiger, 2010). The fresh and dry weights 

of roots and shoots are also reported to be affected mainly due to drought (Liu et al., 

2011, Noorka, 2014). Delayed flowering is observed as a result of drought in case of 

maize and soybean (Abrecht and Carberry, 1993; Desclaux and Roumet, 1996). Drought 

at flowering commonly results in barrenness (Yadav et al., 2004). Growth duration in 

case of barley and bread wheat, also reported to be decreased under short or long term 

drought conditions (McMaster and Wilhelm, 2003).  

Every developmental stage is responsive towards the drought. For instance, 

drought conditions during pre-anthesis stage causes delayed flowering in quinoa and 

bread wheat plants (Majid et al., 2007; Geerts, et al., 2008). Vegetative, reproductive and 

grain filling stage of wheat is also affected due to the drought conditions (Reddy et al., 

2003; Vijay, 2004; Yadav et al., 2004; Lafitte et al., 2007). Drought stress at seedling 

stage of wheat crop results in poor yield of the crop (Tendon, 1985). 

The vegetative and reproductive phases of wheat are adversely affected due to the 

environmental fluctuations like high temperature, moisture depletion from soil, reduced 

solar intensity, etc. Out of all of these factors, the moisture level is vital factor and the 

growth and development at all the stages of wheat crop and consequently the yield of the 

crop is affected. Drought is most limiting factor that determines the final yield of wheat 

crop (Howard, 1924). 

Inadequate rainfall is one of the major limiting factors in wheat production 

resulting in a reduced yield of more than 50% in some cases (Wang et al., 2003). This 

problem is also faced when the plants are surviving in a region having the temperature 
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extremes such as that of the temperate regions (Wilson et al., 2001) or in some tropical 

regions (Grace, 1999). Water deficiency in the tropical and temperate regions is mainly 

due to the global warming, due to which the temperature of planet earth is increasing at 

an abnormal rate (Fischer et al., 2001).  

Several adaptations are undergone by the plants at various levels of organization. 

The yield of the crop is concerned with the drought period as well as the drought 

intensity. Overall the genotype diversity plays a critical role in resisting and tolerating 

drought (Fukai and Cooper, 1995; Kiliç and Yag basanlar, 2010). The mechanism to 

avoid stress is found in many plants and it enables the plant to survive in drought 

condition. This mechanism works when the plant uptake more water from the soil and 

water losses are managed by different stomatal modifications (Blum, 2005). Drought 

escape refers to the native ability of a plant to complete the life cycle despite of the stress 

posed by the drought conditions. In this phenomenon the life cycle is shortened and seeds 

are produced during the rainy season and enable the plant to survive.  

Complex responses are shown by the plants in reaction to the water shortage and 

scarcity phases. Management of drought stress with the help of the stress avoidance and 

tolerating mechanisms vary with in different crops and different genotypes of the same 

crop. Drought stress forces the plant to revise their metabolic routes and with the passage 

of time, some of the crucial structural modifications are also made by the plants. Genetic 

modifications enable the plants to survive during the stress period (Bohnert and 

Sheveleva, 1998). 

Biochemical and physiological alterations are mainly due to the stimuli which are 

generated by the exposed parts of the plants. Mainly the stimuli are generated by the leaf 

surface and in some cases roots are also responsible for the generation of stress stimuli. 

These modifications enable plants to survive and allocate the photosynthetic products 

evenly to all the plant parts (Pereira and Chaves, 1993).  

Root elongation and leaf narrowness (Sharp and LeNoble, 2002) and in some 

cases changes in the root to shoot ratio along with the development of water reserve 

system in stems, are considered to be some of the most common characters that are 

developed or modified during the water stress period (Rodrigues et al., 1995). 

Physiologically, sharp increase in leaf chlorophyll fluorescence and impairment of the 

carbon assimilation are some of the main events during the stress period (Chaves et al., 

2002). 
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Drought can be seen as one of the primary global environmental challenges 

(Boyer, 1982), development of drought tolerant varieties has therefore gained much 

attention and significant amount of research has been in progress. Genetic engineering 

can be combined with the conventional breeding practices in order to achieve a target of 

developing genetically modified drought tolerant germplasm (Ashraf, 2010). Rajaram, 

(2001) emphasized the need of selection of water stress tolerant wheat cultivars which 

have better adaptations towards the water stress mainly to increase the yield in rainfed 

areas. Conventional and modern breeding or genetic engineering is all aimed to produce 

better quality and high yielding crops.  

Plant characteristics, especially the physio-morphological characters are very 

crucial as these are evaluated and final development of stress tolerant genotypes depends 

upon these traits. Stomata are very important in this regards as the plant stress is regulated 

with the number of stomata. Frequency of stomata is greatly affected by the 

environmental conditions (Ahmad, 1996; Munir, 1997; Subhani, 1997). Choice of the 

best parents is therefore most critical step. Combining ability and the genetic variability 

are also important with respect to the hybrid performance (Abdus and Rizwan, 2002).  

Germplasm of a particular crop is considered to be the reservoir of the genetic 

diversity and it can be exploited to improve the already existing traits. Economic traits 

depend upon the genetic variability and profitable exploitation of useful traits enables 

higher crop productivity under different conditions (Murthy and Anand, 1966; Jatasara 

and Paroda, 1983).  

The present study was carried out to evaluate genetic behavior of some drought tolerant 

and susceptible genotypes for different morpho-physilological traits under normal as well 

as drought conditions using diallel technique with the following objectives: 

 Evaluation of wheat genotypes for drought tolerance. 

 Study of inheritance mechanisms under normal and drought conditions. 

 Identification of genotypes and strategies for future breeding for stress tolerance. 
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CHAPTER 2  

REVIEW OF LITERATURE 

2.1 Drought 

Crop plants undergo several environmental stresses, which lead to significant 

reduction in production (Seki et al., 2003; Farooq et al., 2011). Among these 

environmental stresses drought is considered one of the most devastating factor, which 

cause significant reduction in crop productivity (Lambers et al., 2008). Drought is 

divided in to meteorological drought (a continuous shortfall in precipitation) and 

agricultural drought (It is the lack of ample moisture required for normal plant growth 

and development to complete the life cycle) (Manivannan et al., 2008; Mishra and 

Cherkauer, 2010). It disrupts normal growth, impairs water relations, and reduces water 

use efficiency in plants (Aroca, 2012). The main consequences of drought in crop plants 

are reduced rate of cell division and expansion, leaf size, stem elongation and root 

proliferation. It also disturbed stomatal oscillations, plant water and nutrient relations 

with diminished crop productivity, and water use efficiency (Li et al., 2009; Farooq et 

al., 2009). Shortage of water contents accelerates the biosynthesis of abscisic acid 

(ABA), which decreases stomatal conductance to minimize transpirational losses 

(Yamaguchi-Shinozaki and Shinozaki 2006).  

 Water deficiency results in reduction of dry matter accumulation, decrease in 

shoot, root fresh and dry weight (Asrar and Elhindi, 2011; Liu et al. 2011). Hussain et al. 

2009 observed a decrease in tillering, leaf numbers and leaf area index due to water 

stress. Khan et al. (2010) reported a negative correlation of grain yield with extrusion 

length under drought stress. Crop phenology is also badly affected due to water deficient, 

by shortening the crop growth cycle with a few exceptions (Desclaux and Roumet, 1996). 

The effect of drought is phase specific in most cases. For example,  drought at pre-

anthesis delayed flowering in quinoa and bread wheat plants (Majid et al., 2007;  Geerts 

et al., 2008).  Similarly, drought at anthesis commonly delays flowering in rice crop 

(Fukai, 1999). Maturity is hastened at grain filling stage under drought but yield is 

reduced due to smaller grains (Desclaux and Roumet, 1996). Drought during vegetative 

period may substantially decrease economic yield. Drought stress is more devastating 

during reproductive and grain filling phases (Yadav et al., 2004; Lafitte et al., 2007). At 

flowering stage drought results in increase pollen sterility and ultimately reduce grain 
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formation (Hussain et al., 2008). Sukhorukov (1989) observed that under drought 

conditions reduction in number of fertile tillers, grains per spike and 1000-grain weight 

which ultimately reduced the grain yield per plant. 

Effect of drought on different physiological processes of wheat has also been well 

documented. Alam (1965) showed denser veins per unit area in drought resistant varieties 

of wheat. According to Hayward et al. (1993) an important form of drought stress 

tolerance is the tolerance to post-anthesis stress. Acevedo (1991) concluded that under 

conditions of terminal drought stress, net photosynthesis decreases significantly in wheat. 

Maghsoudi and Moud (2008) reported that yield is poorly correlated with stomatal 

number in water stress environment. Similarly, Mehri et al. (2009) observed that stomata 

length and the area of both upper and lower surfaces of the flag leaves is decreased in 

wheat crop under the water deficit conditions. Genetic variation exists within cereal crop 

species in the ability to sustain kernel growth by remobilization of reserves (Austin et al., 

1977; Acevedo and Ceccarelli, 1989). Intensity of leaf rolling is greater in drought 

resistant cultivars; however, it did not impair the photo synthetic capability of the leaves. 

Morphological factors like leaf size, shape, angle and waxiness can also influence the 

plant water status (Hurd, 1976).  

 Plants shows different mechanisms to withstand drought, such as reduced water 

loss by increased diffusive resistance, increased water uptake with prolific and deep 

root systems, and smaller and succulent leaves to reduce transpiration loss (Kilic and 

Yagbasanlar, 2010). The components of drought resistance in plants include both 

avoidance and tolerance to water stress and desiccation. The mechanism that helps 

drought resistance in wheat include early maturity i.e., ability of crop to ripe before the 

periods of drought; vigorous and deep root system to efficiently utilize the available 

moisture; a mechanism of closing stomata during drought stress to decrease water loss; 

and a waxy bloom on the leaf surface to decrease transpiration loss. Wheat cultivars 

developed for drought stress commonly have narrower leaves and lower shoot/root 

ratios and may have low yield potential than varieties developed for irrigated areas 

(Poehlman, 1987). 

 Plant drought stress can be managed by adopting strategies such as mass 

screening and breeding, marker-assisted selection and exogenous application of 

hormones and osmoprotectants to seeds or growing plants, as well as engineering for 

drought resistance (Aroca, 2012). 
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 Photosynthesis and respiration are disrupted due to the leakage of ions and organic 

solute movements across membranes as a result of abiotic stress (Christiansen, 1978). 

For measuring electrolyte leakage from leaves, MTS is a quick tool for measuring 

electrolyte leakage from leaves, for screening against abiotic stress (Shanahan et al., 

1990). A positive correlation was observed between MTS and yield.  

The technique of membrane thermostability is a trusted procedure for developing 

abiotic tolerant wheat genotypes (Saadalla et al., 1990a) 

Abiotic stresses pose different effect on diverse genotypes of wheat (Blum and 

Ebercon, 1981; Saadalla et al., 1990b; Porter et al., 1995). Cell membrane thermo 

stability is measured by the leakage of electrolytes (Sullivan and Ross, 1979). This 

method is used as a modified method to develop abiotic tolerant lines in wheat (Saadalla et 

al., 1990a and Saadalla et al., 1990b; Tahir and Singh, 1993). At grain filling thermal 

stresses restrict the availability of photosynthates to the developing grain, starch synthesis 

and its deposition within the grain. This results in reduction of grain weight and its quality 

(Bhullar and Jenner, 1985). Characters like early maturity and ability to stay green have 

an association with abiotic tolerance (Reynolds et al., 2001) and used as a criterion for 

abiotic tolerance along with a partial indicator of disease tolerance (Kohli et al., 1991). 

Cellular membrane stability is one of the effective methods of screening against abiotic 

tolerance on a physiological basis (Ibrahim and Quick, 2001). However, yield and its 

related parameters in stress environments are most effective for stress evaluation. 

Different genotypes of wheat varied in tolerance to thermostablity (Al-Khatib and 

Paulsen, 1990; Reynolds et al., 2001).  

Yield reduction is associated with the stage at which stress occur (Acevedo, 1991). 

At the time of floral initiation and spikelet formation, abiotic stress results in the reduction 

of number of grains and ultimately determines the yielding ability. Genetic variation in 

thermo stability of membranes in various crops including wheat was found using 

conductive metric measurements in field grown plants (Blum and Ebercon, 1981). Cell 

membrane thermostability (CMT) method was used on flag leaves samples of plants grown 

in field, resulted in developing thermo tolerant lines, which increase yield of spring wheat 

significantly (Shanahan et al., 1990). Membrane thermo stability is heritable (Fokar et al., 

1998) and it is highly correlated to yield. 

Shanahan et al. (1990) used electrolyte leakage to study the phenomena of heat 

tolerance in spring wheat (T. aestivum L.) based on MT values genotypes were grouped 
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as heat tolerant (HT) and heat sensitive (HS). Based on the results they concluded that the 

MT test is a useful screening procedure for selecting HT genotypes of spring wheat. 

Similarly Saadalla et al. (1990a) and (1990b) also advocated that the technique is a 

reliable method for exploring heat tolerant germplasm in wheat. Some studies regarding 

heat tolerance with respect to Relative cell injury (%) revealed that the genotypes with 

less injury to plasma membranes are tolerant as compared to the genotypes with more 

injury to cell membrane (Renu et al., 2004). 

2.2 Genetic Variability 

There is an increasing demand of agriculture commodities to meet the feeding 

requirements of world population. Among these commodities, wheat is the most important 

requirement all over the world. It is widely grown in different regions of the world. Due to 

its wider cultivation, it possesses many problems. Among these, drought stress is a serious 

threat to its cultivation. 

In wheat breeding programs, yield is the ultimate objective of the breeder. It is a 

polygenic character and is greatly influenced by the varying environments. However, the 

most important factor influencing gains yield is the amount of available genetic 

variation for (1) general adaptation and (2) traits necessary for improved production 

under specific constraints (Ceccarelli, 1989; Vasal et al., 1997).The presence of genetic 

variability is a pre requisite in any breeding programme. The choice of breeding methods 

for genetic improvement of a crop depends upon the nature and magnitude of genetic 

variability present (Singh and Chaudhary, 1985; Hallauer and Miranda, 1988). Wheat 

varieties with better genetic potentials perform better in conducive and non-conducive 

environment ecosystems (Calenderini and Slafer, 1999; Reynolds and Borlaug, 2006). The 

basic approach for development of drought tolerant varieties is to select locally adapted 

germplasm containing genetic variability for high yield potential (Beck et al., 1997; 

Vasal et al., 1997). A correlation is found between increased dry matter and yield 

improvement but less attention was given on above ground mass (Austin et al., 1980; 

Calenderini et al., 1995; Sayre et al., 1997). Another way of improvement in yield is a good 

source and sink relationship. Researchers explain this relationship to good effect (Richards, 

1996; Slafer et al., 1996). In wheat germplasm a great variation is found all over the world 

for yield and its related characters. Many researchers, found this variability in their genetic 

material (Singh and Paroda, 1985; Ambreen et al., 2002). These findings help plant 
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breeders to develop efficient breeding programmes where they can evolve multidiversity 

genetic material which can adapt everywhere and yield better in diverse environments. 

2.3 Gene Action  

Diallel analysis is being utilized for elaborating the information about the genetic 

structure of populations and the various traits which control genetic mechanisms. This 

mating design provides the information about the nature of genetic parameters of parental 

lines and their progenies. Diallel cross practice has been used comprehensively to 

examine the inheritance of different traits in different plant species. A number of 

scientists used diallel technique to investigate the mode of gene action in wheat. 

Flag leaf area is a vital plant trait to the grain yield because of its contribution. So, 

the wheat lines bear maximum flag leaf area resulted in highest yield as compared to the 

lines which had less flag leaf area. Bkagwat and Bhatia (1993) found transgressed 

segregation for stomatal frequency. In the F2 generation, selections were made for high 

and low stomatal frequency. Two selections had significantly high and low stomatal 

frequency in F9 generation. Stomatal frequency was negatively correlated with the flag 

leaf blade area. Ghimiray and Sarkar (2000) reported additive as well as non additive genes 

important for protein contents, but additive genes were relatively more important for 

gluten contents. Mahmood and Chowdhry (2000) estimated gene action and combining 

ability for flag leaf parameters in a 6 x 6 diallel and observed additive gene action and 

partial dominance for flag leaf area and flag leaf weight, respectively while dominance 

and over dominance gene action was found for specific flag leaf area and specific flag 

leaf weight, respectively. Riaz and Chowdhry (2003) crossed six wheat genotypes in a 

6 x 6 full diallel fashion and concluded that flag leaf area was conditioned by over-

dominance type of gene action under drought conditions. Plant height, tillers per 

plant, grain per spike, 1000-grain weight and grain yield per plant were under the 

control of additive gene action. They suggested that during hybrid development, 

selection for these traits results in higher yield per plant. Golparvar et al. (2004) 

reported that additive-dominance model was not able to account for the changes of flag 

leaf relative water content and mean of grain filling rate. Flag leaf area and spike length 

showed over dominance type of gene action, whereas number of fertile tillers per plant, 

1000 grain weight and grain yield per plant exhibited partial dominance type of gene 

action. Ullah et al. (2011) observed additive type of gene action for flag leaf area, 

stomatal frequency, leaf venation and spike density. Hassan et al. (2008) reported that 
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over dominance type of gene action was present for traits like flag leaf area, stomatal 

frequency, stomatal size, epidermal cell size and leaf venation. Alam et al.  (1990) 

reported that flag leaf area and 1000 grain weight were controlled by additive type of 

gene action with partial dominance whereas over dominance governed number of 

fertile tillers per plant. Various other researchers, have been studied this trait inheritance 

pattern like Hassan et al. (2008), who estimated genetic mechanism by using various 

traits in spring wheat. In flag leaf area, they resulted over dominance type of gene action. 

Other researchers like Chowdhry et al. (1992), Subhani and Chowdhry (2000), Habib and 

Khan (2003), Baksh et al. (2004) and Inamullah et al. (2005) also calculated same results 

i.e. over dominance gene action for this trait. Alam et al. (1990) determined that additive 

gene action with partial dominance governed the flag leaf. The findings were also 

supported by Mahmood and Chowdhry (2000) and Kashif and Khaliq (2003). While, 

Yadav et al. (1981), Iqbal et al. (1991), Nazeer et al. (2004) and Malik et al. (2005) 

illustrated different findings. They stated additive gene action for expression of this trait 

in wheat.  

Many scientists reported gene action involved in inheritance of plant height and 

related traits. During last decades, plant breeders investigated that few genes including 

Rht 1 and Rht 2 are important in controlling the plant height, and they reduced the plant 

height. Such short height wheat varieties enhance grain yield as well as they also proved 

lodging resistant and responsive for nitrogenous fertilizer (Borlaug, 1968). Hamada et al. 

(2002) reported that additive genetic effects were larger than those of non-additive effects 

for all the traits studied, except for number of days taken to heading and plant height. 

Dhanda and Sethi (2003) observed plant height at tillering and anthesis stages were 

among the characters which were least affected by drought. A partial dominance effects 

for plant height, length of the main spike, number of spikelets per spike, number of grains 

per spike, grain yield per plant and 1000 grain weight, whereas over dominance governed 

number of fertile tillers per plant in a 6 x 6 diallel cross (Lone and Zalewski, 1996). 

Different results have been reported by many researchers concerning genetic analysis for 

this trait. Nazeer et al. (2004) proved that plant height was controlled by over dominance 

type of gene action; Mahdy (1988) and Kashif and Khaliq (2003) also reported the same 

results. While, a group of wheat researchers like Chowdhry et al. (1992), Khan et al. 

(1992), Subhani and Chowdhry (2000), Khan et al. (2000), Khan and Habib (2003) and 

Habib and Khan (2003) reported different results. i.e. additive with partial dominant gene 
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action for the trait. Additive gene action was investigated by Medvedev (1981), Iqbal et 

al. (1991), Inamullah et al. (2005) and Malik et al. (2005) and partial dominant gene 

action was noticed by Sutka (1981), Lonc (1986) and Rehman et al. (2003). 

Number of tillers per plant is one of the important yield components which 

increase grain yield in wheat. Number of tillers per plant with other traits is also of prime 

importance for evolving high yielding varieties. Sharma and Ahmad (1980) found 

additive genetic effects for number of fertile tillers per plant and number of spikelets per 

spike in F1 and F2 generations. Uddin and Joarder (1986) studied eight crosses of wheat 

using segregating and non segregating generations for number of fertile tillers per plant 

and grain yield per plant. In these traits additive type of gene action is more important 

followed by non-additive type of gene action. Alam et al .  (1991) observed that 

additive genetic effects with partial dominance were evident for number of kernels per 

spike and grain yield per plant. Number of fertile tillers per plant and 1000 grains 

weight were conditioned by over-dominant type of gene action. Chowdhry et al. 

(1999) reported that flag leaf area, number of fertile tillers per plant and spike length were 

controlled by partial dominance with additive gene action. Grain yield per plant and 1000 

grains weight exhibited over dominance type of gene action under irrigated conditions, 

but under drought condition the mode of gene action changed in some traits. Bakhsh et 

al. (2004) reported that over-dominance type of gene action was found for flag leaf area, 

number of tillers per plant and 1000-grain weight while number of spikelets per spike was 

controlled by partial dominance with additive type of gene action. Rahim et al. (2006) 

proved that number of tillers per plant showed additive type of gene action. Flag leaf area, 

1000-grain weight and grain yield per plant showed non additive type of gene action. 

According to the other researchers like Lonc (1986), Alam et al. (1990), Mann and 

Sharma (1995), Habib and Khan (2003), Baksh et al. (2004), Nazeer et al. (2004), 

Inamullah et al. (2005) and Gurmani et al. (2007), the tillers per plant in wheat are 

governed by over dominance type of gene action. While, Subhani and Chowdhry (2000), 

Khan et al. (2000), Chowdhry et al. (2001), Mahmood and Chowdhry (2002) studied 

gene action using diallel cross analysis and reported that genetic mechanism controlling 

some important yield components including number of tillers per plant. They observed 

additive with partial dominance gene action for tillers per plant. Similar observations 

were also reported by Medvedev (1981) and Malik et al. (2005) for this trait. 
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Number of grains per spike is another important yield factor of wheat. The 

number of grains per panicle is directly proportional to yield. Asif et al. (1999) studied 

mode of inheritance by using diallel technique for some important spike traits. They 

found over dominance gene action for the control of the trait. In contrast, Khan et al. 

(1992), Chowdhry et al. (2001) and Kashif and Khaliq (2003) checked that the trait was 

governed by additive type of gene action with some degree of dominance. Lonc (1986) 

and Habib and Khan (2003) reported partial dominance for inheritance of the trait. 

Results of Sutka (1981) and Mann and Sharma (1995) were different. They reported 

complete dominance type of gene action for the control of the trait.  

The inflorescence in wheat is known as spike which is directly involved in grain 

yield in wheat because large number of grains may produce in large spike. The objective 

is to improve yield in wheat by selecting and improving yield components including spike 

characteristics. High estimates of heritability for spike length (98.15%) and 1000-grain 

weight (92.50%) were recorded by Li and Yang (1985). Iqbal et al .  (1991) found 

partial dominance for plant height and over dominance type of gene action for flag 

leaf area and spike length in a 5x5 diallel cross of bread wheat whereas epistasis was 

observed for peduncle length. Yadav et al. (1987) revealed that additive genetic 

variance was responsible for spike emergence but not for plant height and spike length. 

Plant height and spike length is controlled by over dominance while spike emergence was 

controlled by complete dominance. Iqbal et al. (1991) recorded statistical differences 

among the genotypes for spike length and studied genetic control for different traits 

through diallel cross technique. For the trait i.e., Spike length, they observed over 

dominance type of gene action. Similarly, Chowdhry et al. (2001), Habib and Khan 

(2003), and Rehman et al. (2003) also reported these results. On the other hand, Asif et 

al. (1999), Kashif and Khaliq (2003) and Gurmani et al. (2007) noticed additive gene 

action with partial dominance for the inheritance of the trait. 

Improvement in grain weight per spike is improving too most important yield 

traits i.e., increase in number of grain per spike and grain weight together. Over 

dominance gene action was reported by the researchers like Medvedev (1981) and Habib 

and Khan (2003). They suggest that selection should be in late generations for the 

improvement of the character i.e., grain weight per spike. Rehman et al. (2003) reported 

partial dominance for the control of the trait. 
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Thousand grain weights in wheat, is considered as the most important component 

of grain yield. Khan et al. (2005) observed additive type of gene action in plant height, 

1000-grain weight and spike length while non-additive type of gene action was exhibited 

in flag leaf area, number of tillers per plant and grain yield per plant. A number of 

researchers like Chowdhry et al. (2001), Kashif and Khaliq (2003), Baksh et al. (2004), 

Hassani et al. (2005) and Gurmani et al. (2007) found over dominance type of gene 

action for the inheritance of the trait. Mahdy (1988) reported that epistatic genes were 

influencing the inheritance of grain yield per plant, number of spikes per plant and 1000 

grain weight. Medvedev (1981) worked on genetic analysis of wheat material using 5x5 

diallel cross scheme. The results indicated both additive and dominance effects. 

According to their conclusions, additive effects were greater than the dominance effects. 

Alam et al. (1990), Chowdhry et al. (1992) and Mahmood and Chowdhry (2002) also 

reported partial dominance along with additive type of gene action for the control of this 

trait. Khan et al. (1992) made a graphic analysis for 6x6 complete diallel cross scheme, 

which showed complete dominance gene action for control of 1000- grain weight. 

Grain yield is considered to be one of the most crucial criteria for the wheat 

varieties that are high in yield and production. Researchers have observed multiple types 

of gene action for the per plant grain yield. Riaz and Chowdhry (2003) reported that a 

fairly high variation for leaf venation, stomatal frequency, stomatal size, epidermal cell 

size, flag leaf area, grains per spike, 1000-kernel weight and grain yield was transmitted to 

the offspring and almost whole of the variation was additive in nature. Benmoussa and 

Achouch (2005) reported that water deficit had significant effects on grain yield, plant 

height, number of days to heading and 1000 grain weight. Golabadi et al. (2005) 

concluded that grain yield, harvest index, excised leaf water retention, and relative water 

content were significantly and negatively affected by drought. Genetic variance estimates 

were highest under drought stress for grain yield but for harvest index and relative water 

contents were highest under irrigation. Hassani et al. (2005) evaluated that general 

combining ability (GCA) to specific combining ability (SCA) ratio indicated high 

additive effects for all traits except fertile tiller number, grain yield per plant and 

biological yield in a diallel analysis under drought conditions. Renu and Dhanda 

(2005) reported that genotypes with high drought response index also exhibited low 

relative water content with high grain yield per plant value. Ahmad et al. (2006) from an 

8x8 diallel cross of bread wheat studied the inheritance pattern of yield related parameters. 
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Genetic analysis showed that additive component was significant for all the traits studied 

except number of fertile tillers per plant and grain yield per plant. Dominant component 

was significant for spike length, number of fertile tillers per plant and grain yield per 

plant. Gill et al. (1986) checked that dominance gene action had significant role in grain 

yield per plant and additive gene action had significant role in other traits. The 

populations have almost equal number of dominant and recessive genes except for number 

of tillers per plant. Blanco et al. (2004) reported that genotype x environment effect was 

important for every traits. Large phenotypic correlations between grain yield per plant 

and related traits and between grain yield per plant and protein content were estimated. Six 

superior inbred lines for increased protein content and one inbred line for increased grain 

yield per plant were selected. While, Mahmood and Chowdhry (2002) evaluated the 

genetic analysis of important plant traits and deducted that addictive variance was higher 

as compared to that of the dominance variance for per plant grain yield. Yadav et al. 

(1981) also hypothesized the influence of non-addictive gene action on the overall grain 

yield. Malik et al. (2005) reported the additive type of gene action for the trait. In the 

same manner, Khan et al. (1992) and Khan et al. (2000) also disclosed additive type of 

gene action along with partial dominance. On the contrary, Mahdy (1988) conducted 

experiments to evaluate genetic behavior of various plant traits and found over-

dominance type of gene action with regards to the inheritance of the trait. Huge number 

of scientists like Mann and Sharma (1995), Asif et al. (1999), Chowdhry et al. (2001), 

Kashif and Khaliq (2003), Hassani et al. (2005), Inamullah et al. (2005) and Gurmani et 

al. (2007) confirmed these conclusions. Lonc (1988) utilized a 6x6 diallel cross scheme 

and confirmed partial dominance of gene action for the average grain yield per plant.  

Habib and Khan (2003) confirmed and suggested selection in early generations.  

Adequacy of additive-dominance model for different traits was applied by the 

research workers, like Nazeer et al. (2004), using scaling test. They found complete 

adequacy for plant height, tillers per plant, days to heading and flag leaf area and partial 

adequacy for days to maturity and grains filling period.  

 It is of prime importance for plant breeders to know the type of gene controlling 

the traits, for genetic studies. Subhani and Chowdhry (2000) checked gene action and 

type of genes of different traits which control the inheritance. They found that dominant 

genes are involved in the inheritance of flag leaf area, plant height, 1000-grain weight and 

grain yield per plant, by using technique of 5x5 diallel cross. Recessive genes were 
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accounted for the inheritance of days to heading and tillers per plant. Habib and Khan 

(2003) concluded that for plant height and peduncle length the maximum dominant genes 

were possessed by genotype Tobari-66, whereas SARC-1 was evaluated best for number 

of tillers per plant. Similarly, the genotype 4072 was proved for highest dominant genes 

for the traits of grain weight per spike and 1000-grain weight. Hassan et al. (2008) 

investigated that maximum dominant gene for flag leaf area was reported in following 

genotypes, 6500 and Punjab-96. Maximum recessive genes for flag leaf area were also 

noticed by them in the genotype Faisalabad-85. 

Sharma and Ahmad (1980) found additive genetic effects for number of fertile 

tillers per plant and number of spikelets per spike in F1 and F2 generations. Gill et al. 

(1986) checked that dominance gene action had significant role in grain yield per plant 

and additive gene action had significant role in other traits. The population has almost 

equal number of dominant and recessive genes except for number of tillers per plant. 

Uddin and Joarder (1986) studied eight crosses of wheat using segregating and non 

segregating generations for number of fertile tillers per plant and grain yield per plant. In 

these traits additive type of gene action is more important followed by non-additive type 

of gene action. Yadav et al. (1987) revealed that additive genetic variance was 

responsible for spike emergence but not for plant height and spike length. Plant height 

and spike length is controlled by over dominance while spike emergence was controlled 

by complete dominance. Mahdy (1988) reported that epistatic genes were influencing the 

inheritance of grain yield per plant, number of spikes per plant and 1000 grain weight. 

For the traits studied additive as well as dominant genetic component was important. 

 Bebyakin and Korobova (1989) concluded that number of grains per spike was 

controlled mainly by additive gene effects, plant height by epistasis and dominance 

effects. While over dominance was observed in case of plant height. A partial dominance 

effects for plant height, length of the main spike, number of spikelets per spike, number 

of grains per spike, grain yield per plant and 1000 grain weight, whereas over dominance 

governed number of fertile tillers per plant in a 6 x 6 diallel cross (Lonc, 1988). Ullah et 

al. (2011) observed additive type of gene action for flag leaf area, stomatal frequency, 

leaf venation and spike density. Hassan et al. (2008) reported that over dominance type of 

gene action was present for traits like flag leaf area, stomatal frequency, stomatal size, 

epidermal cell size and leaf venation. Alam et al.  (1990) reported that flag leaf area and 

1000 grain weight were controlled by additive type of gene action with partial 
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dominance whereas over dominance governed number of fertile tillers per plant. Alam 

et  al.  (1991) observed that additive genetic effects with partial dominance were 

evident for number of kernels per spike and grain yield per plant. Number of fertile 

tillers per plant and 1000 grains weight were conditioned by over-dominant type of 

gene action. Epistatic effects were found for grain yield per plant. Iqbal et al .  (1991) 

found partial dominance for plant height and over dominance type of gene action for 

flag leaf area and spike length in a 5x5 diallel cross of bread wheat whereas epistasis 

was observed for peduncle length. 

 Chowdhry et al. (1999) reported that flag leaf area, number of fertile tillers per 

plant and spike length were controlled by partial dominance with additive gene action. 

Grain yield per plant and 1000 grains weight exhibited over dominance type of gene 

action under irrigated conditions, but under drought condition the mode of gene action 

changed in some traits. Flag leaf area and spike length showed over dominance type of 

gene action, whereas number of fertile tillers per plant, 1000 grain weight and grain yield 

per plant exhibited partial dominance type of gene action. Hamada et al. (2002) reported 

that additive genetic effects were larger than those of non-additive effects for all the traits 

studied, except for number of days taken to heading and plant height. Dhanda and Sethi 

(2003) observed plant height at tillering and anthesis stages were among the characters 

which were least affected by drought. Blanco et al. (2004) reported that genotype x 

environment effect was important for every traits. Large phenotypic correlations between 

grain yield per plant and related traits and between grain yield per plant and protein 

content were estimated. Six superior inbred lines for increased protein content and one 

inbred line for increased grain yield per plant were selected. 

 Golparvar et al. (2004) reported that additive-dominance model was not able to 

account for the changes of flag leaf relative water content and mean of grain filling rate. 

Benmoussa and Achouch (2005) reported that water deficit had significant effects on 

grain yield, plant height, number of days to heading and 1000 grain weight. Golabadi et 

al. (2005) concluded that grain yield, harvest index, excised leaf water retention, and 

relative water content were significantly and negatively affected by drought. Genetic 

variance estimates were highest under drought stress for grain yield but for harvest index 

and relative water contents were highest under irrigation. Renu and Dhanda (2005) 

reported that genotypes with high drought response index also exhibited low relative 

water content with high grain yield per plant value. Ahmad et al. (2006) from an 8x8 
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diallel cross of bread wheat studied the inheritance pattern of yield related parameters. 

Genetic analysis showed that additive component was significant for all the traits studied 

except number of fertile tillers per plant and grain yield per plant. Dominant component 

was significant for spike length, number of fertile tillers per plant and grain yield per 

plant. Regression analysis showed additive type of gene action number of grains per 

spike, 1000 grains weight and harvest index and over dominant type of gene action for 

rest of the traits studied. 

Bkagwat and Bhatia (1993) found transgressive segregation for stomatal 

frequency. In the F2 generation, selections were made for high and low stomatal 

frequency. Two selections had significantly high and low stomatal frequency in F9 

generation. Stomatal frequency was negatively correlated with the flag leaf blade area. 

Ghimiray and Sarkar (2000) reported additive as well as non additive genes important for 

protein contents, but additive genes were relatively more important for gluten contents. 

Mahmood and Chowdhry (2000) estimated gene action and combining ability for flag 

leaf parameters in a 6 x 6 diallel and observed additive gene action and partial dominance 

for flag leaf area and flag leaf weight, respectively while dominance and over dominance 

gene action was found for specific flag leaf area and specific flag leaf weight, 

respectively. 

 Chapman et al. (2003) generated complex epistatic and gene × environment 

effects for yield even though gene action at the trait level had been defined as simple 

additive. They reported that selection for positive allele of the stay green gene was 

delayed until positive alleles for genes associated with the transpiration efficiency and 

osmotic adjustment traits had been fixed. Riaz and Chowdhry (2003) reported that a fairly 

high variation for leaf venation, stomatal frequency, stomatal size, epidermal cell size, 

flag leaf area, grains per spike, 1000-kernel weight and grain yield was transmitted to the 

offspring and almost whole of the variation was additive in nature. Bakhsh et al. (2004) 

reported that over-dominance type of gene action was found for flag leaf area, number of 

tillers per plant and 1000-grain weight while number of spikelets per spike was controlled 

by partial dominance with additive type of gene action. Khan et al. (2005) observed 

additive type of gene action in plant height, 1000-grain weight and spike length while non 

additive type of gene action was exhibited in flag leaf area, number of tillers per plant and 

grain yield per plant.  
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Riaz and Chowdhry (2003) crossed six wheat genotypes in a 6 x 6 full diallel fashion 

and concluded that flag leaf area was conditioned by over-dominance type of gene 

action under drought conditions. Plant height, tillers per plant, grain per spike, 1000-

grain weight and grain yield per plant were under the control of additive gene action. 

They suggested that during hybrid development, selection for these traits results in 

higher yield per plant. Baksh et al. (2004) found that number of spikelets per spike 

was controlled by partial dominance with additive type of gene action under drought 

conditions. Hassani et al. (2005) evaluated that general combining ability (GCA) to 

specific combining ability (SCA) ratio indicated high additive effects for all traits 

except fertile tiller number, grain yield per plant and biological yield in a diallel 

analysis under drought conditions. Rahim et al. (2006) proved that number of tillers 

per plant showed additive type of gene action. Flag leaf area, 1000-grain weight and 

grain yield per plant showed non additive type of gene action.  

High estimates of heritability for spike length (98.15%) and 1000-grain weight 

(92.50/%) were recorded by Li and Yang (1985). Whilst  Abid (1987) observed high 

heritability estimates for leaf venation and epidermal cell size. Similarly, Shahid 

(1987) also found medium to high heritability estimates for flag leaf venation, 

epidermal cell size and stomatal frequency while studying heritability of drought 

related morpho-physiological characters in wheat. 

2.4 Correlation  

A statistical approach was determined by Kwon and Torrie (1964) for correlation 

studies then Singh and Chowdhry (1985) described these results. A strong association is 

existed among yield components in bread wheat (Muhammad et al., 2008). Analysis of 

variance for individual plant trait confirmed the existence of genetic variability among the 

genotypes. Phenotypic correlation revealed that plant height, 1000-grain weight was also 

positively and significantly associated with grain yield under normal and late planting. 

Genotypic correlation of plant height, 1000-grain weight was positive and significantly 

with grain yield under normal and late planting respectively. Correlation among different 

traits is reviewed as under; 

Flag leaf area play significant role towards grain yield but under drought 

conditions, high flag leaf area lead to reduction in yield. Kashif and Khaliq (2003) used 

5x5 diallel cross technique to study correlation among different traits of parents and their 
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F1. Their results revealed that a positive and non-significant correlation was found among 

flag leaf area and grain yield per plant on both phenotypic and genotypic levels. Similarly 

results were reported by Chowdhry et al. (2000). Saleem et al. (2006) concluded that flag 

leaf area was positively correlated with plant height, tillers per plant and 1000-grain 

weight at genotypic level, while highly positive and significant association was found 

between flag leaf area, spike length and grain yield per plant at genotypic level. Positive 

and significant phenotypic correlation of flag leaf area was observed with only spike 

length, while positively correlated with other traits like plant height, tillers per plant, 

1000-grain weight and grain yield per plant. A strong positive and highly significant 

phenotypic and genotypic correlation was observed between grain yield per plant and flag 

leaf area, (Khan et al., 1999; Subhani et al., 2000).  

Plant height is the trait which brought a green revolution in wheat. Reduction in 

plant height in semi dwarf wheat increased tillering capacity of wheat. Dwarf varieties are 

highly responsive to the fertilizer and could tolerate stress. Kashif and Kahliq (2004) used 

5×5 diallel cross and concluded that plant height was positively and significantly 

correlated with grain yield at genotypic level while highly significantly associated 

phenotypically. Plant height was positively correlated with spike length and negatively 

and significantly correlated with tillers per plant at genotypic level and negatively 

correlated with 1000-grain weight and grain yield per plant at genotypic level (Saleem et 

al., 2006). Mahmood et al. (2006) observed positive and significant correlation of plant 

height with grain yield at genotypic level. Negative and significant correlation between 

plant height and grain yield at both levels (Khan et al., 2005; Akram et al., 2008; Dogan, 

2008). 

Saleem et al. (2006), Ali et al. (2008) and Subhashchandra et al. (2009) reported 

that a positive and significant correlation was observed between tillers per plant and grain 

yield while Singh and Diwivedi (2002), Lad et al. (2003) and Kashif and Kahliq (2004) 

reported negative and non significant correlation of tillers per plant with grain yield., 

Selection for Increased tillering is best criterion for high yield.  

Spike traits play an important role for increase in production. Khan et al. (1999) 

observed positive and highly significant phenotypic and genotypic correlation coefficients 

between number of grains per spike and plant height. Subhani et al. (2000) observed 

positive and significant correlation between grain yield per plant and number of grains 

per spike. Okuyama et al. (2004) observed that number of grain per spike was positively 
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correlated with grain yield per plant at phenotypic level on normal and late sowing dates. 

Similarly, positive and significant correlation was observed between number of grains per 

spike with grain yield per plant at genotypic and phenotypic levels (Kashif and Kahliq, 

2004; Ali et al., 2008; Dogan, 2008). 

Khan et al. (2003), Khaliq et al. (2004), Kashif and Khaliq (2004) and Khan et al. 

(2005) observed a positive and significant correlation between spike length and grain 

yield per plant at phenotypic and genotypic levels. Saleem et al. (2006) reported positive 

and significant phenotypic correlation between spike length and flag leaf area while spike 

length was positively and non-significantly correlated with plant height at genotypic 

level. Phenotypic correlation of spike length association with grain yield per plant and 

1000-grain weight was positive and non-significant. Mahmood et al. (2006) conducted 

genetic studies and recorded positive and significant correlation of spike length with grain 

yield per plant at genotypic level. Ali et al. (2008) observed significant positive 

association between spike length and grain yield per plant. Subhashchandra et al. (2009) 

found positive and significant association of spike length with grain yield per plant and 

negative and significant correlation with days to maturity. 

Kashif and Kahliq (2004) and Khan et al. (2005) observed that 1000-grain weight 

was significantly and positively correlated with grain yield per plant. Similar kind of 

results was reported by Tamman et al. (2000) Muhammad et al. (2008), Akram et al. 

(2008) and Dogan (2008). They reported that 1000-grain weight had a positive correlation 

with grain yield per plant. Chowdhry et al. (2000) observed that 1000-grain weight was 

non-significantly correlated with grain yield per plant. Singh and Diwivedi (2002) studied 

phenotypic and genotypic correlation in wheat. They observed that 1000-grain weight 

was negatively correlated with number of spikelets per spike. Saleem et al. (2006) 

observed that 1000-grain weight had positive and significant relationship with spike 

length and grain yield per plant at both levels i.e. genotypic and phenotypic. 

Study of correlation between yield and other components is considered as very 

important under different environments. Various scientists reported different results 

according to their genetic material studied under different environments which are 

discussed as under;  

Kashif and Kahliq (2004) reported that genotypically plant height, spike length, 

number of grains per spike and 1000-grain weight were positively and significantly 
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correlated with grain yield per plant while it was highly significantly associated 

phenotypically. Flag leaf area was positively but non-significantly associated with grain 

yield whereas fertile tiller per plant was negatively and non- significantly correlated with 

grain yield. Khan et al. (1999) observed positive and highly significant phenotypic and 

genotypic correlation coefficients between grain yield per plant and plant height. 

Muhammad et al. (2008) studied correlation among yield components in bread wheat. 

They concluded the grain yield per plant was positively and significantly correlated with 

plant height under normal and late sown conditions at genotypic and phenotypic levels. 

On the other hand, Chowdhry et al. (2000) reported contradictory results i.e., positive and 

non significant correlation between grain yield and plant height, while Muhammad et al. 

(2005) also studied correlation among different traits in bread wheat. They reported grain 

yield was negatively correlated with plant height at both levels i.e., genotypic and 

phenotypic. Saleem et al. (2006), Akram et al. (2008) and Dogan (2008) also observed 

similar types of results.  

Regarding correlation between grain yield and flag leaf area, most of the 

researchers like, Lad et al. (2003), Khaliq et al. (2004), Kashif and Kahliq (2004), Saleem 

et al. (2006) noted positive correlation among grain yield and flag leaf area. Similarly, 

Khan et al. (2005), Saleem et al. (2006), Ali et al. (2008), Subhashchandra et al. (2009) 

also noted and observed positive and significant association among grain yield and tillers 

per plant at genotypic and phenotypic levels. While, Akram et al. (2008) and Kashif and 

Kahliq (2004) studied correlation and observed negative correlation between tillers per 

plant and grain yield at both genotypic and phenotypic results. 

As concerned association between grain yield per plant and peduncle length, 

Subhani et al. (2000) and Khan et al. (2005) depicted positive and highly significant 

phenotypic and genotypic correlation coefficients between grain yield per plant and 

peduncle length. Subhani et al. (2000) and Muhammad et al. (2005) found negative and 

significant correlation coefficient of grain yield per plant and days to heading at 

phenotypic and genotypic levels. Joshi (2005) studied correlation coefficient and 

concluded that the grain yield per plant had a significant and positive correlation with 

maturity days in Tartary wheat. Chowdhry et al. (2000), Subhani et al. (2000) and 

Okuyama et al. (2004) reported positive and significant correlation between grain yield 

per plant and number of grains per spike at both levels. Kashif and Kahliq (2004) Ali et 

al. (2008) and Dogan (2008) used diallel cross technique to estimate correlation among 
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different traits. Positive and significant correlation was observed among grain yield per 

plant and number of grains per spike at phenotypic and genotypic levels.  

Mahmood et al. (2006) carried out genetic studies and recorded positive and 

significant correlation between grain yield per plant and spike length at genotypic level. 

Khan et al. (2005) also noted positive and significant correlation between grain yield per 

plant and spike length at both levels i.e. genotypic and phenotypic. Ali et al. (2008) 

observed significant positive connection between grain yield per plant and spike length at 

both levels. Subhashchandra et al. (2009) supported these findings and found positive and 

significant relationship of spike length with grain yield per plant. Narwal et al. (1999), 

Kashif and Kahliq (2004) and Khan et al. (2005) observed that grain yield per plant was 

significantly and positively correlated with 1000 grain weight, similarly Akram et al. 

(2008) and Dogan (2008) also reported that grain yield per plant had a positive 

association with 1000-grain weight.  

Chowdhry et al. (2000) concluded that grain yield per plant was non-significantly 

correlated with 1000-grain weight, while a negative correlation with 1000-grain weight at 

genotypic level was observed by Saleem et al. (2006).  
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. SEEDLING EXPERIMENTS 

Fifty wheat genotypes were collected from the National Agricultural Research Centre 

(NARC) Islamabad, Ayub Agriculture Research Institute (AARI) Faisalabad, Barani 

Agricultural Research Institute (BARI) Chakwal, Regional Agricultural Research 

Institute (RARI) Bahawalpur, Arid Zone Research Institute (AZRI) Bhakhar and 

University of Agriculture Faisalabad (UAF), were used in the screening experiments. 

The germplasm was screened on the basis of various seedling traits to identify three 

drought tolerant and three drought susceptible genotypes during crop season 2008-09.  

3.1.1. Germplasm Screening 

Fifty genotypes were sown in the wire house of department of Plant Breeding and 

Genetics, University of Agriculture, Faisalabad (Pakistan), using Complete Randomized 

Design with three replications. The two sets of experiments were sown i.e., under 

normal and drought conditions. The seeds were sown in polythene bags (18 x 9cm) 

filled with sandy loam soil (pH 7.8 and E.C 1.7dSm-1). Fifteen plants of each genotype 

per replication per set of experiment were grown. After germination one seedling was 

maintained in one polythene bag. Normal experiment was irrigated to maintain soil 

water contents close to the field capacity. In the drought experiment irrigation was 

stopped after completion of germination. Plants were harvested at three leaf stage and 

cleaned carefully to remove soil from the seedling and each plant was kept in special 

envelop of paper. Then seedling material was shifted in the laboratory for collection of 

data on seedling traits viz., root length, shoot length, shoot fresh weight, shoot dry 

weight and root to shoot (length) ratio.  

Fresh root length and shoot length was recorded in centimeters with the help of a 

measuring tape. 

Fresh shoots were cleaned completely and detached from the roots. Then shoots 

fresh weight was recorded in grams by using an electronic balance (CHYO. Japan JL-

80). 

The sample of shoot used for fresh weight determination was oven dried at 65°C 

for 72 hours (Ashagre et al.,2014). After drying, shoot dry weight was recorded by 

using an electronic balance.  
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Root : shoot (length) ratio was obtained as under: 

Root shoot ratio =   

Then relative values for seedling traits were calculated as under: 

Relative values  

The response of fifty varieties/lines to drought (treated) and normal (control) was 

assessed. Genotype assesses is given in Appendix A. 

3.1.2. Evaluation on the basis of Relative cell injury 

Germplasm was further evaluated by determining relative cell injury (RCI). Fifty 

genotypes were grown in polythene bags (30 × 15cm) following complete randomized 

design with three replications in wire house. For determining RCI artificial desiccation 

was induced using polythene glycol (PEG-6000) method as planned by Sullivan (1972) 

and Shanahan et al., (1990) 

Sample collection and laboratory methodology 

Leaf discs of the flag leaves of ten randomly selected plants were collected with steel 

punch having 10mm inner diameter at fourth leaf stage to study the electrolyte 

leakage from leaves by conductivity meter. Samples were collected in paired sets from 

both sides of leaf midrib. One set was used as control and second set as treated. 

Samples were rinsed thrice with de-ionized water to get rid of surface contamination 

and then one group was submerged in 17mL de-ionized water in test tubes (un-

treated) and second group was exposed to 17mL polyethylene glycol (PEG-6000) 30 

% solution in test tubes. These test tubes were covered tightly. 

  One set of samples was used as a control and kept at room temperature (25°C) 

and second set was treated at (49°C) in water bath (MEMMERT-WB 1, Germany) for 

one hour. After the treatment periods, sample readings of both treated and control 

samples were recorded by using conductivity meter (Model No. JENWAY-4510 Sr. 

No-02370 Barlow World Scientific Limited, UK) after keeping the test tubes over 

night. In the next day both treated and un-treated test tubes were placed in autoclave 

(Model No. HVA-85 HRAYAMA Manufacturing Company, Japan) at 120°C and 0.10 

Mpa for a period of 10 minutes to kill tissues completely and leakage of electrolyte 

from samples and then both set of samples were cool downed at room temperature 

(25°C). Then second reading (at 25°C) from both set of samples was recorded after 

autoclaving by using the conductivity meter. Then the RCI was computed by using the 
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formula,  

RCI (%)  

 Where, 

T1= conductivity reading at 49°C 

T2= conductivity reading at 120°C for 10 minutes. 

C1= conductivity reading at room temperature. 

C2= conductivity reading at room temperature after autoclave at 120°C for 10 

minutes. 

Statistical analysis 

The data collected on seedling as well as RCI analyzed using formal analysis of 

variance (Steel and Torrie, 1997) to determine significant differences among genotypes. 

3.1.3. Selection of parents. 

Using six seedling parameters viz., root length, shoot length, shoot fresh weight, shoot 

dry weight root shoot (length) ratio and RCI assessment of germplasm was made. Three 

genotypes performing better under drought condition were selected as drought tolerant 

and other three performing better under normal condition were selected as susceptible 

genotypes. 

3.2. HYBRIDIZATION 

Genetic material (six wheat cultivars/line) selected after conducting screening were 

used for hybridization. The detail of the cultivars/line is populated as under. 

Variety/Line Abbreviated as  Origin  Parentage 

Faisalabad-08 Fsd-08 Pakistan PBW62/2*PASTOR 

Lasani-08 Las-08 Pakistan LUAN/KOH-97 

Sehar-06 Sehar-06 Pakistan CHILL/2*STAR/4/BOW/CROW//BUC/PVN/3/ 

6302 6302 CIMMYT KAUZ//ALTER84/AOS/MILAN/KAUZ/4/HUTTES 

Chakwal-86 Chak-86 Pakistan FARLANI-ACCICO 10/ANA 75 

Chakwal-50 Chak-50 Pakistan  ATTILA/3/HUI/CARC//CHEN/CNTO/4/ATTILA 

 
The parents selected were grown (keeping plant to plant and row to row distance 

20 cm and 30 cm, respectively) in the field during 2009-2010. Plant material was sown 

at two different dates keeping an interval of about ten days to get maximum 

synchronization of flowering time. All recommended inputs were applied to raise 

crossing block (Anonymous, 2000). The experimental material at heading stage was 

hybridized in all possible combinations (6 x 6 diallel fashion).  
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In wheat crop anthesis starts from the center of the spike (inflorescence) and 

then proceeds in both directions. Hence, for emasculation purpose the suitable lateral 

florets were kept in the middle of the inflorescence and left over unwanted florets were 

detached with the help of a pair of scissors and pointed forceps. Then the small florets 

were supported with thumb and forefinger and 1/3 upper part of each floret was 

removed with a pair of scissors. The immature anthers (3) in each floret were carefully 

detached by using fine pointed forceps, avoiding damage to the ovary. Glycine bags 

were used to cover entire spikes immediately after completion of emasculation, to 

minimize the chance of pollination. Male flowers with mature anthers were excluded 

from the female lines to avoid any chance of self pollination. On the very next day early 

in the morning emasculated spike which were covered under glycine bags were 

pollinated by using fresh pollen from the desired male parent by hand. After completion 

of artificial pollination spikes of female plants were again tightly covered with their 

respective bags till seed setting and to avoid the contamination with other undesired 

pollens. These cultivars/ line were hybridized in a 6×6 complete diallel fashion during 

February-March2010 to get the following combinations.  

At maturity F0 seeds from all crosses were collected manually in separate envelops 

which were specially arranged for each and every cross. 

3.3. FIELD EXPERIMENTATION  

 The research area reserved for department of Plant Breeding and Genetics, University of 

Agriculture, Faisalabad was utilized during rabi crop season 2010-11 for evaluation of 

genetic material. The experiment was conducted both under normal and drought 

conditions. Thirty F1’s (15 direct and 15 reciprocals) along with six parents were space 

planted using a randomized complete block design with three replications. Each entry in 

each replication was consisted of three rows of two meter length. Row to row and plant to 

plant distance was kept at 23 and 15 cm, respectively. Normal agronomic practices were 

applied in both sets of experiment, except for the difference of drought stress. Extra non- 

experimental lines were also sown at the start and ends of each replication to get rid of 

border effects. For both sets of experiment one under normal irrigation and other under 

drought stress (non-irrigation).The both fields (normal and drought) were irrigated for 

seed bed preparation. After sowing of experiment four canal irrigations were applied to 

normal experimental set during crop season, while other set (drought) totally depended on 

natural precipitation and no surface irrigation was applied to this, for maintaining water 

stress conditions. During crop season 2010-2011 rainfall recorded is given in Appendix 
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XI. At maturity, ten guarded plants were selected randomly from each treatment in each 

replication and data on individual plant basis was recorded for the following traits. 

1. Plant height 

Plant height of mother shoots of each of ten randomly selected plants was measured 

with the help of steel meter rod from base of plant to the tip of spike, excluding awns at 

maturity. Average plant height for each genotype was computed. 

2. Flag leaf area 

The maximum breadth and length of the fully developed flag leaf of the mother shoot of 

ten guarded plants in each replication was measured in centimeters using steel rod. 

Special care was given and data was recorded in the morning hours when flag leaf was 

fully turgid. The flag leaf area was calculated according to Muller (1991) i.e., maximum 

length × maximum breadth × 0.74. Then average area of flag leaf was calculated. 

 3. Number of tillers per plant 

Number of tillers per plant was determined by counting ear bearing tillers at maturity. 

The average number of tillers per plant was obtained by dividing total tillers by number 

of plants.  

4. Number of spikelets per spike 

 Spikelets were counted form spikes of mother shoot of each randomly selected plant at 

the time of harvest. Then average was calculated. 

5. Number of grains per spike 

Numbers of grains were counted from the spike of mother shoot of each randomly 

selected plant. Then average was calculated. 

6. Thousand grain weight 
 Thousand grain weight  was measured with electric balance in grams from the produce 

each pre- selected plant. Then average was calculated. 
7. Spike length 

Spike length was measured form the base of rachis to the tip of spike borne on the mother 

shoot of selected plants excluding awns in centimeters. 

 8. Spike density 

Spike density was calculated by dividing the number of spikelets per spike with its 

respective spike lengths as under: 
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9. Grain weight per spike 

The weight of produce of mother spike of ten selected plants was recorded in grams 

utilizing electric balance. Then average weight per spike was then calculated. 
10. Biomass per plant 

Ten guarded plants were harvested manually from ground level, at maturity. Whole plants 

including grains were weighed on electric balance in grams. Then average biomass per 

plant was calculated 

11. Grain yield per plant 

At maturity, ten randomly selected plants were harvested and threshed manually. Their 

produce was recorded in grams using electric balance. The yield of mother tillers was also 

added to the produce. Then average yield was calculated as produce was divided by 

number of plants. 

12. Harvest index (%) 

Harvest index was computed in percentage using following formula; 

 

13. Extrusion length  

At maturity, the extrusion length of mother shoot of each randomly selected plant was 

measured from base of the spike to end of flag leaf sheath with the help of the scale in 

centimeters. Average extra length was computed. 

14. Stomatal frequency 

The stomatal frequency per unit area (at 10X microscopic field) were counted from 

upper side (adaxial) of the flag leaf of the mother shoot of each randomly selected 

plant. Five leaf strips were taken from the middle part of the flag leaf and dipped into 

Carnoy's solution (Acetic Alcohol 100 parts and Glacial Acetic Acid 33 parts) to seize 

stomatal movement and elimination of chlorophyll from the leaf tissues. After 48 

hours, the strips were washed with acetone and stored in alcohol for further 

examination. These leaf strips were peeled and examined under microscope and five 

samples were counted for stomatal frequency in each strip. 

15. Stomata size 

 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 3.37 microns at 40X at the time of 

standardization. Length and width of five stomata per strip was measured in microns 
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to compute stomatal size. In square microns (µmm²) average stomatal size was then 

calculated. 

16. Epidermal cell size 

Leaf strips utilized for observing stomata size were also used for measurement of 

epidermal cell size under microscope using 40X magnification. Methodology was 

same as used for studying stomata size. Five cells from each slide were observed at 

random to measure length and breadth in microns with the help of the ocular 

micrometer. The cell size was calculated I square microns (µmm²). Then average 

epidermal cell size was then calculated.  

 17. Leaf venation.  

Leaf strips used for recording stomata size and frequency were also used for 

observing leaf venations. Leaf venation counted at 10X magnifications under 

microscope. Number of parallel veins per microscopic field was recorded from five 

different parts of the strip for each sample. Then the average number of veins was 

computed. 

3.4. BIOMETRICAL ANALYSES  

3.4.1. Analysis of variance 

Data recorded at different stages of plants for all traits, under normal and drought 

stress conditions, were subjected to analysis of variance, according to Steel et al. 

(1997) to sort out significant differences among genotypes under study. The traits 

which showed, significant genotypic differences, were further analyzed for the 

determination of other genetic parameters. 

 3.4.2. Diallel analysis 

Data were subjected to diallel cross analysis (Mather and Jinks 1982) to obtain the 

genetic information. Mather and Jinks (1982), diallel cross analysis design is a mating 

system in which (n) parents are crossed in all possible combinations to obtain n2 

progeny. This is called diallel mating design and variation present in a diallel 

population is due to the differences among males and females or due to their 

interaction. 

The diallel table is the arrangement of data collected from n² progenies and 

comprises 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 in a diagonal. Since there is no limit on the number of parental lines in an 
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undefined diallel analysis (when differences among the parental genotypes are 

undefined), six parents were used to conduct diallel analysis. 

Preliminary information about the presence of significant additive or non-

additive variation was found through analysis of the diallel table. The key 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. The additive-dominance and additive-environmental 

models are sufficient 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. 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 i.e., symmetry of gene 

distribution. The b3 item tests that part of dominance deviation that is unique to each 

F1.  

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 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 attributed 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. 

 T h e  estimation of components of variation according to Mather and Jinks (1982) 

Components of variation

a = additive effects  
b = general dominance effects 
      b1 = directional dominance effects  
      b2 = effects due to unequal distribution of dominance   
      b3 = effects due to dominance deviation unique to F1s   
c= maternal effects  
d =non-maternal / reciprocal differences
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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 pointed 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). 

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 the origin and the point 

where regression line cut the Wr-axis provides a measure of average degree of 

dominance as follow: 

1. Over dominance; when intercept is negative. 

  2. Complete dominance; when regression line passed through origin. 

 3. Partial dominance; when intercept is positive. 

4. 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. 

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, absence of reciprocal effects, diploid 

segregation, and absence of epistasis, no multiple allelism, homozygous parents and 

independent gene distribution. 

Bread 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 means of direct and reciprocal cross 

prior to analysis The parental genetic material included in the study were selected from 

gene pool of different departments which were selfed  every year to ensure true-to-type 
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and homozygosity. Hence material fulfilled the assumption of homozygous parents. 

Two tests were applied to the data in order to meet 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 calculated from the mean diallel table. Then regression of 

covariance on variances was calculated. 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 is 

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. 

3.4.3. Genetic components of variation 

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

used to compute genetic components of variation. The genetic parameters and their 

formulae are given below: 

Additive variation (D) 

D = Vp- E 
Where, 

Vp = Parental variance 
E = Environmental variance  

Variation due to dominant effect of genes (H1) 

     __   __ 
H1= 4 Vr +Vp–4 Wr -3n-2/nE  

Where, 
Vr = mean of array var iances  
Wr = mean of covariances between parents and arrays 
n = number of parents 

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

    __  __ 

H2= 4Vr- 4Vr+ [{2(n2-1)/n2}E]  
Where, 

Vr = variance of mean of arrays 
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Relative frequency of dominant and recessive alleles (F) 

In the presence of unequal gene frequencies, the sign and magnitude of ‘F’ 

determines the relative frequency 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–4 Wr -[{2(n-2)/n} E]  

 
Overall dominance effect of heterozygous loci 

h2 = 4 (MLI – ML0)2 - [4(n-1)/ n2] E 

Where, 

(MLI – ML0) = [1/ n {(1/ n × sum total of n2 progeny) – (sum of parental totals)}]2  

Environmental variance (E) 

 

Where, 

SSError = error sum of square 

SSRep = replication sum of squares in the analysis of variance  

DFError = error degree of freedom 

DFRep = replication degree of freedom 

 

 Average degree of dominance 

  

Note. If the ratio is greater than one, then it is over-dominance. If the ratio is less 

than one, then it is partial dominance. If the ratio is equal to unity, then it is 

complete dominance.  

Proportion of genes with positive and negative effects of parents 

     

Note. If calculated value is different than 0.25.Then it exposes asymmetrical 

distribution of genes. 

Proportion of dominant and recessive genes in the parents 

             

Note. If calculated value is greater or less than unity, then dominant and recessive 
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loci are not in equal frequency. If value is equal to unity, then dominant and 

recessive loci are in equal frequency. 

 Narrow sense heritability (h2
ns) 

 

 
T h e  estimation of components of variation according to Mather and Jinks (1982) 
 

E= Environmental variance 

D= Additive variance  

F=Relative frequency of dominant and recessive alleles in the parents 

H1=Dominance variance 

H2=Proportion of negative and positive genes in the parents 

h2=Dominance effects (over all loci in heterozygous phase) 

 = Mean degree of dominance 

H2/4H1=Proportion of genes with positive and negative effects in the parents  

= Proportion of dominant and recessive genes in the parents

 h2/H2 =The number of groups of genes which control character and exhibit dominance  

 h2 (n.s) =Heritability (narrow- sense) 

 

3.4.4. Simple Correlation 

 

 

Where,  
 N = Number of observations  
 X = First trait 
 Y = Second trait 
 ΣXY = Sum of the product of first and Second Scores 
 ΣX = Sum of First Scores 
 ΣY = Sum of Second Scores 
 ΣX2 = Sum of square of trait x 
 ΣY2 = Sum of square of trait y 
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CHAPTER 4  

RESULTS 

4.1. SEEDLING EXPERIMENTS  

4.1.1. Germplasm Screening  

Results of analysis of variance for six seedling traits of 50 wheat accessions under normal 

and drought conditions (Table 4.1 and 4.2, respectively) depicted significant differences 

among genotypes for all the traits. Significant differences were sorted out using Least 

Significant Differences (LSD) test. Means of six seedling traits under both planting 

conditions are presented in Appendix I–III. 

A. Assessment on the basis of absolute values 

The genotypes appeared to respond differently under normal and drought conditions for 

root length (Table 4.1 & 4.2). Under normal condition the root length ranged (Fig. 4.1) 

from minimum (9.35 cm) for 9438 to maximum (19.99 cm) in Faisalabad-08. The highest 

value was followed by Lasani-08 (19.24 cm) and Sehar-06 (18.46 cm). 

Root length, under drought condition, was markedly reduced and varied from minimum 

(3.94cm) for AS-02 to maximum (17.87cm) for Chakwal-86, followed by 6302 and 

Chakwal-50 (17.47 and 15.28 cm respectively). Under drought conditions, genotype 

Chakwal-86 performed better followed by 6302 and Chakwal-50. These genotypes 

(chakwal-86, 6302 and Chakwal-50) were preferred due to their higher values for root 

length, hence selected as drought tolerant. 

The root length of genotypes Faisalabad-08, Lasani-08 and Sehar-06 having higher 

values (19.99, 19.24 and 18.46 cm, respectively) under normal condition, was reduced 

under drought drastically to 9.69, 9.27 and 6.48 cm respectively, displaying susceptibility 

to drought. 

While the root length of genotypes Chakwal-86, 6302 and Chakwal-50 was slightly 

reduced under water stressed conditions (17.87, 17.47 and 15.28 cm respectively) as 

compared to their root length values (17.93,18.04 and 16.28 cm) under normal condition 

exhibiting tolerance to drought condition. 

Shoot length of 50 genotypes under normal condition ranged from 17.10 cm for As-02 to 

33.50 cm for Faisalabad-08. Higher value was followed by Lasani-08 and Sehar-06 

(32.79 and 31.45 cm, respectively). 
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Table 4.1: Analysis of variance for six seedling traits of 50 genotypes of wheat studied 
  under normal condition 

  Seedling traits Source of Variation a Over all 

mean 

C .V% 

G E 

1. Root length (cm) 19.43** 1.47 13.53 8.96 

2. Shoot length (cm) 39.24** 2.44 27.49 5.68 

3. Root shoot ratio 0.01** 0.000 0.49 10.69 

4. Shoot fresh weight (g) 0.030** 0.0000032 0.30 0.59 

5. Shoot dry weight (g) 0.0000076** 0.00000082 0.0.04 2.30 

6. Relative cell injury (%) 625.001** 3.96 51.71 3.85 

 

 

 

Table 4.2: Analysis of variance for seedling traits of 50 genotypes of wheat studied   
  under drought condition. 

Seedling traits Source of variationa Over all 

mean 

C .V% 

G E 

1. Root length (cm) 26.89** 1.50 9.99 12.28 

2. Shoot length (cm) 83.27** 1.87 20.17 6.79 

3. Root shoot ratio 0.01** 0.01 0.50 15.97 

4. Shoot fresh weight (g) 0.01** 0.0000017 0.17 0.76 

5. Shoot dry weight (g) 0.00021** 0.00000074 0.02 5.32 

6. Relative cell injury (%) 846.71** 2.97 63.82 2.70 

* = P > 0.05, ** = P >0.01, CV%= Coefficient of variation percentage. 
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Under drought condition, shoot length displayed a reduction and ranged from 6.92 cm 

for AS-02 to 30.26 cm in Chakwal-86. Highest value was followed by 6302 and 

Chakwal-50 (29.20 and 25.40 cm respectively). Data for absolute shoot length revealed 

that genotypes had differing response to two moisture regimes. Genotype Faislabad-08 

had the longest shoot length under control, measuring 33.50 cm, whilst Chakwal-86 gave 

maximum shoot length (30.26 cm) under water stress. 

It became evident that genotypes Chakwal-86, 6302 and Chakwal-50 had less reduction 

in shoot length under drought, displaying better tolerance to drought condition (Fig. 4.2). 

Faisalabad-08, Lasani-08 and Sehar-06 depicted different response to both environmental 

(normal and drought) conditions, i.e. shoot length of these genotypes were 33.50, 32.79 

and 31.45 cm respectively under normal condition, while under drought condition; the 

values were 16.73, 11.16 and 16.73 cm, respectively, indicating susceptibility to drought.  

The genotypes responded differently under normal and drought conditions for shoot fresh 

weight (Fig 4.3 and Appendix -II). Under normal condition, the shoot fresh weight 

ranged from minimum (0.13 g) for As-02 to maximum (0.47 g) in three genotypes viz., 

Faisalabad-08, Lasani-08 and Sehar-06. Shoot fresh weights, under drought condition, 

were markedly reduced and varied from minimum (0.06g) for As-02 to maximum (0.35 

g) for 6302. The maximum value was followed by the other genotypes Chakwal-86 and 

Chakwal-50 (0.34 and 0.23 g, respectively). Under drought condition, genotype 6302 

performed better followed by Chakwal-86 and Chakwal-50. These genotypes (6302, 

Chakwal-86, and Chakwal-50) were preferred due to their higher values for shoot fresh 

weight, hence selected as drought tolerant. 

 The shoot fresh weight of genotypes Faisalabad-08, Lasani-08 and Sehar-06 having 

higher value (0.47g) under normal condition, was reduced under drought condition 

drastically to 0.11, 0.10 and 0.10 g respectively, showing susceptibility to drought. 

The shoot fresh weight of genotypes 6302, Chakwal-50 and Chakwal-86 was slightly 

reduced under water stress conditions (0.35, 0.23 and 0.0.34 g respectively) as compared 

to their shoot fresh weights (0.42, 0.28 and 0.42 g respectively) under normal condition 

displaying tolerance to drought condition. 

Genotypes Sehar-06, Faisalabad-08 and Lasani-08 showed more reduction in shoot fresh 

weight, under drought condition. Shoot fresh weight of these genotypes was 0.10, 0.11 

and 0.10 g, respectively under drought condition, as against 0.47 g for above three 

genotypes each, under normal condition, thus, exhibited susceptibility to drought. 

The absolute values of shoot dry weight brought out that genotypes had differed response 
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to normal and drought conditions (Appendix-II). Under normal condition, Faisalabad-08 

and Sehar-06 attained maximum shoot dry weight 0.07 g and was followed by 0.06 for 

Lasani-08, 6302, Chakwal-86 and Lu26S. 

While under drought condition, the maximum shoot dry weight 0.04 g was achieved by 

6302 and Chakwal-86. The highest value was followed by 0.03g for Chakwal-50. 

 The genotypes 6302, Chakwal-86 and Chakwal-50 exhibited higher shoot dry weights 

0.04 and 0.03g respectively under water stress condition, displayed drought tolerant. In 

contrast, the genotypes Faisalabad-08, Sehar-06 and Lasani-08 indicated good 

performance (0.07 and .06 g respectively) under normal condition and very poor 

performance (0.01g) under drought condition, thus they appeared to be drought 

susceptible genotypes (Fig 4.4). 

It is apparent from as depicted from the data of root shoot ratio (Fig. 4.5 and Appendix-

III), 50 genotypes seemed to respond in a different way to normal and drought 

conditions. The root shoot ratio under normal condition ranged from 0.33 for 9193 to 

0.60 for Faisalabad-08. The maximum value of root shoot ratio was followed by Lasani-

08 and Sehar-06. Root shoot ratio under drought condition were markedly increased and 

varied from 0.34(for 9193) to 0.60(for 6302 and Chakwal-50). The maximum value was 

followed by Chakwal-86, having value 0.59. Under drought condition, genotype 6302, 

Chakwal-50 and Chakwal-86 performed better. 

In contrast, the highest root shoot ratio of Faisalabad-08, Sehar-06 and Lasani-08 under 

normal condition, reduced their root shoot ratio under drought environment as 0.58 , in 

comparison with 0.60, and 0.59 under normal condition and thus depicted susceptibility 

to drought . 

B- Evaluation of germplasm on relative drought tolerance basis 

Drought tolerance of 50 genotypes was also compared for decline in growth 

under drought as a percentage of the growth under normal conditions, and this may be 

known as relative or indices of drought tolerance. The relative values of drought 

tolerance of 50 genotypes on the basis of root length, shoot length, root shoot ratios, 

shoot fresh weight and shoot dry weights are given in Appendix- I -III. 

The comparison of indices of drought tolerance based upon root length illustrated 

that some of the genotypes were comparatively more tolerant than others (Appendix-I). 

The root length of some genotypes was markedly reduced under drought. For example, 

Lasani-08 was mainly affected, with drought tolerance index 33.66%, minimal value was 
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followed by Faisalabad-08 and Sehar-06 with values 48.49 and 50.20% respectively. In 

contrast Chakwal-86 had the highest drought tolerance index 99.62%, the utmost was 

followed by 6302 and Chakwal-50 having values 96.83 and 93.86%, showing tolerance 

to drought. The genotypes Lasani-08, Faisalabad-08 and Sehar-06 having index 33.66, 

48.49, and 50.20% respectively are very susceptible genotypes. 

Shoot length data supplied further estimates of drought tolerance of the genotypes 

(Appendix-I). Genotype Chakwal-86 appeared most tolerant, attaining relative value of 

98.39% of shoot length, and this was followed by Chakwal-50 and 6302 with indices 

ranging from 90.69 to 94.66%. These genotypes appeared to be less affected by drought 

condition. In contrast, Lasani-08 got minimum relative value 33.66%, followed by 

Faisalabad-08 and Sehar-06 with relative values of shoot length 49.95 and 50.72% 

respectively and depicted susceptibility to drought. 

The unfavorable effects of drought were also apparent in tolerance indices for 

shoot fresh weight (Appendix-II). It is obvious that genotypes differed in their relative 

shoot fresh weight, the genotypes 6302, Chakwal-50 and Chakwal-86 having the highest 

relative values (82.36, 80.39 and 79.54% respectively), are more tolerant than others. In 

contrast, the genotypes Faisalabad-08, Sehar-06 and Lasani-08, had lower indices (22.98, 

22.23 and 21.10% respectively) and appeared to be more affected by drought. 

The adverse effects of drought were also seen in tolerance indices for shoot dry weight 

(Appendix-II). It is noticeable that genotypes differed in their relative shoot dry weights. 

The genotypes Faisalabad-08, Sehar-06 and Lasani-08, had relative values 13.27, 21.65 

and 46.36% respectively, exhibited susceptibility to drought. 

In contrast, the genotypes Chakwal-86, 6302 and Chakwal-50 had higher relative 

values (68.12, 68.20 and 71.05% respectively) and were selected as drought tolerant. The 

genotypes also showed different relative values regarding root shoot ratios in Appendix 

III. The genotypes Faisalabad-08, Lasani-08 and Sehar -06 had lesser relative values 

(97.94, 98.62 and 99.61% respectively) were adversely affected by water stress, hence 

taken as susceptible to drought. 

In contrast, the genotypes Chakwal-50, 6302 and Chakwal-86 had higher relative value 

(103.50, 102.11and 101.34% respectively). As their relative values were increased, 

showed tolerances to drought.  
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Evaluation on the basis of Relative Cell Injury (%) 

The estimates of relative cell injury (RCI %) indices of 50 genotypes are given in 

Fig 4.6 and Appendix-III. Analysis of variance (Table 4.1 and 4.2) showed that 

genotypes differed significantly for indices of relative cell injury (%). 

Comparison of the genotypes under normal condition (Appendix-III) showed that 

accession 6302 having minimum value (21.29) and Chakwal-50 (25.86) and Chakwal-86 

(29.86) followed the minimum value, while Uqab-2000 attained maximum value (79.08) 

and followed by Lasani-08 (75.67) ,Faisalabad-08 (74.83) and Sehar-06 (73.32). 

Comparison of the genotypes under drought condition (Appendix-III) showed that 

accession Chakwal-50 displayed minimum value (28.62) 6302 (28.62) and Chakwal-50 

followed the minimum value. Whereas, Lasani-08 (94.88) and Faisalabad-08 (92.74) and 

Sehar-06 (90.38) followed the maximum value. The minimum value (28.55) was again 

possessed by the genotype Chakwal -50 like under normal condition and this minimum 

value was followed by 6302 (28.62) and Chakwal-86 (31.72) under drought condition. 

The genotype Chawal-50 was the most tolerant genotype followed by 6302 and 

Chakwal-86 due to low injury to plasma membrane. Whereas genotype Lasani-08 was 

the utmost susceptible to drought followed by Faisalabad- and Sehar-06.  

It is obvious from their indices of water stress tolerance based upon the six seedling traits 

studied (root length, shoot length, root shoot ratio, shoot fresh, dry weight and relative 

cell injury %) that the genotypes had varied responses to drought.  

The data results cleared, three genotypes showed stability in their performance for six 

traits studied. These genotypes Chakwal-50, 6302 and Chakwal-86 are selected as 

drought tolerance. In contrast, the genotypes, Faisalabad-08, Lasani-08 and Sehar-06 

could not perform well under both conditions, are selected as drought susceptible 

genotypes. 
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Fig. 4.1 Mean value of root length of 50 wheat genotypes under normal and drought conditions 
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Fig. 4.2. Mean value of shoot length of 50 wheat genotypes under normal and drought conditions
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Fig. 4.3. Shoot fresh weight of 50 wheat genotypes under normal and drought conditions
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Fig: 4.4 Shoot dry weight of 50 wheat genotypes under normal and drought conditions 
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Fig: 4.5 Root : Shoot ratio of 50 wheat genotypes under normal and drought conditions 
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Fig: 4.6 Relative Cell Injury of 50 wheat genotypes under normal and drought conditions 
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4.2. BIOMETRICAL ANALYSIS 

Data collected on 17 plant traits for two sets of experiments i.e., under normal and 

drought conditions was subjected to analysis of variance technique to determine 

significant differences. All the genotypes showed highly significant differences (p≤0.01) 

for the traits studied under both sets of experiments (Table 4.3 and 4.4). This depicted 

presence of variability in the germplasm planted in two different environmental 

conditions. 

LSD (0.05) values among genotypes for all the traits under normal condition (Appendixes 

IV-IX) ranged from 0.15 to 36.45 for the traits like, spike density, grain weight per spike, 

leaf venation, number of spikelets per spike, stomatal frequency, grain yield, extrusion 

length, spike length, 1000-grain weight, number of grains per spike, plant height, number 

of tillers per plant, biomass per plant, harvest index, flag leaf area, stomata size and 

epidermal cell size. While the LSD (0.05) values observed among genotypes under 

drought condition ranged from 0.15 to 50.75 in traits like, spike density, number of 

spikelets per spike, grain weight per spike, grain yield, flag leaf area, 1000-grain weight, 

number of tillers per plant, extrusion length, leaf venation, stomatal frequency, spike 

length, number of grains per spike, plant height, harvest index, biomass per plant, stomata 

size and epidermal cell size.  

Normal plant growth affected due to drought. This drought stress modified the functions 

of different physiological/biochemical processes of the plant, ultimately created reduction 

in its growth. It was observed in the present study that water deficit adversely affected 

normal growth of wheat plant. Almost all of the traits studied, showed significant 

decrease under water deficit condition as compared to the normal condition.  

As evident from Appendix-IV, maximum plant height (111.00 cm) was attained 

by the parent Chakwal-86 while Chakwal-50 showed minimum height 100.03 cm under 

normal condition. The parent Faisalabad-08 exposed maximum value of plant height 

98.93 cm and minimum value of 91.77 cm was again noted for the parent Chakwal-50 

under drought condition . Among the crosses, the cross Faisalabad-08 × Chakwal-86 

possessed maximum plant height 111.67 cm, closely followed by the cross Lasani-08 × 

Faisalabad-08 (111.34 cm) 

The minimum plant height 101.52cm was attained by the cross Chakwal-50×6302 

whereas the reciprocal cross 6302× Chakwal-50 with plant height 102.52cm followed the 

minimum value under normal condition. The cross Sehar-06 × Faisalabad-08 showed 
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maximum plant height 100.47 cm closely followed by reciprocal cross Faisalabad × 

Sehar-06 with its value of 100.23 cm whereas the minimum plant height 93.33cm was 

possessed by the cross 6302× Chakwal-50 and followed the minimum value by the cross 

Sehar-06 ×Chakwal-50 with the plant height value 93.37cm under drought condition. 

For the flag leaf area the parent Sehar-06 exposed highest value of 32.75 cm while 

the parent Chakwal-86 exhibited minimum value of 24.16 cm under normal condition. 

Under drought condition, the same parent Sehar-06 along with parent 6302 produced 

maximum flag leaf area for both 23.28 cm and the minimum value of 20.71 cm was 

showed by the parent Chakwal-50. 

The cross Faisalabad-08 × Lasani-08 displayed maximum flag leaf area of value 32.78 cm 

under normal condition closely followed by the cross Lasani-08 × Sehar-06 with the 

value of 32.47cm. Under drought condition, the cross Sehar-06 × Chakwal-50 with the 

flag leaf area value (23.55 cm) was at the top position and closely followed by the cross 

Lasani-08 × Chakwal-50 (23.49 cm). 

It is clear from the Appendix-IV that the parent Faisalabad-08 expressed highest value of 

13.28 for number of tillers per plant and the parent Chakwal-50 showed minimum value 

8.79 under normal condition. Maximum value 9.83 for number of tillers per plant was 

noted in the parent 6302 and the parent Lasani-08 displayed minimum value of 7.00 for 

number of tillers per plant under drought condition. 

Among the crosses, Lasani-08 × Faisalabad-08 displayed highest value of 15.22 for 

number of tillers per plant under normal condition and the cross Sehar-06 × Faisalabad-08 

closely followed it with the value of 14.81. Under drought condition, the cross 6302 × 

Chakwal-50 shown highest value 11.33 for number of tillers per plant and the cross 

Chakwal-86× 6302 was closely followed  with the value 11.31. 

As number of spikelets per spike (Appendix-V) is concerned, the parent Chakwal-86 

exposed the maximum value 24.33 and the parent Sehar-06 displayed the lowest value 

18.67 under normal condition whilst under drought condition maximum value 22.81 was 

showed by Chakwal-86. The minimum value 16.45 was exhibited by the parent 

Faisalabad-08. 

Among the crosses, the cross combination Chakwal-86 × 6302 with the value 23.77 was 

at the top for the production of number of spikelets per spike and reciprocal cross 6302× 

Chakwal-86 closely followed it with the value 23.71 under normal condition. The cross 

6302 × Chakwal-86 produced highest number of spikelets per spike with the value 24.70 
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and reciprocal cross Chakwal-86 × 6302 was follower with the value 24.62 under drought 

condition. 

Appendix-V depicted that the parent Chawal-86 showed maximum value 68.30 of 

number of grains per spike and the parent Sehar-06 have the minimum value 41.32 under 

normal condition. The parent Chakwal-86 produced highest number of grains per spike 

with the value 61.11 and the parent Sehar-06 possessed minimum number of grains per 

spike with the value 36.56 under drought condition. Under normal condition, the hybrid 

Chakwal-86×6302 displayed highest number of grains per spike with the value 63.41 and 

the reciprocal cross combination 6302 × Chakwal-86 was closely followed with the value 

63.33 under normal condition. The hybrid 6302 × Chakwal-86 presented the maximum 

value 59.81 under drought condition and reciprocal cross Chakwal-86 × 6302 with the 

value 59.77 followed it. 

The parent Chakwal-86 exhibited highest value 49.91g for thousand grain weight and the 

parent Faisalabad-08 showed minimum value 37.55g under normal condition.  The 

maximum value (43.19g) for thousand grain weight was determined in the parent 6302 

and the minimum value (30.58g) was noted in the parent Chakwal-50 under drought 

condition. 

 The cross combination Chakwal-86 × 6302 displayed the maximum value 47.81g and the 

reciprocal cross 6302× Chakwal-86 with the value 47.77g was the closest follower under 

normal condition. The hybrid Chakwal-86 × 6302 with its value 43.97g was detected at 

the top position. Whereas the reciprocal cross 6302 × Chakwal-86 was closely followed 

with the value 43.85 under drought condition. 

Appendix-VI depicted that parent Chakwal-86 showed maximum value 13.85 cm 

for spike length and the minimum value 9.67 was exhibited by the parent Chakwal-50 

under normal condition. Under drought condition, the same parent Chawal-86 presented 

the maximum spike length with the value 13.30 cm and the minimum value 9.28 was 

again observed for the parent Chakwal-50 like normal condition. Amongst the crosses, 

the hybrid Lasani-08×Chakwal-86 displayed maximum value 15.56 cm for spike length 

and the reciprocal cross combination Chakwal-86 × Lasani-08 closely followed it with the 

value 15.45 cm under normal condition. The cross combination Lasani-08×Chakwal-86 

again exposed the maximum spike length with value 14.92 cm and the reciprocal cross 

Chakwal-86 × Lasani-08 closely followed it with the value 14.74 cm under drought 

condition. 



 

51 
 

As for the spike density is concerned, the parent Chakwal-50 with the value 2.04 

was at the top position for spike density and the parent Lasani-08 was determined for 

minimum spike density with the value 1.78 under normal condition. Under water deficit 

condition, the parent 6302 produced maximum spike density with the value 1.89 and the 

parent Faisalabad-08 with value 1.49 was at the minimum position for spikes density 

(Appendix-VI). 

 Amongst the hybrids the cross combination 6302× Chakwal-86 showed maximum spike 

density with the value 1.76 and the cross Chakwal-50 × 6302 closely followed it with the 

value 1.75 for spike density under normal condition. Under drought condition, the hybrid 

6302 × Chakwal-50 showed maximum spike density with the value 1.97 and the 

reciprocal cross Chakwal-50 × 6302 closely followed it with the value 1.95 for spike 

density (Appendix-VI). 

Appendix-VI exposed that the parent Chakwal-86 showed maximum value 3.25g for 

grain weight per spike and the parent Sehar-06 showed the minimum grain weight per 

spike with the value 1.87g under normal condition. The maximum grain weight per spike 

(2.13g) was exposed by the parent 6302 and the minimum grain weight per spike (1.10g) 

was detected for the parent Faisalabad-08 Under drought condition. 

The cross Chakwal-50 × Chakwal-86 displayed maximum grain weight per spike 

with the value 3.63g whilst the reciprocal cross Chakwal-86 × Chakwal-50 closely 

followed with the value 3.60g under normal condition. The maximum grains weight per 

spike (2.54g) was observed for the cross Chakwal-50×6302 whilst the crosses Chakwal-

50 × Chakwal-86 closely followed it with the value 2.46g under drought condition. 

The Appendix-VII illustrated that the parent Faisalabad-08 possessed maximum biomass 

per plant with the value 56.45g and the parent Chakwal-86 exposed minimum biomass 

per plant with the value 50.05g under normal condition. The parent 6302 had maximum 

biomass per plant with the value 50.24g while the parent Sehar-06 displayed minimum 

biomass per plant with the value 35.87g under drought condition. The cross 6302 

×Faisalabad-08 showed maximum biomass per plant with the value 57.54g whilst the 

cross Faisalabad-08 × Lasani-08 closely followed it with the value 59.69g biomass per 

plant under normal condition. The cross Chakwal-86 × 6302 had shown maximum 

biomass per plant with the value 54.89g and the cross 6302 × Chakwal-86 closely 

followed it with the value 54.81g for biomass per plant under drought condition. 

Contents of Appendix-VII depicted that the parent Faisalabad-08 possessed maximum 
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grain yield per plant with the value 23.84g and the parent Chakwal-50 exposed minimum 

grain yield per plant with the value 19.37g under normal condition while the parent 6302 

presented maximum grain yield per plant with the value 21.09g and the parent Lasani-08 

provided minimum grain yield per plant with the value 14.29g under drought condition.  

Among the crosses, the cross Chakwal-50× Faisalabad-08 displayed maximum 

grain yield per plant with the value 25.82g and the cross Lasani-08 × Faisalabad-08 

closely followed it with the value 25.52g under normal condition. Under drought 

condition, the hybrid Chakwal-86 × 6302 showed maximum grain yield per plant with the 

value 21.84g and the reciprocal cross 6302 × Chakwal-86 closely followed it with the 

value 21.71g. 

On observing the harvest index (%), it was found out that the parent Chakwal-50 

produced maximum harvest index (%) with the value 44.96 and the parent Faisalabad-08 

showed minimum harvest index (%) with the value 42.26 under normal condition. The 

parent Sehar-06 presented maximum harvest index (%) with the value 42.99 and the 

parent Chakwal-86 produced minimum harvest index (%) with the value 37.98 under 

drought condition.  

The hybrid Chakwal-86 × Chakwal-50 exposed maximum harvest index (%) with 

the value 51.60 and the cross Chakwal-50 × Sehar-06 followed it with the value 47.79 

under normal condition. The cross Sehar-06× Faisalabad-08 showed maximum harvest 

index (%) with the value 45.49 whilst the cross Sehar-06 × 6302 closely followed it with 

the value 43.43 under drought condition (Appendix-VII). 

Appendix-VIII illustrated that the parent Faisalabad-08 expressed maximum 

extrusion length with the value 15.20 cm and the parent 6302 displayed minimum 

extrusion length with the value 8.99 cm under normal condition.  

The maximum extrusion length 15.33 cm was attained by the parent Faisalabad-08 

while the parent showed minimum extrusion length 9.11 by the parent 6302 under 

drought condition. 

The extrusion length of crosses(Appendix-VIII) under normal condition depicted that 

maximum extrusion length (15.90 cm) was detected for the cross Faisalabad-08 × Lasani-

08 and the reciprocal cross Lasani-08× Faisalabad-08 followed it with the extrusion 

length (15.76cm). The cross Chakwal-50 × 6302attained minimum extrusion length 

(9.84cm)whereas the reciprocal cross 6302 × Chakwal-50 with the extrusion length 

(10.15cm) followed the minimum value under normal condition. 
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The cross Faisalabad-08 × Lasani-08 again exposed maximum extrusion length (15.92 

cm) while the reciprocal cross Lasani-08 × Faisalabad-08 followed it with the extrusion 

length (15.81cm). The cross Chakwal-50×6302 possessed minimum extrusion length 

(9.92cm) and minimum value was followed by the reciprocal cross 6302 × Chakwal-50 

with the extrusion length (10.04cm) under drought condition. 

As for the stomatal frequency is concerned, the parent Faisalabad-08 displayed 

maximum value 14.48 whereas the parent Chakwal-50 exposed minimum value 11.24 for 

the stomatal frequency under normal condition. The same parent Faialabad-08 showed 

maximum value 14.93 whereas the parent 6302 again presented minimum stomatal 

frequency with the value 10.97 under drought condition like in normal condition. 

Amongst crosses the hybrid Chakwal-86 × Chakwal-50 exhibited minimum number of 

stomata with the value 11.11 whereas the reciprocal cross Chakwal-50 × Chakwal-86 

closely followed with the value 11.41 for stomatal frequency The cross Faisalabad-

08×Sehar-06 showed maximum number of stomata 14.91 and it was followed by the 

reciprocal cross Sehar-06 × Faisalabad-08 and Lasani-08 × Faisalabad-08 under normal 

condition.  

The cross Faisalabad-08 × Lassani-08 exposed maximum number of stomata with the 

value 16.77 whereas maximum value was followed by the reciprocal cross Lassani-08. 

Faisalabad-08 with the value 16.55. The minimum value 12.20 was showed by the cross 

Chakwal-50×6302 and followed by the cross Chakwal-86×6302 under drought condition 

(Appendix-VIII). 

The maximum stomata size (4450.00 µm2) was detected for the parent Faisalabad-08 

whereas minimum size (3953.22 µm2) of stomata was exhibited by the parent Chakwal-

50 under normal condition. The parent Faisalabad-08 again attained maximum value 

(4126.18 µm2) whereas the minimum value (3870.60 µm2) of stomata size was also 

observed for the parent Chakwal-50 under drought condition (Appendix-VIII). 

Amongst crosses, the cross Lasani-08 × Faisalabad-08 showed maximum value (4445.19 

µm2) and highest value was followed by the reciprocal cross Faisalabad-08× Lasani-08 

(4441.75 µm2) .The minimum value (3971.03 µm2) was observed for the cross Chakwal-

86 × Chakwal-50 whereas the reciprocal cross Chakwal-50 × Chakwal-86 with the 

stomata size (3973.61µm2) followed the minimum value under normal condition. 

Under drought condition the cross Lasani-08 × Faisalabad-08 possessed maximum 

stomata size (4120.32 µm2) whereas the reciprocal cross Faisalabad-08 × Lasani-08 

(4117.13 µm2) followed it. The minimum stomata size ( 3741.65 µm2) was observed for 
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the cross Chakwal-50×6302 while the reciprocal cross 6302× Chakwal-50 with stomata 

size (3743.14 µm2) followed the minimum value (Appendix-VIII). 

Appendix-IX depicted that the maximum epidermal cell size value 2505.13 µm2 was 

displayed for the parent Faisalabad-08 whereas the minimum epidermal cell size 1971.28 

µm2 was exposed by the parent Chakwal-50 under normal condition. The maximum 

epidermal cell size 2109.24 µm2 was presented by the parent Faisalabad-08 whereas the 

parent Chakwal-86 attained minimum epidermal cell size 1760.94 µm2 under drought 

condition. 

As the crosses are concerned for epidermal cell size, the cross Faisalabad-08 × Lasani-08 

with the value 2499.32 µm2 represented maximum epidermal cell size whereas the cross 

Sehar-06 × Faisalabad-08 with the value 2403.51 µm2 followed the maximum value. The 

minimum value 1991.13 µm2 was possessed by the cross Chakwal-86 × Chakwal-50 

whereas the reciprocal cross Chakwal-50× Chakwal-86 with the value 1993.91 µm2 was 

followed the minimum value of epidermal cell size under normal condition. 

Under drought condition, the cross Lasani-08 × Faisalabad-08 with the value 2116.03 

µm2 again represented maximum epidermal cell size whereas the reciprocal cross 

Faisalabad-08× Lasani-08 with the value 2106.28 µm2 followed the maximum value. The 

minimum value 1713.65 µm2 of epidermal cell size was exposed by the cross Chakwal-

50×Chakwal-86 whereas the reciprocal cross Chakwal-86 ×Chakwal-50 with the value 

1719.91 followed the minimum value of epidermal cell size (Appendix-IX). 

As for the leaf venation is concerned the parent Faisalabad-08 exhibited the highest 

number of leaf venation 7.44 whereas with the value 6.99 of leaf venation was followed 

the maximum value by the parent Sehar-06. Chakwal-50 attained the minimum value 5.05 

under normal condition. The parent Lasani-08 expressed the highest value 7.08 for leaf 

venation, whereas the parent Faisalabd-08 with the value 7.04 followed the highest value. 

The parent Chakwal-50 again like normal possessed minimum value 5.14 under drought 

condition. 

As the Appendix- IX illustrated that both the crosses Fasalabad-08 × Sehar-06 and 

Lasani-08 × Faisalabd-08 with the same value 7.51 for leaf venation were at the top 

position whereas the cross Sehar-06 × Faisalabd-08 with the value 7.44 followed the 

maximum value under normal condition. Under water deficit condition the cross 

Fasalabad-08 × Sehar-06 again possessed the highest value 7.70 for leaf venation like 

normal condition whereas the reciprocal cross Sehar-06 × Faisalabd-08 with the value 

7.62 followed the maximum value of leaf venation under drought condition. 
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These results were further analyzed using the technique of Hayman (1954) and Jinks 

(1954) Mather and jinks (1982). 

4.2.2. Test of additive-dominance model 
 
Adequacy of the additive-dominance model for different plant traits of wheat under 

normal and drought conditions and the validness of various assumptions underlying the 

genetic model, were evaluated by using regression analysis, and analysis of variance of 

(Wr+Vr) and (Wr–Vr). 

The results of aforesaid  two tests under normal and drought conditions are presented 

in Table 4.4 and 4.5. The regression coefficient b for all the plant traits deviated 

significantly from zero but did not departed from unity, indicating the presence of intra-

allelic interaction, independent distribution of the genes amongst the parents for the 

character and genes were independent in their action. The unit slope of regression lines 

for all the plant attributes studied, intimated that all the assumptions underlying the 

additive- dominance model were fulfilled (Mather and Jinks, 1982). 

The analysis of variance depicted significant differences between the arrays (Wr+Vr) 

and non-significant differences within the arrays (Wr–Vr) for plant height,  flag leaf 

area, number of grains per spike, grain weight per spike, spike length, spike density, 

grain yield per plant, extrusion length, harvest index, epidermal cell size, leaf venations, 

stomata size and frequency under normal conditions.  

The results achieved after using two tests proposed that the simple genetic model was 

fully adequate for the traits , number of tillers per plant, number of spikelets per spike 

and biomass per plant under normal conditions (Table 4.5). While, plant height, number 

of tillers per plant, number of grains per spike, biomass per plant and harvest index 

under drought conditions, indicated that dominance was present and epistasis was 

absent.  

 However, non-significant differences between the arrays (Wr+Vr) for traits like, 

number of tillers per plant, number of spikelets per spike, 1000-grain weight and 

biomass per plant under normal condition (Table 4.5) and traits, plant height, 

number of tillers per plant, number of grains per spike, biomass per plant and 

harvest index under drought condition (Table 4.6). 

The Table 4.5 and 4.6 illustrated after using two tests proposed that the simple genetic 

model was partially adequate for the traits, plant height, flag leaf area, number of grains 
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per spike, 1000-grain weight, spike length, spike density, grain weight per spike, grain 

yield per plant, harvest index, extrusion length, stomatal frequency, stomata size, 

epidermal cell size and leaf venation under normal condition. While under drought 

condition, grain weight per spike, flag leaf area, 1000-grain weight, spike length, spike 

density, number of spikelets per spike, grain yield per plant, extrusion length, leaf 

venation epidermal cell size, stomata size and frequency.  
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Table 4.3. Analysis of variance for all plant traits studied in a 6×6 diallel cross of 

  wheat under normal condition (mean squares) 

 
S. No. 

 
Plant traits 

Source of variationa  
Over all  

mean 

 
C .V% 

R G E 

1  Plant height 3.06 28.19** 1.31 107.04 1.07 

2  Flag leaf area 0.91 39.09** 3.54 26.59 7.08 

3  Number of tillers per plant 0.18 5.46** 1.73 12.72 10.33 

4 Number of spikelets per spike 3.66 4.96** 0.26 21.51 2.38 

5  Number of grains per spike 0.39 118.17** 0.99 53.05 1.88 

6  1000-grain weight 0.26 27.42** 0.75 43.01 2.02 

7  Spike length 0.44 5.21** 0.55 13.63 5.45 

8  Spike density 0.03* 0.06** 0.00 1.59 5.77 

9  Grain weight per spike 1.49** 0.61** 0.03 2.87 6.30 

10  Biomass per plant 1.70 28.18** 2.38 52.79 2.92 

11  Grain yield per plant 0.02 7.42** 0.41 23.03 2.78 

12  Harvest index 0.74 19.91** 3.45 43.70 4.25 

13  Extrusion length 0.24 9.96** 0.44 12.64 5.27 

14  Stomatal frequency 0.064 3.30** 0.32 13.09 4.31 

15  Stomata size 614.61 69716.22
** 

353.74 4141.92 0.45 

16  Epidermal cell size 870.60 82727.68
**

508.32 2168.83 1.04 

17  Leaf venation 0.31 1.55** 0.17 6.28 6.59 

a = Degrees of freedom for replication (R), genotype (G) and error (E) sources of 
variations are 2, 35 and 70, respectively, CV%= Coefficient of variation percentage. 
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Table 4.4. Analysis of variance for all plant traits studied in a 6×6 diallel cross of 
 wheat under drought condition (mean squares) 
 

 a = Degrees of freedom for replication (R), genotype (G) and error (E) sources of 
variations are 2, 35 and 70 respectively. 

* = P ˂ 0.05 ** = P ˂ 0.01, CV%= Coefficient of variation percentage. 

 

 

 

 

 

 

 
S. No. 

Plant traits 
Source of variationa 

Over all 
mean 

C .V% 
R G E 

1  Plant height 2.18 15.93** 1.66 96.47 1.34 

2 
Flag leaf area 0.11 7.36** 0.04 21.43 0.91 

3 
 Number of tillers per plant 0.03 3.31** 0.10 9.59 3.32 

4 
 Number of spikelets per spike 0.01 12.64** 0.02 20.51 0.68 

5 
 Number of grains per spike 0.32 148.20** 0.92 47.55 2.02 

6 
 1000-grain weight 0.06 27.36** 0.07 38.31 0.67 

7 
 Spike length 0.16 4.73** 0.48 12.94 5.37 

8 
 Spike density  0.00 0.10** 0.01 1.60 5.67 

9  Grain weight per spike 0.01 0.54** 0.03 1.93 8.80 

10 
 Biomass per plant 3.17 66.53** 2.52 44.35 3.58 

11 
 Grain yield per plant 0.02 11.72** 0.03 18.25 0.98 

12 
 Harvest index 4.63 11.83** 2.18 41.21 2.39 

13 
 Extrusion length 0.31 9.69** 0.11 12.57 2.65 

14 
 Stomatal frequency 0.85 6.11** 0.33 14.18 4.05 

15 
 Stomata size 513.76 

31904.03*
* 

985.26 3948.79 0.79 

16 
 Epidermal cell size 131.77 

46761.62*
* 

641.81 1863.32 1.36 

17 
 Leaf venation 0.03 1.85** 0.31 6.15 9.08 
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Table 4.5. Scaling tests for adequacy of additive-dominance model for various plant  
      traits in wheat under normal condition 

 
S. No. Traits 

Regression slope Joint Scaling test 
Remarks 

b=0 b=1 Wr+Vr Wr-Vr 

1  Plant height 19.67** 2.76 NS 807.35* 7.32NS Model is partially adequate 

2  Flag leaf area 3.12* 0.56NS 2538.78* 159.28NS Model is partially adequate 

3  Number of tillers per plant 23.88** -2.67NS 37.10NS 8.33NS Model is fully adequate 

4  Number of spikelets per spike 6.40** -0.73NS 15.62NS 0.27NS Model is fully adequate 

5  Number of grains per spike 10.89** 0.34NS 5072.66** 41.03NS Model is partially adequate 

6  1000-grain weight 47.81** 2.56NS 139.66NS 2.42 NS Model is partially adequate 

7  Spike length 14.80** -0.27NS 53.94* 0.76NS Model is partially adequate 

8  Spike density 11.28** 0.89NS 0.03** 0.00044NS Model is partially adequate 

9  Grain weight per spike 14.29 ** 1.71NS 1.73** 0.02NS Model is partially adequate 

10  Biomass per plant 150.76** 0.0013N

S 
118.20NS 0.01NS Model is fully adequate 

11 Grain yield per plant 4.90** 0.41NS 143.52** 6.25NS Model is partially adequate 

12  Harvest index (%) 2.86* 2.17NS 4260.81** 2186.47 NS Model is partially adequate 

13  Extrusion length 221.13** -1.63NS 122.41** 0.24NS Model is partially adequate 

14  Stomatal frequency 0.61NS 3.00* 17.82* 1.22NS Model is partially adequate 

15  Stomata size 56.84** -1.75NS 0.000000013** 14821355NS Model is partially adequate 

16 Epidermal cell size 50.57** -1.67NS 0.000000021** 0.000000015.NS Model is partially adequate 

17  Leaf venation 3.31* 1.09NS 4.89** 0.19NS Model is partially adequate 

**= Significant at P ≤ 0.01; * =Significant at P ≤ 0.05; NS=Non-significant  
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Table 4.6. Scaling tests for adequacy of additive-dominance model for various plant         
  traits in wheat under drought condition 

 

S.No. Traits 
Regression slope Joint Scaling Test 

Remarks 
b=0 b=1 Wr+Vr Wr-Vr 

1 Plant height 4.61** 1.62NS 512.29NS 61.94 NS Model is fully adequate  

2 Flag leaf area 9.18** 2.40NS 117.62** 6.02** Model is partially adequate 

3  Number of tillers per plant 3.41* 0.03NS 68.72NS 3.90NS Model is fully adequate 

4 Number of spikelets per spike 7.50** -0.24NS 141.96** 2.93** Model is partially adequate 

5 Number of grains per spike 8.65** 0.71NS 11825.40NS 404.82NS Model is fully adequate 

6 1000-grain weight 8.97** 0.0035NS 952.28** 17.78** Model is partially adequate 

7 Spike length 10.83** -0.33NS 48.14* 1.86NS Model is partially adequate 

8  Spike density 18.35** 2.33NS 0.03** 0.001NS Model is partially adequate 

9  Grain weight per spike 14.13** -2.86NS 2.47** 0.03NS Model is partially adequate 

10  Biomass per plant 4.94** 0.30NS 1969.89NS 160.81 NS Model is fully adequate 

11 Grain yield per plant 16.05** -0.96NS 231.22** 1.63** Model is partially adequate 

12 Harvest index ( %) 7.04** -0.13NS 781.35 NS 16.99NS Model is fully adequate 

13  Extrusion length 24.12** 0.28NS 68.61* 0.44NS Model is partially adequate 

14 Stomatal frequency 9.92** -1.03NS 51.60* 1.13NS Model is partially adequate 

15 Stomata size 4.90** 1.22NS 0.000000051** 38115030NS Model is partially adequate 

16 Epidermal cell size 13.08** 2.31NS 0.00000000012** 0.000000041N

S 

Model is partially adequate 

17 Leaf venation 2.80* 2.55NS 13.34** 2.22NS Model is partially adequate 

** =Significant at P≤ 0.01; *= Significant at P≤ 0.05; NS= Non-significant  
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4.4. Results of gene action studied under normal and drought conditions 

Plant height 

The mean squares of plant height in 6×6 diallel crosses under normal conditions are 

laid out in Table 4.7a. The significance of a item pointed out the existence of additive 

genetic effects. The b item was also highly significant representing the importance of 

general dominance and the significant b1 item indicating the presence of directional 

dominance for plant height under normal conditions. The b2 item was also significant, 

intimating presence of different number of genes in the parents. The non-significance 

of b3 item showed the absence of dominance deviation unique to each F1 for plant 

height under normal condition. The items c and d which indicates maternal and 

reciprocal effects were non-significant thus intimating the absence of these effects. So, 

their further retesting was not done. 

Mean squares demonstrated in Table 4.7b presented that additive genetic effects 

controlled variation in plant height, as a item was highly significant. The b item 

determined significant suggesting the presence of dominance effects for this trait. The b1 

component found significant representing the importance of directional dominance for 

this trait. Asymmetrical distribution was present as indicated from the non-significance of 

item b2. The significant of b3 also showed effects due to dominance deviation unique to 

F1s. The item c and d both were found non- significant hence its retesting against item a 

was not necessary. Retesting of d against item b was not done because of its non-

significance.  

Flag leaf area  

Highly significant differences were originated among genotypes permitted further 

analysis of the data. The data was exposed to a complete analysis of variance as described 

by Mather and Jinks (1982). The value in Table 4.8a depicted that the a item was highly 

significant for flag leaf area under normal conditions which showed the presence of 

additive gene effects The item b found out highly significant representing the presence of 

dominance effects for the control of this attribute. The b1 component provides information 

about directional dominance was detected significant thus telling the important role of 

directional dominance for the control of this trait. The b2 component which contributes 

information about asymmetrical distribution of genes was came out significant thus 

specifying presence of asymmetrical distribution of genes among the parents, proposed 
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the importance of maternal effects in the inheritance of flag leaf area under normal 

conditions. The b3 component which depicted presence of specific gene interactions was 

highly significant. Maternal effects c and reciprocal effects d were determined non-

significant for the genotypes and the trait under study, hence the retesting of item a and b 

against c and d was not done and the previous significance of a and b stood up valid. 

The highly significant a item for flag leaf area under drought conditions showed the 

presence of additive gene effects (Table 4.8b).The significant b item represented the 

presence of dominance effects for the control of this parameter. The significant b1 

component indicated the important role of directional dominance for the control of this 

attribute. The b2 component was non-significant displaying absence of asymmetrical 

distribution of genes among the parents. The b3 component which disclosed presence of 

the part of dominance deviation unique to each F1 was detected non- significant 

displaying absence of dominance deviation unique to F1. Maternal effects c and reciprocal 

effect d were also found non-significant.  
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Table 4.7. Formal analysis of variance for plant height  

(a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 181.93** - - 
b  15 4.65**   
 b1 1 17.43**   
 b2 5 6.85**   
 b3 9 2.00 NS   
c  5 0.45 NS   
d  10 0.50 NS   
Blocks 2 3.06   
B × a 10 1.47   
B × b 30 1.01   
 B × b1 2 0.14   
 B × b2 10 1.46   
 B × b3 18 0.86   
B × c 10 1.95   
B × d 20 1.38   
Bl.int. 70 1.31   
Total 107    
 

b) Under drought condition 
 

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 97.29** - - 
b  15 4.56**   
b1 1 15.64**   
 b2 5 2.24 NS   
 b3 9 4.61**   
c  5 0.15 NS   
d  10 0.20NS   
Blocks 2 2.18   
B × a 10 2.60   
B × b 30 1.58   
 B × b1 2 1.10   
 B × b2 10 0.62   
 B × b3 18 2.16   
B × c 10 1.50   
B × d 20 1.39   
Bl.int. 70 1.66   
Total 107    
*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks,  
O = Each item tested against its own block interaction,  
S =Retesting against c and d mean squares. 
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Table 4.8. Formal analysis of variance for flag leaf area  
a) Under normal condition 

Components of variation DF Mean squares 
Retesting againsts 

c d 
A 5 198.53** - - 
b  15 24.72**    
 b1  1 26.02**   
 b2  5 46.92**    
 b3  9 12.24**   
c  5 0.21 NS    
d  10 0.37 NS    
Blocks 2 0.91   
B×a 10 5.21    
B×b 30 2.92   
 B×b1 2 0.40    
 B×b2 10 2.13   
 B×b3 18 3.65    
B×c 10 4.28   
B×d 20 3.26    
Bl.int. 70 3.54    
Total 107    

 

b) Under drought condition 
 

Components of variation  DF  Mean squares  Retesting against
s
 

c  d  
a  5  42.78**  -  -  
b           15  2.92**     
 b

1
  1  28.69**      

 b2  5  1.11
NS
      

 b3  9  1.06
NS
      

c  5  0.01
NS
      

d  10  0.01
NS
      

Blocks  2  0.11      
B×a  10  0.04      
B×b  30  0.05      
 B×b1  2  0.05      
 B×b2  10  0.07      
 B×b3  18  0.04      
B×c  10  0.03      
B×d  20  0.03      
Bl.int.  70  0.04      
Total  107        

 

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Number of tillers per plant 

As perusal of information contained in Table 4.9a revealed that under normal condition 

that the a item for number of tillers per plant was highly significant showing the presence 

of additive gene effects. The highly significant b item was displayed the present of 

dominance for this attribute. The b1 was also highly significant indicating the importance 

of directional dominance for the control of this parameter. The item b2 and b3 were found 

non-significant. The non-significant b2 designated absence of asymmetrical distribution 

of genes and the non-significance of b3 item indicated the absence of dominance 

deviation unique to each F1 for the trait under normal conditions. Maternal effects c was 

also found non-significant which illustrated the absence of maternal effects for this trait 

along with non-significant d which exposed the absence of reciprocal differences in the 

crosses for number of tillers per plant. 

The mean square of number of tillers per plant in diallel crosses under drought 

conditions are represented in Table 4.9b. The significance of a indicated the occurrence 

of additive genetic effects. The b item was also highly significant signifying the 

importance of general dominance and the significant b1 item showing the existence of 

directional dominance for the trait under drought conditions. The b2 component which 

provides information about asymmetrical distribution of genes was came out non-

significant thus designating absence of asymmetrical distribution of genes amongst the 

parents.  

The non-significant b3 item exposed the absence of dominance deviation unique to each 

F1 for number of tillers per plant under drought conditions. The items c and d which 

illustrates maternal and reciprocal effects were non-significant thus telling the absence of 

these effects. So, their further retesting was not done and previous results stand valid. 

Number of spikelets per spike 

Mean squares offered in Table 4.10a exposed that item a was highly significant which 

presented that additive genetic effects controlled variation in number of spikelets per 

spike .The non-significance of b item specified the absent of dominant effects of genes. 

The item b1 was significant which indicated the importance of directional dominance for 

the control of this attribute. Whilst the non-significant of items b2 indicated similar 

distribution of genes among parents. The non-significance of b3 item disclosed the 

absence of dominance deviation unique to each F1 for this parameter. The c and d items 

were non-significant pointing out the absence of maternal and non-maternal effects.  
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The analysis of variance for number of spikelets per spike under drought conditions 

showed that the a item was highly significant which pointed o u t  the presence of 

additive genetic effects (Table 4.10b). The b item was non-significant, while b1 was 

highly significant indicating the importance of directional dominance for the control of 

this trait. Both b2 and b3 appeared non- significant. The non-significance of b2 

signposted similar distribution of genes among parents for number of spikelets per spike. 

The b3 non-significance illustrated the absence of dominance deviation unique to each F1 

for number of spikelets per spike under drought conditions. Maternal effects c and 

reciprocal effects d were also detected non- significant which describes the absence of 

maternal effects for this parameter along with non- significant d which brought out the 

absence of reciprocal differences in the crosses for number of spikelets per spike under 

drought conditions. 
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Table 4.9. Formal analysis of variance for number of tillers per plant 
a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 29.97** - - 
b  15 2.43**   
 b1  1 33.28**   
 b2  5 0.29 NS   
 b3  9 0.19 NS   
c  5 0.13 NS   
d  10 0.41 NS   
Blocks 2 0.18   
B×a 10 2.29   
B×b 30 1.92   
 B×b1 2 0.43   
 B×b2 10 1.41   
 B×b3 18 2.36   
B×c 10 1.63   
B×d 20 1.21   
Bl.int. 70 1.73   
Total 107    
 

b) Under drought condition 
 

Components of variation DF Mean squareso 
Retesting againsts 

c d 

a  5 9.19** - - 

b  15 4.65**   

 b1  1 49.92**   

 b2  5 1.35 NS   

 b3  9 1.45 NS   

c  5 0.01 NS   

d  10 0.005 NS   

Blocks 2 0.03   

B×a 10 0.16   

B×b 30 0.15   

 B×b1 2 0.29   

 B×b2 10 0.33   

 B×b3 18 0.03   

B×c 10 0.02   

B×d 20 0.04   

Bl.int. 70 0.10   

Total 107    
 

 *=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.10. Formal analysis of variance for number of spikelets per spike  
a) Under normal condition 

Components of variation DF Mean squareso 
Retesting againsts 

c d 

a  5 32.52** - - 

b  15 0.73 NS   

 b1  1 4.10*   

 b2  5 0.29 NS   

 b3  9 0.59 NS   

c  5 0.008 NS   

d  10 0.006 NS   

Blocks 2 3.66   

B×a 10 0.44   

B×b 30 0.26   

 B×b1 2 0.20   

 B×b2 10 0.33   

 B×b3 18 0.22   

B×c 10 0.20   

B×d 20 0.22   

Bl.int. 70 0.26   

Total 107    
  

b) Under drought condition 
 

Components of variation DF Mean squareso 
Retesting againsts 
c d 

a  5 79.64** - - 
b  15 2.82**   
 b1  1 28.62**   
 b2  5 0.99 NS   
 b3  9 0.96 NS   
c  5 0.12 NS   
d  10 0.14 NS   
Blocks 2 0.01   
B×a 10 0.03   
B×b 30 0.02   
 B×b1 2 0.004   
 B× b2 10 0.006   
 B×b3 18 0.02   
B×c 10 0.02   
B×d 20 0.02   
Bl.int. 70 0.02   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Number of grains per spike 

Highly significant item a and b point out the involvement of additive and dominance 

effects, presence of directional dominance was displayed by significant of b1, for the 

control of number of grains per spike under normal conditions (Table 4.11a).  

Genes were shown to be distributed similarly among parents as indicated by non-

significant of b2 item. The significance of b3 indicated presence of specific gene effect. 

Maternal effects (c) and reciprocal effects (d) were found non-significant hence retesting 

was not necessary. 

The analysis of variance for number of grains per spike under drought condition (Table 

4.11b) depicted that the a item was highly significant which argued the presence of 

additive gene effects. Similarly, the significance of b item suggested the importance of 

dominant effects. The significant b1 proposed the importance of directional dominance. 

Significant b2 displayed asymmetrical distribution of genes amongst the parents and 

significant b3 suggested the presence of specific gene effects. Maternal effects c and 

reciprocal effect d were found out non-significant, henceforth the retesting of a and b was 

not done.  

1000-grain weight 

The information contained in table 4.12a revealed that the a item was highly significant 

for 1000-grain weight under normal conditions illustrating the presence of additive gene 

effects. The item b found non-significant indicating the absence of dominance effects for 

the control of this parameter. However, the b1 component was found highly significant 

indicating the important role of directional dominance. The b2 component was found non-

significant displaying symmetrical distribution of genes among the parents. The non-

significant b3 component showed absence of specific gene effect. Maternal and reciprocal 

effects (c and d) found non-significant.  

The analysis of variance for thousand grain weight under drought condition (Table 4.12b) 

illustrated the presence of both additive and dominant variation as indicated by the 

significant of a and b items. The b1 component was found highly significant suggesting 

the important role of directional dominance for the control of this parameter. The b2 

component was found non-significant indicating symmetrical distribution of genes 

among the parents. The b3 component was found significant highlighting the presence of 

domination deviation unique to F1. Maternal effects and reciprocal effects (both c and d) 

were found non-significant. Therefore retesting of a and b items was not done.  
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Table 4.11. formal analysis of variance for number of grains per spike   
 a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 803.11** - - 
b  15 7.98**   
 b1  1 50.12**   
 b2  5 2.29 NS   
 b3  9 6.47 **   
c  5 0.08 NS   
d  10 0.04 NS   
Blocks 2 0.39   
B×a 10 0.93   
B×b 30 0.77   
 B×b1 2 2.04   
 B×b2 10 0.78   
 B×b3 18 0.63   
B×c 10 1.09   
B×d 20 1.30   
Bl.int. 70 0.99   
Total 107      

c) Under drought condition  
 

Components of variation DF Mean squareso 
Retesting againsts 

c d 

a  5 994.58** - - 
b  15 14.2**   
 b1  1 74.0**   
 b2  5 10.41**   
 b3  9 9.76**   
c  5 0.001 NS   
d  10 0.006 NS   
Blocks 2 0.32   
B×a 10 2.008   
B×b 30 1.44   
 B×b1 2 3.82   
 B×b2 10 3.41   
 B×b3 18 0.08   
B×c 10 0.03   
B×d 20 0.05   
Bl.int. 70 0.92   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares
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Table 4.12. Formal analysis of variance for 1000-grain weight  
a) Under normal condition     

Components of variation DF Mean squareso Retesting againsts 
c d 

A 5 188.26** - - 
B 15 1.22 NS   
 b1 1 15.45**   
 b2 5 0.40 NS   
 b3 9 0.10 NS   
C 5 0.03 NS   
D 10 0.005 NS   
Blocks 2 0.26   
 B×a 10 0.47   
 B×b 30 0.92   
 B×b1 2 3.77   
 B×b2 10 0.58   
 B×b3 18 0.79   
 B×c 10 0.74   
 B×d 20 0.65   
Bl.int. 70 0.75   
Total 107    
  

b) Under drought condition  
 

Components of variation DF Mean squareso Retesting againsts 
c d 

A 5 178.34** - - 
B 15 4.37**   
 b1 1 37.79**   
 b2 5 1.51 NS   
 b3 9 2.25*   
C 5 0.06 NS   
D 10 0.02 NS   
Blocks 2 0.06   
B×a 10 0.16   
B×b 30 0.07   
 B×b1 2 0.14   
 B×b2 10 0.11   
 B×b3 18 0.04   
B×c 10 0.03   
B×d 20 0.03   
Bl.int. 70 0.07   
Total 107      

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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 Spike length  
 
Mean squares exhibited in (Table 4.13a and 4.13b) depicted similar information for spike 

length under both normal and drought conditions significant a item showed additive 

genetic variation. The significance of b item illustrated the presence of dominance effects 

which were found to be directional as indicated by the significant of b1 item. Non-

significant of b2 and b3 components indicated the symmetry of gene distribution among 

parents and absence of specific gene effects, respectively. Non-significant c and d pointed 

out the absence of maternal and reciprocal effects for spike length under both conditions. 

Spike density 

Components of genetic variation for spike density under normal and drought conditions 

(Table 4.14a and 4.14b) depicted non-significant a, b, b1, b2 and b3 components. This 

signified the absence of both additive as well as dominant genetic effects, unimportant 

role of directional dominance, similar distribution of genes among parents and absence of 

dominance deviation unique to F1. Maternal (c) and reciprocal (d) effects were also found 

non-significant. Hence retesting of a and b items was not required.  

Grains weight per spike  

ANOVA for grains weight per spike depicted similar information under normal and 

drought conditions (Table 4.15a and 4.15b) depicted the absence of additive and 

dominance variation (Non-significant a and b items). However, significant b1 indicated 

the presence of directional dominance. Non-significant b2 and b3 displayed similar 

distribution of genes amongst parents with absence of specific gene effects. Maternal and 

reciprocal (c and d ) effects were also found non-significant. Hence retesting of a and b 

against c and d was not necessary.  
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Table 4.13. Formal analysis of variance for spike length 
 a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 

a  5 21.69** - - 

b  15 4.34**   

 b1  1 48.96**   

 b2  5 0.31 NS   

 b3  9 1.62 NS   

c  5 1.03 NS   

d  10 0.37 NS   

Blocks 2 0.44   

B×a 10 0.31   

B×b 30 0.48   

 B×b1 2 0.41   

 B×b2 10 0.51   

 B×b3 18 0.47   

B×c 10 0.90   

B×d 20 0.61   

Bl.int. 70 0.55   

Total 107    
 

c) Under drought condition  
 

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 19.79** - - 
b  15 3.86**   
 b1  1 41.28**   
 b2  5 0.38 NS   
 b3  9 1.64 NS   
c  5 0.89 NS   
d  10 0.41 NS   
Blocks 2 0.16   
B×a 10 0.30   
B×b 30 0.42   
 B×b1 2 0.21   
 B×b2 10 0.39   
 B×b3 18 0.47   
B×c 10 0.69   
B×d 20 0.56   
Bl.int. 70 0.48   
Total 107    

 

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.14. Formal analysis of variance for spike density  

 a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 0.28 NS - - 
b  15 0.05 NS   
 b1  1 0.57 NS   
 b2  5 0.005 NS   
 b3  9 0.02 NS   
c  5 0.01 NS   
d  10 0.004 NS   
Blocks 2 0.03   
B×a 10 0.01   
B×b 30 0.008   
 B×b1 2 0.003   
 B×b2 10 0.01   
 B×b3 18 0.007   
B×c 10 0.01   
B×d 20 0.007   
Bl.int. 70 0.008   
Total 107    

 

  b) Under drought condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 0.60 NS - - 
b  15 0.03 NS   
 b1  1 0.17 NS   
 b2  5 0.01 NS   
 b3  9 0.02 NS   
c  5 0.01 NS   
d  10 0.01 NS   
Blocks 2 0.001   
B×a 10 0.0049   
B×b 30 0.01   
 B×b1 2 0.01   
 B×b2 10 0.01   
 B×b3 18 0.01   
B×c 10 0.01   
B×d 20 0.01   
Bl.int. 70 0.01   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.15. Formal analysis of variance for grain weight per spike     
 a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 
c d 

a  5 2.32 NS - - 
b  15 0.62 NS   
 b1  1 7.28 **   
 b2  5 0.02 NS   
 b3  9 0.22 NS   
c  5 0.01 NS   
d  10 0.02 NS   
Blocks 2 1.49   
B×a 10 0.03   
B×b 30 0.04   
 B×b1 2 0.15   
 B×b2 10 0.02   
 B×b3 18 0.04   
B×c 10 0.02   
B×d 20 0.03   
Bl.int. 70 0.03   
Total 107    

 

c) Under drought conditions  
 

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 2.147 NS - - 
b  15 0.53 NS   
 b1  1 4.32*   
 b2  5 0.07 NS   
 b3  9 0.37 NS   
c  5 0.004 NS   
d  10 0.005 NS   
Blocks 2 0.01   
B×a 10 0.03   
B×b 30 0.03   
 B×b1 2 0.02   
 B×b2 10 0.004   
 B×b3 18 0.04   
B×c 10 0.02   
B×d 20 0.04   
Bl.int. 70 0.03   
Total 107    

 
*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Biomass per plant  

Analysis of variance for biomass per plant (Table 4.16a) under normal condition 

illustrated significance of a and b items which displayed the importance of both additive 

and dominance genetic effects. Significant b1 item showed the involvement of directional 

dominance. Highly significance of b2 indicated dissimilar distribution of genes among 

parents. While non-significant b3 signified the absence of specific genetic effects. 

Maternal c and reciprocal d differences were found absent.  

Table 4.16b analysis of variance for biomass per plant under drought condition 

represented significance of a and b items which displayed the importance of both additive 

and dominance genetic effects. Significant of b1 item exposed the involvement of 

directional dominance. Significance of b2 indicated dissimilar distribution of genes among 

parents. While non-significant b3 signified the absence of specific genetic effects. 

Maternal c and reciprocal d differences were found absent thus, retesting of a and b items 

was not required. 

Grain yield per plant 

Analysis of variance for grain yield under normal condition (Table 4.17a) showed that the 

a item was highly significant depicting the presence of additive genetic effects. The item 

b was also highly significant, specifying the importance of general dominance effects for 

the control of this trait. The highly significant b1 component displaying the important role 

of directional dominance.  

Similarly, highly significant b2 component indicated asymmetrical distribution of genes 

amongst the parents. The b3 component was found to be significant displaying the 

presence of the part of dominance deviation unique to each F1. Maternal effects c was 

highly significant which require the retesting of a item. However, upon retesting the 

significance of a item remained unchanged which showed that maternal effects did not 

affect the additive variation. Reciprocal affects d were non-significant, hence retesting of 

item b was not done. 

Analysis of variance for grain yield per plant under drought condition (Table 4.17b) 

revealed that a, b, b1, b2 and b3 were significant while c and d components were non-

significant. This highlighted the importance of additive and dominance effects, presented 

directional dominance, asymmetrical distribution of genes and dominance deviation 

unique to F1. Maternal c as well as reciprocal d effects were  found non-significant. 
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Table 4.16. Formal analysis of variance for biomass per plant  
 a) Under normal condition 

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 144.22**  - 
b  15 13.92**   
 b1  1  7.09 NS   
 b2  5 34.18**   
 b3  9  3.42NS   
c  5  3.01NS   
d  10  4.15NS   
Blocks 2            1.70   
B×a 10 1.57   
B×b 30 2.58   
 B×b1 2 3.17   
 B×b2 10 2.36   
 B×b3 18 2.60   
B×c 10 3.13   
B×d 20 2.14   
Bl.int. 70 2.38   
Total 107    

 

 b) Under drought condition 

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 414.24** - - 
b  15 14.59**   
 b1  1 145.67*   
 b2  5 7.38 NS   
 b3  9 4.03 NS   
c  5 0.75 NS   
d  10 3.47 NS   
Blocks 2 3.17   
B×a 10 1.84   
B×b 30 2.60   
 B×b1 2 2.35   
 B×b2 10 3.15   
 B×b3 18 2.32   
B×c 10 4.08   
B×d 20 1.97   
Bl.int. 70 2.52   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.17. Formal analysis of variance for grain yield per plant 
a) Under normal condition 

Components of variation DF Mean squareso 
Retesting againsts 
c d 

a  5 37.31** 28.86** - 
b  15 4.01**   
 b1  1 44.99**   
 b2  5 1.82**   
 b3  9 0.68*   
c  5 1.29**   
d  10 0.64NS   
Blocks 2 0.02   
B×a 10 0.58   
B×b 30 0.44   
 B×b1 2 0.06   
 B×b2 10 0.43   
 B×b3 18 0.48   
B×c 10 0.31   
B×d 20 0.34   
Bl.int. 70 0.41   
Total 107    

 

 
b) Under drought conditions 

Components of variation DF Mean squareso 
Retesting againsts 
c d 

a  5 70.16** - - 

b  15 3.93**   
 b1  1 55.53**   
 b2  5 0.47**   
 b3  9 0.13**   
c  5 0.02NS   
d  10 0.01NS   
Blocks 2 0.02   
B×a 10 0.03   
B×b 30 0.02   
 B×b1 2 0.02   
 B×b2 10 0.02   
 B×b3 18 0.02   
B×c 10 0.04   
B×d 20 0.05   
Bl.int. 70 0.03   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.   
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Harvest index (%)  

Analysis of variance revealed that harvest index under normal planting (Table 4.18a) 

indicated that the a item was highly significant. This disclosed the presence of additive 

gene effects. The item b was also highly significant, indicating the presence of dominance 

effects for the control of this character. The significant b1 component proposed the 

important role of directional dominance while significant b2 component highlighted 

asymmetrical distribution of genes among the parents. The b3 component was non-

significant displaying absence of domination deviation unique to F1.  

Maternal effects c were found non-significant and reciprocal effects d were significant 

required the retesting of a item. Upon retesting the significance of b, b1 and b3 item 

remained unchanged except b3 became non-significant. 

Under drought condition (Table 4.18b) a and b were highly significant which indicated 

the importance of both additive and dominance genetic effects. While b1, b2 and b3 were 

non-significant, exposed absence of directional dominance, symmetrical gene distribution 

and absent of specific gene effects, respectively. Maternal c and reciprocal d effects were 

absent for harvest index under drought condition.  

Extrusion length 

Formal analysis of variance for extrusion length under both planting conditions (Table 

4.19a and 4.19b) showed that the component a was highly significant designating the 

existence of additive gene effects. The non-significance of item b indicated the absence of 

dominance effects. However, the significance of b1 component signified the important 

role of directional dominance for the control of this trait. The non-significant b2 signified 

the similar distribution of genes among the parents. The b3 component was non-

significant showing absence of domination deviation unique to F1. Maternal effects c and 

reciprocal effect d were non-significant, hence the retesting of a and b was not conducted.  
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Table 4.18. Formal analysis of variance for harvest index (%)  
a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 33.13** - - 
b  15 27.74**   3.96* 
 b1  1 224.00**  32.05** 
 b2  5 30.00**  4.29* 
 b3  9 4.69NS   0.67 NS 
c  5 9.02 NS   
d  10 6.99*   
Blocks 2 0.74   
B×a 10 2.89   
B×b 30 4.61   
 B×b1 2 0.75   
 B×b2 10 4.25   
 B×b3 18 5.23   
B×c 10 2.77   
B×d 20 12.33   
Bl.int. 70 3.49   
Total 107    

 

b) Under drought condition  
 

Components of Variation DF Mean squareso 
Retesting againsts 

c d 
a  5 55.47** - - 
b  15 6.87 **   
 b1  1 32.97 NS   
 b2  5 4.85 NS   
 b3  9 5.10 NS   
c  5 -0.62 NS   
d  10 3.05 NS   
Blocks 2 4.63   
B×a 10 1.67   
B×b 30 2.23   
 B×b1 2 2.77   
 B×b2 10             2.42   
 B×b3 18 2.07   
B×c 10 3.88   
B×d 20 1.52   
Bl.int. 70 2.18   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.19. Formal analysis of variance for extrusion length  
a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 

a  5 65.59** - - 

b  15 1.30 NS   

 b1  1 13.85 **   

 b2  5 0.54NS   

 b3  9 0.32 NS   

c  5 0.11 NS   

d  10 0.06 NS   

Blocks 2 0.24   

B×a 10 0.34   

B×b 30 0.55   

 B×b1 2 0.16   

 B×b2 10 0.27   

 B×b3 18 0.74   

B×c 10 0.49   

B×d 20 0.32   

Bl.int. 70 0.44   

Total 107    
 

 
b) Under drought condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 64.38** - - 
b  15 1.14 NS   
 b1  1 10.53 **   
 b2  5 0.47 NS   
 b3  9 0.47 NS  
c  5 0.01 NS   
d  10 0.01 NS   
Blocks 2 0.31   
B×a 10 0.06   
B×b 30 0.16   
 B×b1 2 0.03   
 B×b2 10 0.09   
 B×b3 18 0.21   
B×c 10 0.10   
B×d 20 0.07   
Bl.int. 70 0.11   
Total 107    

 *=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares
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Stomatal frequency 
The information presented in the table 4.20a represented that a item was highly 

significant indicating the presence of additive gene effects. The item b was significant 

disclosing the presence of dominance effects for the control of this attribute. The 

significant of b1 component suggested the important role of directional dominance for the 

control of this parameter. The significant b2 component indicated asymmetrical 

distribution of genes among the parents. The b3 component was non-significant indicating 

absence of dominance deviations unique to F1. Maternal effects c and reciprocal effects d 

both were non-significant.  

Under drought, the analysis of variance (Table 4.20b) illustrated that the a item was 

highly significant disclosing the presence of additive gene effects. Similarly the highly 

significance of b item exposed the presence of dominance effects. The significance of 

items b1 indicated the importance of directional dominance for the control of this 

parameter. The items b2 was also significant showing asymmetrical distribution of genes 

among the parents. While NS b3 indicated symmetrical distribution of genes among 

parents and absence of domination deviation unique to F1. Maternal effects c and 

reciprocal effects d were non- significant,  

Stomata size  

Table 4.21a showed that a item was highly significant indicating the presence of additive 

gene effects. Significance of b highlighted the presence of dominance effects for the 

control of this trait. Non-significance of b1 component suggested the unimportant role of 

directional dominance for the control of this character. The Non-significant b2 component 

indicated symmetrical distribution of genes among the parents while significant of b3 

component indicating presence of domination deviation unique to F1. Maternal c and 

reciprocal effect d both were non-significant.  

Analysis of variance under drought condition (Table 4.21b) showed highly significant 

item a indicating the presence of additive gene effects. The highly significant item b 

displayed the presence of dominance effects. The significance of b1 component proposed 

the important role of directional dominance. The highly significant b2 component 

represented presence of asymmetrical distribution of genes among the parents  while the 

highly significant b3 component indicating the presence of domination deviations unique 

to F1. Maternal effects c and reciprocal effect d were non-significant, thus, retesting of a 

and b components was not done.  
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Table 4.20. Formal analysis of variance for stomatal frequency  
a) Under normal condition  

Components of variation DF Mean squareso Retesting againsts 
c d 

a  5 16.73** - - 
b  15 2.09 **   
 b1  1 2.13 *    
 b2  5 4.008 *    
 b3  9 1.02NS   
c  5 0.017 NS   
d  10 0.03 NS   
Blocks 2 0.06   
B×a 10 0.46   
B×b 30 0.27   
 B×b1 2 0.05   
 B×b2 10 0.20   
 B×b3 18 0.33   
B×c 10 0.33   
B×d 20 0.31   
Bl.int. 70 0.32   
Total 107    

  

 
b) Under drought condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 36.12** - - 
b  15 2.16**   
 b1  1 25.75**   
 b2  5 0.91 *   
 b3  9 0.23 NS   
c  5 0.03 NS   
d  10 0.06 NS   
Blocks 2 0.85   
B×a 10 0.43   
B×b 30 0.33   
 B×b1 2 0.14   
 B×b2 10 0.27   
 B×b3 18 0.38   
B×c 10 0.34   
B×d 20 0.27   
Bl.int. 70 0.33   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.21. Formal analysis of variance for stomata size  
a) Under normal condition  

Components of variation DF 
Mean 

squareso 
Retesting againsts 

c d 
a  5 437514.30 ** - - 
b  15 16819.78 **   
 b1  1 22537.91 NS   
 b2  5 1670.16 NS   
 b3  9 24600.90 **   
c  5 5.60 NS   
d  10 17.13 NS   
Blocks 2 614.61   
B×a 10        772.88   
B×b 30 534.36   
 B×b1 2 1271.02   
 B×b2 10 1311.96   
 B×b3 18 20.51   
B×c 10 27.20   
B×d 20 36.52   
Bl.int. 70 353.74   
Total 107    

 
b) Under drought condition  

Components of variation DF 
Mean 
squareso 

Retesting againsts 
c d 

a  5 198788.70 ** - - 
b  15 8137.24 **   
 b1  1 6116.36 *   
 b2  5 2608.44 **   
 b3  9 11433.33 **   
c  5 39.24 NS   
d  10 44.26 NS   
Blocks 2 513.768   
B×a 10 638.68   
B×b 30 779.50   
 B×b1 2 96.62   
 B×b2 10 434.57   
 B×b3 18 1047.01   
B×c 10 1333.39   
B×d 20 1293.13   
Bl.int. 70 985.26   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares. 
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Epidermal cell size 

The results of formal analysis of variance (Table 4.22a) indicated that the items a, b and 

b3 were highly significant while b1 and b2 appeared non-significant for epidermal cell 

size under normal condition.  

The significance of components revealed the importance of both additive and dominance 

gene effects and presence of dominance deviation unique to F1. Directional dominance 

was unimportant. The non-significant b2 revealed dissimilar distribution of genes among 

parents. Maternal (c) and reciprocal (d) effects were non-significant.  

Results of formal analysis of variance under drought condition (Table 4.22b) showed that 

a and b items were highly significant indicating presence of both additive and dominance 

gene effects. The significance of b1 component illustrated importance of directional 

dominance. The highly significant b2 and b3 components indicated asymmertrical 

distribution of genes among parents and presence of dominance deviations unique to F1, 

respectively. Maternal (c) and reciprocal (d) effects were non-significant for the 

epidermal cell size under drought conditions. 

Leaf venations 

Analysis of variance for leaf venations under both normal and drought conditions (Table 

4.23a and 4.23b) illustrated similar information. Item a was highly significant 

representing involvement of additive and absence of dominance genetic effects. Non-

significance items b1, b2 and b3 indicated the absence of directional dominance with 

asymmetrical distribution of genes among parents along with absence of specific genetic 

effect, respectively. Maternal (c) and reciprocal (d) effects were non-significant.  
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Table 4.22. Formal analysis of variance for epidermal cell size  

a) Under normal condition  

Components of variation DF Mean squareso 
Retesting againsts 

c d 
a  5 506548.60 ** - - 
b  15  24165.21**   
 b1  1 32871.39 NS   
 b2  5  2349.002 NS   
 b3  9  35317.97 **   
c  5  6.84 NS   
d  10  21.36 NS   
Blocks 2 870.60   
B×a 10 1102.98   
B×b 30 777.01   
 B×b1 2 1940.94   
 B×b2 10  1896.83   
 B×b3 18  25.57   
B×c 10  33.69   
B×d 20  45.26   
Bl.int. 70 508.32   
Total 107    

 

  b) Under drought condition 

Components of variation DF Mean squareso Retesting againsts 
c d 

a  5  276645.20 ** - - 
b  15  16367.63 **   
 b1  1  68799.68*   
 b2  5  5647.10**   
 b3  9  16497.69**   
c  5  661.39 NS   
d  10  460.90 NS   
Blocks 2  131.78   
B×a 10  1275.89   
B×b 30 630.00   
 B×b1 2 923.95   
 B×b2 10 936.40   
 B×b3 18 427.12   
B×c 10 415.01   
B×d 20 455.89   
Bl.int. 70 641.81   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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Table 4.23. Formal analysis of variance for leaf venation 

 a) Under normal condition 

Components of variation DF 
Mean 
squareso 

Retesting againsts 
c d 

a  5 7.78** - - 
b  15 0.99 NS   
 b1  1 1.17 NS   
 b2  5 1.73 NS   
 b3  9 0.57 NS   
c  5 0.03 NS   
d  10 0.03 NS   
Blocks 2  0.05   
B×a 10  0.20   
B×b 30  0.17   
 B×b1 2  0.03   
 B×b2 10  0.14   
 B×b3 18  0.20   
B×c 10  0.18   
B×d 20  0.16   
Bl.int. 70  0.17   
Total 107    

 
 b) Under drought condition 

Components of variation DF 
Mean 

squareso 
Retesting againsts 

c d 
a  5 8.04** - - 
b  15 1.47 NS   
 b1  1 1.89 NS   
 b2  5 1.98 NS   
 b3  9 1.14 NS   
c  5 0.05 NS   
d  10 0.21   
Blocks 2 0.03   
B×a 10 0.39   
B×b 30 0.25   
 B×b1 2 0.04   
 B×b2 10 0.29   
 B×b3 18 0.25   
B×c 10 0.26   
B×d 20 0.39   
Bl.int. 70 0.31   
Total 107    

*=Significant at P≤ 0.05; **=Significant at P≤ 0.01; NS= Non-significant  
B = Blocks.  
O = Each item tested against its own block interaction. 
S=Retesting against c and d mean squares.
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4.2.2. Results of genetic components and graphical representation under normal and 

 drought conditions 

Plant height 

Table 4.24 illustrated that both D and H were significant displayed importance of both 

additive and genetic effects. However the value of H1 and H2 were unequal and smaller 

than D, indicated importance of additive effects and unequal distribution of genes among 

parents. This was also supported by the H2/4H1 ratio which was lesser than 0.25 and also 

pointed out unequal distribution of genes amongst the parents. Negative F value signified 

the unimportant role of dominant genes which was supported by low value of (4DH1+ 

F)1/2 / (4DH1 - F)1/2. The positive value of h2 indicated increasing geneʼs dominance at 

most of the loci. The degree of dominance was greater than one suggested absence of 

partial dominance in F1 hybrid. Environmental effects were also significant. The 

estimates of narrow sense heritability signified that all part of variation inherited was of 

additive nature. This was also confirmed in graphical representation (Fig 4.7a) as the 

intercept of regression line was positive. The figure further showed that genotype 6302, 

Faisalabad-08 and Chakwal-50 carry maximum dominant genes as being closest to the 

origin. However, the genotype Chakwal-86 contained maximum recessive genes as being 

farthest from the origin. The genotypes Sehar-06 and Lasani-08 has the intermediary 

position. 

The estimation of genetic components of variation presented the involvement of both 

additive and dominance genetic effects (Table 4.24). The values of H1 and H2 were lesser 

than D exposing presence of additive effects for plant height. The extent of H2 / 4H1 ratio 

was less than 0.25, supported unequal distribution of genes for the parameter amongst the 

parents. Negative F value indicated the greater frequency of recessive alleles supported 

by less than 1 value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The positive value of h2 indicated 

increasing gene’s dominance at most of the loci. The degree of dominance was less than 

one proposing the presence of partial-dominance in F1 hybrid also supported by the 

graphical representation where the intercept of regression line was also positive. The 

estimate of narrow sense heritability was 84%. Environmental variance was significant. 

Graphical representation Fig 4.7b showed that genotypes Chakwal-50 had maximum 

number of dominant genes for plant height. The genotype Sehar-06 had maximum 

recessive genes for the trait under drought conditions. The rest of four genotypes were at 

intermediary position. 
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Table 4.24. Estimates of genetic components of variation for plant height in a 6×6  

  diallel cross of wheat under normal and drought conditions 

Components of variation ő Estimates* 

Normal Drought 

D  16.52* ± 0.24 9.01* ± 0.51 

H1 2.19* ± 0.54 1.92NS ± 1.15 

H2 -2.33* ± 0.58 -1.49 NS ±1.24 

F 3.41* ± 0.60 2.05 NS ± 1.29 

h2 2.98* ± 036 2.59* ± 0.78 

E 0.45* ± 0.09 0.56* ± 0.19 

H2/4H1 0.16 0.23 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.73 0.70 

(H1/D)1/2 0.45 0.48 

 h2 (n.s)  0.91 0.84 

* value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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 Fig.4.7 : Wr/Vr graph for plant height under (a) normal and (b) drought conditions
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Flag leaf area  
Information in table 4.25 depicted that D is positive and significant. The value of D was 

less than H1 more than H2 representing the absence of additive type genetic effects. 

Higher value of H1 than H2 point out contribution of dominant genes for the inheritance 

of flag leaf area under normal conditions. The value of H2 /4H1 ratio (0.15) being less 

than 0.25, which showed unequal distribution of genes for the parameter amongst the 

parents. Positive F value indicated the important role of dominant genes which was 

favored by value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The degree of dominance was greater 

than one proposed over dominance in the expression of the trait also supported by 

graphical representation. The estimates of heritability in narrow sense was 70%. 

Environmental variance was also significant. 

Graphical representation (Fig 4.8a) illustrated that the genotype 6302 contained 

maximum dominant genes due to closest position to the origin. While, the genotype 

Faisalabad-08 had maximum recessive genes as was away from the origin. Rest of the 

parents was at intermediary position.  

Genetic components of variation in table 4.25 exposed presence of additive and 

dominance effects as D component was significant and greater than H1 and smaller than 

H. Additive genes were more important in controlling flag leaf area than non-additive 

genes The magnitude of narrow sense heritability was quite high, indicated the presence 

of additive variation in the total genetic variation inherited. 

The values of H1 and H2 were not equal to each other representing unequal distribution of 

dominant genes for flag leaf area in the parents it was also supported by H2/4H1 ratio 

being less than 0.25. Negative value of F also pointed out the presence of more recessive 

genes for flag leaf area in the parents. The positive value of h2 was noted. The degree of 

dominance was to a lesser extent than one, exhibited the presence of partial dominance 

type of gene action also supported by Wr/Vr graph. Environmental variance was non-

significant. Fig 4.8b illustrated that Sehar-06 contained maximum dominant genes 

responsible for inheritance of flag leaf area under drought conditions. The maximum 

recessive genes were acquitted by genotype Lasani-08. Genotype Chakwal-50, Chakwal 

86 and Faisalabad-08 were at intermediary position. 
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Table 4.25 Estimates of genetic components of variation for flag leaf area in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 14.79* ± 1.54 3.20* ± 0.16 

H1 23.82* ± 3.91 2.16* ± 0.41 

H2 14.17* ± 3.49 1.92* ± 0.37 

F 2.77 NS ± 3.76 -1.32* ± 0.40 

h2 4.18 NS ± 2.35 5.31* ± 0.25 

E 1.16* ± 0.59 0.01 NS ± 0.06 

H2/4H1 0.15 0.22 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.16 0.60 

(H1/D)1/2 1.27 0.82 

h2 (n.s) 0.70 0.83 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

  Ő = Components defined in materials and methods 
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Fig 4.8 : Wr/Vr graph for flag leaf area under (a) normal and (b) drought conditions 
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Number of tillers per plant  
Table 4.26 depicted that both D and H1 were positive and significant however D was 

greater than H components indicating that additive genetic effects were more important in 

controlling number of tillers per plant which were further substantiated by the ratio of 

H2/4H1 which was greater than 0.25. But the component H2 was positive and non- 

significant. The values of H1 and H2 were not equal to each other evidenced unequal 

distribution of dominant genes for number of tillers per plant. Negative value of F 

showed unimportant role of dominant genes which was supported by negative and low 

value of (4DH1+ F)1/2 / (4DH1 - F)1/2. 

Average degree of dominance was less than 1, which showed involvement of partial 

dominance for the inheritance of the trait. The value of h2 was positive which indicated 

the trend of dominance towards the parent having more number of tillers per plant. 

Heritability in narrow sense was 70%. Environmental variance was significant. The 

graphical representation also depicted the same with a position intercept of regression line 

The Fig. 4.9a further showed that Faisalabad-08 retained maximum dominant genes being 

near to the origin. While maximum recessive genes were contained in Chakwal-50 

followed by Chakwal-86 being furthermost from the origin. The components of variation 

in Table 4.26 displayed that value of E was non-significant. D was positive and 

significant representing the incidence of additive effects in controlling number of tillers 

per plant. The components H1 and H2 were greater than D signifying dominance effect for 

number of tillers per plant under drought conditions were more important than additive 

genes. The values of H1 and H2 were nearly equal representing symmetrical distribution 

of genes. 

 The ratio of H2 / 4H1 was also close to 0.25, which depicted equal distribution of genes 

for the parameter amongst the parents. Positive F value advocated the important role of 

dominant genes which was supported by high value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The 

positive value of h2 was also noted. The degree of dominance was greater than one telling 

the presence of over dominance in F1 hybrid which was also confirmed in the graphical 

presentation (Fig. 4.9b). The estimates of narrow sense heritability was 39%.  

The graph showed that Sehar-06 had maximum number of dominant genes and the 

Chakwal-50 possesses maximum recessive genes for number of tillers per plant under 

drought conditions. 
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Table 4.26. Estimates of genetic components of variation for number of tillers per   

   plant in a 6×6 diallel cross of wheat under normal and drought  

  conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 2.15* ± 0.05 1.01* ± 0.20 

H1 0.19 NS ± 0.13 3.31* ± 0.51 

H2 0.50* ± 0.11 3.04* ± 0.45 

F -1.31* ± 0.12 0.28 NS ± 0.49 

h2 5.85* ± 0.076 9.23* ± 0.30 

E 0.56* ± 0.02 0.03 NS ± 0.08 

H2/4H1 0.67 0.23 

(4DH1+ F)1/2 / (4DH1 - F)1/2 -0.02 1.17 

(H1/D)1/2 0.29 1.80 

h2 (n.s) 0.70 0.39 

* value is significant when it exceeds 1.96 after dividing it with its standard error. 

  Ő = Components defined in materials and methods 
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Fig. 4.9. Wr/Vr graph for number of tillers per plant under (a) normal, and (b) drought 

condition 
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Number of spikelets per spike 

The estimate of genetic components of variation showed that value of D was significant 

exposing the presence of additive effects in controlling number of spikelets per spike 

under normal conditions (Table 4.27). The components H1 and H2 were less than D 

displaying that genes showing dominance effect for the trait were less important than 

additive genes. 

The value of H2 / 4H1 ratio was nearly equal to 0.25, which displayed equal distribution 

of genes for the trait amongst the parents. Positive F value indicated the important role of 

dominant genes. The positive value of h2indicated increasing genes dominance at the 

most of loci. Environmental variance was significant. The estimate of narrow sense 

heritability was 91%. The mean degree of dominance was smaller than one signifying the 

occurrence of partial dominance in F1 hybrid which was supported by the positive 

regression line intercept. Graphical representation revealed that Chack-50 had maximum 

number of dominant genes being closest to the origin and Sehar-06 being farthest from 

the origin possessed maximum recessive genes for number of spikelets per spike under 

normal conditions Fig 4.10a. 

The genetic component D was significant and greater than H components (Table 4.27) 

illustrated presence of additive genetic effects for the control of the trait. The ratio of H2 / 

4H1 ratio was nearly equal to 0.25, which exposed equal distribution of genes for number 

of spikelets amongst the parents. Negative F value indicated that contribution of recessive 

genes in controlling number of spikelets per spike was more which was also favored by 

low value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The positive value of h2 was recorded. The 

estimates of narrow sense heritability was 90%.  

 The mean degree of dominance was less than one which suggested the presence of 

partial-dominance in F1 hybrid also substantiated in graphical representation where 

intercept of regression line was positive (Fig 4.10b). It was also displayed in the Wr / Vr 

graph that 6302 contained maximum number of dominant genes being closest to the 

origin. Whilst, Chakwal-50 had maximum recessive genes being away from the origin for 

controlling the inheritance of number of spikelets per spike under drought conditions.  
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Table 4.27. Estimates of genetic components of variation for number of spikelets per 

       spike in a 6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 3.85* ± 0.08 7.13* ± 0.16 

H1 0.23 NS ± 0.20 2.08* ± 0.41 

H2 0.25 NS ± 0.18 1.86* ± 0.37 

F 0.26 NS ± 0.20 -1.50* ± 0.40 

h2 0.69* ± 0.12 5.30* ± 0.25 

E 0.12* ± 0.03 0.0065 NS ± 0.062 

H2/4H1 0.27 0.22 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.32 0.67 

(H1/D)1/2 0.24 0.54 

h2 (n.s) 0.91 0.90 

 * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.10 : Wr/Vr graph for number of spikelets per spike under (a) normal and (b) drought 
conditions 
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Number of grains per spike 

The estimation of genetic components of variation exposed that value of D was 

significant indicating the involvement of additive effects in controlling number of grains 

per spike (Table 4.28). The components H1 and H2 were less than D cleared the important 

role of gene showing additive effects under normal conditions. The value of H2 / 4H1 

ratio was nearly equal to 0.25, which suggested equal distribution of genes for this 

parameter amongst the parents. Positive F value signified the greater frequency of 

dominant genes which was supported by high value of (4DH1+ F)1/2 / (4DH1 - F)1/2.  

The positive value of h2 was noted. The estimate of heritability in narrow sense was 97%. 

Environmental variance was non-significant. The degree of dominance was more than 

one suggesting the presence of dominance gene action also supported by graphical 

representation in Fig.4.11a. It was further detected that the genotype Chakwal-86 had 

maximum number of dominant genes and the variety Sehar-06 contained maximum 

recessive genes for number of grains per spike under normal conditions. 

The results presented in Table 4.28 under drought condition illustrated that the value of D 

was significant revealed the presence of additive effects in controlling this trait. The 

components H1 and H2 were less than D exposed the presence of additive genetic effects 

for number of grains per spike. The value of H2 / 4H1ratio was smaller than 0.25, which 

evidenced unequal distribution of genes for the parameter amongst the parents. Negative 

F value signified the unimportant role of dominant genes also supported by low value of 

(4DH1+ F)1/2 / (4DH1 - F)1/2. The positive value of h2 illustrated increasing genes 

dominance at most of loci. Environmental variance was non-significant. The degree of 

dominance was less than one proposing the occurrence of partial dominance in F1 hybrid 

which was supported by the regression slope. The estimate of narrow sense heritability 

was 96%. Fig. 4.11b further indicated that genotype Chakwal-86 contained maximum 

number of dominant genes for number of grains per spike as being near to the origin and 

the genotype 6302 had maximum recessive genes being farthest position from the origin 

under drought conditions. 
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Table 4.28: Estimates of genetic components of variation for number of grains per   
  spike in a 6×6 diallel cross of wheat under normal and drought conditions. 

Components of variation Ő Estimates* 

Normal Drought 

D 92.97* ± 0.72 87.88* ± 1.50 

H1 4.97* ± 1.82 11.02* ± 3.81 

H2 4.67* ± 1.62 8.91* ± 3.41 

F 4.14* ± 1.75 -20.41* ± 3.67 

h2 9.10* ± 1.09 13.54* ± 2.29 

E 0.32 NS ± 0.27 0.30 NS ± 0.57 

H2/4H1 0.24 0.20 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.21 0.51 

(H1/D)1/2 0.23 0.35 

h2 (n.s) 0.97 0.96 

 * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

102 
 

 

 

 

 

 

Fig. 4.11. Wr/Vr graph for number of grains per spike under (a) normal and (b) drought condition 
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Thousand grain weight 

The relative value of components of H1 (0.25) and H2 (0.32) were unequal in magnitude 

and D (22.20) was positive and significant (Table 4.29) which presents the importance of 

additive effects for the control of this trait. As H1 and H2 are unequal indicating the 

unequal distribution of genes. The value of H2 / 4H1 ratio was more than 0.25, which 

displayed equal distribution of genes for the trait amongst the parents. Positive F value 

signified the important role of dominant genes. The positive value of h2 was noted. The 

value of degree of dominance was smaller than one proposing the presence of partial 

dominance in F1 hybrid. The estimate of narrow sense heritability was 97%. The 

graphical representation of this parameter revealed that Chakwal-86 contains maximum 

number of dominant genes for this parameter. Faisalabad-08 had maximum recessive 

genes for controlling thousand grain weight under normal conditions (Fig 4.12a). 

The relative value of components of H1 and H2 were not equal in magnitude and D was 

positive under drought condition (Table 4.29). Positive value of D which is more than the 

values of H1 and H2 revealed the importance of additive effects for the control of this trait. 

As the value H1 is more than H2, displaying the unequal distribution of genes and it is also 

supported by the value of H2 / 4H1 ratio which was less than 0.25. Negative F value 

signified the unimportant role of dominant genes. The positive value of h2 was noted. The 

degree of dominance was also smaller than one which proposing the occurrence of partial 

dominance in F1 hybrid and was supported by the slope on the regression line in Fig-6.6b. 

The estimate of narrow sense heritability was 93%.  

The graphical representation of 1000 grain weight in Fig. 4.12b evidenced that 6302 had 

maximum number of dominant genes for this parameter. Chakwal-50 possesses 

maximum recessive genes for controlling this trait under drought conditions. 
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Table 4.29: Estimates of genetic components of variation for 1000-grain weight in a  

  6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 22.20* ± 0.04 18.89* ± 0.34 

H1 0.25* ± 0.11 3.19* ± 0.87 

H2 0.32* ± 0.10 2.87* ± 0.78 

F 1.29* ± 0.11 -0.60 NS ± 0.84 

h2 2.72* ± 0.07 6.99* ± 0.52 

E 0.25* ± 0.02 0.02 NS ± 0.13 

H2/4H1 0.33 0.22 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.76 0.93 

(H1/D)1/2 0.11 0.41 

h2 (n.s) 0.97 0.93 

 * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.12: Wr/Vr graph for 1000-grain weight under (a) normal and (b) drought condition 
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Spike length   

The genetic component D was positive and significant as presented in Table 4.30. 

Similarly genetic components H1 and H2 were positive and significant. The results 

indicated that non-additive type gene effects contributed much than additive effects. The 

ratio of H2 / 4H1 ratio was greater than 0.25, which revealed equal distribution of genes 

for spike length amongst the parents. Negative F value intended the unimportant role of 

dominant genes which was supported by low value of (4DH1+ F)1/2 / (4DH1 - F)1/2 for the 

spoke length under normal conditions. The positive value of h2 was noted. The mean 

degree of dominance was greater than one, indicating the presence of over-dominance in 

F1 hybrid. The estimate of heritability in narrow sense was 59%. Wr/Vr graph (Fig. 4.13a) 

illustrated that Sehar-06 had maximum number of dominant genes for spike length and it 

was followed by Chakwal-86. While, Chakwal-50 had maximum recessive genes for 

controlling the spike length and Lasani-08 was its follower. 

The value of genetic components of H1 and H2 were unequal in magnitude and D was 

positive and significant under drought (Table 4.30). The value of H2 / 4H1 ratio was equal 

to 0.25, which exposed equal distribution of genes for the trait among the parents. 

Negative F value intended the unimportant role of dominant genes which was supported 

by low value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The positive value of h2 was noted. The 

degree of dominance was more than one proposing the absence of partial dominance and 

presence of over dominance in F1 hybrid which was supported by the slope on the 

regression line in Fig 6.7b. The estimation of narrow sense heritability was 59%. The 

graphical representation of this spike length under drought conditions (Fig. 4.13b) 

revealed that genotype Sehar-06 possessed maximum number of dominant genes and 

Chakwal-86 was its follower. But genotype Chakwal-50 and Lasani-08 contained 

maximum recessive genes for controlling spike length under drought conditions. 



 

107 
 

Table 4.30: Estimates of genetic components of variation for spike length in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 1.88* ± 0.05 1.68* ± 0.07 

H1 2.48* ± 0.14 2.24* ± 0.17 

H2 2.53* ± 0.12 2.26* ± 0.15 

F -0.52* ± 0.13 -0.48* ± 0.16 

h2 8.97* ± 0.08 7.56* ± 0.10 

E 0.18* ± 0.02 0.16* ± 0.03 

H2/4H1 0.26 0.25 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.79 0.78 

(H1/D)1/2 1.15 1.15 

h2 (n.s) 0.59 0.59 

* value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.13 : Wr/Vr graph for spike length under (a) normal and (b) drought condition. 



 

109 
 

Spike density  

The estimate of genetic components of variation for spike density under normal 

conditions (Table 4.31) depicted that value of D was positive and significant exposed the 

presence of additive effects in controlling spike density. The extent of H1 and H2 was 

equal to D value exhibiting that genes presenting dominance effect and other genes 

showing additive effects were equally important for spike density. The value of H2 / 4H1 

ratio was greater than 0.25, which showed equal distribution of genes for the trait 

amongst the parents. Positive F value signified the important role of dominant genes. The 

positive value of h2 was noted. 

Indicating the occurrence of partial dominance in F1 hybrid, was also supported by the 

slope of regression line slope ( Fig. 4.14a). The estimate of narrow sense heritability was 

61%. 

Graphical representation pointed out that Sehar-06 being in close vicinity to the origin 

possessed maximum number of dominant genes whilst Chakwal-50 had recessive genes 

due to its distal position from the origin for spike density under normal conditions.  

Table 4.31 pointed out the estimate of genetic components of variation for spike density 

under drought conditions. The value of D component was positive and significant 

illustrating the presence of additive effects in controlling spike density. The extent of H1 

and H2 was lesser than D exhibiting that genes showing dominance effect for spike 

density under drought were less important than additive genes. 

The value of H2 / 4H1 ratio was less than 0.25, which evidenced unequal distribution of 

genes for the trait amongst the parents. Negative F value signified the unimportant role of 

dominant genes. The positive value of h2 was noted. The degree of dominance was less 

than one, suggesting the presence of partial dominance in F1 hybrid which was also 

supported by the slope of regression line in Fig. 4.14b. The estimate of narrow sense 

heritability was 85%. 

Graphical representation manifested that Chakwal-50 possessed maximum recessive 

genes being away from the origin while Sehar-06 had maximum number of dominant 

genes for spike length being closest to the origin for spike density under drought 

conditions.  
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Table 4.31: Estimates of genetic components of variation for spike density in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 0.03* ± 0.0016 0.04* ± 0.0013 

H1 0.03* ± 0.0042 0.01* ± 0.0032 

H2 0.03* ± 0.0037 0.01* ± 0.0029 

F 0.0023 NS ± 0.0040 -0.02* ± 0.0031 

h2 0.10* ± 0.0025 0.03* ± 0.0019 

E 0.0030* ± 0.00063 0.0027* ± 0.00048 

H2/4H1 0.26 0.24 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.08 0.38 

(H1/D)1/2 0.88 0.56 

h2 (n.s) 0.61 0.85 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.14: Wr/Vr graph for spike density under (a) normal and (b) drought condition 
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Grain weight per spike 

Table 4.32 pointed out the values of the genetic components for grain weight per spike 

under normal conditions.  The results illustrated that the value of D component was less 

than that of H1 and H2 which exposed that dominance type of genetic effects were 

concerned in the inheritance of grain weight per spike under normal conditions. The 

negative value of F was observed which depicted that the proportion of recessive is in 

excess than the dominant alleles.  

 The positive sign of h2 was observed. The degree of dominance was greater than one, 

thus supporting the presence of over-dominance in the F1 hybrids and this was also 

supported by the slope of regression line in Fig-6.9a. The ratio of H2 / 4H1 is higher than 

0.25, which provide information of unequal distribution of genes in the parents. The value 

of narrow sense heritability was 52% for grain weight per spike under normal conditions. 

The location of varietal points along the regression line illustrated that Chakwal-86 

contained the maximum number of dominant genes and was followed by 6302. Whilst 

Sehar-06 had the distal position along the regression line, expressed the highest number 

of recessive genes for grain weight per spike under normal conditions (Fig. 4.15a). 

Table 4.32 depicted the genetic components of variation for grain weight under drought 

conditions. The value of D component was positive and significant. H1 and H2 were also 

significant. Additive genes were more important in controlling grain weight per spike 

than non-additive type genes. The unequal distribution of dominant genes for spike 

density in the parents was present as indicated from the different values of The H1 and H2 

components. Non-significant and negative value of F pointed out the unimportant role of 

dominant genes which was supported by the low value of (4DH1+ F)1/2 / (4DH1 - F)1/2. 

The value of h2 was observed positive. The degree of dominance was appeared less than 

one. Fig.4.15b for the grain weight under drought conditions indicated that the regression 

line intercepted the Wr-axis below the origin indicating the over-dominance type of gene 

action. From the position of the array points on the regression line it was observed that 

6302 had maximum number of dominant genes as it was closest to the origin, whilst 

Chakwal-50 had mostly the recessive genes being away from the origin. Heritability in 

narrow sense was recorded 56%. 

. 
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Table 4.32: Estimates of genetic components of variation for grain weight per spike   

  in a 6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 0.24* ± 0.01  0.18* ± 0.02 

H1 0.35* ± 0.03 0.35* ± 0.051 

H2 0.36* ± 0.03 0.34* ± 0.051 

F -0.02 NS ± 0.03 -0.04 NS ± 0.05 

h2 1.33* ± 0.02 0.80* ± 0.03 

E 0.02* ± 0.0054 0.0094 NS ± 0.0085 

H2/4H1 0.26 0.24 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.93 0.84 

(H1/D)1/2 1.21 1.39 

h2 (n.s) 0.52 0.56 

   * value is significant when it exceeds 1.96 after dividing it with its standard error. 

  Ő = Components defined in materials and methods 
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 Fig. 4.15 : Wr/Vr graph for grain weight per spike under (a) normal and (b) drought condition
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Biomass per plant  

The component of variation D in the Table 4.33 evidenced that it was positive and 

significant. The values of component H1 was greater than H2 disclosing that distribution 

of genes looks to be unequal, which was supported by the low value of H2 / 4H1 ratio 

(0.13) for biomass per plant under normal condition. Negative F value was noted which 

exposed that recessive alleles are more than dominant. The value of proportion of 

dominant and recessive genes in the parents was less than one, illustrated dominant and 

recessive loci are not in equal frequency. The positive and significant value of h2 was 

observed which indicated increasing gene ̓s dominance. The degree of dominance was 

greater than one, suggesting the presence of over dominance in F1 hybrid it was also 

supported by graph as regression line incepted the Wr-axis below the origin (4.16a). 

Environmental variance was significant. The estimate of the value of narrow sense 

heritability was 0.74%.  

Fig. 4.16a revealed the graphical representation of biomass per plant under normal 

condition.Chakwal-50 possessed maximum dominant genes as is close to the origin 

while, 6302 comprised of maximum recessive genes as located away from the origin.  

The component of variation D in the Table 4.33 under drought condition presented that 

that it was positive and significant. The value of H1 was nearly equal to H2 indicating 

equal distribution of genes amongst parents which was also supported the value of H2 / 

4H1 ratio was about equal to 0.25, which expressed nearly equal distribution of dominant 

genes for biomass per plant amongst the parents. Negative F value signified the 

unimportant role of dominant genes which was supported by low value of (4DH1+ F)1/2 / 

(4DH1 - F)1/2.  

 The positive and significant value of h2 was noted, which disclosed increasing gene̕ s 

dominance at most of loci. The degree of dominance was lesser than 1, intimating the 

presence of partial-dominance in F1 hybrid. Environmental variance was significant. The 

estimate of narrow sense heritability was 89% for biomass per plant under drought 

condition.  

Fig. 4.16b disclosed that additive of gene action along with partial dominance controlling 

in the genetic mechanism of biomass per plant as the regression line intercepted the 

covariance (Wr) axis above the origin. As for as the position of the array points on the 

regression line is concerned, 6302 contained the maximum dominant genes because of its 
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closest position to the origin. While Faisalabad-08 possessed the highest number of 

recessive genes, being away from the origin. 

 

Table 4.33: Estimates of genetic components of variation for biomass per plant in a  

  6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 5.67* ± 0.90 38.22* ± 0.97 

H1 14.79* ± 2.29 9.11* ± 2.46 

H2 7.71* ± 2.05 8.03* ± 2.20 

F -3.02* ± 2.21 -6.45* ± 2.37 

h2 0.88* ± 1.38 26.50* ± 1.48 

E 0.79* ± 0.34 0.85 * ± 0.36 

H2/4H1 0.13 0.22 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.72 0.71 

(H1/D)1/2 1.61 0.49 

h2 (n.s) 0.74 0.89 

* value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.16: Wr/Vr graph for biomass per plant under (a) normal, and (b) drought 

condition  
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Grain yield per plant 

Table 4.34 presented significant values of genetic components D, H1 and H2 while the 

environmental variance was non–significant under normal condition. 

The significant value of D component exhibited that, this attribute was under the control 

of additive gene effects. However, its value was more than H1 and H2 which also 

suggested presence of additive effects. The value of H1 was bigger than H2 pointed out 

unequal contribution of dominant genes for inheritance of grain yield per plant. It was 

also confirmed by the low value of H2 / 4H1 (0.22). Negative and non-significant value of 

F expressed the absence of dominant genes in parents and it was supported by high value 

of (4DH1+ F)1/2 / (4DH1 - F)1/2.  

 The value (0.96) of h2 was positive and significant, which illustrated that dominance 

effect of genes is appreciable and it is towards the parent with increasing grains yield per 

plant. The degree of dominance was smaller than one, indicated the absence of over-

dominance type of gene action. Heritability in narrow sense was 74%. In the 

circumstances of presence of additive effects controlling this character, genetic 

exploitation to breed for desirable grain yield into new varieties appears to straight 

forward matter under normal conditions. 

As for as the Fig. 4.17a is concerned it was appeared that Faisalabad-08 contained 

maximum dominant genes as this variety being nearer to the origin and it was followed 

by Lasani-08.Chakwal-50 possessed maximum recessive genes being at distal position 

from the origin and its follower was Chakwal-86 for grain yield under normal conditions.  

The degree of dominance was lesser than 1, exposed the absence of over-dominance type 

of gene action grain yield under drought conditions. Heritability in narrow sense was 

85%. In the occurrence of additive effects controlling this parameter, genetic 

manipulation to breed for attractive grain yield / plant into new developing varieties looks 

clear-cut matter under drought conditions. The Vr / Wr graph (Fig. 4.17b) depicted that 

the genotype 6302 possessed the maximum dominant grains for grain yield per plant per 

spike under drought conditions; follower was Chakwal-86 as these were closest to the 

origin. Maximum recessive genes were contained by Sehar-06 and followed by 

Faisalabad-08 being farthest from the origin.  

 Since the regression line cut the Wr axis above the point of origin showing there by an 

additive type of gene action for the grain yield under drought conditions.  
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Table 4.34. Estimates of genetic components of variation for grain yield per plant in   

  a 6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 2.96* ± 0.27 6.54* ± 0.11 

H1 2.73* ± 0.65 2.70* ± 0.28 

H2 2.41* ± 0.58 2.60* ± 0.25 

F -0.83 NS ± 0.63 -1.15* ± 0.27 

h2 8.26* ± 0.39 10.28* ± 0.17 

E 0.13 NS ± 0.10 0.0 NS ± 0.041 

H2/4H1 0.22 0.24 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.75 0.76 

(H1/D)1/2 0.96 0.64 

h2 (n.s) 0.74 0.85 

 * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 



 

120 
 

 

 

Fig. 4.17 : Wr/Vr graph for grain yield per plant under (a) normal and (b) drought condition
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Harvest index (%)  
Table 4.35 presented estimation of genetic components of variation for harvest index (%) 

under normal conditions. Component D was positive and significant. The values of 

component H1 and H2 were greater than D which was positive and significant illustrated 

the importance of non-additive effects for the control of this parameter. As it was seen 

that H1 and H2 are unequal in magnitude exposed the unequal distribution of genes. The 

value of H2 / 4H1 ratio was less than 0.25, which depicted unequal distribution of genes 

for the attribute amongst the parents. Positive and non-significant F value exhibited the 

important role of dominant genes which was supported by high value of (4DH1+ F)1/2 / 

(4DH1 - F)1/2. The positive value of h2 was detected. The degree of dominance was 

greater than 1 clarifying the presence of over-dominance in F1 hybrid which was also 

confirmed by the slope of the regression line in Fig. 4.18a. The estimate of narrow sense 

heritability was 0.24%.  

The graphical representation evidenced that 6302 had highest dominant genes due closest 

position to origin and Chakwal-50 contained maximum recessive genes being away from 

the origin, for controlling of harvest index (%) under normal condition. 

The components of variation i.e., D, H1 and H2 and F were significant under drought 

condition. The value of component D was higher than the value of H1 and H2 

representing the present of additive genetic effects. Values of components H1 and H2 

were nearly equal in magnitude disclosing the equal distribution of genes. The value of 

H2 / 4H1 ratio was close to 0.25, which further confirmed equal distribution of genes for 

the control the attribute amongst the parents (Table 4.36). Positive and non-significant F 

value signified the important role of dominant genes which was supported by high value 

of (4DH1+ F)1/2 / (4DH1 - F)1/2. The positive and significant value of h2 was noted which 

confirmed overall dominance effect of heterozygous loci. The degree of dominance was 

less than 1, suggesting the presence of partial dominance in F1 hybrid which was 

supported by the slope on the regression line in Fig. 4.18b. The estimate of narrow sense 

heritability was 66%.  

In graphical analysis it was detected that Chakwal-50 contained maximum dominant 

genes while Lasani-08 possessed highest number of recessive genes for the inheritance of 

harvest index (%) under drought conditions. 
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Table 4.35: Estimates of genetic components of variation for harvest index in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 5.32* ± 2.31 7.10* ± 0.15 

H1 22.16* ± 5.85 3.66* ± 1.02 

H2 16.25* ± 5.23 3.08* ± 0.91 

F 7.93 NS ± 5.63  1.76* ± 0.99 

h2 40.86* ± 3.51 5.69* ± 0.62 

E 1.12 NS ± 0.88 0.75* ± 0.15 

H2/4H1 0.18 0.21 

(4DH1+ F)1/2 / (4DH1 - F)1/2 2.15 1.42 

(H1/D)1/2 2.04 0.72 

h2 (n.s) 0.24 0.66 

   * value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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Fig. 4.18: Wr/Vr graph for harvest index under (a) normal, and (b) 

drought condition  

   6302

Chakwal-50 
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Extrusion length  
The genetic components results (Table 4.36) disclosed that D, H1, H2 and h2 were positive 

and significant while F was negative and also significant.  

The component D was bigger than H1 and H2 exposing the presence of additive 

genetic effects in controlling extrusion length under normal conditions. The extent of H2 / 

4H1 ratio was smaller than 0.25, which evidenced unequal distribution of genes for the 

character amongst the parents. Negative F value indicated the unimportant role of 

dominant genes which was supported by low value of (4DH1+ F)1/2 / (4DH1 - F)1/2. 

The negative value of h2 signified the unequal distribution of dominant genes for the 

attribute. The degree of dominance was lesser than 1, suggesting the presence of partial 

dominance in F1 hybrid which was supported by graph as the regression line intercepted 

the covariance (Wr) above the origin in Fig. 4.19a. The estimate of narrow sense 

heritability was 93%. 

  Chakwal-50 possessed maximum number of dominant genes as it was present 

near to the origin. Sehar-06 contained highest number of recessive genes as it was at the 

farthest position from the origin for extrusion length under normal conditions. 

Table 4.36 pointed out that the magnitudes of components D, H1 and H2 were positive 

and significant whilst F was only negative but also significant for extrusion length under 

normal conditions. The value of H1 and H2 were not equivalent. The extent of D was 

greater as compared to H1 and H2, detected that genes showing dominance effects for 

inheritance of extrusion length under drought conditions were less important than additive 

genes. The ratio of H2 / 4H1 was smaller than 0.25, which revealed unequal distribution 

of genes for extrusion length amongst the parents. Negative F value signified the 

unimportant role of dominant genes which also supported by low value of (4DH1+ F)1/2 / 

(4DH1 - F)1/2.The negative value of h2 was noted. The degree of dominance was less than 

1 telling the presence of partial-dominance in F1 hybrid. The estimate of heritability in 

narrow sense was 94% for the extrusion length under drought condition. Wr / Vr graph 

represented in Fig. 4.19b for extrusion length under drought conditions illustrated that 

Chakwal-86 had highest number of recessive genes for the trait. Chakwal-50 possessed 

maximum number of dominant genes for extrusion length under drought conditions.
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Table 4.36: Estimates of genetic components of variation for extrusion length in a  

  6×6 diallel cross wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 5.71* ± 0.0071 5.79* ± 0.03 

H1 0.60* ± 0.02 0.76* ± 0.09 

H2 0.57* ± 0.02 0.68* ± 0.08 

F -1.51* ± 0.02 -1.27* ± 0.08 

h2 2.48* ± 0.01 1.92* ± 0.05 

E 0.15* ± 0.0027 0.04* ± 0.01 

H2/4H1 0.24 0.22 

(4DH1+ F)1/2 / (4DH1 - F)1/2 0.42 0.54 

(H1/D)1/2 0.32 0.36 

h2 (n.s) 0.93 0.94 

 

* value is significant when it exceeds 1.96 after dividing it with its standard error. 

Ő = Components defined in materials and methods 
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 Fig. 4.19 : Wr/Vr graph for extrusion length under (a) normal and (b) drought condition 



 

127 
 

Stomatal frequency  

The estimation of genetic components of variation for stomatal frequency under normal 

conditions are presented in Table 4.37. Result showed that the value of D was positive 

and significant expressing, the presence of additive effects in controlling stomatal 

frequency. 

The D component magnitude was less as compared to the values of H2 depicted that genes 

showing dominance for stomatal frequency were more important than additive effects. 

The value of H2 / 4H1 ratio was lesser than 0.25, which disclosed unequal distribution of 

genes for the trait amongst the parents. Positive F value signified the important role of 

dominant genes which was supported by high value of (4DH1+ F)1/2 / (4DH1 - F)1/2.  

The positive value of h2 was noted which increasing geneʼs dominance at the most of 

loci. The degree of dominance was greater than 1 signifying the presence of over 

dominance in F1 hybrid which was also supported by the graph showing regression line 

slope. The estimate of narrow sense heritability was 69%. Fig.4.20a projected that 

genotype 6302 contained highest number of dominant genes for the trait whilst, Chakwal-

50 had maximum number of recessive genes for stomatal frequency under normal 

conditions. . 

Estimation of genetic components of variation Table 4.37 displayed that value of 

components D, H1 and H2 was positive ad significant except F value which was only 

negative but also significant under drought condition. The extent of H1 and H2 was lesser 

than D value expressing that genes showing dominance effect for stomatal frequency 

were unimportant as compared to additive genes. 

 The positive value of D determined the presence of additive effects in controlling the 

trait. The value of H2 / 4H1 ratio was less than 0.25, which illustrated unequal distribution 

of genes for stomatal frequency amongst the parents. Negative F value intended the 

unimportant role of dominant genes which was supported by low value of (4DH1+ F)1/2 / 

(4DH1 - F)1/2. The positive value (4.71) of h2 was recorded . The degree of dominance 

was less than 1, suggesting the presence of partial dominance in F1 hybrid which was also 

confirmed by the regression line slope and its incepted Wr-axis. The heritability estimates 

of narrow sense was 83% for the trait under drought conditions.  

 From the Fig. 4.20b, it was observed that maximum number dominant genes were 

contained by Lasani-08 and followed by Faisalabad-08 whilst highest number of 
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recessive genes were possessed by the variety Chakwal-86 and its follower was Chakwal-

50 for stomatal frequency under drought conditions.  

 

Table 4.37: Estimates of genetic components of variation for stomata frequency in   

  a 6×6 diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 1.23* ± 0.13 2.44* ± 0.08 

H1 2.007* ± 0.34 1.34* ± .21 

H2 1.19* ± 0.30 1.21* ± 0.19 

F 0.22NS ± 0.33 -1.41* ± 0.20 

h2 0.28* ± 0.20 4.71* ± 0.13 

E 0.10 NS ± 0.05 0.12* ± 0.03 

H2/4H1 0.15 0.23 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.15 0.44 

(H1/D)1/2 1.27 0.74 

h2 (n.s) 0.69 0.83 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

  Ő = Components defined in materials and methods 
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Fig. 4.20. Wr/Vr graph for stomatal frequency under (a) normal and (b) drought condition
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Stomata size  

The estimates of genetic components of variation for stomata size are represented in 

Table 4.38. The value of components D, H1, H2 and F were positive and significant whilst 

the value of E environmental component was observed non-significant. 

 The results pointed out that the value of D component was much greater than H1 and H2 

values, which affirmed that additive type of gene action was involved in the inheritance of 

this attribute under normal conditions. The positive value of F displayed the important 

role of dominant genes which was supported by high value of (4DH1+ F)1/2 / (4DH1 - 

F)1/2.  

 The positive and significant value of h2 was recorded which disclosed overall dominant 

effects of heterozygous loci. The degree of dominance was less than 1, confirming the 

presence of partial dominance in the F1 hybrids and this was also supported by the slope 

of regression line as regression line intercepted Wr-axis above the origin (4.21a).  

The ratio of H2 / 4H1 is nearly equal to 0.25, which provide equal distribution of the 

genes in the parents for this parameter. The estimate of heritability in narrow sense was 

89%.  

The distribution of parental positions along the regression line, explained that Chakwal-

50 possessed highest number of dominant genes and its follower was Chakwal-86 as 

these varieties were located close to the origin. Lasani-08 owned the maximum number of 

recessive genes and Sehar-06 followed it as these varieties possessed distal position on 

the regression line away from the origin for the stomata size under normal conditions 

(Fig. 4.21a).  

 Estimation of genetic components of variation are displayed in Table 4.38, indicated 

significant additive effects D under drought condition.. The value of D component was 

greater than the value of H1 and H2, which illustrated the important role of additive 

effects for the inheritance of this trait. H1 and H2 were not equal to each other exposed 

that the distribution of the genes for this attribute was not equal. The value of H2 / 4H1 

ratio was less than 0.25, which provide further evidence of unequal distribution of the 

genes in the parents. Negative value of F component signified the unimportant role of 

dominant genes which was supported by low value of (4DH1+ F)1/2 / (4DH1 - F)1/2 .  

The positive and significant value of h2 was noted. The degree of dominance was smaller 

than 1, intimating the presence of partial dominance in first filial generation which was 
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also supported by the slope of the regression line. Eighty eight percent was the estimate of 

narrow sense heritability.  

A graphic representation (Fig. 4.21b) pointed out that highest number of dominant genes 

for control of stomatal size were present in variety Lasani-08 being nearest to the origin. 

While variety 6302 contained maximum number of recessive genes being located away 

from the origin as compared to other parents for stomata size under drought conditions. 

 

Table 4.38. Estimates of genetic components of variation for stomata size in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 50338.81*±427.66 18679.39NS±474.98 

H1 11263.46*±1085.65 5140.33*± 1205.78 

H2 10972.53* ± 969.84 4776.72*± 1077.15 

F 2057.14*±1044.769 -2936.60*±1160.38 

h2 4106.84* ± 652.76 952.63NS ± 725.00 

E 12.33NS ± 163.25 324.06 NS ± 181.31 

H2/4H1 0.24 0.23 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.09 0.74 

(H1/D)1/2 0.47 0.52 

h2 (n.s) 0.89 0.88 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

 Ő = Components defined in materials and methods 
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Fig.4.21 : Wr/Vr graph for stomatal size under (a) normal, and (b) drought 

condition  
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Epidermal cell size  

The results illustrated in Table 4.39 that D, H1, H2 and F components were positive and 

significant whilst E component was non-significant. The magnitude of value H1 and H2 

was lesser than D component, displayed that genes presenting dominance effect for the 

epidermal cell size were less important than additive genes. 

The values of H1 and H2 were nearly equal exposed that the distribution of genes for the 

character appeared to be equal, which was also supported by the ratio of H2 / 4H1 having 

value near to 0.25. Positive F value signified the important role of dominant genes which 

was supported by high value of (4DH1+ F)1/2 / (4DH1 - F)1/2. The positive and significant 

value of value of h2 was noticed which indicated overall dominance effects of 

heterozygous loci. The extent of degree of dominance was smaller than 1, indicating the 

presence of partial dominance in F1 hybrid. The estimation of narrow sense heritability 

was 87%. 

Fig. 4.22a pointed out that maximum recessive were contained by Sehar-06 and follower 

was Faisalabad-08 being positioned away from the origin. Highest number of dominant 

genes were possessed by the Chakwal-50 and closely followed by Chakwal-86 and 6302 

being present near to the origin.  

The results regarding genetic components are offered in Table 4.39 for the epidermal cell 

size under drought conditions. Components D, H1, H2 and h2 were positive and 

significant, while F was negative and significant while E was non-significant.  

The significant values of D and H1 exposed that both additive and dominance effects 

were involved in the expression of epidermal cell size under drought condition. The value 

of D was greater than H1 and H2, which evidenced that additive effects were more 

important as compared to the dominance effects. 

 The values of H1 and H2 were close to each other which represented that distribution of 

positive and negative genes amongst parents were equal and supported by the value of H2 

/ 4H1 ratio was also very close to 0.25, which also exhibited equal 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)1/2 / (4DH1 - F)1/2. 

The positive value of h2 was noted. The degree of dominance was less than 1, suggesting 

the presence of partial-dominance in F1 hybrid. The estimation of narrow sense 

heritability was 84 %. 
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Wr and Vr graph pointed out that variety Chakwal-5 contained maximum dominant genes 

being near to the origin and was followed by Chakwal-86 and 6302. Whilst Sehar-06 had 

highest number of recessive genes and its follower was Lasani-08 and Faisalabad-08 for 

epidermal cell size under drought conditions (Fig. 4.22b). 

 

 

Table 4.39: Estimates of genetic components of variation for epidermal cell size in   

  a 6×6 diallel cross of wheat under normal and drought conditions 

Components of variationŐ Estimates* 

Normal Drought 

D 58359.08* ± 608.14 22971.86*±1179.49 

H1 16171.36*±1543.81 11608.76*±2994.24 

H2 15764.55*±1379.127 10493.32*±2674.83 

F 2540.30* ± 1485.68 -6581.32*±2881.49 

h2 5991.30* ± 928.24 12624.45*±1800.33 

E 172.79 NS ± 232.14 209.21 NS ± 450.24 

H2/4H1 0.24 0.23 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.09 0.66 

(H1/D)1/2 0.53 0.71 

h2 (n.s) 0.87 0.84 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

 Ő = Components defined in materials and methods
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Fig. 4.22: Wr/Vr graph for epidermal cell size under (a) normal, and (b) drought 

condition  
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Leaf venation  

Table 4.40 described that components D, H1, H2, H2 / 4H1 and h2 were positive and 

significant while F was only negative and significant. The value of H1 and H2 are less 

than D displayed that genes representing additive effects are more important than 

dominance effects for leaf venations under normal conditions. 

The H2 / 4H1 ratio was less than 0.25, which depicted unequal distribution of genes for 

leaf venations amongst the parents. Negative F value signified the unimportant role of 

dominant genes which was supported by high value of (4DH1+ F)1/2 / (4DH1 - F) 1/2. The 

positive value of h2 was noticed. The degree of dominance was less than 1, suggesting the 

presence of partial-dominance in F1 hybrid. The estimate of narrow sense heritability was 

69 %.  

 Graphical representation (Fig. 4.23a) reveals that the parent 6302 and SChakwal-86 

owned highest dominant genes as were located near to the origin respectively. Maximum 

dominant genes were possessed by the Chakwal-50 and Lasani-08 as being situated away 

the origin for leaf venations under normal conditions.  

Genetic components are illustrated in the Table 4.40 for the leaf venations under drought 

conditions. Component D was positive and significant. The value of H1 and H2 were 

greater than D, expressing that genes showing presence of dominance effects for leaf 

venations were more important than additive effects. The value of (H1/D)1/2 was greater 

than 1, expressing dominance effects.  

The H2 / 4H1 ratio was also less than 0.25, which exposed unequal distribution of genes 

for leaf venations between the parents. Negative and non-significant F value was noticed. 

The extent of (4DH1+ F)1/2 / (4DH1 - F)1/2 0.90 was observed. The positive and non-

significant value of h2 was noticed which depicted that increasing gene, s dominance at 

most of the loci. The degree of dominance was greater than 1, suggesting the presence of 

over-dominance in F1 hybrid. The estimate of narrow sense heritability was 59% for the 

leaf venations under drought conditions.  

A graphical presentation of results illustrated that 6302 by virtue of its position on the 

regression line contained highest number of dominant genes amongst the parents and its 

follower was Chakwal-86 being closest to the origin. Maximum number of recessive 

genes for the leaf venations under drought conditions were possessed by the Lasani-08 
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and followed by the Sehar-06 being located at the farthest position on the regression line 

from the point of origin (Fig. 4.23b).  

Table 4.40: Estimates of genetic components of variation for leaf venations in a 6×6   

  diallel cross of wheat under normal and drought conditions 

Components of variation Ő Estimates* 

Normal Drought 

D 0.56* ± 0.06 0.41* ± 0.13 

H1 0.90* ± 0.16 1.15* ± 0.33 

H2 0.55* ± 0.15 0.78* ± 0.29 

F 0.06 NS ± 0.16 -0.07 NS ± 0.31 

h2 0.19 NS ± 0.10 0.29 NS ± 0.20 

E 0.06* ± 0.02 0.10* ± 0.05 

H2/4H1 0.15 0.17 

(4DH1+ F)1/2 / (4DH1 - F)1/2 1.09 0.90 

(H1/D)1/2 1.27 1.67 

h2 (n.s) 0.69 0.59 

  * value is significant when it exceeds 1.96 after dividing it with its standard error. 

  Ő = Components defined in materials and methods 
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Fig. 4.23 : Wr/Vr graph for leaf venation under (a) normal and (b) drought condition 
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4.7. Correlation  

Pearson (1920) assessment method was used to estimate the correlation coefficients in 

wheat under normal and drought conditions. Epistatic effects of different genes and 

linked genes are main source of correlation amongst plant traits. Environmental 

conditions could not be ignored in generating correlation. Simple correlation is populated 

as under.  

A. Correlation study under normal condition 

 Plant height 

 Positive and significant correlation of plant height (Table 4.41) was observed with flag 

leaf area, stomatal frequency, stomatal size, epidermal cell size, number of tillers per 

plant, number of spikelets per spike, biomass per plant,  spike length, extrusion length and 

leaf venation whilst positive and non-significant with number of grains per spike, grain 

weight per spike 1000-grain weight. Negative association was recorded with grain yield 

per plant, harvest index and spike density. 

 Flag leaf area 

correlation for flag leaf area (Table 4.41) was positive and significant with stomatal 

frequency, stomata size, epidermal cell size, 1000-grain weight, number of tillers per 

plant,  biomass per plant, grain yield per plant, extrusion length, and leaf venation while 

negative and significant relationship with number of spikelets per spike, number of grains 

per spike, grain weight per spike, spike density and harvest index has negative and non-

significant correlation. 

Stomatal frequency  

Table 4.41 indicated that stomata size , epidermal cell size, number of tillers per plant, 

biomass per plant, grain yield ,and leaf venation has positive and non significant had 

positive and significant association while harvest index had positive and non-significant 

with stomatal frequency. Negative and non-significant association under normal 

environment was found out for number of spikelets per spike , number of grains per 

spike, grain weight per spike , 1000-grain weight and  spike density whilst negative and 

non-significant for spike length with stomatal frequency . 

 Stomata size  

Positive and significant association was observed amongst stomata size and other traits, 

epidermal cell size, number of tillers per plant, , grain yield per plant, extrusion length 
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and leaf venation. Positive and non-significant correlation of stomata size with spike 

length was observed. 

Negative and significant correlation was recorded with harvest index(%),while negative 

and highly significant association between stomata size and number of spikelets per 

spike, number of grains per spike, grain weight per spike , 1000-grain weight, biomass 

per plant, and spike density detected (Table 4.41). 

Epidermal cell size 

Epidermal cell size has positively and significantly correlation with number of tillers per 

plant, biomass per plant, grain yield per plant, spike length, extrusion length and leaf 

venations. Negatively and significantly associated of epidermal cell size was observed 

with number of spikelets per spike, number of grains per spike, grain weight per spike, 

1000-grain weight, harvest index and spike density (Table 4.41). 

Number of tillers per plant 

 Number of tillers per plant was recorded as positively and significantly correlated with 

biomass per plant, grain yield per plant, spike length, extrusion length and leaf venations. 

Non-significant positive relationship with harvest index. In same conditions, negative and 

significant relationship was found out with number of spikelets per spike, number of 

grains per spike, grain weight per spike, 1000-grain weight and spike density  

Number of spikelets per spike 

The correlation of number of spikelets per spike with number of grains per spike, grain 

weight per spike, 1000-grain weight, harvest index and spike length was observed 

positive and significant, while positive and non-significant association was detected with 

biomass per plant, grain yield per plant and spike density. Negative and significant 

relationship of number of spikelets per spike was observed with leaf venations and non-

significant with extrusion length (Table 4.41). 

Number of grains per spike 

 Number of grains per spike was positively and significantly correlated with grain weight 

per spike, 1000-grain weight and grain yield per plant, whilst positively and non-

significantly associated with spike length, harvest index and spike density. Negative and 

significant correlation of number grains per spike was observed with biomass per plant, 

grain yield per plant, harvest index, extrusion length and leaf venations in normal 
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conditions .While negative and non-significant relationship was detected with harvest 

index (Table 4.41).  

Grain weight per spike 

Table 4.41 depicted positive and significant relationship of grain weight per spike with 

1000-grain weight and spike length whilst positive and non significant with harvest index. 

Negative and significant correlation with biomass per plant and leaf venations. While 

negative and non-significant with grain yield per plant, extrusion length and spike 

density.  

 1000-grain weight 

 Thousand grain weight had positive and significant association with spike length, whilst 

positive and non-significant correlation with biomass per plant. Negative and significant 

relationship was recorded with grain yield per plant, harvest index extrusion length, spike 

density and leaf venations (Table 4.41). 

 Biomass per plant 

 Positive and significant association of biomass per plant was observed with grain yield 

per plant, spike length, extrusion length and leaf venations. Negative and significant 

correlation was recorded with harvest index, and spike density.  

 Grain yield per plant 

 Positive and significant correlation of grain yield per plant was detected with number of 

grains per spike, spike length, extrusion length and leaf venations. While negative and 

significant relationship with harvest index and spike density (Table 4.41).  

 Harvest index (%) 

Its correlation was detected positive and significant with spike density and leaf venations. 

Negative and significant association was studied with extrusion length and spike length 

(Table 4.41).  

 Spike length 

 Spike length was positively and significantly correlated with extrusion length and leaf 

venations. Negative and significant relationship was observed with spike density (Table 

4.41). 
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Extrusion length 

Extrusion length had positive and non-significant relationship with leaf venations. 

Negative and significant association with spike density (Table 4.41). 

 Spike density 

Table 4.41 depicted that relationship of spike density with leaf venations was negative 

and significant under normal conditions.  

B. Correlation study under drought condition  

 Plant height 

 Plant height has positive and significant correlation with flag leaf area, stomatal 

frequency, stomatal size, epidermal cell size, spike length,  extrusion length and leaf 

venation and negative and significant relationship with number of tillers per plant, 

number of spikelets per spike, number of grains per spike, grain weight per spike, 1000-

grain weight, biomass per plant, grain yield per plant, harvest index  and spike density 

was recorded (Table 4.42).  

Flag leaf area 

 Stomatal frequency, stomata size, epidermal cell size, number of tillers per plant, 1000-

grain weight, spike length, extrusion length and leaf venation has positive and significant 

while grain weight per spike, number of spike lets per spike, biomass per plant and grain 

yield per plant and harvest index has positive and non-significant association with flag 

leaf area. Negative and significant correlation was observed number of grains per spike 

and spike density with flag leaf area (Table 4.42). 

Stomatal frequency 

Table 4.42 illustrated positive relationship of tiller per plant with stomata size, epidermal 

cell size, spike length, extrusion length and leaf venation, whilst negative correlation was 

recorded with number of tillers per plant, number of spikelets per spike, number of grains 

per spike, grain weight per spike, 1000-grain weight, biomass per plant, grain yield per 

plant, harvest index and spike density.  

Stomata size 

 Stomata size was positively and significantly associated with epidermal cell size, spike 

length, extrusion length and leaf venation, while non-significant association with 1000-
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grain weight only. Negative and significant relationship of stomata size was observed 

with number of tillers per plant, number of spikelets per spike, number of grains per spike 

, grain weight per spike, biomass per plant, grain yield per plant and spike density (Table 

4.42).  

Epidermal cell size 

The trait epidermal cell size was positively and significantly associated with extrusion 

length, while  non-significantly correlated with spike length only. The trait had negative 

relationship with number of tillers per plant, number of spikelets per spike, number of 

grains per spike grain weight per spike, 1000-grain weight, biomass per plant, grain yield 

per plant, harvest index, extrusion length and leaf venation (Table 4.42). 

 Number of tillers per plant 

The trait number of tillers per plant was positively and significantly correlated with 

number of spikelets per spike, number of grains per spike, grain weight per spike, 1000-

grain weight, biomass per plant, grain yield per plant, harvest index, spike length and 

spike density (Table 4.42). 

Number of spikelets per spike 

There was positive and significant association of number of spikelets per spike with, 

number of grains per spike, grain weight per spike, 1000-grain weight, biomass per plant, 

grain yield per plant, spike length and spike density. Whilst, positive  and non-significant 

relationships with harvest index only. Negative and non-significant relationship was also 

recorded with extrusion length and leaf venation (Table 4.42).  

Number of grains per spike 

 Number of grains per spike had positive and significant correlation with grain weight per 

spike, 1000-grain weight, and biomass per plant, grain yield per plant, spike length, and 

spike density. Negative  and Significant association with harvest index, extrusion length 

and leaf venation (Table 4.42). 

Grain weight per spike 

 Grain weight per spike had positive and significant relationship with, 1000-grain weight, 

biomass per plant, grain yield per plant, harvest index and spike density. While positive 

and non-significant was recorded with spike length. Negative and significant correlation 

was attained with extrusion length and leaf venation (Table 4.42).  
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1000-grain weight 

 Positive and significant association of 1000grain weight was observed with biomass per 

plant, grain yield per plant and spike length. Whilst 1000-grain was positively and non 

significantly associated only with spike density. Correlation of 1000 grain weight was 

detected negatively and significantly with extrusion length and leaf venations, while it 

was negative and non-significant with harvest index (Table 4.42). 

Biomass per plant 

 Biomass per plant had positive and significant relationship with grain yield per plant, 

spike length, and spike density. Negative and significant association of biomass per plant 

was recorded with extrusion length and leaf venations. While,  negative and non-

significant relationship of biomass per plant was observed with harvest index (Table 

4.42).  

 Grain yield per plant 

. The correlation for grain yield per plant was positive and significant with harvest index, 

spike length and spike density. While negative and significant association of grain yield 

per plant was found out with extrusion length and leaf venations (Table 4.42). 

Harvest index 

 Harvest index had positive and non-significant relationship with spike density. 

Significant and negative correlation of this trait was noticed with extrusion length. Whilst 

negative and non- significant relationships was detected with leaf venations (Table 4.42). 

Spike length 

 Spike length had positive and non-significant association with extrusion length. Negative 

and significant relationship was found only with spike density while, negative and non-

significantly associated was detected with leaf venations (Table 4.42). 

Extrusion length 

 Positive and significant association with leaf venations was detected. Negative and 

significant relationship with spike density observed (Table 4.42). 

 Spike density 

Table 4.42 illustrated negative and significant association between spike density and leaf 

venation.  
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Table 4.41: Simple correlation matrix under normal condition 
 

 
NS = Non-significant, * = P ≤ 0.05, ** = P ≤ 0.01  

 
 

Plant 
height 

Flag leaf 
area 

Stomatal 
frequency 

Stomata 
size 

Epidermal 
cell size 

No. of 
tillers per 

plant 

No. of 
spikelets 
per spike 

No. of 
grains per 

spike 

Grain 
weight per 

spike 
1000-grain 

weight 
Biomass 
per plant 

Grain yield 
per plant 

Harvest 
index 

Spike 
length 

Extrusion 
length 

Spike 
density 

Plant height 1.000 

Flag leaf area 0.348** 1.000 
Stomata 

frequency 0.340** 0.998** 1.000 

Stomata size 0.629** 0.748** 0.743** 1.000 
Epidermal cell 

size 0.530** 0.588** 0.580** 0.834** 1.000 
No. of tillers 

per plant 0.495** 0.595** 0.594** 0.456** 0.639** 1.000 
No. of spikelets 

per spike 0.350** -0.381** -0.391** -0.263** -0.259** -0.022NS 1.000 
No. of grains 

per spike 0.001NS -0.680** -0.680** -0.610** -0.703** -0.361** 0.770** 1.000 
Grain weight 

per spike 0.114NS -0.520** -0.521** -0.494** -0.420** -0.144NS 0.530** 0.674** 1.000 
1000-grain 

weight 0.162NS -0.398** -0.403** -0.431** -0.463** -0.07NS 0.599** 0.724** 0.474** 1.000 
Biomass per 

plant 0.740** 0.574** 0.566** 0.627** 0.802** 0.687** 0.166NS -0.327** -0.247* 0.027NS 1.000 
Grain yield per 

plant -0.448** 0.581** 0.581** 0.477** 0.648** 0.744** 0.022NS 0.414** -0.150NS 0.276** 0.686** 1.000 

Harvest index -0.392** -0.003NS 0.007NS -0.200* -0.205* 0.045NS 0.253** 0.116NS 0.113NS -0.402** -0.423** 0.369** 1.000 

Spike length 0.496** 0.000NS -0.013NS 0.095NS 0.141NS 0.366** 0.415** 0.262** 0.320** 0.577** 0.455** 0.295** -0.228* 1.000 
Extrusion 

length 0.718** 0.628** 0.626** 0.711** 0.863** 0.657** -0.073NS -0.453** -0.127NS -0.400** 0.664** 0.667** -0.009NS 0.178NS 1.000 

Spike density -0.355** -0.258** -0.249* -0.259** -0.333** -0.432** 0.141NS 0.185NS -0.041NS -0.273** -0.429** -0.362** 0.106NS -0.834** -0.261** 1.000 

Leaf venation 0.322** 0.988** 0.986** 0.572** 0.728** 0.577** -0.380** -0.666** -0.520** -0.389** 0.557** 0.570** 0.005NS 0.002NS 0.608** -0.257** 
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Table 4.42: Simple correlation matrix under drought condition 

 

NS = Non-significant, * = P ≤ 0.05, ** = P ≤ 0.01

Plant 
height 

Flag leaf 
area 

Stomatal 
frequency 

Stomata 
size 

Epidermal 
cell size 

No. of 
tillers per 
plant 

No. of 
spikelets 
per spike 

No. of 
grains per 
spike 

Grain 
weight per 
spike 

1000-
grain 
weight 

Biomass 
per plant 

Grain 
yield per 
plant 

Harvest 
index 

Spike 
length 

Extrusion 
length 

Spike 
density 

Plant height 1.000  

Flag leaf area 0.443** 1.000  

Stomata 
frequency 0.759** 0.377** 1.000 

 

Stomata size 0.758** 0.511** 0.767** 1.000  

Epidermal cell 
size 0.677** 0.451** 0.841** 0.881** 1.000 

 

No. of tillers 
per plant -0.215* 0.194* -0.271** -0.340** -0.484** 1.000 

 

No. of spikelets 
per spike -0.422** 0.004NS -0.631** -0.482** -0.777** 0.686** 1.000 

 

No. of grains 
per spike -0.349** -0.390** -0.560** -0.454** -0.787** 0.510** 0.806** 1.000 

 

Grain weight 
per spike -0.327** 0.185NS -0.407** -0.362** -0.558** 0.676** 0.789** 0.537** 1.000 

 

1000-grain 
weight -0.014NS 0.589** -0.264** 0.047NS -0.233* 0.490** 0.701** 0.301** 0.616** 1.000 

 

Biomass per 
plant -0.335** 0.097NS -0.559** -0.317** -0.666** 0.702** 0.935** 0.789** 0.755** 0.737** 1.000 

 

Grain yield per 
plant -0.456** 0.170NS -0.603** -0.503** -0.707** 0.788** 0.891** 0.638** 0.809** 0.688** 0.910** 1.000 

 

Harvest index -0.329** 0.165NS -0.168NS -0.495** -0.190* 0.283** 0.001NS -0.258** 0.201* -0.059NS -0.113NS 0.309** 1.000  

Spike length 0.381** 0.545** 0.253** 0.356** 0.110NS 0.250* 0.337** 0.175NS 0.323** 0.526** 0.309** 0.221* -0.162NS 1.000  

Extrusion 
length 0.695** 0.275** 0.889** 0.852** 0.903** -0.376** -0.717** -0.554** -0.518** -0.367** -0.598** -0.691** -0.289** 0.160NS 1.000 

 

Spike density -0.704** -0.502** -0.754** -0.750** -0.755** 0.316** 0.505** 0.499** 0.352** 0.072NS 0.471** 0.528** 0.178NS -0.634** -0.749** 1.00 

Leaf venation 0.516** 0.302** 0.545** 0.493** 0.650** -0.344** -0.625** -0.644** -0.535** -0.196* -0.548** -0.536** -0.039NS -0.109NS 0.518** -0.421** 
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CHAPTER 5 

DISCUSSION 

5.1. Genetic variation 

Two basic components are the basis of evolutionary alterations. 

        1.The trait should possess high heritability. 

          2.There should be significant quantity of variability, exhibited in the attribute under 

selection in the breeding  programme. 

          Both these components are essential for efficient utilization of crop resources 

through selection and breeding. There are lot of biometrical techniques accessible for the 

plant breeders to investigate the genetics of the trait concerned. Similarly numerous mating 

designs are available to evaluate genetic material. A number of common designs used 

nowadays by the plant breeders are North Carolina designs (Comstick and Robinson, 

1952), combining ability technique (Griffing, 1956), triple test cross method (Kearsev and 

Jinks, 1968) and diallel mating design (Hayman, 1954a, b; Jinks, 1954, Kang, 2003). 

          The diallel cross mating design is amongst the most frequently used biometrical 

technique in early segregating generation which supplies dependable information on the 

pattern of inheritance of variation. Thus, it was used to study the genetic basis of variation 

in various morphological and physiological traits of wheat. 

            A breeding programme was designed to study the genetic variability with reference 

to drought tolerance amongst six wheat varieties/ lines and their F1 hybrids selected on the 

basis of drought tolerance. When these six genotypes and their thirty F1 hybrids were 

subjected to analysis of variance, they depicted significant variation in their genetic 

behavior for all plant traits studied. Significant variation among genotypes for grain yield 

per plant and yield related traits in diverse varieties of wheat were also reported by 

Ambreen et al., 2002.    

                Fehr (1978) observed that the complex inheritance and environmental effects are 

responsible for creating variation in quantitative traits. Most of the characters under study 

were also quantitative and were affected by the environment when subjected to evaluation 

under diverse environmental conditions. 
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5.2 Performance evaluation of genetic material on mean basis 

5.2.1. Under normal condition 

           The parent Faisalabad-08 attained maximum  grain yield, number of tillers per plant, 

biomass per plant, extrusion length, stomatal frequency, stomata size, epidermal cell size and  

leaf venation and minimum  1000-grain weight. The parent Sehar-06 possessed maximum 

flag leaf area and higher leaf venation. However had minimum number of spikelets per spike, 

number of grains per spike, grain weight per spike, harvest index and extrusion length. 

Chakwal-86 exhibited maximum plant height, number of spikelets per spike, number of 

grains per spike, grain weight per spike, 1000-grain weight harvest index and spike length, 

while minimum flag leaf area. 

           The parent Chakwal-50 exposed maximum spike density whereas it possessed 

minimum plant height, number of tillers per plant, spike length, biomass per plant, stomatal 

frequency, stomata size, epidermal cell size and grain yield. The parent Lasani-08 showed 

maximum leaf venation and minimum spike density and extrusion length. While the parent 

6302 showed minimum epidermal cell size (Appendix I-IX). 

            Among crosses, the cross combination Faisalabad-08 × Lasani-08 indicated 

maximum flag leaf area, extrusion length, stomatal frequency, epidermal cell size and higher 

stomatal size,  biomass per plant while its reciprocal cross Lasani-08 ×  Faisalabad-08  

exhibited maximum number of tillers per plant, stomatal frequency, stomatal size and leaf 

venation and higher plant height, extrusion length  and grain yield.   

             The cross Chakwal-86 ×  6302 displayed  maximum number of spikelets per spike, 

number of grains per spike and 1000-grain weight. The reciprocal cross 6302 × Chakwal-86 

had maximum spike density and higher value for number of spikelets per spike, number of 

grains per spike and 1000-grain weight. The hybrid Chakwal-50 × Chakwal-86 displayed 

maximum grain weight per spike and minimum epidermal cell size, stomatal frequency and 

stomata size  while its reciprocal cross (Chakwal-86 × Chakwal-50) showed  minimum  

epidermal cell size, stomatal frequency and stomata size  and higher  grain weight per spike. 

              Maximum spike length was noted in the cross Lasani-08 × Chakwal-86 followed by 

its reciprocal cross.  Maximum leaf venation was noted for the cross Faisalabad-08 × Sehar-

06. The cross combination Faisalabad-08 × Chakwal-86 showed maximum plant height. The 

maximum grain yield per plant and harvest index was observed in the cross Chakwal-50 × 
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Faisalabad-08 (Appendix I-IX). 

           Grain yield has prime importance in all breeding programs. The parent Faisalabad-08 

showed maximum grain yield among all parents.  It also performed better for the number of 

tillers per plant. Sehar-06 showed better performance for flag leaf area and leaf venation 

while, the performance of Chakwal-86 was also desirable for yield traits (number of spikelets 

per spike, number of grains per spike, grain weight per spike, 1000-grain weight ) and spike 

length. The genotypes Chakwal-50 showed better performance for spike density. This 

genotype also showed desirable minimum plant height.  

The crosses exhibited diverse performance for different plant characters. The cross Chakwal-

50 × Faisalabad-08 exposed maximum grain yield per plant  followed by the cross Lasani-08 

× Faisalabad-08, which  also showed maximum number of tillers per plant, leaf venation and 

higher  stomata size, stomatal frequency and extrusion length. The cross  Chakwal-86 × 6302 

expressed maximum grain yield components, number of grains per spike, number of spikelets 

per spike, 1000-grain weight while reciprocal cross 6302 × Chakwal-86 exhibited higher 

number of grains per spike and number of spikelets per spike. Thus, parental genotypes 

Faisalabad-08 and Chakwal-86 among parents and  the  crosses Chakwal-50 × Faisalabad-08, 

Lasani-08 × Faisalabad-08, Chakwal-86 × 6302  and reciprocal cross 6302 × Chakwal-86 

performed better in the study under normal condition. 

5.2.2. Under drought condition 

          Appendix I-IX illustrated that parent Faisalabad-08 had maximum plant height, 

extrusion length, stomatal frequency, stomata size and higher epidermal cell size and  leaf 

venation, while minimum number of spikelets per spike, grain weight per spike, biomass per 

plant and spike density. The parent Lasani-08 possessed maximum leaf venation and 

minimum number of tillers per plant, harvest index and grain yield per plant. 

            Maximum flag leaf area and minimum number of grains per spike were displayed by 

the parent Sehar-06. The parent 6302 indicated maximum flag leaf area, number of tillers per 

plant, grain weight per spike, 1000-grain weight, spike density, grain yield, biomass per plant 

and minimum extrusion length and stomatal frequency. The genotype Chakwal-86 evidenced 

maximum number of grains per spike, number of spikelets per spike and spike length while 

minimum epidermal cell size. Maximum harvest index and minimum plant height, flag leaf 

area, 1000-grain weight, spike length, stomata size, epidermal cell size and leaf venation 
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were observed in the parent Chakwal-50. 

          Among crosses, the cross 6302 × Chakwal-86 showed maximum number of spikelets 

per spike, number of grains per spike, spike density and higher grain yield per plant and   

biomass per plant. The reciprocal  cross Chakwal-86 × 6302 possessed maximum 1000-grain 

weight, grain yield per plant and biomass per plant while higher number of tillers per plant, 

number of spikelets per spike, number of grains per spike and spike density. 

         The cross 6302 × Chakwal-50 had maximum number of tillers per plant and   higher 

extrusion length while minimum plant height and lesser stomata size. The reciprocal cross 

Chakwal-50 × 6302 showed maximum grain weight per spike, extrusion length and lower 

stomata size.  

           The cross Faisalabad-08× Lasani-08 had maximum stomatal frequency and epidermal 

cell size while higher stomata size. The reciprocal cross Lasani-08 × Faisalabad-08 showed 

maximum stomata size and higher stomatal frequency. The hybrid Lasani-08× Chakwal-86 

showed maximum spike length while reciprocal cross Chakwal-86× Lasani-08 also displayed 

higher spike length. The hybrid Faisalabad-08 × Sehar-06 expressed maximum leaf venation 

and higher value for plant height and epidermal cell size, while the reciprocal cross Sehar-06 

× Faisalabad-08 displayed maximum plant height and higher leaf venation.  

            The cross combination Sehar-06 × Chakwal-50 presented maximum flag leaf area and 

lesser   plant height whereas the reciprocal cross Chakwal-50 × Sehar-06 indicated maximum 

harvest index. The maximum number of tillers per plant and  higher extrusion length and 

minimum  plant height and lesser epidermal cell size was detected  in the cross  6302 × 

Chakwal-50 while, reciprocal cross Chakwal-50 × 6302 showed maximum grain weight per 

spike and extrusion length. The cross Chakwal-50 × Chakwal-86 represented higher grain 

weight per spike and minimum epidermal cell size. 

           The performance of parents and crosses under stress displayed that the parent 6302 

exhibited better performance showing maximum grain yield, 1000-grain weight, grain weight 

per spike, number of tillers per plant and minimum stomatal frequency and extrusion length 

as desirable under water stress condition. While the parent Chakwal-86 showed better 

performance in grain yield components (number of grains per spike and number of spikelets 

per spike) harvest index and spike length and minimum epidermal cell size. The parent 

Chakwal-50 exposed most desirable results regarding stomata size, as the trait is required to 
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be reduced under drought condition to minimize water loss. Plant height and flag leaf area 

was also reduced for this parent as compared to all other parents. Short stature plant is also 

desirable for higher yield due to lodging resistance. The parent 6302 and Chakwal-86 due to 

their performance, proved overall best parents among all parents under water stress 

condition.  

          The cross Chakwal-86 × 6302 showed maximum grain yield and 1000-grain yield, and 

higher number of grains per spike, number of spikelets per spike and number of tillers per 

plant while the reciprocal cross 6302 × Chakwal-86 displayed maximum number of grains 

per spike, number of spikelets, spike density and higher values for grain yield, 1000-grain 

weight and biomass per plant. Chakwal-50× Chakwal-86 expressed higher grain weight per 

spike and lower epidermal cell size. The cross 6302 × Chakwal-50 had minimum plant 

height,  lower stomata  size and highest number of tillers per plant while reciprocal cross 

Chakwal-50 × 6302 showed  maximum grain weight per spike which is an important yield 

parameter. Thus, the cross Chakwal-86×6302 displayed highest performance and reciprocal 

cross 6302 × Chakwal-86 followed it under drought condition.  

5.3 Biometrical analysis 

            Experimental data collected for seventeen morphological and physiological plant 

traits in two environmental conditions were statistically analyzed. Results illustrated 

significant differences among all genotypes for all the traits under study under both 

conditions which, exposed presence of genetic variability in germplasm in two different 

environments.  

           Adequacy of the additive-dominance model for 17 plant traits of wheat was 

evaluated by using regression analysis and analysis of variance of  Wr+Vr  and  Wr-Vr. 

Two scaling tests depicted that under both environmental conditions additive-dominance 

model was fully adequate for biomass per plant, number of tillers per plant. whereas  

partially adequate for plant height, flag leaf area, 1000-grain weight, spike length, spike 

density, grain weight per spike, leaf venation, stomatal frequency, stomata size and 

epidermal cell size. 

           Under normal condition additive-dominance model was fully adequate for number 

of spikelets per spike. While partially adequate for number of grains per spike, grain yield 

per plant, extrusion length and harvest index. Under drought condition, model was fully 
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adequate for harvest index and number of grains per spike, while partially adequate for 

grain yield per plant, extrusion length and   number of spikelets per spike. 

5.3.1. Formal analysis of variance and genetic components of variation 

           Additive, dominance and epistasis are the three kinds of genetic effects which play a 

key role in inheritance of the plant traits under study, for determining estimates of 

variation. However plant height, flag leaf area, number of tillers per plant, number of grains 

per spike, spike length, biomass per plant, grain yield per plant, harvest index stomatal 

frequency and epidermal cell size showed significant additive as well as  dominance 

genetic effects under both sowing conditions.  

           It means that inheritance of these characters is relatively simple and it is assumed 

that the genes involved are independent of each other in producing their effects. Likewise 

under both sowing conditions the characters like spike density, grain weight per spike, 

extrusion length and leaf venation showed lack of dominance and confirm the involvement 

of additive genetic effects in these traits. Involvement of additive genetic effects confirmed 

homozygosity of these characters. So, inheritance involved in these traits was simple and 

genes involved are independent of each other. 

         Alike findings were given by Chowdhry et al. (1989) but different results were 

observed by Lumpton (1961) and Tahira (2005). Narayanan and Rangasamy (1990) studied 

significant additive and dominance effects for, plant height, number of tillers per plant, 

number of spikelets per panicle, 1000-grain weight and dry matter accumulation under 

diverse environments. They found that significant additive genetic effects for grain yield 

were under saline conditions only, but not under normal conditions and also proposed  that 

varieties with more additive gene effects for grain yield would perform better under  stress 

environments. In the present study it was detected that the inheritance of grain yield was 

under the control of additive type of gene action but dominant genes were also playing a 

key role in controlling the grain yield. 

5.3.2. Estimation of genetic components of variation 

          Additive variations (D), dominance variation (H components), average degree of 

dominance (H1/D)1/2  along with other genetic components were estimated for all the plant 

traits under normal and drought conditions. 

Average degree of dominance and Vr-Wr graphical representation illustrated that  under 
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both environmental conditions over-dominance type of gene action was observed for grain 

weight per spike, spike length and leaf venation. While, plant height, number of spikelets 

per spike, number of grains per spike, 1000-grain weight, spike density, grain yield per 

plant, extrusion length, stomata size and epidermal cell size were controlled by additive 

with partial dominance type of  gene action. 

          Over-dominance type of gene action detected under normal condition for flag leaf area, 

biomass per plant, harvest index, and stomatal frequency was changed to additive with partial 

dominance type of gene action under drought condition, while additive with partial 

dominance gene action under normal condition observed for number of tillers per plant was 

altered to over-dominance type of gene action under drought condition. 

          Yield is polygenic trait and is the result of interaction between many genetic and 

non-genetic components (Poehlman and Sleper, 1995). The prime objective of wheat 

breeding is to increase yield by exploiting the available genetic material in diverse 

environments. 

           In the present study, genes controlling grain yield per plant expressed additive with 

partial dominance. Similar results were reported by Lonc et al. (1989) Alam et al. (1991) 

and Chowdhry et al. (1999) under rainfed environmental conditions. Dissimilar results 

were also observed by Lonc and Zalewski (1991) and Prodanovic (1993) who found an 

over-dominance gene action for inheritance of grain yield per plant, while Tahir et al. 

(1995) and Kashif et al. (2003) reported complete dominance for grain yield per plant.   

Graphical representation also exposed the occurrence of dominant genes in the parents. 

Under both  environmental  conditions, maximum dominant genes for spike length and 

spike density were contained in the parent Sehar-06, for epidermal cell size in the parent 

Chakwal-50, for number of grains per spike in the parent Chakwal-86, for leaf venations in  

parent 6302 as these parents were situated closest to the origin in the Vr-Wr graph.   

         The parent Faisalabad-08 contained maximum dominant genes for number of tillers 

per plant, grain yield per plant and extrusion length while parent  6302 for flag leaf area, 

plant height, harvest index, stomatal frequency. Whereas, parent Chakwal-86 contained 

maximum number of genes for 1000-grain weight and grain weight per spike while  parent 

Chakwal-50 for number of spikelets per spike, biomass per plant and  stomata size as these 

parents were  located closest to the origin in the Vr-Wr graph  under normal condition. 
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Under drought condition, Sehar-06 contained maximum dominant genes for flag leaf area, 

number of tillers per plant, Whereas, Lasani-06 extrusion length and stomatal frequency. 

The maximum number of dominant genes were contained for number of spikelets per 

spike, 1000-grain weight, grain weight per spike, biomass per plant, grain yield per plant, 

and leaf venations by the parent 6302, While parent Chakwal-50 for plant height and 

harvest index as these parents were located nearest to the origin in the Vr-Wr graph (Singh 

and Narayanam; 2009).  

5.4. Heritability 

        Heritability is a technique used by the plant breeders for assessing the amount of genetic 

variation transferred to the offsprings out of the total phenotypic variation. Selection 

efficiency for a plant character depends on extent of heritability (Falconer and Mackay, 

1996). The existing pattern of genetic variability depicted that the population had high 

genetic potential for betterment of the various   plant traits by selection programmes.  

Under both environmental conditions high heritability in narrow sense was evidenced for 

plant height, flag leaf area, number of spikelets per spike, number of grains per spike, 1000-

grain weight, spike density, biomass per plant, grain yield per plant, extrusion length, 

stomatal frequency, stomata size and epidermal cell size. While moderate heritability in 

narrow sense was displayed for spike length and  grain weight per spike. 

          Under normal condition high heritability in narrow sense was observed for number of 

tillers per plant and leaf venation while, low heritability was recorded for harvest index 

only. Under drought conditions, heritability in narrow sense was changed to high for the 

harvest index and high to moderate for number of tillers per plant and leaf venation.  

Characters showing high heritability illustrated that the traits were governed by additive 

genes and their selection would be rewarding. Whereas, traits showing low heritability were 

controlled by non-additive type of gene action and heterosis breeding may be useful for these 

traits (Singh and Narayanam; 2009).   

          High heritability recorded for plant height under normal conditions was supported by 

Awaad (1996), Chaturvedi and Gupta (1995),  Fida et al. (2001), Mladenov (1993), Mosaad 

et al. (1990), Pawas et al. (1989). In contrast, moderate heritability for plant height under 

stress condition was  observed by Mehta et al. (1997).High heritability recorded for number 

of grains per spike was supported by Awaad (1996) and Singh et al. (1999). In contrary, 
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Uddin et al. (1997) reported medium heritability  for number of grains per spike while 

Collaku (1994) obtained low heritability during experiments that included drought but Rana 

et al. (1999) concluded that under wet and dry conditions grain number per spike is a 

significant property for the phenotypical selection. Fida et al. (2001) and  Zaheer and 

Ahmad, (1991) also detected low values for heritability for number of grains per spike. 

           The magnitude of heritability observed for 1000-grains weight was high under normal 

as well   drought conditions, supported by scientists (Awaad, 1996; Fida et al,. 2001; Mehta 

et al., 1997; Pawas et al., 1989;  Udin et al., 1997). Dissimilar results were observed by 

other researchers. Medium heritability (Chaturvedi and Gupta, 1995) and moderate or 

average heritability was detected by Al-Marakby et al. (1994). 

            Narrow sense heritability for grain yield per plant was high under both conditions, 

suggesting a predominant role of additive genetic variance. Similar results were recorded 

by Farooq et al. (2011) and  Hussain et al. (2013). In contrast, moderate heritability for the 

grain yield (Moghaddam et al., 1997) and low (Fida et al., 2001; Pawas et al., 1989; 

Zaheer and Ahmad, 1991). Heritability for grain yield per plant had been reported  The 

reason of grain yield fluctuation is that, it is a polygenic character and is significantly 

affected by the environment. So, indirect selection for grain yield through selecting the 

yield components having high heritability is more effective. The characters involved in the 

study are quantitative in nature known as complex traits and the inheritance of these traits 

is governed by polygenes. Variation within quantitative traits is the result of their complex 

inheritance and the influence of the environment (Fehr, 1978). Falconer and Mackay (1996) 

found 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 the range of heritability was moderate to high for most of the 

plant traits so it is assumed that genetic improvement possible  in parent  Faisalabad-08 for 

grain yield and number of tillers per plant, Sehar-06  for flag leaf area and leaf venation, 

Chakwal-86 for yield related traits (number of spikelets per spike, number of grains per 

spike, 1000-grain weight and grain weight per spike) and spike length, Chakwal-50 for  

high spike density and  minimum plant stature under normal condition. 

            Under rain fed condition genetic improvement is possible by the use of genotype 
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6302 for higher grain yield per plant, 1000-grain weight, grain weight per spike, number of 

tillers per plant and minimum stomatal frequency and extrusion length while, genotype 

Chakwal-86 for grain yield components (number of grains per spike and number of 

spikelets per spike) harvest index and spike length and minimum epidermal cell size and 

genotype chakwal-50 for reduced flag leaf area, short stature and minimum stomata size.  

          Among crosses genetic enhancement is possible in the cross Chakwal-50 × 

Faisalabad-08 for grain yield per plant, cross Lasani-08× Faisalabad-08 for number of 

tillers per plant and leaf venation, cross Chakwal-86×6302 for grain yield components 

(number of grains per spike, number of spikelets per spike, 1000-grain weight) and  in 

reciprocal cross (6302 × Chakwal-86) for number of spikelets per spike and number of 

grains per spike  under normal condition.  

          Under condition in the cross Chakwal-86×6302 for grain yield per plant and yield 

components (1000-grain weight, number of grains per spike, number of  spikelets per 

spike) and number of tillers per plant  and in  reciprocal cross (6302 × Chakwal-86) for 

grain yield components (number of  spikelets per spike  and number of grains per spike, 

1000-grain weight), spike density and  biomass per plant. While the cross  Chakwal-50 × 

Chakwal-86 for lower epidermal cell size, the  cross  Chakwal-50 × 6302 for grain weight 

per spike  and in  reciprocal cross for higher number of tillers per plant, lower stomata and 

short stature. 

          Selection for these traits is feasible in early generations due to detection of moderate 

to high narrow sense heritability for these traits, because additive genetic effects primarily 

affect the genetic mechanism to control the variation in the attribute.  

5.5. Correlation 

          Under both environmental conditions grain yield had positive relationship with number 

of spikelets per spike, number of grains per spike, 1000-grain weight, biomass per plant 

while negative correlation was recorded with plant height. Alike results were also observed  

by Khan et al., (2005), Akram et al., (2008) and Dogan  (2008) in wheat. Under normal 

condition, grain yield per plant was positively associated with extrusion length, number of 

tillers per plant, flag leaf area, leaf venations, epidermal cell size, stomatal frequency and 

size. Under drought condition grain weight per spike, harvest index and spike density had 
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positive association with grain yield and negative association was recorded for stomatal 

frequency, stomata size, epidermal cell size and extrusion length. 

          Strongest relationship of grain yield per plant was detected with number of tillers per 

plant.  Increase in number of tillers per plant will ultimately enhance grain yield per plant. 

Similar results were obtained by Saleem et al., (2006), Ali et al., (2008), Subhanchandra et 

al., (2009) while contrary results were observed by Singh and Diwivedi (2002), Lad et al., 

(2003) and Kashif  and  Khaliq (2004).  
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CHAPTER 6 

SUMMARY 

  

The present study was conducted in the Department of Plant Breeding and Genetics, 

University of Agriculture, Faisalabad (Pakistan) in order to evaluate the genetic potential in 

common wheat for improving its yield potential and drought tolerance. Fifty accessions 

differing for genetic makeup and origin were collected from different sources. The objective 

of present study was to generate all possible information regarding the genetic mechanism of 

controlling drought tolerance. 

Two screening experiments each comprising of two sets (normal and drought) were 

conducted in the wire house of the department using complete randomized design (CRD) 

with three replications during year 2008-09. Data were collected for  root length, shoot 

length, root/ shoot ratio, shoot fresh and dry weight (Experiment.1) and Relative cell injury/ 

CMT (Experiment. 2). Data were statistically analyzed and three drought tolerant (6302, 

Chakwal-86 and Chakwal-50) and three drought susceptible (Faisalabad-08, Lasani-08 and 

Sehar-06) genotypes were selected on the basis of their performance. 

These six parents were hybridized in all possible combinations to develop F1 hybrids 

in the field area of the Department of Plant Breeding and Genetics during crop season 2009-

10. Further studies were conducted for genetic evaluation of a 6×6 complete diallel cross. 

Parents along with their all crosses (direct and reciprocals) were planted in the field area of 

the department using randomized complete block design with three replications during crop 

season 2010-11. The experiment was planted under normal (control) as well as drought 

(stress) conditions to visualize the genetic performance of the genetic material across two 

different conditions.  

 Data were collected for several plant traits viz., plant height, number of tillers per plant, flag 

leaf area, number of spikelets per spike, number of grains per spike, 1000-grain weigh, spike 

length, spike density, grain weight per spike, biomass per plant, grain yield per plant, harvest 

index extrusion length, stomatal frequency, stomata size, epidermal cell size and leaf 

venation.  
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After conducting basic analysis of variance (ANOVA), the data were further analyzed using 

diallel analysis. Two scaling tests were used to determine the adequacy of the data for 

additive-dominance model and to fulfill the assumptions of Hayman (1954) to estimate the 

genetic components. Simple correlation analysis was also conducted for all the plant traits 

under normal and drought conditions. 

The basic analysis of variance exposed highly significant differences amongst the 

genotypes for almost all the plant traits studied under both environmental conditions. This 

situation represented genetic diversity in the crop material under study. The mean 

performance of the genotypes indicated that crop stand was much better under normal 

conditions. While under drought conditions the general performance of the crop was badly 

affected which resulted, reduction in grain yield and yield related traits. Reduction was 

observed in almost all traits with a few exceptions.  

Scaling tests showed that additive-dominance model was fully adequate for number 

of tillers per plant and biomass per plant under both environmental conditions whilst number 

of spikelets per spike under normal condition and plant height, number of grains per spike 

and harvest index under drought condition.  

Data were partially adequate for 1000-grain weight, spike length,  extrusion length, grain 

weight per spike, flag leaf area, grain yield per plant, spike density, stomatal frequency, 

stomata size, epidermal cell size and leaf venation under both environmental conditions 

while  for plant height and number of grains per spike under normal condition and for 

number of spikelets per spike under drought condition. 

Additive and dominance genetic effects were observed for plant height, number of 

tillers per plant, number of grains per spike, spike length, biomass per plant, grain yield per 

plant, harvest index, stomatal frequency and epidermal cell size under both environmental 

conditions. It intends that inheritance of these characters is comparatively simple and is 

presumed that the genes concerned are independent of each other in producing their effects. 

         Additive genetic effects were prominent for flag leaf area, 1000-grain weight, number 

of spikelets per spike, extrusion length, stomata size and leaf venation under both 

environmental conditions, proposing development of a variety with significant homozygosity 

for these attributes. Whilst non–additive genetic effects were present for spike density and 

grain weight per spike under both experimental conditions.  
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 Dominant genetic effects were observed for, flag leaf area, and under normal as well as 

drought conditions. 

The Vr-Wr graphs indicated over dominance for spike length and grain weight per 

spike and leaf venation under both environmental conditions and for flag leaf area, biomass 

per plant, harvest index and stomatal frequency under normal condition and  for  number of 

tillers per plant under drought condition.  

Partial dominance with additive gene action was observed for number of spikelets per 

spike, number of grains per spike, plant height, 1000-gran weight, grain yield per plant, 

extrusion length, spike density, stomata size and epidermal cell size under both experimental 

conditions whilst for  number of tillers per plant under normal condition and for  biomass per 

plant, harvest index, stomatal frequency and flag leaf area under drought condition.  

         Partial dominance with additive type of gene action under normal condition observed 

for number of tillers per plant was shifted to over-dominance type of gene action under 

drought condition. Whilst over-dominance type of gene action detected under normal 

condition for flag leaf area, biomass per plant, harvest index, and stomatal frequency was 

changed to additive with partial dominance type of gene action under drought condition. 

           Moderate to high narrow sense heritability was determined for flag leaf area, plant 

height, 1000-grain weight, number of spikelets per spike, number of grains per spike, 1000-

grain weight, spike density, grain yield per plant, extrusion length, biomass per plant, 

epidermal cell size, stomata size and frequency under both normal and drought  conditions,  

indicating  that selection of these traits is feasible in early generation due to additive type of 

gene action . 

         Under normal conditions on absolute mean basis it was  detected that  amongst  

genotypes  the best proved  Faisalabad-08 for grain yield per plant, number of tillers per 

plant, biomass per plant, extrusion length, stomatal frequency, stomata size and epidermal 

cell size, whilst the accession Chakwal-86 for yield parameters viz., 1000-grain weight, grain 

weight per spike, number of grains per spike, and number of spikelets per spike and spike 

length. Short stature is desirable for higher yield and  small stature was observed in the 

genotype Chakwal-50.Maximum flag leaf  and leaf venation were  observed in  the genotype 

Sehar-06.  
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Amongst crosses, the cross Chakwal-50 × Faisalabad-08 exposed maximum grain 

yield and followed by the cross Lasani-08×Faisalabad-08. This cross (Lasani-08×Faisalabad-

08) also showed maximum leaf venation, number of tillers per plant, and higher extrusion 

length, biomass per plant and other physiological traits viz., stomatal frequency and stomata 

size). Maximum values for grain yield components (number of spikelets per spike, 1000-

grain weight, number of grains per spike) were observed in the cross Chakwal-86×6302. 

Whereas the reciprocal cross gained higher number of spikelets per spike and number of 

grains per spike. 

Under drought condition, the parent 6302 expressed best performance regarding grain 

yield and yield components (grain weight per spike, 1000-grain weight) number of tillers per 

plant and showed minimum stomatal frequency and extrusion length. Similarly, the parent 

Chakwal-86 showed highest performance in grain yield components (number of spikelets per 

spike and number of grains per spike), maximum spike length was also attained by this 

parent. The physiological traits concerned with transpiration are very important under water 

deficit condition. The parent Chakwal-50 showed maximum reduction in stomatal size as this 

trait is required in reduced form under water stress condition to minimize water loss due to 

transpiration. Flag leaf area and plant height were also low as compared to all other parents. 

Which is also required under drought condition. The parents Chakwal-86 and 6302 proved 

overall best parents amongst all other parents under drought condition. 

            The cross Chakwal-86 ×6302 had maximum grain yield, biomass per plant and 1000-

grain weight and higher number of spikelets per spike, number of grains per spike, number of 

tillers per plant. Reciprocal cross 6302 × Chakwal-86 also showed maximum value for 

number of spikelets per spike, number of grains per spike, spike density and higher 1000-

grain weight, biomass per plant and grain yield per plant. Thus, this cross combination 

proved best for yield and yield components under water deficit environment.  

Chakwal-50 × Chakwal-86 showed low epidermal cell size and higher value for grain weight 

per spike. The cross Chakwal-50 × 6302 had maximum grain weight per spike which is an 

important trait among yield parameters while, its  reciprocal cross showed maximum number 

of tillers per plant among all crosses, more tillers, more number of spikes and ultimately 

increased yield. This cross also expressed smaller stomata size which is desirable in water 

deficit environments to reduce water loss due to transpiration.  
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 The cross combination Lasani-08 × Chakwal-86 showed maximum spike length and so this 

cross is ideal for enhancement of spike length in wheat.  

           Yield is main target of breeding programmes, thus Amongst crosses, the cross 

Chakwal-86 × 6302 and its reciprocal cross (6302× Chakwal-86) proved best for grain yield 

per plant under both  irrigated and rainfed condition while the cross Chakwal-50 × 

Faisalabad-08 and the cross Lasani-08×Faisalabad-08 under  irrigated  condition only. 

             Diallel cross evaluation by different approaches  analysis of variance, genetic 

components  analysis and graphical representation has consistently generated  comparable 

and  indistinguishable results regarding  the genetic makeup of the morpho-physiological 

traits studied. Additive and non-additive genetic effects were observed but  additive genetic 

effects determined  were more important than non-additive effects.  Grain yield is the most 

important trait and it was detected controlled by additive with partial dominance gene action. 

Grain yield components  number of grains per spike, number of  spikelets per spike and 

1000-grain weight had been observed significantly determined by additive gene action. 

Genetic improvement of existing wheat varieties for high yielding  as well as to evolve new 

varieties for  irrigated  and rain fed  area,  may be attempted by using  such  grain yield 

related attributes with significantly more dependable prediction of fixating of most  desirable 

genes in a  single homozygote.  

           Grain yield per plant showed strong positive  association with number of tillers per 

plant while negative with plant height under both environmental conditions. Short stature and 

increased tillers per plant are among the crucial sources of grain yield amelioration under 

diverse condition.  
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Appendix A: Comparison of means of root length under normal conditions using LSD 
  test 

Genotype Mean Ranking Homogeneous Groups Remarks 
Faisalabad-08 19.988 1 A  
Lasani-08 19.242 2 AB  
Sehar-06 18.462 3 AB  
6302 18.042 4 ABC  
Chakwal-86  17.934 5 BC  
Lu-26 16.451 6 CD  
Chakwal-50 16.281 7 CDE  
9021 16.201 8 CDE  
9244 15.502 9 DEF  
6206 15.500 10 DEF  
Ass 15.301 11 DEF  
Nesser 15.252 12 DEFG  
9444 15.001 13 DEFGH  
6237 14.790 14 DEFGHI  
6314 14.502 15 DEFGHIJ  
8191 14.428 16 EFGHIJ  
6317 14.351 17 EFGHIJK  
Meraj-08 14.351 18 EFGHIJK  
Chakwal-97 14.182 19 FGHIJKL  
Fareed-06 14.095 20 FGHIJKL  
9452 14.002 21 FGHIJKL  
6316 13.852 22 FGHIJKLM  
9476 13.322 23 GHIJKLMN  
6312 13.252 24 HIJKLMNO  
8188 13.251 25 HIJKLMNO  
PBW 13.232 26 HIJKLMNO  
Pak81 13.151 27 HIJKLMNO  
9247 12.951 28 IJKLMNOP  
9194 12.901 29 IJKLMNOP  
2862 12.772 30 JKLMNOP  
6238 12.703 31 JKLMNOP  
6309 12.602 32 JKLMNOP  
6284 12.451 33 KLMNOPQ  
Kohinoor-83 12.402 34 KLMNOPQ  
8186 12.252 35 LMNOPQ  
6253 12.251 36 LMNOPQ  
9381 12.002 37 MNOPQR  
Punjab-81 11.663 38 NOPQRS  
Manthar-03 11.512 39 NOPQRST  
Shalimar-99 11.502 40 NOPQRST  
9189 11.404 41 NOPQRSTU  
Uqab-00 11.351 42 OPQRSTU  
Ufaq-02 11.151 43 PQRSTUV  
6301 10.502 44 QRSTUV  
9191 10.152 45 RSTUV  
GA-02 10.057 46 RSTUV  
AS-02 9.7305 47 STUV  
Perwaz-94 9.6390 48 TUV  
9193 9.5010 49 UV  
9438 9.3502 50 V  
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Appendix B: Comparison of means of shoot length under normal conditions using  
  LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Faisalabad-08 33.502 1 A  
Lasani-08 32.792 2 AB  
Sehar-06 31.452 3 ABC  
9452 31.254 4 ABCD  
6302 30.852 5 BCDE  
Chakwal-86  30.751 6 BCDEF  
Meraj-08 30.501 7 BCDEFG  
6309 30.501 8 BCDEFG  
Lu-26 30.251 9 CDEFGH  
Chakwal-97 30.152 10 CDEFGH  
Shalimar-99 30.104 11 CDEFGH  
6237 30.011 12 CDEFGHI  
9444 30.011 13 CDEFGHI  
6312 29.600 14 CDEFGHI  
6314 29.502 15 CDEFGHI  
Pak81 29.501 16 CDEFGHI  
6238 29.501 17 CDEFGHI  
9194 29.252 18 CDEFGHIJ  
9021 29.150 19 CDEFGHIJ  
PBW 29.122 20 CDEFGHIJ  
Manthar-03 28.903 21 DEFGHIJK  
6206 28.552 22 EFGHIJKL  
9193 28.551 23 EFGHIJKL  
8188 28.422 24 EFGHIJKLM  
6253 28.302 25 FGHIJKLM  
8191 28.251 26 FGHIJKLM  
Ass 28.251 27 FGHIJKLM  
Nesser 28.153 28 GHIJKLM  
Ufaq-02 28.061 29 GHIJKLM  
Chakwal-50 28.012 30 GHIJKLM  
Uqab-00 27.782 31 HIJKLM  
9247 27.751 32 HIJKLMN  
9244 27.507 33 IJKLMNO  
Kohinoor-83 27.501 34 IJKLMNO  
9191 26.852 35 JKLMNOP  
8186 26.504 36 KLMNOPQ  
6284 26.470 37 KLMNOPQ  
6317 26.323 38 LMNOPQ  
6301 26.014 39 MNOPQR  
2862 25.251 40 NOPQR  
6316 25.122 41 OPQR  
Fareed-06 24.754 42 PQRS  
9476 24.252 43 QRS  
9189 23.504 44 RS  
9381 22.252 45 ST  
Punjab-81 20.752 46 TU  
GA-02 20.001 47 TU  
Perwaz-94 19.023 48 UV  
9438 18.530 49 UV  
AS-02 17.101 50 V  
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Appendix C: Comparison of means of root-shoot ratio (length) under normal  
  conditions using LSD test 
 
Genotype Mean Ranking Homogeneous Groups Remarks 
Faisalabad-08 0.5969 1 A  
Lasani-08 0.5884 2 AB  
Sehar-06 0.5873 3 ABC  
6302 0.5863 4 ABC  
Chakwal-86  0.5849 5 ABC  
Chakwal-50 0.5820 6 ABC  
Fareed-06 0.5713 7 ABCD  
AS-02 0.5706 8 ABCD  
Punjab-81 0.5663 9 ABCD  
9244 0.5648 10 ABCD  
9021 0.5550 11 ABCDE  
6316 0.5532 12 ABCDEF  
9476 0.5500 13 ABCDEFG  
6317 0.5476 14 ABCDEFG  
Lu-26 0.5436 15 ABCDEFGH  
6206 0.5435 16 ABCDEFGH  
Nesser 0.5429 17 ABCDEFGH  
9381 0.5422 18 ABCDEFGH  
Ass 0.5421 19 ABCDEFGH  
8191 0.5112 20 BCDEFGHI  
Perwaz-94 0.5097 21 BCDEFGHI  
9438 0.5075 22 BCDEFGHI  
2862 0.5073 23 BCDEFGHI  
GA-02 0.5051 24 BCDEFGHI  
9444 0.5017 25 CDEFGHI  
6237 0.4943 26 DEFGHIJ  
6314 0.4911 27 DEFGHIJK  
9189 0.4862 28 DEFGHIJKL  
Meraj-08 0.4716 29 EFGHIJKLM  
6284 0.4700 30 EFGHIJKLM  
Chakwal-97 0.4699 31 EFGHIJKLM  
8188 0.4690 32 FGHIJKLMN  
9247 0.4662 33 GHIJKLMN  
8186 0.4660 34 GHIJKLMN  
PBW 0.4580 35 HIJKLMNO  
Kohinoor-83 0.4521 36 IJKLMNO  
6312 0.4501 37 IJKLMNO  
9452 0.4469 38 IJKLMNO  
Pak81 0.4457 39 IJKLMNO  
9194 0.4419 40 IJKLMNO  
6253 0.4324 41 IJKLMNO  
6238 0.4317 42 IJKLMNO  
6309 0.4127 43 JKLMNOP  
Uqab-00 0.4087 44 KLMNOP  
6301 0.4032 45 LMNOP  
Manthar-03 0.4018 46 LMNOP  
Ufaq-02 0.3973 47 MNOP  
Shalimar-99 0.3835 48 NOP  
9191 0.3773 49 OP  
9193 0.3339 50  P  
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Appendix D: Comparison of means of Shoot fresh weight under normal conditions  
  using LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Faisalabad-08 0.4734 1 A  
Sehar-06 0.4664 2 B  
Lasani-08 0.4653 3 B  
9452 0.4374 4 C  
6302 0.4239 5 D  
Meraj-08 0.4236 6 D  
Chakwal-86  0.4213 7 DE  
Shalimar-99 0.4213 8 DE  
9444 0.4194 9 E  
Lu-26 0.4189 10 E  
Chakwal-97 0.4137 11 F  
6309 0.4062 12 G  
6312 0.3662 13 H  
PBW 0.3642 14 H  
9194 0.3475 15 I  
9021 0.3462 16 I  
Pak81 0.3453 17 I  
6238 0.3452 18 I  
6314 0.3451 19 I  
6237 0.3393 20 J  
9247 0.3285 21 K  
9244 0.3246 22  L  
Kohinoor-83 0.3164 23 M  
Manthar-03 0.2919 24 N  
Nesser 0.2895 25 N  
9193 0.2834 26 O  
6206 0.2822 27 OP  
8188 0.2819 28 OP  
Ass 0.2815 29 OP  
6253 0.2811 30 OP  
Ufaq-02 0.2809 31 OPQ  
Chakwal-50 0.2801 32 PQR  
8191 0.2781 33 QR  
Uqab-00 0.2778 34 R  
6284 0.2554 35 S  
9191 0.2511 36 T  
8186 0.2405 37 U  
6317 0.2398 38 U  
6301 0.2384 39 U  
2862 0.2101 40 V  
6316 0.2001 41 W  
9476 0.1978 42 W  
Fareed-06 0.1905 43  X  
9189 0.1893 44 X  
9381 0.1845 45 Y  
Punjab-81 0.1725 46 Z  
GA-02 0.1682 47 a  
Perwaz-94 0.1508 48 b  
9438 0.1453 49 c  
AS-02 0.1319 50 d  
 
 
 
 
 



 

188 
 

Appendix E: Comparison of means of Shoot dry weight under normal conditions  
  using LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Faisalabad-08 0.0686 1 A  
Sehar-06 0.0656 2 B  
Lasani-08 0.0618 3 C  
6302 0.0608 4 C  
Lu-26 0.0608 5 C  
Chakwal-86  0.0589 6 D  
9452 0.0588 7 D  
6238 0.0563 8 E  
9444 0.0538 9 F  
6309 0.0532 10 F  
Meraj-08 0.0501 11 G  
Chakwal-97 0.0497 12 GH  
6237 0.0494 13 GH  
Shalimar-99 0.0494 14 GH  
9194 0.0492 15 GH  
6312 0.0486 16 HI  
9021 0.0485 17 HI  
6314 0.0472 18 IJ  
9193 0.0464 19 J  
Manthar-03 0.0461 20 J  
6253 0.0431 21  K  
Perwaz-94 0.0430 22 K  
8188 0.0427 23 K  
Ass 0.0426 24 K  
Nesser 0.0421 25 KL  
8191 0.0418 26 KL  
Chakwal-50 0.0418 27 KL  
Ufaq-02 0.0411 28 LM  
6206 0.0409 29 LM  
9247 0.0402 30 MN  
Pak81 0.0402 31 MN  
9244 0.0391 32 NO  
Uqab-00 0.0389 33 NO  
PBW 0.0381 34 O  
Kohinoor-83 0.0356 35 P  
9191 0.0241 36 Q  
8186 0.0231 37 Q  
6284 0.0229 38 Q  
6317 0.0213 39 R  
6301 0.0200 40 RS  
Punjab-81 0.0197 41  S  
2862 0.0193 42 ST  
Fareed-06 0.0189 43 ST  
6316 0.0180 44 TU  
GA-02 0.0174 45 U  
9476 0.0167 46 U  
9381 0.0145 47 V  
9189 0.0137 48 V  
9438 0.0101 49 W  
AS-02 0.0101 50 W  
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Appendix F: Comparison of means of Relative Cell Injury (%) under normal  
  conditions using LSD test  
 

Genotype Mean Ranking Homogenous Group Remarks 

Uqab-00 79.08 50 A  
Lasani-08 75.67 49 B  
Faisalabad-08 74.83 48 BC  
Sehar-06 73.32 47 BC  
Pak-81 71.91 46 CD  
6312 69.04 45 DE  
GA-02 68.88 44 DE  
PBW 67.00 43 EF  
9021 66.82 42 EF  
9476 65.14 41 FG  
Punjab-81 63.08 40 GH  
6206 62.99 39 GH  
Kohinoor-83 62.15 38 GHI  
6301 62.09 37 GHI  
9244 62.08 36 GHI  
6253 61.13 35 HIJ  
Fareed-06 60.89 34 HIJ  
6317 59.86 33 HIJ  
6238 59.11 32 IJ  
Mearj-08 58.98 31 IJ  
8188 58.95 30 IJ  
6237 58.86 29 J  
9247 58.26 28 J  
9452 52.28 27 K  
Lu-26 51.86 26 K  
Shalimar-88 51.83 25 K  
Manthar-03 50.93 24 K  
Perwaz-94 47.19 23 L  
9193 46.26 22 LM  
Nesser 45.84 21 LM  
Ass 44.78 20 LMN  

AS-02 43.31 19 MNO  
Ufaq-02 43.15 18 MNO  
Chakwal-97 41.88 17 NOP  
9194 41.21 16 OP  
8191 41.11 15 OP  
9189 40.94 14 OP  
9444 40.83 13 OP  
2862 40.69 12 OP  
6316 39.85 11 PQ  
9438 37.30 10 QR  
6284 37.12 9 QRS  
9191 35.38 8 RST  
9381 34.20 7 RST  
6309 34.08 6 RST  
6314 34.03 5 ST  
8186 32.21 4 TU  
Chakwal-86 29.86 3 U  
Chakwal-50 25.82 2 V  
6302 21.29 1 W  
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Appendix G: Comparison of means of root length under drought conditions using LSD 
  test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Chakwal-86  17.866 1 A  
6302 17.469 2 A  
Chakwal-50 15.281 3 B  
Lu-26 13.701 4 BC  
6206 13.351 5 BC  
9021 13.254 6 CD  
Nesser 12.752 7 CDE  
Ass 12.751 8 CDE  
6317 12.571 9 CDE  
9244 12.501 10 CDE  
9444 12.162 11 CDEF  
6314 12.151 12 CDEF  
Chakwal-97 11.353 13 DEFG  
Meraj-08 11.251 14 EFGH  
6312 11.154 15 EFGH  
6237 11.021 16  EFGH  
PBW 11.004 17 EFGH  
8191 10.995 18 EFGHI  
9194 10.503 19 FGHIJ  
8186 10.502 20 FGHIJ  
9247 10.501 21 FGHIJ  
6309 10.252 22 FGHIJK  
6284 10.251 23 FGHIJK  
2862 10.250 24 FGHIJK  
Fareed-06 10.221 25 FGHIJK  
9381 10.202 26 FGHIJK  
8188 10.192 27 FGHIJKL  
Pak81 10.051 28 GHIJKLM  
Faisalabad-08 9.6918 29 GHIJKLM  
Kohinoor-83 9.5733 30 GHIJKLM  
Shalimar-99 9.5021 31 GHIJKLM  
9452 9.4514 32 GHIJKLM  
Punjab-81 9.3876 33 GHIJKLMN  
Sehar-06 9.2675 34 HIJKLMN  
Manthar-03 9.0117 35 IJKLMNO  
9189 8.7581 36 JKLMNO  
6238 8.4504 37 KLMNOP  
6301 8.2107 38  LMNOPQ  
9193 8.1018 39 MNOPQ  
6253 7.4013 40 NOPQR  
9476 7.2283 41  OPQRS  
Lasani-08 6.4769 42 PQRST  
9438 6.4512 43  QRST  
9191 6.1011 44  RST  
GA-02 6.0633 45 RST  
6316 5.5218 46  RSTU  
Uqab-00 5.3117 47  STU  
Ufaq-02 5.2511 48 STU  
Perwaz-94 4.7970 49 TU  
AS-02 3.9416 50  U  
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Appendix H: Comparison of means of Shoot length under drought conditions using  
  LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Chakwal-86  30.256 1 A  
6302 29.203 2 A  
Chakwal-50 25.404 3  B  
Lu-26 25.350 4 BC  
6312 25.151 5 BCD  
6314 25.104 6 BCD  
6309 25.022 7 BCDE  
Chakwal-97 25.002 8 BCDE  
Shalimar-99 24.743 9 BCDEF  
Nesser 24.351 10 BCDEFG  
9444 24.251 11 BCDEFG  
PBW 24.022 12 BCDEFG  
9193 23.961 13 BCDEFG  
6206 23.750 14 BCDEFGH  
Ass 23.503 15 BCDEFGHI  
Meraj-08 23.481 16 BCDEFGHI  
9194 23.200 17 BCDEFGHIJ  
9247 23.152 18  CDEFGHIJ  
Manthar-03 23.123 19 DEFGHIJ  
9021 23.122 20 DEFGHIJ  
6317 22.852 21  EFGHIJK  
Pak81 22.741 22  FGHIJK  
6237 22.301 23 GHIJKL  
8186 22.251 24 GHIJKL  
8188 21.591 25 HIJKL  
9244 21.451 26  IJKL  
6284 21.352 27 IJKLM  
6301 21.051 28 JKLM  
8191 20.753 29 KLM  
Kohinoor-83 20.452 30  LMN  
9452 20.401 31 LMN  
2862 20.101 32 LMNO  
6238 19.151 33 MNOP  
9381 18.251 34 NOPQ  
Fareed-06 17.901 35  OPQR  
9189 17.754 36  PQR  
Faisalabad-08 16.733 37  QR  
Punjab-81 16.562 38  QR  
9191 16.302 39  QR  
6253 16.150 40  QR  
Sehar-06 15.951 41  R  
Ufaq-02 13.501 42  S  
9476 13.152 43 ST  
Uqab-00 12.753 44 ST  
9438 12.352 45  STU  
GA-02 12.011 46  STU  
Lasani-08 11.161 47  TUV  
6316 10.231 48  UV  
Perwaz-94 9.1511 49  V  
AS-02 6.9223 50  W  
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Appendix I: Comparison of means of root-shoot ratio (length) under drought conditions 
  using LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
Chakwal-50 0.6023 1 A  
6302 0.5987 2 A  
Chakwal-86  0.5910 3 AB  
Sehar-06 0.5850 4 ABC  
AS-02 0.5848 5 ABC  
Faisalabad-08 0.5846 6 ABC  
9244 0.5838 7 ABCD  
Lasani-08 0.5803 8 ABCDE  
9021 0.5764 9 ABCDE  
Fareed-06 0.5710 10 ABCDEF  
Punjab-81 0.5690 11 ABCDEF  
6206 0.5617 12 ABCDEF  
9381 0.5589 13 ABCDEF  
6316 0.5563 14 ABCDEF  
9476 0.5518 15 ABCDEF  
6317 0.5506 16 ABCDEF  
Ass 0.5460 17 ABCDEF  
Lu-26 0.5425 18 ABCDEFG  
8191 0.5346 19 ABCDEFGH  
9438 0.5268 20 ABCDEFGH  
Nesser 0.5250 21 ABCDEFGH  
Perwaz-94 0.5242 22 ABCDEFGH  
2862 0.5128 23 ABCDEFGHI  
GA-02 0.5119 24 ABCDEFGHI  
9444 0.5036 25 ABCDEFGHIJ  
9189 0.4962 26 ABCDEFGHIJ  
6237 0.4961 27 ABCDEFGHIJ  
6314 0.4839 28 ABCDEFGHIJ  
6284 0.4818 29 ABCDEFGHIJ  
Meraj-08 0.4808 30 ABCDEFGHIJ  
8188 0.4762 31 ABCDEFGHIJ  
8186 0.4737 32 ABCDEFGHIJ  
Kohinoor-83 0.4675 33 BCDEFGHIJK  
9452 0.4643 34 BCDEFGHIJK  
PBW 0.4604 35 CDEFGHIJK  
6253 0.4583 36 CDEFGHIJK  
9247 0.4563 37 CDEFGHIJK  
Chakwal-97 0.4553 38 DEFGHIJK  
9194 0.4530 39 EFGHIJK  
Pak81 0.4471 40 FGHIJK  
6238 0.4443 41 FGHIJK  
6312 0.4441 42 FGHIJK  
Uqab-00 0.4165 43 GHIJK  
6309 0.4127 44 HIJK  
Manthar-03 0.3921 45 IJK  
6301 0.3911 46 IJK  
Ufaq-02 0.3889 47 IJK  
Shalimar-99 0.3883 48 IJK  
9191 0.3805 49 JK  
9193 0.3393 50 K  
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Appendix J: Comparison of means of Shoot fresh weight under drought conditions  
  using LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
6302 0.3492 1 A  
Chakwal-86  0.3351 2 B  
Chakwal-50 0.2252 3  C  
6314 0.2250 4 C  
Lu-26 0.2249 5 C  
Nesser 0.2239 6 C  
Chakwal-97 0.2235 7 C  
6312 0.2210 8 D  
PBW 0.2194 9 D  
Shalimar-99 0.2146 10 E  
6309 0.2116 11 F  
9444 0.2092 12 G  
9193 0.2011 13  H  
Meraj-08 0.1987 14  I  
6206 0.1950 15  J  
Ass 0.1948 16 J  
9247 0.1936 17 JK  
Manthar-03 0.1927 18  K  
9194 0.1926 19 K  
9021 0.1925 20 K  
6237 0.1883 21 L  
Pak81 0.1881 22 L  
8186 0.1863 23 L  
6317 0.1812 24 M  
9244 0.1792 25 MN  
6284 0.1789 26  N  
8188 0.1789 27  N  
6301 0.1727 28  O  
8191 0.1692 29 P  
Kohinoor-83 0.1678 30 P  
9452 0.1649 31 Q  
2862 0.1600 32  R  
6238 0.1542 33 S  
Fareed-06 0.1489 34 T  
9381 0.1423 35 U  
9189 0.1178 36 V  
9476 0.1160 37 V  
Faisalabad-08 0.1088 38  W  
9438 0.1083 39 W  
9191 0.1045 40  X  
GA-02 0.1044 41 X  
Punjab-81 0.1038 42  X  
Sehar-06 0.1037 43  X  
Ufaq-02 0.1014 44  Y  
6253 0.0982 45  Z  
Lasani-08 0.0982 46  Z  
Uqab-00 0.0982 47 Z  
6316 0.0979 48 Z  
Perwaz-94 0.0688 49  A  
AS-02 0.0562 50  B  
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Appendix K: Comparison of means of shoot dry weight under drought conditions  
  using LSD test 
 

Genotype Mean Ranking Homogeneous Groups Remarks 
6302 0.0415 1 A  
Chakwal-86  0.0401 2 A  
Chakwal-50 0.0297 3 B  
Lu-26 0.0294 4 B  
Chakwal-97 0.0291 5 BC  
Shalimar-99 0.0279 6 C  
6314 0.0278 7 C  
Nesser 0.0245 8 D  
6309 0.0233 9 D  
6312 0.0213 10 E  
9444 0.0213 11 E  
PBW 0.0210 12 EF  
9193 0.0207 13 EF  
Pak81 0.0205 14 EFG  
6206 0.0197 15 FGH  
9244 0.0191 16 GH  
6237 0.0189 17  H  
Meraj-08 0.0168 18 I  
Ass 0.0153 19 J  
9247 0.0152 20 JK  
Uqab-00 0.0151 21 JKL  
Manthar-03 0.0149 22 JKL  
9021 0.0147 23 JKLM  
Sehar-06 0.0142 24 JKLMN  
9194 0.0141 25 JKLMN  
8191 0.0139 26 KLMNO  
6284 0.0138 27  LMNO  
Kohinoor-83 0.0138 28 LMNO  
Ufaq-02 0.0138 29 LMNO  
8188 0.0135 30  MNOP  
6238 0.0129 31  NOPQ  
9452 0.0125 32 OPQR  
2862 0.0124 33 PQR  
6317 0.0123 34 PQRS  
8186 0.0118 35  QRS  
Fareed-06 0.0112 36  RST  
6301 0.0112 37 RST  
Lasani-08 0.0109 38 ST  
6253 0.0103 39  TU  
Faisalabad-08 9.10E-03 40  UV  
9476 8.93E-03 41 UV  
Punjab-81 8.90E-03 42  V  
9191 8.30E-03 43 VW  
6316 8.10E-03 44 VW  
9189 7.80E-03 45 VWX  
GA-02 7.40E-03 46  WX  
9381 6.70E-03 47 XY  
Perwaz-94 5.87E-03 48  YZ  
9438 5.10E-03 49  Z  
AS-02 3.43E-03 50 A  
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Appendix L: Comparison of means of Relative Cell Injury (%) under drought  
  conditions using LSD test  
  
Genotype Mean Ranking Homogenous Group Remarks 
Lasani-08 94.88 50 A  
Faisalabad-08 92.74 49 AB  
Sehar-06 90.38 48 BC  
Pak-81 88.98 47 C  
Uqab-00 88.15 46 C  
6253 85.11 45 D  
6312 82.99 44 D  
Perwaz-94 79.15 43 E  
9021 78.88 42 E  
PBW 78.04 41 E  
GA-02 77.97 40 EF  
Ufaq-02 75.23 39 FG  
9476 75.22 38 FG  
6301 74.09 37 GH  
9452 72.37 36 HI  
Manthar-03 71.96 35 HI  
6284 70.18 34 IJ  
Punjab-81 70.11 33 IJ  
8188 70.01 32 IJ  
9193 68.39 31 JK  
AS-02 68.29 30 JK  
9244 68.08 29 JK  
Meraj-08 68.02 28 JK  
9247 67.22 27 KL  
6206 67.01 26 KL  
Kohinoor-83 66.10 25 KLM  
Fareed-06 64.99 24 LMN  
Shalimar-88 64.94 23 LMN  
9191 64.44 22 LMN  
6317 63.93 21 MN  
9438 63.35 20 MNO  
6238 63.14 19 NO  
6237 60.82 18 O  
9194 57.16 17 P  
LU-26 54.90 16 PQ  
Nesser 54.84 15 PQR  
Ass 53.79 14 QR  
8191 52.07 13 RS  
2862 49.82 12 S  
9189 46.90 11 T  
6316 45.94 10 TU  
9444 44.94 9 TUV  
Chakwal-97 43.90 8 UV  
6314 43.05 7 V  
8186 42.17 6 V  
6309 39.16 5 W  
9381 38.26 4 W  
Chakwal-86 31.72 3 X  
6302 28.62 2 Y  
Chakwal-50 28.55 1 Y  
 

 
 
 
 
 



 

196 
 

Appendix 1: Absolute (actual) means and relative values (R.V) of seedling traits of 50 
 genotypes of wheat 

Genotypes 
Root length (cm) Shoot length (cm) 

Normal Drought R.V Normal Drought R.V 
2862 12.77 10.25 80.25 25.25 20.10 79.60 

6206 15.50 13.35 86.14 28.55 23.75 83.18 

6237 14.79 11.02 74.52 30.01 22.30 74.31 

6238 12.70 8.45 66.52 29.50 19.15 64.92 

6253 12.25 7.40 60.41 28.30 16.15 57.07 

6284 12.45 10.25 82.33 26.47 21.35 80.67 

6301 10.50 8.21 78.18 26.01 21.05 80.92 

6302 18.04 17.47 96.83 30.85 29.20 94.66 

6309 12.60 10.25 81.36 30.50 25.02 82.04 

6312 13.25 11.15 84.17 29.60 25.15 84.97 

6314 14.50 12.15 83.79 29.50 25.10 85.09 

6316 13.85 5.52 39.86 25.12 10.23 40.73 

6317 14.35 12.57 87.60 26.32 22.85 86.81 

8186 12.25 10.50 85.71 26.50 22.25 83.95 

8188 13.25 10.19 76.92 28.42 21.59 75.97 

8191 14.43 11.00 76.21 28.25 20.75 73.46 

9021 16.20 13.25 81.81 29.15 23.12 79.32 

9189 11.40 8.76 76.80 23.50 17.75 75.54 

9191 10.15 6.10 60.10 26.85 16.30 60.71 

9193 9.50 8.10 85.27 28.55 23.96 83.92 

9194 12.90 10.50 81.42 29.25 23.20 79.31 

9244 15.50 12.50 80.65 27.51 21.45 77.99 

9247 12.95 10.50 81.08 27.75 23.15 83.43 

9381 12.00 10.20 85.00 22.25 18.25 82.02 

9438 9.35 6.45 69.00 18.53 12.35 66.66 

9444 15.00 12.16 81.07 30.01 24.25 80.81 

9452 14.00 9.45 67.50 31.25 20.40 65.27 

9476 13.32 7.23 54.26 24.25 13.15 54.23 

AS-02 9.73 3.94 40.51 17.10 6.92 40.48 

Ass 15.30 12.75 83.33 28.25 23.50 83.19 

Chakwal-50 16.28 15.28 93.86 28.01 25.40 90.69 

Chakwal-86  17.93 17.87 99.62 30.75 30.26 98.39 

Chakwal-97 14.18 11.35 80.06 30.15 25.00 82.92 

Faisalabad-08 19.99 9.69 48.49 33.50 16.73 49.95 

Fareed-06 14.10 10.22 72.52 24.75 17.90 72.32 

GA-02 10.06 6.06 60.29 20.00 12.01 60.05 

Kohinoor-83 12.40 9.57 77.19 27.50 20.45 74.37 

Lasani-08 19.24 6.48 33.66 32.79 11.16 34.04 

Lu-26 16.45 13.70 83.28 30.25 25.35 83.80 

Manthar-03 11.51 9.01 78.28 28.90 23.12 80.00 

Meraj-08 14.35 11.25 78.40 30.50 23.48 76.98 

Nesser 15.25 12.75 83.61 28.15 24.35 86.49 

Pak81 13.15 10.05 76.43 29.50 22.74 77.09 

PBW 13.23 11.00 83.16 29.12 24.02 82.49 

Perwaz-94 9.64 4.80 49.77 19.02 9.15 48.11 

Punjab-81 11.66 9.39 80.49 20.75 16.56 79.81 

Sehar-06 18.46 9.27 50.20 31.45 15.95 50.72 

Shalimar-99 11.50 9.50 82.61 30.10 24.74 82.19 

Ufaq-02 11.15 5.25 47.09 28.06 13.50 48.11 

Uqab-00 11.35 5.31 46.80 27.78 12.75 45.91 

LSD (0.05) 1.96 1.99 - 2.53 2.22 - 
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Appendix 1I: Absolute (actual) means and relative values (R.V) of seedling traits of 50 

genotypes of wheat 

Genotypes 
Shoot fresh weight(g) Shoot dry weight (g) 

Normal Drought R.V Normal Drought R.V 
2862 0.21 0.16 76.15 0.02 0.01 64.25 
6206 0.28 0.20 69.11 0.04 0.02 48.17 
6237 0.34 0.19 55.50 0.05 0.02 38.26 
6238 0.35 0.15 44.67 0.06 0.01 22.91 
6253 0.28 0.10 34.95 0.04 0.01 23.90 
6284 0.26 0.18 70.05 0.02 0.01 60.35 
6301 0.24 0.17 72.43 0.02 0.01 55.83 
6302 0.42 0.35 82.38 0.06 0.04 68.20 
6309 0.41 0.21 52.09 0.05 0.02 43.80 
6312 0.37 0.22 60.36 0.05 0.02 43.83 
6314 0.35 0.23 65.20 0.05 0.03 58.90 
6316 0.20 0.10 48.94 0.02 0.01 45.00 
6317 0.24 0.18 75.56 0.02 0.01 57.75 
8186 0.24 0.19 77.46 0.02 0.01 51.08 
8188 0.28 0.18 63.46 0.04 0.01 31.62 
8191 0.28 0.17 60.84 0.04 0.01 33.25 
9021 0.35 0.19 55.60 0.05 0.01 30.29 
9189 0.19 0.12 62.23 0.01 0.01 56.93 
9191 0.25 0.10 41.62 0.02 0.01 34.44 
9193 0.28 0.20 70.96 0.05 0.02 44.61 
9194 0.35 0.19 55.42 0.05 0.01 28.59 
9244 0.32 0.18 55.21 0.04 0.02 48.85 
9247 0.33 0.19 58.93 0.04 0.02 37.81 
9381 0.18 0.14 77.13 0.01 0.01 46.21 
9438 0.15 0.11 74.54 0.01 0.01 50.50 
9444 0.42 0.21 49.88 0.05 0.02 39.53 
9452 0.44 0.16 37.70 0.06 0.01 21.32 
9476 0.20 0.12 58.65 0.02 0.01 53.49 
AS-02 0.13 0.06 42.61 0.01 0.00 33.99 
Ass 0.28 0.19 69.20 0.04 0.02 35.92 
Chakwal-50 0.28 0.23 80.39 0.04 0.03 71.05 
Chakwal-86  0.42 0.34 79.54 0.06 0.04 68.12 
Chakwal-97 0.41 0.22 54.03 0.05 0.03 58.55 
Faisalabad-08 0.47 0.11 22.98 0.07 0.01 13.27 
Fareed-06 0.19 0.15 78.16 0.02 0.01 59.26 
GA-02 0.17 0.10 62.07 0.02 0.01 42.53 
Kohinoor-83 0.32 0.17 53.03 0.04 0.01 38.76 
Lasani-08 0.47 0.10 21.10 0.06 0.01 17.70 
Lu-26 0.42 0.22 53.69 0.06 0.03 48.36 
Manthar-03 0.29 0.19 66.02 0.05 0.01 32.32 
Meraj-08 0.42 0.20 46.91 0.05 0.02 33.51 
Nesser 0.29 0.22 77.34 0.04 0.02 58.19 
Pak81 0.35 0.19 54.47 0.04 0.02 50.91 
PBW 0.36 0.22 60.24 0.04 0.02 55.12 
Perwaz-94 0.15 0.07 45.62 0.04 0.01 13.64 
Punjab-81 0.17 0.10 60.17 0.02 0.01 45.18 
Sehar-06 0.47 0.10 22.23 0.07 0.01 21.65 
Shalimar-99 0.42 0.21 50.94 0.05 0.03 56.48 
Ufaq-02 0.28 0.10 36.10 0.04 0.01 33.58 
Uqab-00 0.28 0.10 35.35 0.04 0.02 38.82 
LSD (0.05) 2.92E-03 2.09E-03 - 1.46E-03 1.40E-03 - 
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Appendix III: Absolute (actual) means, relative values (R.V) and relative cell injury 
(%) of seedling traits of 50 genotypes of wheat 

Genotypes 
Root:Shoot ratio Relative cell injury (%) 

Normal Drought R.V Normal Drought R.V 

2862 0.51 0.51 101.08 40.69 49.82  122.44 

6206 0.54 0.56 103.35 62.99 67.01  106.38 

6237 0.49 0.50 100.37 58.86 60.82  103.33 

6238 0.43 0.44 102.93 59.11 63.14  106.82 

6253 0.43 0.46 105.99 61.13 85.11  139.23 

6284 0.47 0.48 102.51 37.12 70.18  189.06 

6301 0.40 0.39 97.01 62.09 74.09  119.33 

6302 0.59 0.60 102.11 21.29 28.62  134.43 

6309 0.41 0.41 99.99 34.08 39.16  114.91 

6312 0.45 0.44 98.67 69.04 82.99  120.21 

6314 0.49 0.48 98.52 34.03 43.05  126.51 

6316 0.55 0.56 100.57 39.85 45.94  115.28 

6317 0.55 0.55 100.55 59.86 63.93  106.80 

8186 0.47 0.47 101.66 32.21 42.17  130.92 

8188 0.47 0.48 101.53 58.95 70.01  118.76 

8191 0.51 0.53 104.58 41.11 52.07  126.66 

9021 0.55 0.58 103.86 66.82 78.88  118.05 

9189 0.49 0.50 102.07 40.94 46.9  114.56 

9191 0.38 0.38 100.86 35.38 64.44  182.14 

9193 0.33 0.34 101.61 46.26 68.39  147.84 

9194 0.44 0.45 102.52 41.21 57.16  138.70 

9244 0.56 0.58 103.36 62.08 68.08  109.66 

9247 0.47 0.46 97.87 58.26 67.22  115.38 

9381 0.54 0.56 103.08 34.2 38.26  111.87 

9438 0.51 0.53 103.80 37.3 63.35  169.84 

9444 0.50 0.50 100.38 40.83 44.94  110.07 

9452 0.45 0.46 103.88 52.28 72.37  138.43 

9476 0.55 0.55 100.33 65.14  75.22  115.47 

AS-02 0.57 0.58 102.48 43.31  68.29  157.68 

Ass 0.54 0.55 100.71 44.78  53.79  120.12 

Chakwal-50 0.58 0.60 103.50 25.82  28.55  110.57 

Chakwal-86  0.58 0.59 101.34 29.86  31.72  106.23 

Chakwal-97 0.47 0.46 96.90 41.88  43.9  104.82 

Faisalabad-08 0.60 0.58 97.94 74.83  92.74  123.93 

Fareed-06 0.57 0.57 99.94 60.89  64.99  106.73 

GA-02 0.51 0.51 101.35 68.88  77.97  113.20 

Kohinoor-83 0.45 0.47 103.42 62.15  66.1  106.36 

Lasani-08 0.59 0.58 98.62 75.67  94.88  125.39 

Lu-26 0.54 0.54 99.80 51.86  54.9  105.86 

Manthar-03 0.40 0.39 97.59 50.93  71.96  141.29 

Meraj-08 0.47 0.48 101.95 58.98  68.02  115.33 

Nesser 0.54 0.53 96.70 45.84  54.84  119.63 

Pak81 0.45 0.45 100.32 71.91  88.98  123.74 

PBW 0.46 0.46 100.51 67  78.04  116.48 

Perwaz-94 0.51 0.52 102.85 47.19  79.15  167.73 

Punjab-81 0.57 0.57 100.49 63.08  70.11  111.14 

Sehar-06 0.59 0.58 99.61 73.32  90.38  123.27 

Shalimar-99 0.38 0.39 101.25 51.83  64.94  125.29 

Ufaq-02 0.40 0.39 97.89 43.15  75.23  174.35 

Uqab-00 0.41 0.42 101.92 79.08  88.15  111.47 

LSD (0.05) 0.09 0.13 - 3.22 2.79 - 

Cont….. 



 

199 
 

Appendix IV. Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
  under normal and drought conditions. 

Genotype 
Plant height (cm) Flag leaf area (cm2) 

Number of tillers 
per plant 

Normal Drought Normal Drought Normal Drought 
Fsd-08 109.33 98.93 31.24 20.92 13.28 7.62 
Las-08 108.00 95.73 32.3 22.53 12.52 7.00 
Sehar-06 105.50 98.90 32.75 23.28 12.29 8.05 
6302 103.00 92.30 26.32 23.28 11.65 9.83 
Chak-86 111.00 96.07 24.16 21.47 10.33 8.56 
Chak-50 100.03 91.77 27.76 20.71 8.79 7.33 
Fsd-08 × Las-08 110.66 99.53 32.78 22.46 14.28 8.81 
Fsd-08 × Sehar-06 109.92 100.23 29.73 20.14 14.32 9.39 
Fsd-08 × 6302 107.67 96.13 31.72 22.89 13.83 10.42 
Fsd-08 × Chak-86 111.67 98.63 25.4 22.8 13.13 10.04 
Fsd-08 × Chak-50 106.18 96.23 23.23 20.92 12.63 9.94 
Las-08 × Fsd-08 111.34 99.47 26.08 18.57 15.22 8.75 
Las-08 × Sehar-06 109.25 99.37 32.47 23.31 14.43 9.18 
Las-08 × 6302 107.00 95.40 31.41 22.83 13.48 10.09 
Las-08 × Chak-86 111.00 97.83 30.13 21.61 13.05 9.30 
Las-08 × Chak-50 105.52 94.33 25.69 23.49 12.11 9.15 
Sehar-06 × Fsd-08 110.00 100.47 25.4 21.88 14.81 9.34 
Sehar-06 × Las-08 109.25 99.43 26.55 20.98 13.88 9.25 
Sehar-06 × 6302 105.25 96.13 26.14 23.31 13.48 8.92 
Sehar-06 × Chak-86 107.57 98.03 25.98 22.79 13.04 9.99 
Sehar-06 × Chak-50 104.27 93.37 25.95 23.55 12.08 9.78 
6302 ×Fsd-08 106.92 96.20 27.59 22.4 13.22 10.49 
6302 × Las-08 107.33 95.57 21.59 21.78 14.21 10.16 
6302 × Sehar-06  105.67 96.27 25.98 20.95 13.50 8.99 
6302 × Chak-86 105.75 95.50 24.38 21.51 12.11 11.22 
6302 × Chak-50 102.52 93.33 23.85 20.99 11.80 11.33 
Chak-86 × Fsd-08 111.33 98.80 24.49 21.94 13.55 10.09 
Chak-86 × Las-08 111.33 96.90 21.58 21.65 12.93 9.37 
Chak-86 × Sehar-06  108.95 98.03 27.27 19.12 13.03 10.09 
Chak-86 × 6302  105.69 95.23 19.7 19.18 11.95 11.31 
Chak-86 × Chak-50 104.02 95.07 27.86 20.83 10.62 10.46 
Chak-50 × Fsd-08 105.93 96.27 26.52 18.63 12.16 9.90 
Chak-50 × Las-08 105.00 95.03 26.52 21.06 12.31 9.22 
Chak-50 × Sehar-06  104.01 93.50 25.89 20.99 11.81 9.87 
Chak-50 × 6302 101.52 93.80 20.61 19.13 11.28 11.28 
Chak-50 × Chak-86 104.12 95.03 20.15 17.45 10.74 10.55 
LSD(0.05)  ,+ 2.08 3.04 0.32 2.12 0.51 
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Appendix V. Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
  sunder normal and drought conditions 

Genotype 
Number of spikelets per 

spike  
Number of grains 

per spike 
1000-grain weight 

(g) 
Normal Drought Normal Drought Normal Drought 

Fsd-08 20.33 16.45 44.09 38.39 37.55 34.03 
Las-08 21.41 17.67 48.11 39.48 39.11 36.79 
Sehar-06 18.67 18.22 41.32 36.56 43.38 38.11 
6302 22.01 22.57 55.22 50.16 44.62 43.19 
Chak-86 24.33 22.81 68.30 61.11 49.91 39.22 
Chak-50 19.69 18.43 52.11 48.51 38.41 30.58 
Fsd-08 × Las-08 21.57 17.75 48.23 40.39 39.83 36.62 
Fsd-08 × Sehar-06 20.15 18.20 44.82 38.92 41.95 37.27 
Fsd-08 × 6302 21.79 20.96 51.16 46.38 42.09 40.16 
Fsd-08 × Chak-86 22.83 20.83 57.85 53.51 44.73 38.19 
Fsd-08 × Chak-50 20.51 18.64 49.67 45.46 38.98 33.76 
Las-08 × Fsd-08 21.63 17.89 48.39 40.43 39.94 36.79 
Las-08 × Sehar-06 20.75 18.80 47.23 39.43 42.25 38.60 
Las-08 × 6302 22.24 21.51 53.17 41.97 42.85 41.54 
Las-08 × Chak-86 23.58 21.59 60.71 53.97 45.51 37.57 
Las-08 × Chak-50 21.06 19.17 49.13 46.13 39.75 35.23 
Sehar-06 × Fsd-08 20.19 18.31 44.46 38.97 41.99 37.34 
Sehar-06 × Las-08 20.83 18.74 47.42 39.47 42.32 38.69 
Sehar-06 × 6302 20.85 21.79 50.12 45.48 45.03 42.32 
Sehar-06 × Chak-86 22.09 20.52 57.30 52.51 47.63 40.22 
Sehar-06 × Chak-50 19.87 20.70 50.73 44.54 41.89 35.92 
6302 ×Fsd-08 21.68 20.87 51.33 46.42 42.15 40.21 
6302 × Las-08 22.31 21.63 53.21 41.94 42.99 41.61 
6302 × Sehar-06  20.93 21.86 50.27 45.52 45.11 42.39 
6302 × Chak-86 23.71 24.70 63.33 59.81 47.77 43.85 
6302 × Chak-50 21.29 22.40 54.71 51.59 42.05 39.34 
Chak-86 × Fsd-08 22.79 20.92 57.93 53.44 44.82 38.64 
Chak-86 × Las-08 23.61 21.64 60.97 53.89 45.67 37.63 
Chak-86 × Sehar-06  22.13 21.62 57.43 52.57 47.67 40.19 
Chak-86 × 6302  23.77 24.62 63.41 59.77 47.81 43.97 
Chak-86 × Chak-50 21.32 22.74 61.29 58.72 44.70 37.35 
Chak-50 × Fsd-08 20.59 18.53 49.71 45.40 39.06 33.82 
Chak-50 × Las-08 21.11 19.29 49.41 46.19 39.88 35.33 
Chak-50 × Sehar-06  19.96 20.63 50.89 44.61 41.97 35.97 
Chak-50 × 6302 21.35 22.53 54.93 51.61 42.17 39.41 
Chak-50 × Chak-86 21.39 22.81 61.38 58.66 44.79 37.29 
LSD(0.05) 0.82 0.23  1.55 1.40 0.41 
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Appendix VI. Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
  under normal and drought conditions 

Genotype 
Spike length (cm) Spike density 

Grain weight per 
spike (g) 

Normal Drought Normal Drought Normal Drought 
Fsd-08 11.60 11.07 1.76 1.49 2.01 1.10 
Las-08 12.00 11.44 1.78 1.55 1.94 1.17 
Sehar-06 13.01 12.29 1.43 1.48 1.87 1.34 
6302 12.63 11.98 1.74 1.89 2.21 2.13 
Chak-86 13.85 13.30 1.76 1.72 3.25 1.92 
Chak-50 9.67 9.28 2.04 1.99 2.45 1.21 
Fsd-08 × Las-08 13.80 13.19 1.56 1.35 2.73 1.37 
Fsd-08 × Sehar-06 14.31 13.68 1.41 1.33 2.41 1.39 
Fsd-08 × 6302 13.62 12.83 1.60 1.64 2.85 2.30 
Fsd-08 × Chak-86 14.23 13.42 1.61 1.55 3.45 2.05 
Fsd-08 × Chak-50 12.14 11.35 1.69 1.64 2.88 1.67 
Las-08 × Fsd-08 13.65 12.83 1.59 1.40 2.79 1.41 
Las-08 × Sehar-06 14.51 13.79 1.43 1.37 2.56 1.71 
Las-08 × 6302 13.82 13.24 1.61 1.63 2.83 2.40 
Las-08 × Chak-86 15.56 14.92 1.52 1.45 3.45 2.10 
Las-08 × Chak-50 12.14 11.66 1.73 1.64 2.94 1.71 
Sehar-06 × Fsd-08 14.45 13.47 1.40 1.36 2.45 1.42 
Sehar-06 × Las-08 14.43 13.72 1.45 1.37 2.63 1.76 
Sehar-06 × 6302 15.07 14.44 1.38 1.51 2.75 2.40 
Sehar-06 × Chak-86 14.93 14.06 1.48 1.46 3.31 2.16 
Sehar-06 × Chak-50 12.84 12.24 1.55 1.70 2.81 1.87 
6302 ×Fsd-08 13.81 13.03 1.57 1.61 2.97 2.24 
6302 × Las-08 13.65 12.92 1.64 1.69 2.92 2.45 
6302 × Sehar-06  15.15 14.69 1.38 1.49 2.83 2.44 
6302 × Chak-86 15.24 14.25 1.56 1.73 2.95 2.03 
6302 × Chak-50 12.15 11.45 1.76 1.97 2.93 2.43 
Chak-86 × Fsd-08 14.55 13.84 1.57 1.51 3.43 2.10 
Chak-86 × Las-08 15.45 14.74 1.53 1.47 3.49 2.17 
Chak-86 × Sehar-06  14.85 14.06 1.49 1.54 3.42 2.19 
Chak-86 × 6302  15.18 14.38 1.57 1.71 2.99 2.11 
Chak-86 × Chak-50 12.76 12.26 1.67 1.86 3.60 2.41 
Chak-50 × Fsd-08 13.56 12.88 1.52 1.44 2.97 1.71 
Chak-50 × Las-08 12.37 11.60 1.72 1.68 2.63 1.65 
Chak-50 × Sehar-06  14.73 13.88 1.37 1.49 2.99 1.83 
Chak-50 × 6302 12.20 11.58 1.75 1.95 2.96 2.54 
Chak-50 × Chak-86 12.85 12.23 1.67 1.87 3.63 2.46 
LSD(0.05) 1.20 1.12 0.15 0.15 0.29 0.27 
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Appendix VII. Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
   under normal and drought conditions. 

Genotype 
Biomass per plant (g) 

Grain yield per 
plant (g) 

Harvest index (%) 

Normal Drought Normal Drought Normal Drought 
Fsd-08 56.45 36.73 23.84 15.11 42.26 41.19 
Las-08 56.27 39.75 22.21 14.29 44.80 40.54 
Sehar-06 53.26 35.87 20.81 14.85 44.29 42.99 
6302 52.09 50.24 23.15 21.09 46.21 42.15 
Chak-86 50.05 48.94 20.16 18.01 42.92 37.98 
Chak-50 52.05 38.97 19.37 16.50 44.96 41.79 
Fsd-08 × Las-08 56.69 39.73 25.38 16.09 45.53 38.62 
Fsd-08 × Sehar-06 56.29 38.82 24.92 16.67 39.54 35.97 
Fsd-08 × 6302 54.20 47.88 25.01 20.15 44.07 41.72 
Fsd-08 × Chak-86 55.05 47.75 23.63 18.12 44.25 42.59 
Fsd-08 × Chak-50 51.22 42.05 23.03 17.57 43.15 38.95 
Las-08 × Fsd-08 56.05 41.50 25.52 16.02 44.44 43.30 
Las-08 × Sehar-06 55.11 39.05 24.24 16.28 44.72 42.62 
Las-08 × 6302 54.39 45.56 24.04 19.40 43.98 41.31 
Las-08 × Chak-86 52.36 45.96 22.60 17.89 39.15 41.47 

Las-08 × Chak-50      49.82 39.67 22.13 17.16 42.64 45.49 
Sehar-06 × Fsd-08 55.78 39.39 24.95 16.77 41.13 39.86 
Sehar-06 × Las-08 55.53 39.74 24.41 16.39 44.48 42.45 
Sehar-06 × 6302 54.82 44.22 23.38 20.11 43.50 43.43 
Sehar-06 × Chak-86 53.38 46.13 21.95 18.37 43.35 40.65 
Sehar-06 × Chak-50 48.59 41.80 21.59 17.73 44.67 42.86 
6302 ×Fsd-08 57.54 46.34 25.03 20.09 44.45 41.99 
6302 × Las-08 55.84       47.58 24.20 19.33 43.70 39.62 
6302 × Sehar-06  52.63       47.12 23.52 20.19 45.72 43.21 
6302 × Chak-86 51.62       54.81 22.55 21.71 41.90 39.45 
6302 × Chak-50 48.35 48.86 22.09 21.10 41.75 39.44 
Chak-86 × Fsd-08 55.81 46.16 23.38 18.20 41.99 39.78 
Chak-86 × Las-08 54.72 45.65 22.83 17.99 44.12 39.80 
Chak-86 × Sehar-06  52.58       46.46 22.08 18.45 40.28 36.86 
Chak-86 × 6302  51.2       54.89 22.58 21.84 43.55 41.33 
Chak-86 × Chak-50 47.84 47.75 20.79 19.71 51.60 41.68 
Chak-50 × Fsd-08 50.19 41.99 25.82 17.49 47.11 42.12 
Chak-50 × Las-08 48.25 41.04 22.73 17.26 45.96 42.87 
Chak-50 × Sehar-06  47.57 41.74 21.86 17.89 47.79 42.57 
Chak-50 × 6302 46.76 49.76 22.31 21.17 42.12 42.60 
Chak-50 × Chak-86 50.03 46.56 21.06 19.83 37.22 42.37 
LSD(0.05) 2.49 2.57 1.04 0.29 3.00 2.39 
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Appendix VIII. Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
   under normal and drought conditions. 

Genotype 
Extrusion length (cm) Stomatal frequency 

Stomata size 
(µmm2) 

Normal Drought Normal Drought Normal Drought 
Fsd-08 15.20 15.33 14.48 14.93 4450 4126.18 
Las-08 14.21 14.11 14 14.77 4412.3 4066.08 
Sehar-06 11.60 11.75 14.07 13.56 4244.03 4001.4 
6302 8.99 9.11 13.37 10.97 3986.6 3870.6 
Chak-86 11.06 11.02  13.28 12.40 3999.17 3984.05 
Chak-50 9.95 9.92 11.24 11.90 3953.22 3745.4 
Fsd-08 × Las-08 15.90 15.92 14.76 16.77 4441.75 4117.13 
Fsd-08 × Sehar-06 14.58 14.64 14.91 16.16 4355.29 4026.79 
Fsd-08 × 6302 13.32 12.45 13.03 14.21 4165.48 3955.39 
Fsd-08 × Chak-86 14.44 14.29 12.33 15.04 4132.94 4001.11 
Fsd-08 × Chak-50 13.78 13.65 13.49 14.83 4112.62 3941.42 
Las-08 × Fsd-08 15.76 15.81 14.84 16.55 4445.19 4120.32 
Las-08 × Sehar-06 14.24 14.18 14.54 15.88 4348.89 3986.74 
Las-08 × 6302 12.60 12.62 12.75 14.59 4143.18 4040.34 
Las-08 × Chak-86 13.68 13.58 12.12 15.07 4119.28 3979.07 
Las-08 × Chak-50 12.75 13.05 13 14.55 4080.63 3916.74 
Sehar-06 × Fsd-08 14.62 14.56 14.84 16.20 4355.82 4036.7 
Sehar-06 × Las-08 14.53 14.23 14.51 16.16 4351.88 3981.09 
Sehar-06 × 6302 11.47 11.38 12.82 13.47 4054.9 3946.92 
Sehar-06 × Chak-86 12.41 12.39 12.79 14.53 4033.68 4006.73 
Sehar-06 × Chak-50 11.70 11.78 13.13 13.72 4013.9 3820.6 
6302 ×Fsd-08 13.61 12.39 13 14.28 4168.77 3941.11 
6302 × Las-08 12.48 12.53 12.9 14.39 4145.09 4042.05 
6302 × Sehar-06  11.08 11.31 12.86 13.47 4052 3944.53 
6302 × Chak-86 10.63 10.57 12.62 12.49 4037.45 3920.33 
6302 × Chak-50 10.15 10.04 12.92 12.29 4013.15 3743.14 
Chak-86 × Fsd-08 14.22 14.34 12.45 15.04 4130.69 3999.23 
Chak-86 × Las-08 13.55 13.49 12.23 14.82 4123.4 3976.31 
Chak-86 × Sehar-06  12.15 12.31 12.48 14.81 4032.04 4002.05 
Chak-86 × 6302  10.43 10.48 11.61 12.41 4036.18 3917.51 
Chak-86 × Chak-50 10.47 10.47 11.11 12.74 3971.03 3794.72 
Chak-50 × Fsd-08 13.84 13.72 13.47 14.76 4110.51 3939.35 
Chak-50 × Las-08 12.99 13.01 13.04 14.24 4078.19 3913.14 
Chak-50 × Sehar-06  11.90 11.67 13.04 13.83 4017.03 3817.44 
Chak-50 × 6302 9.84 9.92 12.88 12.20 4019.13 3741.65 
Chak-50 × Chak-86 10.74 10.56 11.41 12.46 3973.61 3793.11 
LSD(0.05) 1.08 0.54  0.93 3.40 5.74 
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Appendix X.  Mean values of all agronomic traits in a 6 × 6 diallel cross of wheat  
  under normal and drought conditions 

Genotype 
Epidermal cell size 

(µmm2) 
Leaf venation 

Normal Drought Normal Drought 
Fsd-08 2505.13 2109.24 7.24 7.04 
Las-08 2466.51 2096.84 6.93 7.08 
Sehar-06 2278.78 1927.43 6.99 6.75 
6302 2002.87 1803.07 6.50 6.30 
Chak-86 2022.47 1760.94 6.38 6.36 
Chak-50 1971.28 1821.02 5.05 5.14 
Fsd-08 × Las-08 2499.32 2106.28 7.44 7.40 
Fsd-08 × Sehar-06 2402.92 2070.79 7.51 7.70 
Fsd-08 × 6302 2191.14 1885.43 6.26 6.18 
Fsd-08 × Chak-86 2154.82 1849.55 5.75 5.39 
Fsd-08 × Chak-50 2132.21 1821.83 6.57 6.51 
Las-08 × Fsd-08 2503.12 2116.03 7.51 7.57 
Las-08 × Sehar-06 2395.71 1990.47 7.28 7.31 
Las-08 × 6302 2166.29 1867.96 5.97 5.52 
Las-08 × Chak-86 2139.64 1855.63 5.53 5.32 
Las-08 × Chak-50 2096.55 1819.44 6.04 5.80 
Sehar-06 × Fsd-08 2403.51 2042.82 7.44 7.62 
Sehar-06 × Las-08 2399.14 1984.55 7.27 7.03 
Sehar-06 × 6302 2067.79 1757.36 6.15 5.82 
Sehar-06 × Chak-86 2044.15 1750.48 6.12 6.09 
Sehar-06 × Chak-50 2022.09 1726.15 6.28 5.80 
6302 ×Fsd-08 2194.82 1911.97 6.16 5.96 
6302 × Las-08 2168.35 1898.72 6.19 5.94 
6302 × Sehar-06  2064.58 1761.69 6.04 5.76 
6302 × Chak-86 2065.17 1776.39 5.39 5.32 
6302 × Chak-50 2038.08 1759 6.15 5.84 
Chak-86 × Fsd-08 2152.33 1872.24 5.73 5.30 
Chak-86 × Las-08 2144.23 1850.62 5.79 5.58 
Chak-86 × Sehar-06  2042.29 1742.45 5.85 5.56 
Chak-86 × 6302  2063.71 1741.8 5.39 5.14 
Chak-86 × Chak-50 1991.13 1719.91 4.99 5.36 
Chak-50 × Fsd-08 2129.84 1826.02 6.51 6.49 
Chak-50 × Las-08 2093.72 1847.42 6.28 6.33 
Chak-50 × Sehar-06  2025.49 1728.13 6.40 6.08 
Chak-50 × 6302 2044.77 1766.17 6.14 6.23 
Chak-50 × Chak-86 1993.91 1713.65 4.97 4.81 
LSD(0.05) 3.64 4.95 0.67 0.90 
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           Appendix XI.  Rainfall received during 2010 - 11 at Faisalabad (Pakistan) 

 

(Source: Agricultural Meteorology Cell Department of Crop Physiology University of Agriculture, Faisalabad) 

(Wheat crop season = November, December, January, February, March and April) 

 
  

MONTHS RAINFALL (mm) 
2010 2011 

January 8  8 

February 11.9  11.9 

March 8.8  8.8 

April 1.3  1.3 

May 11.2  11.2 

June 1.0  1.0 

July 277.8  277.8 

August 226.6  226.6 

September 86.5  86.5 

October 0  0 

November 0  0 

December 1  1 
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